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| ntroduction

Photoelectrics: The Past

Albert Einstein first gave momentum to photoelectric science
when he published his Nobel Prize winning paper on quantain
1905. Histheory explained the photoelectric effect, which had
been observed but not fully explained by scientists for many
years. It wasabold proposition that light energy travels through
spacein concentrated bundles (now called photons). Photonsthat
strike a material (especialy a metal surface) liberate photoel ec-
trons, and the energy from those photoelectrons may be used to
createcurrent flow. Careful experimentsby R.A. Millikanin1914
and 1916 confirmed Einstein's theory.

A growing understanding of the photoel ectric effect over the next
fifty years led to the development and evolution of various opto-
electronic devices. Thefirst applied photoel ectric device wasthe
photoemissive cell or phototube, whose primary application was
in movie sound reproduction. The fragile nature of phototubes,
however, limited their usein industrial sensing.

In the late 1940s, the photoconductive cell (photocell) was devel-
oped for usein light sensing circuits. Although it was originally
manufactured in afragileglassenvel ope, the photocel | did havethe
advantage of being much smaller and simpler in function than the
phototube.

From the beginning, photoelectric receivers took on the shape of
small, round metal barrels, with acollimating lens on one end and
acableexitingtheoppositeend. Thecableconnected the photocel |
to a tube-type amplifier. Small incandescent bulbs, protected in
matching metal barrels, were the opposing light source. These
smaller and more rugged devices made beam-break (opposed)
photoelectric sensing an attractive mode for many industrial
applications, and were the forerunners of today's sensor designs.

The key to sensing success in the days of incandescent photo-
electrics was to make the photocell "see" the light from its source
without gathering any stray (ambient) light. Thiswas usually not
a problem deep inside machines or in elevator doors. However,
ambient light rejection was a major requirement in almost all
sensing situations. Lenseswithlong focal lengths were necessary
to beam adequate light energy (to overcome the ambient light)
from the light bulb to its photocell. Unfortunately, these long
focal lengths made sensor alignment critical and difficult.

Theretroreflective sensing modewasinvented and first appliedin
the late 1950s. This mode took advantage of the cube-corner
principle of light reflection and of 3M's mass production of

Photodlectric Sensors,
old and new

Scotchlight® and Reflectolite® retrorefl ective materials, originally
designed for highway signs and markers. Retroreflective sensors
wereeasy toaligntotheir retroreflectivetargetsand gained instant

popularity.

With the coming of the silicon transistor in the mid 1950s, photo-
el ectric sensor manufacturers were quick to design them into new
solid-state amplifiers for photocell receivers. This development
had the obvious benefits of reduced hesat, size, and codt, plus
increasedreliability. Itasogaverisetothedevelopment of thefirst
self-contained photoelectric control, which combined the
optoelement(s) with theamplifier and output switch together in
one housing.

The 1960s brought us solidly into the silicon era and produced
photojunction devicesincluding photodiodes, phototransistors,
and photodarlingtons. The '60s aso produced the light emitting
diode solid-state light source, and the first offering of the LED
emitter by photoel ectric sensor manufacturers as an option to the
standard incandescent source. LEDs were at first smply substi-
tuted for the bulb in existing emitter housings. LEDs eliminated
the worries of filament sag, bulb burnout, and sengtivity to
vibration. Buttherewasatrade-off inlimited sensingrange: early
LEDs produced only about 1% of the light intensity of an
incandescent bulb of the same size.

Infrared LEDs are the most efficient light generators, and were
the only type of LED offered until 1975. This"new" invisible
light was not well-received by those who were accustomed to
visualy aligning and checking their visibleincandescent emitters.



Aninfrared LED emitter wasusually paired with aphototransi stor
receiver because of the phototransistor'sgood spectral responseto
infrared light.

Thephototransistor hasprevailed asthe most widely used receiver
optoelement in industrial photoelectric sensor design.  Photo-
transistors offer the best trade-off between light sensitivity and
speed of response as compared to photoresistive and other photo-
junction devices. Photocells are used whenever their greater
sensitivity to visiblewavelengthsisrequired, asin color registra-
tion and ambient light detection applications. Photodiodes are
generally reserved for applications requiring either very fast re-
sponse or linear response over several magnitudes of light level
change.

By 1970, photoelectric sensor designers recognized that the LED
had abenefit much more profound than itslong life. Unlike their
incandescent counterparts, L EDscan beturned onand off at ahigh
frequency, typically several kilohertz. This modulating of the
LED meant that the amplifier of the phototransistor receiver
could be tuned to the frequency of modulation, thus amplifying
only light signals of that frequency.

This discovery caused amgjor revolution in photoel ectric sensor
design. Sensingrangesincreased. Beamangleswidened. Through
the 1970s, users of modulated devices gradually began to place
their trust in thisinvisible beam that they found so dependable and
easy to align. Gone werethe long focal length lenses, and align-
ment became simply a matter of line-of-sight positioning.

Retroreflective sensors only got better, with ranges typicaly
reaching two to three times those of non-modulated equivaents.
Also, modulation made direct-reflection sensing modes viable.
Previoudly, non-modulated photoel ectric sensorswere sometimes
used to sense an object by sensing thelight reflected directly from
the object's surface (photoelectric proximity mode).  Sensing
rangesof under twoincheshad beentypical. Sensing rangesof the
new modulated proximity sensorsstarted out at several inchesand
have now grown to several feet.

A small number of engineers pioneered modul ation methods and
applied their schemestoindustrial photoel ectric controls. Among
those engineers was Robert W. Fayfield of Banner Engineering
Corp. In 1974, he introduced the SM500 Series of modulated
self-contained sensors and the M Series of modulated remote
sensorsand amplifiers. The SM500 Serieswasfirst developed for
retroreflective code reading, which explains its unique shape.
Multiple SM502s were stacked on 1/2" centers for reading small
retroreflective code plates in warehousing and identification sys-
tems. The shape of the SM502 became very popular, and a
complete SM500 (aka "flat-pack") sensor family evolved in the
samedie-cast housing. The SM502A wasalso thefirst modulated
photoel ectric sensor to useavisible (red) LED for itslight source.

The M Series placed amodulated amplifier plusalogic timer into
the already-familiar aluminum octal base module "can" which
had been used for yearsby Farmer Electric (and later by Banner)
for their non-modulated amplifier modules. The remote sensors
used by the M Series amplifiers are extremely rugged, and their
performance set the standard for the modulated sensors that fol-
lowed.

Modulated Photoelectrics:

M Series chassis with remote
sensors (1) and SMI500 Series
sensor (r).

The MULTI-BEAM®, introduced in 1978, revolutionized the
photoelectric control industry by creating a new standard of per-
formance for small, self-contained, modulated photoel ectric sen-
sors. Itisastandard that still appliestoday. The MULTI-BEAM
offered a number of "firsts", including the first compact ac self-
contained sensor, the first PLC-compatible 2-wire sensor, the
first limit-switch style photoel ectric sensor, and thefirst built-in
signal strength alignment indicator. The modular design of the
MULTI-BEAM also offered a new approach to sensor
customization. Over 5,000 different sensor models may be
derived from the selection of the three component parts (scanner
block, power block, and logic module). The MULTI-BEAM
moved Banner toward its present status as the leader in the
industrial photoelectric control field. Innovations in subsequent
product familiesliketheMINI-BEAM®, MAXI-BEAM® OMNI-
BEAM™ and MAXI-AMP™ have hel ped Banner earn aworld-
wide reputation as "the photoel ectric specialist".

By 1980, the non-modulated photoel ectric sensor was generally
out of favor. In fact, many highly-automated processes could
simply not tolerate the interruptions caused by bulb burnout.
Exceptionsincluded color sensing and applicationsrequiring very
high sensing response speed. Color registration sensors, like the
model FO2BG, continued to use photocel | receiversand incandes-
centlampswhile sensor designerswaited for moreefficient visible
LEDsto be developed.

For modul ated sensors, sensing distance wasthe dominant design
criterion. Modulated designs gave up speed of responsein return
for sensing distance. As a result, non-modulated sensors using
phototransistors and either incandescent or LED emitters were
sometimes still used to sense small parts or features moving at a
high rate of speed.

One benefit of advancing solid-state technology was increased
sensor ruggedness. As confidence in the reliability of modulated
LEDs grew during the late 1970s, Banner began to epoxy encap-
sulate sensor circuitry. This enabled photoelectric sensors to
reliably enter NEMA 4 (IP 65) environments for the first time.
Further improvements in mechanical design have produced
sensors with submersible NEMA 6P (IP 67) ratings.



Banner design engineers have been quick to take advantage of
continuing advances in semiconductor technology through the
1980s and 1990s. As integrated circuits became more available,
sensor electronics became smaller, more efficient, and less costly.

The design focus throughout the "70s and early '80s was on the
miniaturization of self-contained modulated L ED sensors. During
the early 1980s, Banner design engineers began development of
custom circuit components. They set about to develop digital
modul ation schemes for monolithic photoel ectric amplifier ICs.
In paralel with custom semiconductors, they took advantage of
SMD technology. By 1985, self-contained photoel ectric sensors
had taken aquantum step in sizereduction with theintroduction of
the VALU-BEAM® and MINI-BEAM® families. The next step
down in sensor size was in 1992 with the Q19 and Q@8 Series
families.

Photoelectrics. The Present

In addition to the advantage of small sensor size, present-day
advancesin semiconductor technology have made possible better
sensor performance, more sensor features, and lower sensor cost.
Improved amplifier design has produced longer sensing ranges,
and longer sensing ranges have brought about good sensor
performance at faster sensing response speeds.

Measurement of a sensor's excess gain quantifies the amount of
optical sensing energy in aphotoel ectric sensing system in excess
of the minimum light energy required in a clean environment.
Excess gain is one of the specifications that is used to predict the
success of applying a photoelectric sensor in a given sensing
environment. Usingtoday'sopposed mode photoel ectric sensors,
excess gains of more than 100,000 are common is some Situa
tions. Thisis enough light energy to optically penetrate ("see
through™) cardboard and opaque plastic walls.

Higher available excess gain has enabled sensors to be used with
smaller lenses or with small fiber optics to yield higher sensing
resolution. Today, position sensing repeatability of lessthan .001
inch is routinely achieved with opposed or convergent mode
modulated LED sensors.

New digital modulation designs have improved sensor noise
immunity at atimewhen moreand moresourcesof stray RFenergy
areworkingtheir way into sensing environments. Federal agencies
have placed limits on alowable levels of RFlI emission from
computers, controllers, CRTs, etc. However, the collective level
of RFI energy now presentinthetypical automatedfactory isoften
enough to saturate older analog modulated amplifier designs.
Banner sensor designershaveal sofocused attentioninrecent years
on"bulletproofing” new and existing sensors against the effects of
electromagnetic interference (EMI).

Improved sensor noise immunity has eliminated the need for
expensive metal enclosuresthat were required for many yearsto
shield high-gain photoelectric amplifiers from airborne and in-
duced electrical "noise". Mechanically tough, corrosion-resistant
engineering thermoplastics (such asVALOX®, see photo above)
now dominate as sensor housing materials.

Thecustomintegrated circuitsused in Banner photoel ectric sensor
designs have brought with them some added sensor features. One

example of a feature that has
come (almost) "for free" isthe
intelligent alignment statusin-
dicator. Banner's Alignment
Indicator Device (AID™) sys-
tem actualy tells the installer
when the sensor isaligned, and
asotellshowwell itisaligned.
This indicator also serves as a
maintenancewarningwhensen-
sor signal strength becomes
marginal. The D.A.T.A.™
(Display And Trouble Alert)
system of the OMNI-BEAM
sensor family displays excess
gain, plus sensing contrast, and
its dedicated alarm output warns of marginal sensing conditions.

Today's photoel ectric sensors require much less power than com-
parable sensors of adecadeago. Specially-designed photoel ectric
sensors, such asthe SM1912 Series, can now berated intrinsically
safefor usein hazardous areas. Today's sensors have much wider
voltage ranges. DC sensors are protected against power supply
polarity reversal. Many sensorsmay be powered by either acor dc
voltage, and solid-state sensor outputsare protected from overload
and inductive transients.

Inadditiontoitspioneeringwork withinfrared sensors, Banner has
engineered the "comeback” of the visible light source. Improve-
ments in the output of visible LEDSs, plus substantial improve-
ments in amplifier design, have recently brought respectable
performance to modulated visible LED sensors. Infrared LED
sensors do remain the first choice for applications that require
high levels of excessgain, but ease of sensor alignment (plusthe
comfort associated with being able to see the light from the
emitter) has revived the popularity of the visible photoelectric
light source.

Theuseof visibleL EDshassolved someclassic sensing problems.
Polarizing the light from avisible LED emitter has all but elimi-
nated thefalsereturn of light (“proxing") from shiny materialsina
retroreflectivebeam. Polarized visiblelightisalsousedtoreliably
sense clear plastic materials (see photo, below).

VALOX®is aregistered trademark of General Electric Company




Another important use of visible LEDsiswith plastic fiber optics,
whicharepoor conductorsof infraredlight. Plastic fiber opticsare
single strands of fiber material that can fit into extremely tight
areas. Cut-to-length plastic fiber opticsarefast becoming popu-
lar among machinedesigners, especially for multiple-point sens-
ing applications. Typically, the photoelectric sensors are gang-
mounted in a convenient location and plastic fibers are smply
routed to the sensing points. Coiled plastic fiber optics solve the
age-old problem of sensing reliably (without fiber breakage) on
reciprocating mechanisms or robotic arms.

Glass fiber optics remain very popular for difficult or otherwise
impossible sensing applications. Glass fiber optic assemblies are
used to pipe light into and out of areas of high temperature, high
shock and vibration, and extreme moisture and/or corrosiveness.
Glassfiber optics may be quickly and economically designed and
built tofit an exact physical space or sensing requirement. Banner
wasaninnovator of LED fiber optic control, and remainstheleader
intheir application. Over theyears, Banner has built thousands of
special glass fiber optic assemblies to fill specific application
requirements. Wea wayswel comeyour application requirements
and encourage your design idess.

Self-contained photoel ectric sensors include an output switch to
interface the sensor to an externa circuit. The attention given to
the design of the output configuration of Banner sensors has
centered around interfaceability to programmablelogic control-
lers (PLCs). The automated factory of the 1990s has adopted the
PL C to integrate process control. Today's photoelectric sensor is
morelikely tobeusedto supply datatoacomputer or controller than
to actualy perform acontrol function. A sensor isnow lesslikely
to have a built-in delay timer or an electromechanical relay asits
output device.

Another obvious and welcome trend has been toward lower cost.
Circuit technology and manufacturing engineering have contrib-
uted heavily toward actually reducing sensor cost.

In 1987, Banner began manufacturing ultrasonic sensors. Ultra
sonicsensorseconomically fill two photoel ectric applicationvoids.
First, electrostatic-type ultrasonic sensors offer very long-range
reflective sensing (up to 20 feet). Secondly, the output of analog
ultrasonic proximity sensors, e.g. the analog ULTRA-BEAM™,
may be made highly linear relative to sensing distance. Analog
ultrasonic proximity sensors are often used for accurate distance
measurement, asin fill-level and position control applications.

Photoelectrics: The Future

Banner design engineers continueto teke full advantage of bresk-
throughsin semiconductor technology. Inthefuture, photoel ectric
sensor size will be dictated more by lens size, cable size, or
mounting scheme, and less by the volume required to accomodate

Banner Engineering Corp.

the circuitry. Fewer components, plus advanced automated
manufacturing techniques, will prompt further improvement in
the performance-to-cost ratio of self-contained photoel ectrics.

Advancing semiconductor technology will allow microcomputers
to become an integral part of photoelectric devices. This added
sensing intelligence will be used to analyze received light signals
and to monitor sensor performance. It will become possible to
configure output datainto variousformatsfor communicationto a
host computer.

Asvisible laser diodes follow the rapid development track of IR
(infrared) laser diodes (as in the CD player), they will begin to
replacetheHeNelaser tubesnow usedinoptical "scanners'. When
their cost drops, visible laser diodes will become apractical light
source element for photoelectric sensors. Laser diodeswill bring
more precision to sensing repeatability, and will be used in anew
group of industrial laser measuring and gauging sensors.

The sophistication and capabilities of new photoelectric sensor
designs will begin to narrow the huge disparity that now exists
between today's basi ¢ photoel ectric presence sensorsand high-end
optoel ectronicdevicessuchasvisionsystems. Banner Engineering
Corp. iscommitted to remaining the innovator in sensor design.

Banner is dedicated to producing the most reliable sensing prod-
ucts in the world. The most modern manufacturing facilities,
combined with highly-automated subassembly, typify this
committment to quality. Each individua product is repeatedly
tested during the manufacturing process. The dependability of
Banner sensing productsis backed at the point of sale by highly-
trained field application engineerswho can often solve application
challenges that others have "written off" asimpossible.

Thismanud is designed to help readers who have had little or no
experience with photoelectric or ultrasonic sensors become com-
fortablewith sensing and control terminology, and to relate guide-
linesfor making informed choices of sensing system components.
The chapters that follow are structured as a ready-reference
for both new and experienced controls persons. Selection tables
located throughout the book help to define proper sensor use at a
glance.

Selection of photoelectric or ultrasonic sensorsrequiresthat atten-
tion be given to the details of each sensing situation. System
variables or constraints often make the sensor selection process
seem complex. Thisbook will hel pto eliminatetheguesswork that
so often results in marginal sensing system performance.

Thank you, and we sincerely hope that you find innovative solu-
tionsto al of your future sensing applications!

®
EANNER

the photoelectric specialist

Robert H. Garwood,
Director of Publications

9714 Tenth Ave. No., Minneapolis, MN 55441 Telephone: (612) 544-3164 FAX (applications): (612) 544-3573




Section A: Sensing Theory

Definitions of Sensing Terms

Likenearly any other technology, photoel ectric and ultrasonic sensing havetheir own setsof "buzzwords'. Thissectionintroduces the
most important terms. Someare not universal, and afew definitionshave devel oped several names. Most of thissynonymy istheresult
of inconsi stent use of sensingterminology by varioussensor manufacturers. Sinceitisunlikely that thesetermswill becomestandardized
inthe near future, it is best to be familiar with al of them and to become comfortable with using the synonyms interchangeably.

If youareaready familiar with sensing terms, thissection can serveasaquick checklist
or refresher for sensing jargon. Thereis also an a phabetically-arranged glossary of
sensing terms at the back of this manual for quick reference.

Photoelectric Sensor

A photoelectric sensor isan electrical devicethat respondsto achangeintheintensity
of thelight falling upon it. Thefirst photoel ectric devicesused for industrial presence
and absence sensing applications took the shape of small metd barrels, with a
collimatinglensononeendandacableexitingtheoppositeend (FigureA.1). Thecable
connected aphotoresistivedeviceto an externa vacuumtubetypeamplifier. A small

incandescent bulb, protected inside a matching metal barrel, was the opposing light
source. These small, rugged incandescent sensors were the forerunners of today’s Figur

industrial photoelectric sensors. used an incandescent bulb light sour ce.

eA.l. Early photoelectric sensors

LED (Light Emitting Diode)

The 1960s saw the introduction of light emit- _ ]
tingdiodes or LEDs whicharenow partof our | FigureA.2. Thelight spectrum.

daily livesasstatusindicators on most contem- 8 100 Sun Soum
pora,y d&tncal aﬂd dectronlc app“anc%. An - X-RAYS VEIRAT —ld—VISIBLE —— el NEAR INFRARED —plg— MID.INFRARED FAR INFRARED—p»
LED is a solid-state semiconductor, similar FT" i e e j

electrically to a diode, except that it emits a

|

small amount of light when current flows
through it in the forward direction. LEDs can

Visible Green Visible Red
LEDs LEDs

Infrarcd
LEDs

be built to emit green, yellow, red, or infrared

light. (Infrared light isinvisible to the human eye; see Figure A.2.) Also, blue LEDs are now beginning to appear.

Because LEDs are solid-state, they will last for the entire useful lifeof asensor.  LED sensors

can betotaly encapsulated and sealed,

making them smadller yet more reliable than their incandescent counterparts. Unlike incandescent light sources, LEDs are not easily

damaged by vibration and shock, and worry about filament sag isaso eliminated. Thereisa

tradeoff, however, in the area of light

intensity: LEDs produce only asmall percentage of the light generated by an incandescent bulb of the same size.

Infrared types are the most efficient LED light generators, and were the only type of LED

offeredinphotoel ectricsensorsuntil 1975. However, thisinvisibleinfraredlight, thoughideal
for security detectionandfilm processing applications, wasinitialy notwell received by those
accustomed to visually aigning and checking incandescent emitters.

Phototransistor
The 1960s brought us solidly into the silicon era, and produced photojunction devices
including photodiodes, phototransistors, and photodarlingtons. Of these, the phototransistor

has prevailed asthe most widely used receiver optoelement inindustrial photoel ectric sensor
design (Fig. A.3). Phototransistors offer the best tradeoff between light sensitivity and
response speed compared to photoresistive and other photojunction devices.

FigureA.3. Typical photocell (left)
and phototransistor (right).
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Photocells are used whenever grester sensitivity to visible wavelengths is required, asin some color registration and ambient light
detectionapplications. Photodiodes aregenerally reservedfor applicationsrequiring either extremely fast responsetimeor linear response
over severa magnitudes of light level change.

Modulated LED Sensors

By 1970, photoel ectric sensor designershad recognized that L EDshad
abenefit much moreprofoundthanlonglife. Unliketheir incandescent
equivalents, LEDs can beturned "on" and "off" (or modulated) at a
high rate of speed, typicaly at afrequency of severd kilohertz (Figure
A.4). This modulating of the LED means that the amplifier of the
phototransistor receiver can be"tuned" to thefrequency of modulation,
and amplify only light signals pulsing at that frequency.

Figure A.4. A modulated (pulsed) light source.

Thisisanalogousto the transmission and reception of aradio wave of
aparticular frequency. A radio receiver tuned to one station ignores
other radio signalsthat may be present in theroom. The modulated
LED light sourceof aphotoel ectric sensor isusually called thetransmit-
ter (or emitter), and the tuned photodeviceis called the receiver.

Thereisacommon misconceptionthat becauseaninfrared LED system
isinvisible, it must therefore be powerful. The apparent high level of
optical energy inamodul ated photoel ectric sensing systemhas, initsalf,
little to do with thewavelength of the LED. Remember that an LED emitsonly afraction of the light energy of an incandescent bulb of
thesamesize. It isthe modulation of an LED sensing system that accounts for its power.

The gain of anon-modulated amplifier islimited to the point at which the receiver recognizes ambient light. A non-modulated sensor
may be powerful only if itsreceiver can be madeto "see" only thelight from its emitter. Thisrequiresthe use of lenseswith very long
focal lengthsand/or mechanical shielding of thereceiver lensfromambient light. In contrast, amodulated receiver ignoresambient light
and responds only to itsmodulated light source. Asaresult, the gain of amodulated receiver may beturned upto avery highlevel. See
Figure A.5.

Thereis, however, alimit to amodul ated sensor’ simmunity to ambient light. Extremely bright ambient light sourcesmay sometimes
present problems. No modulated photoel ectric receiver will function normally if it ispointed directly into thesunlight. 1f you have ever
focused sunlight through a magnifying glass onto a piece of paper, you know that you can easily focus enough energy to start the paper
onfire. Replacethemagnifying glasswith asensor lens, and the paper with aphototransistor, and it iseasy to understand why thereceiver
shuts down when the sensor is pointed directly into the sun. Thisiscalled ambient light saturation.

The concept of themodulated L ED caused amajor revolutionin photoel ectric sensor design. Sensing rangesincreased, and beam angles
widened. Throughout the 1970s, users of modulated devices gradually began to place more trust in thislight beam that they found so
dependableand easy to align. By 1980, the non-modul ated photoel ectric sensor washearly just amemory. The newer, highly automated
processes could not tolerate the interruptions caused by the incandescent bulb burnout common in non-modul ated systems.

Figure A.5. A modulated photoelectric control.

Modulated LED Regulated
| | | Phototransistor Voltage — To
A VaVd Supply Power Source
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To -«— Voltage [— Oscillator i raime
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Infrared LEDswerefoundtobethemost efficient types, andwerea sothebest
spectral match to phototransistors (Figure A.6). However, photoelectric
sensors used to detect color differences (as in color registration sensing
applications) require a visible light source.  As a result, color sensors
continued to use photocell receivers and incandescent lamps while sensor
designers awaited the development of more efficient visible LEDs. Today,
with improved visible LEDs, most color registration sensors are modul ated
and utilize colored LEDs as emitters.

Modulated sensor designs usually trade off speed of response for sensing
distance. Becausedistanceismost often the dominant sensing systemdesign
criteria, non-modulated sensors using phototransistors and either incandes-
cent or LED emitters continued to be used where response speed was
important, asin sensing small parts or object features moving at ahigh rate
of speed. But since the performance of modulated sensor designs steadily
improved through the 1980's, there are now very high speed modulated
designsthat offer respectable sensing ranges and satisfy nearly all response
requirements.

Ambient Light Receiver

Onetype of non-modul ated photoel ectric devicestill found in frequent useis
theambient light receiver.  Products like red-hot metal or glass emit large
amountsof infrared light. Aslong asthese materialsemit morelight thanthe
surrounding light level, they may be reliably detected by an ambient light
receiver (Figure A.7).

An ambient receiver might also be used beneath a conveyor, looking up
betweentherollerstoward conventiona factory lighting. Any objectspassing
over the sensor are detected by the shadows they cast upon the receiver.
Ambient light receiversare also commonly used for outdoor lighting control.

Section A - Sensing Theory: Sensor Types

Figure A.6. Comparison of spectral response:
photocell vs. phototransistor.

2 Ultraviolet < Visiblelight S < Infrared 3

Sunlight

»—Phototransistor

Relative response

LED emission
1

Wavelength (nanometers)

Figure A.7. Anambient light receiver sensesinfra-
red energy radiated from red-hot glass or metal.

Threaded Individual S
Fiberoptic with
L9 Lens  /

Multi Beam Scanner Block
Model SBARIGHF

Counting bottles during the manufacturing process by detecting
infrared (heat} radiation with an ambient light receiver.

Ultrasonic Sensors

Figure A.8. Detection of ultrasonic sound energy.

Ultrasonic sensors emit and receive sound energy at frequencies above the
range of human hearing (above about 20kHz). Ultrasonic sensors are
categorized by transducer type: either electrostatic or piezoelectric. Electro-
static types can sense objects up to severa feet away by reflection of
ultrasound wavesfromtheobject’ ssurface. Piezoelectrictypesaregenerally
used for sensing at shorter ranges. See Figure A.8.

Remote Photoelectric Sensors
Photoel ectric sensors are divided into two basic package styles: remote and
sdlf-contained. Remote photoelectric sensors contain only the optical

Figure A.9. Remote sensorsof a component sensing system.




componentsof thesensing system. Thecircuitry for system
power, amplification, and output switching are all at an-
other location, typically in acontrol panel. Consequently,
remote sensors are generally smaller and more tolerant of
hostile sensing environments than are self-contained sen-
sors. Examplesof remote sensors (see Figure A.9) include
those designed for use with the Banner MAXI-AMP and
MICRO-AMP family modules. These sensing systems,
which have the optical elements at one location and the
electrica components at another, are called component

systems.

Self-contained Photoelectric Sensors
Self-contained photoelectric sensors contain the optics
alongwith dl of theelectronics. Their only requirement is

asource of voltagefor power. The sensor itself doesall of

Figure A.10. Self-contained sensors.

the work, which includes modulation, demodulation, am-
plification, and output switching. Some self-contained sensors provide
options such as built-in control timers or totalizing counters. Banner's
OMNI-BEAM, MULTI-BEAM, MAXI-BEAM, VALU-BEAM, MINI-
BEAM, ECONO-BEAM, Q@8, Q19, Q85, S18, ULTRA-BEAM, and
SM512 Seriessensorsareexamplesof self-contained sensors(FigureA.10).

Fiber Optics

There are many sensing situations where space is too restricted or the
environment too hostile even for remote sensors (component systems). For
such applications, photoelectric sensing technology offersfiber opticsasa
third alternativein sensor "packaging”. Fiber opticsaretransparent strands
of glassor plastic that are used to conduct light energy into and out of such
aress.

Fiber optic "light pipes', used along with either remote or self-contained
sensors, are purely passive, mechanical components of the

Figure A.11. Fiber optic" light pipes’.

sensing system (Figure 11). Since fiber optics contain no
electrical circuitry and have no moving parts, they can
safely pipelight into and out of hazardous sensing locations
andwithstand hostileenvironmental conditions. Moreover,
fiber opticsarecompletely immunetoall formsof electrical
"noise", and may be used to isolate the electronics of
a sensing system from known sources of electrical
interference. N

Figure A.12. Acceptance angle and exit angle of a singlefiber.

LIGHT RAY OUTSIDE ACCEPTANCE
/ANGLE IS LOST IN CLADDING

\ CLADDING
An optical fiber consists of a glass or plastic core sur- ¥ !
rounded by alayer of cladding material. The cladding \ . & CORE
material isless dense than the core material, and conse-
guently has a lower index of refraction. The optical - ) CLADDING
principle of total internal reflection saysthat any ray of ACCEPTANCE EXIT
light that hits the boundary between two materials with ANGLE (8) ANGLE (0)

different densities (in this case, the core and the clad-
ding) will betotally reflected, provided that the angle of

incidence is less than a certain critical value (2).

FigureA.12 illustratestwo light rays (inside the angle of acceptance) that are repeatedly reflected along thelength of thefiber. Thelight
raysexit the opposite end at approximately the entry angle. Another light ray (outside the angle of acceptance) islost into the cladding.
Note that the acceptance angleis slightly larger than twice @. Thisisbecause theraysare bent dightly asthey passfrom theair into the

more dense fiber material.

Theprincipleof total internal reflection worksregardless of whether thefiber isstraight or bent (within adefined minimum bend radius).

Most fiber optic assemblies are flexible and alow easy routing through tight areas to the sensing location.
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Glass Fiber optics

Glassfiber optics used for photoel ectric light pipesare made up of
abundleof very small (usually about .002inch diameter) glassfiber
strands. A typical glass fiber optic assembly consists of severa
thousand cladded glass fibers protected by a sheathing material,
usually aflexiblearmored cable. Thecableterminatesinanendtip
that is partiadly filled with rigid clear epoxy. The sensing faceis
optically polished sothat theend of eachfiber isperfectly flat. The
degree of care taken in the polishing process dramatically affects
thelight coupling efficiency of thefiber bundle (see Figure A.13).

There are two types of glass fiber optic bundles. One type, the
coherent bundle, isusedinmedical instrumentsandinborescopes.
Coherent fiber optic assemblies have each fiber carefully lined up
from one end to the other in such away that an image at one end
may beviewed at theoppositeend. Coherent bundlesareexpensive
to manufacture. Because the production of a clear image is
irrelevant in most fiber optic sensing applications, amost al glass
fiber opticassembliesusethemuchlesscostly randomizedbundles,
inwhichnospecial careistakentolineup correspondingfiber ends.

Itisrelatively easy, fast, andinexpensiveto createaglassfiber optic
assembly tofit aspecific space or sensing environment. Theseare
called special fiber optic assemblies. The bundle may even be
shaped at the sensing end to create abeam to "match™ the profile of
the object to be sensed (Figure A.14).

Theouter sheath of aglassfiber optic assembly isusually stainless
steel flexible conduit, but may be PVC or some other type of
flexibleplagtic tubing. Evenwhen anon-armored outer covering
isused, aprotectivestedl coil isusually retained beneath the sheath
to protect the fiber bundle.

Most glass fiber optic assemblies are very rugged and perform
reliably in extreme temperatures. The most common problem
experienced with glassfibersisbreakage of theindividua strands
resulting from sharp bending or continued flexing, as occurs on
reciprocating mechanisms.

Plastic Fiber optics

Plastic fiber optics (Figure A.15) are single strands of fiber optic
material (typically .01to.06inchindiameter). They canberouted
into extremely tight aress.

Most plastic fiber optic assemblies are terminated on the sensing
end with a probe and/or a threaded mounting tip. The control
(sensor) end of aplastic fiber optic assembly isleft unterminated
sothat it may beeasily cut by the user to the proper length. Every
Banner plastic fiber assembly is supplied with acutting devicefor
this purpose.

Unlikeglassfiber optics, plastic fiberssurvivewd | under repeated
flexing. Infact, pre-coiled plastic fiber optics are available for
sensing applications on reciprocating mechanisms.

Plastic, however, does absorb certain bands of light wavelengths,
including the light from most infrared LEDs (see Figure A.16).
Consequently, plastic fiber optics require avisible light source,
suchasavisblered LED, for effectivesensing. Plasticfiber optics
also arelesstolerant of temperature extremes, and are sensitive to
many chemicals and solvents.

Section A - Sensing Theory: Fiber Optics

Figure A.13. Construction of atypical glassfiber bundle.

OUTER SHEATH OF
STAINLESS STEEL
FLEXIBLE ARMORED CABLE

APPROXIMATELY 1/2”
OF CLEAR EPOXY

END FACE OPTICALLY
POLISHED FLAT (FIBERS
ARE IMBEDDED IN EPOXY)

SEVERAL THOUSAND
INDIVIDUAL FIBERS IN A
LOOSELY PACKED BUNDLE

STAINLESS STEEL FERRULE
OR ALTERNATE STYLE END TIP

Figure A.14. In special fiber optic assemblies, the bundle
may be shaped on the sensing end to match the profile of the
object to be sensed.

Figure A.15. Plasticfiber optic assemblies.
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Individual and Bifurcated Fiber Optics

Both glassand plasticfiber optic assembliesaremanufacturedintwo
styles. Individual fiber optics(FigureA.17) smply guidelight from
an emitter to asensing location, or from the sensing location back to
areceiver.

Figure A.16. Spectral transmission efficiency in
glassvs. plastic fiber optics.

!
Visible Red LEDs N\

i | - Infrared LEDs

Bifurcated fiber optics (Figure A.18) conduct the emitted light ! } { }
together with the received light (via two branches consisting of . S
different fibers) within onefiber opticassembly. Thisallowsasingle & 704 | ‘
sensor to both illuminate and view an object through the same fiber é 60 el Glass Fiber
opticassembly. |f an object appearsin front of the sensing end of a 2 L
bifurcated fiber optic, light from one branch will bereflected off the f 304 L
object and back to the receiver through the other branch. & 204 Lo Plastic Fib

3 104 | [ astic Iiber

| |

A bifurcated glassfiber optic assembly usually randomly mixesthe 300 ' 500 ' 700 900 | 1100 ' 1300
emitter and receiver fiberstogether in the sensing end tip. Bifurcated . s Wavm
plastic fiber strands are joined side-by-side aong the length of the < 2333 {Nanometers}
cable, and so may be thought of as two individual fibers joined oomexs
together at the sensing end. Ultraviolet  Visible Light Infrared

Sensing Modes

Theoptica system of any photoel ectric sensor isdesigned for one of
three basic sensing modes: opposed, retroreflective, or proximity.
The photoelectric proximity mode is further divided into four

Figure A.17. Individual fiber optic assembly.

submodes: diffuse proximity, divergent-beam proximity, conver- ll\I|Ill!IlllIII|ls'-\\\\\\\\§.\§u\\\\\\\w ——or—
gent-beam proximity, and fixed-field proximity. Ultrasonic sensors ~— To emiteer Sensing

or receiver end tip

aredesigned for either opposed or proximity mode sensing. Follow-
ing is adescription of each sensing mode.

Opposed mode . . . .

ng%sed mode sensing is often referred to as"direct scanning”, and FigureA.18.  Bifurcated fiber optic assembly.
issometimes called the "beam-break” mode. Inthe opposed mode, ~— To emitier

theemitter and receiver are positioned oppositeeach other sothat the I iy, "

sensing energy from theemitter isaimed directly at thereceiver. An \\\(((({{{-mmuuw .

object is detected when it interrupts the sensing path established —|[-|l|1|m\\\\\‘\\\\\ Sensing
between the two sensing components. See Figure A.19. ~— To receiver end ip

Opposed sensing was historicdly the first photoelectric sensing
mode. Inthe early daysof non-modulated photoel ectrics, problems

of difficult emitter-receiver alignment gave the opposed modeabad ) _
reputationthat till existstosomeextent. Withtoday’ shigh-powered | FigureA.19.  Opposed sensing mode.
modulated designs, however, it is extremely easy to align most
opposed mode photoel ectric sensors. 2~ Receiver

Alignment of a sensor means positioning the sensor(s) so that the
maximum amount of emitted energy reaches the receive sensing
element. In opposed sensing, this means that the emitter and the
receiver are positioned relative to each other so that the radiated
energy from the emitter is centered on the field of view of the
receiver.

Sensingrangeisspecifiedfor al sensors. For opposed sensors, range
is the maximum operating distance between the emitter and the
receiver. A sensor'seffectivebeamisthe"working" part of thebeam:
it isthe portion of the beam that must be completely interrupted in
order for an object to bereliably sensed.  The effective beam of an
opposed mode sensor pair may be pictured asarod that connectsthe

emitter lens (or ultrasonic transducer) to the receiver lens (or trans-
ducer). SeeFigureA.20. Thisrod will betapered if the two lenses (or transducers) are of different sizes. The effective beam should
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not be confused with the actua radiation pattern of the emitter, or
with the field of view of the receiver.

Theeffectivebeam size of astandard opposed mode photoel ectric
sensor pair may betoo largeto detect small parts or inspect small
profiles, or for very accurate position sensing. In such cases,
opposed mode photoel ectric sensor lensescan usually beapertured
to reduce the size of the effective beam (Figure A.21). Some
sensors, like the LR400/PT400, SP12, SM30, and MINI-BEAM
opposed mode sensors, have optional aperture assemblies that
mechanically attach to the sensor lens. Creating an aperture can
be as easy as drilling ahole or milling aslot in athin metal plate
andlocating theplatedirectly infront of thelens, with the opening
on the lens centerline. When selecting an aperture material, it is
important to remember that the powerful beam of modulated
opposed mode photoel ectric sensors can actually penetrate many
non-metallic materials to varying degrees.

Aperturesreducetheamount of light energy that can passthrough
alensby anamount equal tothelensareareduction. For example,
if aoneinch diameter lensisapertured downto 1/4-inch diameter,
theamount of optical energy passing through the apertured lensis
equal to (1/4)?= 1/16th theamount of energy throughtheone-inch
lens. Thisenergylossisdoubledif aperturesareused onboththe
emitter and the receiver.

A rectangular aperture of any given width covers much lesslight
gathering lens area as does a round aperture of the same width
(diameter). For thisreason, rectangular apertures(alsocalled"dlit
apertures") should be used whenever possible. Rectangular
apertures are reliable whenever an object travels into the beam
with a predictable orientation to the effective beam (asin edge
detection, for example). Whenever objects with small profiles
move through the beam with random orientation, round apertures
arerequired.

If the object to bedetected will alwayspassvery closeto either the
emitter or the receiver, an aperture may be required on only one
side of the process. In this case, the size of the effective beam is
equal to the size of the aperture on the apertured side and
uniformly expandsto the size of the lens on the unapertured side.
Theeffectivebeamistherefore"cone-shaped”. SeeFigureA.22.

The goal in any application requiring the detection of small parts
in an opposed beam is to size and shape the effective beam to be
smaller thanthesmallest profilethat will ever need to be detected,
while retaining as much lens area as possible. Often the easiest
way to size and shape an effective beam to match apart profileis
to use a glass fiber optic assembly that has its sensing end
terminated in the desired shape. See Figure A-14.

Section A - Sensing Theory: Sensing Modes

Figure A.20. Effective beam.
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Field of View
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Figure A.21. Sensorswith aperturesattached.

Figure A.22. Effective beam with unequal lens diameters.

Emitter (or receiver)
with largelens

Receiver (or emitter)
with small lens

Effective beam
is " cone-shaped"

The very high power of some modulated L ED opposed sensor pairs (especially when used at close range) can create a"flooding”
effect of light energy around an object that isequal to or evendlightly larger than the effectivebeam. Thisisanother reasontoensure
that the size of the effective beam is always smaller than the profile of the object to be detected.

It is possible to shape an opposed ultrasonic beam by using waveguides. Waveguides attach to the transducer of the ultrasonic
receiver (and sometimes to the emitter). With waveguides attached, the receiver is less likely to respond to sound echoes that
approach from the side. This makes for more reliable detection of small objects that interrupt the ultrasonic beam.
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Retror eflective mode
The photoelectric retroreflective sensing mode is aso called the Figure A.23. Retroreflective sensing mode.
"reflex" mode, or smply the "retro” mode (Figure A.23). A
retroreflective sensor containsboth emitter and receiver circuitry. A
light beam is established between the emitter, the retroreflective
target, and thereceiver. Just asin opposed mode sensing, an object
is sensed when it interrupts the beam.

Retroreflectiverangeisdefined asthe distancefromthesensor toits
retroreflectivetarget. Theeffectivebeamisusually cone-shaped and
connectsthe periphery of theretro sensor lens(or lenspair) to that of
theretroreflectivetarget. SeeFigure A.24. The exceptionto thisis
at close range, where the size of the retro beam has not expanded
enough to at least fill the target.

Retroreflective targets are also caled "retroreflectors’ or "retro
targets’. Most retroreflective targets are made up of many small
corner-cubeprisms, each of which hasthreemutually perpen-
dicular surfaces and a hypotenuse face. A light beam that

enters a corner-cube prism through its hypotenuse face is FigureA.24. Effective beam for retroreflective mode sensor.
reflected from the three surfaces and emerges back through
the hypotenuse face parallel to the entering beam (Figure 4

. . . /
A.25). I_nth|sway, theretroreflectivetarget returnsthelight e Retroreflective
beam to its source. / target

Radiation pattern J

M ost corner-cuberetroreflectorsaremol dedusing clear acrylic and field of view

plastic, and are manufactured in various sizes, shapes, and
colors. Corner-cube plastic retroreflectors are commonly
used for highway markersand vehiclesafety reflectors.  Ret-
roreflectors appear brightly illuminated to adriver whenever
light from a vehicle' s headlamps is returned by the array of
corner cubes. Highway markersareoftenwrappedinretrore-
flectivetape, which hasacovering of either many microscopic
molded corner-cubereflectors or microscopicglassbeads. A
clear glass sphere aso has the ability to return alight beam
back toitssource, but acoating of glassbeadsisnot asefficient
areflector asisamolded array of corner-cubes.

Retroreflective
sensor

A single mirrored surface may also be used with aretroreflective sensor. Light striking a Figure A.25.

flat mirror surface, however, isreflected at an anglethat isequa and oppositeto the angle A corner-cube prism.
of incidence (Figure A.26). This
is called specular reflection. In
Figure A.26. Specular sensing mode sensesthe order for aretroreflective sensor

difference between shiny and dull surfaces. to "see" itslight reflected from a
flat mirrored surface, it must be

positionedsothat itsemitted beam .

T strikesthemirror exactly perpen- Return

dicular to its surface. A retrore-
flector, onthe other hand, hasthe
ability to forgivingly returninci-
dent light back to its source at
angles up to about 20 degrees from the perpendicular. This property makes
HIGHLY REFLECTIVE retroreflective sensors easy to align to their retro targets.

(MIRROR-LIKE)
SURFACE

Incident Light Ray

A goodretroreflector returnsabout 3,000timesasmuchlight toitssensor asdoes
apiece of whitetyping paper. Thisiswhy itiseasy for aretroreflective sensor
to recognize only thelight returned from itsretroreflector. If the object that is
to interrupt a retroreflective beam is itself highly reflective, however, it is
possible for the object to dip through the retroreflective beam without being
detected. Thisretroreflective sensing problemiscalled proxing, and relatively
simple methods exist to deal with it.




Figure A.27. Useof skew angleto control " proxing" .
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Figure A.28. Retroreflective sensing of radiused shiny
objectsrequiresboth vertical and horizontal skew angles.

Retroreflective target mounted
at angle, parallel to sensor lens

Radiused
e —— £ Emied q/ shiny objects
| light
// // 1 Flow //,

Retroreflective sensor mounted at vertical
and horizontal angle to the direction of flow.

Tilt up or down
and

Rolale right or left

Section A - Sensing Theory: Sensing M odes

If ashiny object hasflat sides and passesthrough aretroreflective

beam with apredictableorientation, thecurefor proxingisto orient FigureA.29. Polarized light.
the beam so that the object’s specular surface reflects the beam
away from the sensor. Thisiscalled scanning at askew angle to Emitted light is

3 linearly polarized

theobject’ ssurface(FigureA.27). Theskew angleusually need be
only 10 to 15 degrees (or more) to be effective. This solution to
proxing may, however, be complicated if the shiny object has a
rounded (radiused) surfaceor if theobject presentsitself tothebeam
atanunpredictableangle. Inthesecases, thebest mounting scheme,
although less convenient, has the beam striking the object at both
avertica and a horizontal skew angle (Figure A.28).

‘ “‘ Shiny objec

L Light waves that are reflected by a shiny surface are
in phase with the emitted light and are blocked by
the receiver filter.

Retroreflector

With recent improvementsin LED technology, the use of visible
light LEDs as photoel ectric emitters hasincreased. When equip-
ped with a visible emitter, a retro sensor may be aimed like a
flashlight at its retroreflective target. When the reflection of the
beam is seen on the retroreflector, correct alignment is assured.
Thisprincipleisalso of benefit when avisible emitter is used in an opposed mode photoel ectric system. A retro target is placed directly
infront of thelens of the receiver, and the emitter isaigned by sighting the visible beam on thetarget. Theretro target isthen removed,
and the emitter and receiver orientations are "fine-tuned" for optimum alignment.

\— Retroreflected light waves are rotated 90° by the
corner-cube reflector and will pass through the filter
to the receiver.

Polarizing filters are readily available for use with visible emitters. When used on visible retroreflective sensors, polarizing filters
(sometimes called anti-glare filters) can significantly reduce the potential for proxing. A polarizing filter is placed in front of both the
emitter lensand the receiver lens. Thetwo filtersare oriented so that the planes of polarization are at 90 degreesto one another. When
thelightisemitted, itispolarized "vertically" (FigureA.29). Whenthelight reflectsfromacorner-cuberetrotarget, itsplaneof polarization
is rotated 90 degrees, and only the polarized target-reflected light is allowed to pass through the polarized receiver filter and into the
receiver. When the polarized emitted light strikes the shiny surface of the object being detected, its plane of polarization isnot rotated,
and the returned non-polarized beam is blocked from entering the receiver.

Thisschemeisvery effective for elimination of proxing. Polarizing filters, however, like agood pair of sunglasses, reduce the amount
of optical power availablein aretro beam by morethan 50%. Thisisanimportant consideration whenever the environment isvery dirty
or where the sensing rangeislong. Also, polarized retro sensors work only with corner-cube type retroreflective materials.

Often, the best insurance against proxing is the skew angle approach. When this is not possible, opposed mode sensors should be
considered.

Proximity mode

Proximity mode sensing involves detecting an object that isdirectly infront of asensor by detecting the sensor’ sown transmitted energy
reflected back from the object’ ssurface (Figure A.30). For example, an object is sensed when its surface reflects a sound wave back to
an ultrasonic proximity sensor.  Both the emitter and receiver are on the same side of the object, usually together in the same housing.
Inproximity sensing modes, an object, when present, actually "makes' (establishes) abeam, rather thaninterruptsthebeam. Photoel ectric
proximity sensors have several different optical arrangements. They are described under the following headings: diffuse, divergent,
convergent beam, and fixed-field.




Diffuse —

Diffuse mode sensors are the most commonly used type of photoelectric
proximity sensor. In the diffuse sensing mode, the emitted light strikes the
surface of an object at somearbitrary angle. Thelight isthen diffused fromthat
surfaceat many angles. Thereceiver can beat some other arbitrary angle, and
some small portion of the diffused light will reachiit.

Generaly speaking, the diffuse sensing mode is an inefficient mode, since the
receiver looks for arelatively small amount light that is bounced back from a
surface. Also, the diffuse mode, like the other proximity sensing modes, is
dramatically influenced by thereflectivity of the surfacebeing sensed. A bright
white surface will be sensed at a greater range than adull black surface.

Most diffuse mode sensors use lenses to collimate (make parallel) the emitted
light raysand to gather inmorereceived light. Whilelenseshelp agreat deal to
extend the range of diffuse sensors, they also increase the criticality of the
sensing angletoashiny or glossy surface. Becaused | such surfacesaremirror-
like to some degree, the reflection is more specular than

Figure A.30.

Object

Received light

Diffuse sensing mode.

Emitted light

diffuse.

Figure A.31. In diffuse sensing of a shiny surface, the sensor
Most diffuse sensors can guarantee areturn light signal only lensmust remain parallel to the shiny surface for reliable
if the shiny surface of the materia presents itsdlf perfectly detection.

parallel to the sensor lens (Figure A.31). Thisisusualy not

= =

possiblewithradiused partslikebottlesor shiny cans. Itisalso .
a concern when detecting webs of meta foil or poly film 0

Diffuse mode
proximity sensor

where there isany amount of web "flutter”.

—

Divergent —
To avoid the effects of signal loss from shiny objects,

Maximum light return
with sensor lens parallel
to shiny surface

’ﬁ Shiny surface

specid short-range, unlensed divergent mode sensors should

beconsidered. By eliminating collimating lenses, thesensing
range is shortened, but the sensor is aso made much less

= =

Diffuse mode
proximity sensor

= 2

—

Most light islost to
specular reflection
with shiny surface at
an angle to sensor lens

'ﬁ Shiny surface

dependent upon the angle of incidence of itslight to a shiny
surface that fallswithin itsrange. See Figure A.32.

Therange of any proximity mode sensor also may be affected by the sizeand
profile of the object to be detected. A large object that fills the sensor’ s beam
areawill return moreenergy tothereceiver thanasmall object that only partially
fillsthe beam.

A divergent sensor respondsbetter to objectswithin about oneinch of itssensing
elementsthan doesadiffuse mode sensor. Asaresult, divergent mode sensors
can successfully sense objects with very small profiles, like yarn or wire.
Remote sensor model LP4A00WB is agood example of thistype of sensor.

Convergent Beam —

Another proximity mode that is effective for sensing small objectsis the
convergent beam mode. Most convergent beam sensorsuse alens system that
focusesthe emitted light to an exact point in front of the sensor, and focusesthe
receiver element at the same point. Thisdesign producesasmall, intense, and
well-defined sensing areaat afixed distancefromthe sensor lens(Figure A.33).

Thisis avery efficient use of reflective sensing energy. Objects with small
profilesarereliably sensed. Also, materialsof very low reflectivity that cannot
be sensed with diffuse or divergent mode sensors can often be sensed reliably
using the convergent beam mode.

The range of a convergent beam sensor is defined asits focus point, which is
fixed. Thismeansthat thedistancefromaconvergent beam devicetothesurface
to be sensed must be more or less closely controlled. Every convergent beam
sensor will detect an object of a given reflectivity at its focus point, plus and
minus some distance. This sensing area, centered on the focus point, is called

FigureA.32.

Divergent proximity sensing mode.

Figure A.33.

/ Object
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Section A - Sensing Theory: Sensing M odes

the sensor’ sdepth of field. The size of the depth of field depends upon
the sensor design and the reflectivity of the object to be sensed.

The depth of field of precise focus convergent beam sensorsis very
small. Suchsensors, likeremotesensor model LP510CV, may beused
for precise position sensing or profile inspection.

Thedepth of field of mechanical convergent beam sensorsisrelatively
large. Asthenamesuggests, mechanical convergent beam sensorsdirect
alensed emitter and a separate lensed receiver toward acommon point
ahead of thesensor. Remote sensor model SP100C isagood example of
thistype. Withthe proper bracketing, any opposed mode sensor pair may
be configured for the mechanical convergent beam mode (Figure A.34).

One specialized use of mechanical convergence is for the sensing of
specular reflections (see Figure A.26). Thisinvolves positioning a
lensed emitter and receiver at equal and opposite angles (from the

Figure A.34. Mechanical convergent mode: emitter
and receiver are angled toward a common point ahead
of the sensor.

Receiver

__—Sensing area

Receiver

c Radiation pattern
field of view

of emitter

perpendicular) to aglossy or mirror-like surface. The distance fromthe

shinysurfacetothesensorsmust remain constant. Specular reflectionisuseful for sensingthedifferencebetweenashiny andadull surface.
Itis particularly useful for detecting the presence of materias that do not offer enough height differential from their background to be
recognized by aconvergent beam or fixed-field sensor. For exampl e, thespecular modemay beusedto sensethepresenceof clothmaterial
of any color (a"diffuse materia") on a steel sewing machine work surface (a"shiny surface").

It is often necessary to detect objects that pass the sensor within aspecified range, while ignoring other stationary or moving objectsin
the background. One advantage of convergent beam sensorsis that objects beyond the far limit of the depth of field areignored. Itis
important to remember, however, that the near and far limits of a convergent beam sensor’s depth of field are dependent upon the
reflectivity of the object in the scan path. Background objects of high reflectivity will be sensed at agreater distance than objects of low

reflectivity.

Fixed-field—

Thereisaphotoel ectric proximity modethat hasadefinitelimittoitssensing
range. Fixed-field sensors (Figure A.35) ignore objectsthat lie beyond their
sensing range, regardless of object surface reflectivity.

Fixed-field sensors compare the amount of reflected light that is seen by two
differently-aimed receiver optoelements. A target isrecognized aslong asthe
amount of light reaching receiver R2 is equal to or greater than the amount
"seen” by R1. The sensor’ s output is cancelled as soon as the amount of light
at R1 becomes greater than the amount of light at R2. Banner S18 Series self-
contained barrel sensorswiththe"FF" model number suffix and remote sensor
model SP100FF are good examples of fixed-field sensors.

Ultrasonic proximity —

Ultrasonic transducers vibrate with the application of ac voltage. This
vibration alternately compressesand expandsair moleculesto send "waves' of
ultrasonic sound outward from theface of thetransducer. Thetransducer of an
ultrasonic proximity sensor alsoreceives"echoes' of ultrasonicwavesthat are
located within its response pattern.

Ultrasonic sensors are categorized by transducer type, either "electrostatic” or
"piezoelectric” (Figure A.36). Electrostatic typesfill requirements for very
long range proximity detection. A proximity range of upto 20 feetiscommon.
These long-range sensors are the solution to applications that require level
monitoring in large bins or tanks. Piezoelectric types usualy have a much
shorter proximity range, typically up to 3 feet, but can be sealed for protection
against harsher operating conditions.

Generdly, ultrasonic proximity sensors are affected less by target surface
characteristicsthan arediffusemode photoel ectrics. They do, however, require
that the transducer face be within 3 degrees of paralel to smooth, flat target
objects. Thisangleis much less critical when sensing the sound-scattering

Figure A.35. Fixed-field proximity sensing mode.
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Object is sensed if the amount of light at R2 is equal to
or greater than the amount of light at R1.

Figure A.36.  Ultrasonic sensors: electrostatic
(left) and piezoelectric (right).
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target surfaces of irregular or aggregate material. Sound-absorbing materials
such as fibers and foam make poor target objects for ultrasonic proximity
sensors. Also, minimum target size is an important specification in sensor
selection.

Ultrasonic proximity sensors offer excellent sensing repeatability in the
direction of sensing (i.e., for objectsmoving perpendicularly tothesensing
face). Conseguently, they are used frequently for distance measurement
applications. Many sensors have multiple distance set points or analog
outputs. Analog outputs can be highly linear.

Beam Patterns

A beam pattern is included as part of the description for each photoelectric
sensor. It includes information that may be useful for predicting the
performance of the sensor. All beam patterns are drawn in two dimensions;
symmetry of each pattern around the optical axisisassumed, and the shape of
thepatternisassumedto bethesameinall sensing planes. (However, notethat
this is not always an accurate assumption.) Beam patterns are drawn for
perfectly clean sensing conditions, optimum angular sensor aignment, andthe
proper sensor sengitivity (gain) setting for thespecifiedrange. Maximumlight
energy occurs along the sensor’ soptical axis, and light energy decreaseswith
movement toward the beam pattern boundaries. Beam pattern dimensionsare
typical for the sensor being described, and should not be considered exact.
Also, beam pattern information is different for each sensing mode.

Opposed M ode Beam Patterns

Beam patternsfor opposed sensorsrepresent theareawithinwhichthereceiver
will effectively "see" the emitted light beam. The horizontal scale is the
separation distance between the emitter and receiver. Thevertical scaleisthe
width of the active beam, measured on either side of the optical axis of the
emitter or receiver lens.

Itisassumed that thereisno angular misalignment betweentheemitter and the
receiver. In other words, the optical axis of the emitter lensis kept exactly
parallel totheoptical axisof thereceiver lenswhile plotting the pattern. Even
small amountsof angular misalignment will significantly affect thesize of the
sensing area of most opposed sensor pairs, except at close range.

Opposed beam patterns predict how closely adjacent to one another pardlel
opposed sensor pairs may be placed without generating optical crosstalk from
onepair tothenext. A typical beam pattern for an opposed mode sensor pair
is shown in Figure A.37. This pattern predicts that, at an opposed sensing
distance of four feet, areceiver that iskept perfectly parallel toitsemitter will
"see" enough light for operation at up tojust over eight inchesin any direction
from the optical axisof the emitter. Thismeansthat adjacent emitter/receiver
pairs may be safely placed paralel to each other as close as about ten inches
apart (i.e. safely more than eight inches apart) without optical crosstalk from
an emitter to the wrong receiver (Figure A.38).

FigureA.39 showshow parallel beam spacing may becutinhalf by alternating
emitter - recelver - emitter - receiver - etc. on each side of the sensing area.
Whenever only two opposed beams are involved in the sensing scheme, they
may be placed in this manner as closely together as the dimensions of the
sensors permit without causing direct optical crosstalk. However, whenever
emittersandreceiversthat areonthesamesideof thesensing areaget very close
together (typicaly two inchesor less) the potential for reflective crosstalk (i.e.
"proxing") increases. Since the receivers in opposed mode sensing are
"looking" for dark (i.e. beam blocked) for object detection, the light detected
by areceiver dueto reflective crosstalk may causean objectinthesensing area
to dip past undetected.

Figure A.37.
Typical opposed mode beam pattern.
12 w0
8 -
f \
N 4
C Emitter #1 R #1
P ] I — 0
E
S 4 i
/
8
VA 10
12
0 2 4 6 8 10
OPPOSED DISTANCE--FEET
Figure A.38.  Spacing for three opposed pairs.

A beam pattern indicates the minimum separa-
tion required to avoid crosstalk between adjacent
opposed mode sensor pairs.
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Section A - Sensing Theory: Beam Patterns

Figure A.40.
BEAM-ARRAY multiplexed light curtain.

Figure A.41. Model BC1T Serial Control
M odule and model BC2A/BC2B Controller,
for usein BEAM-ARRAY Systems.

Another common way to minimize optical crosstalk between adjacent opposed sensor pairsisto include adight angle in the emitter or
receiver mounting to intentionally misalign the outermost beams of the array. For example, in Figure A.38, Emitter #1 could berotated
todirectitsbeam dightly "up" and away from theview of Receiver #2. Similarly, Emitter #3 could berotated dightly "down" and away
from Receiver #2.

Y et another way to minimize optical crosstalk isto separate adjacent emitter/receiver pairsboth hoizontally and vertically. Thediagonal
separation between adjacent beams is determined by the beam pattern. In thisway, adjacent beams may be placed on closer centersin
onedimension. Thisis possible whenever the object that isto be sensed is large in crossection and when available space permits this
approach to sensor mounting.

When adjacent opposed beams are placed on very close centers, optical crosstalk can be eliminated by multiplexing the sensorsin the
array. Multiplexingisaschemeinwhichanelectronic control circuit interrogateseach sensor inthearray in sequence. Truephotoel ectric
multiplexing enables ("turns on") each modul ated emitter only during the timethat it samplesthe output of its associated receiver. The
chance of false response of any receiver to the wrong light source is eliminated. The BEAM-ARRAY (Fig. A.40) isan example of a
multiplexed "light curtain” used for on-the-fly parts measurement.

TheBCI1T Serial Control Moduleand BC2A/BC2B Controllers (Figure A.41) add sophisticated dataacquisition and scan configuration
capabilitiesto the basic BEAM-ARRAY System. The BC1T enables the system to output continuous, gated, or on-demand scan data
in binary format (viaan RS232C interface) to a host computer or PLC. BC2A/BC2B Controllers make possible several user-defined
scanning response configurations, and provide output
options (both switched and analog) to suit nearly any
gpplication. The _Cont_rol!er communicates with a host FigureA.42. Exampleof amultiple-sensor array using
_computer or P“C.\/'abu'lt"n RS232C,RA22, ?‘T‘d R3A85 M P-8 Multiplexer module: product profile measurement.
interfaces. Typical uses are: product profiling, loop

tensioning control, edge-guiding, and a wide variety of
inspection applications.

Emitters

Another example, model MP-8, is a photoel ectric multi-
plexer that is used to control up to eight pairs of self-
contained emitter/receiver pairs(Fig. A.42). Sensorsused
with the MP-8 may each be mechanicaly configured
exactly asrequired for the application.

Opposed modebeam patterninformationisal souseful for
predicting the area within which an emitter and receiver
will alignwhen oneismovingrelativetotheother, aswith
automatic vehicle guidance systems. The beam pattern
represents the largest typical sensing area when sensor
sensitivity isadjusted to match range specifications. The
boundary of the beam pattern will shrink with decreased
sensitivity setting, and may expand with increased
sensitivity.
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Retr or eflective M ode Beam Patterns

Beam patternsfor retroreflective sensorsare plotted using amodel BRT-3three
inch diameter plastic corner-cubetyperetroreflector. The beam pattern represents
the boundary within whichthesensor will respondtoaBRT-3target (Figure A.43).
The retroreflective target is kept perpendicular to the sensor’s optical axis when
plotting the pattern.

Thehorizontal scaeisthedistancefromtheretro sensor tothe BRT-3retroreflector.
The vertical scaleisthefarthest distance on either side of the sensor’ soptical axis
where aBRT-3 reflector can establish a retroreflective beam with the sensor.

A "retro" beam pattern indicates how one BRT-3 target will interact with multiple
parallel retroreflective sensorsthat aremounted on close centers. Thebeam pattern
also predicts whether a 3-inch reflector will be detected if it is traveling past the
sensor parallél to the sensor face, or vice versa

Most important, a retroreflective beam pattern is an accurate depiction of the size
of theactivebeamarea at distancesof afew feet or morefromthesensor. Itisaways
good practice, if possible, to capture the entire emitted beam with retroreflective
target area. The beam pattern indicates how much reflector areais needed at any
distance where the beam sizeis greater than 3 inches wide.

Proximity M ode Beam Patterns

The beam pattern for any proximity mode photoelectric sensor represents the
boundary within which the edge of alight-colored diffuse surface will be detected
asit moves past the sensor. Beam patternsfor diffuse, convergent, divergent, and
fixed-field mode sensors are devel oped using aK odak 90% reflectance white test
card, whichisabout 10% more reflective than most white copy paper.  Thebeam
pattern will be smaller for materialsthat are less reflective, and may belarger for
surfaces of greater reflectivity.

The test card used to plot the pattern measures 8 by 10 inches. Objects that are
substantially smaller may decreasethesizeof thebeam patternatlongranges. Also,
theangleof incidence of the beam to ashiny surface hasapronounced effect onthe
size and the shape of a diffuse mode beam pattern.

The horizontal scaleisthe distance from the sensor to the reflective surface. The
vertical scaleisthewidth of the active beam measured on either side of the optical
axis (Figure A.44). The beam pattern for any diffuse, convergent, divergent, or
fixed-field sensor is equivalent to the sensor’ s effective beam.

The beam pattern (more commonly called the response pattern) for an ultrasonic
proximity sensor isdrawn for asquare, solid, flat surface (Figure A.45). Thesize
of thetarget isspecified for each type of sensor. Thesize of an ultrasonic proximity
response pattern is affected by the size, shape, texture, and density of the material
being sensed.

Excess Gain

Excessgain isameasurement that may be used to predict thereliability of any
sensing system. Asitsnamesuggests, excessgainisameasurement of thesensing
energy falling on the receiver element of a sensing system over and above the
minimum amount required to just operate the sensor’ samplifier.

Onceasignal isestablished between the emitter and the receiver of any sensor or
sensing system, theremay be attenuation (reduction) of that signal resulting from
dirt, dust, smoke, moisture, or other contaminants in the sensing environment.

Figure A.43. Typical beam pattern for
retroreflective sensors.
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FigureA.44. Typical beam pattern for diffuse
proximity mode sensors.
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The excess gain of a sensing system may be seen as the extra sensing energy that is available to overcome this attenuation.

Excessgainisusualy clearly specified for photoelectric sensors. In equation form:

Excess Gain (E.G.) = Light energy falling on receiver element

Sensor’ s amplifier threshold
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Section A - Sensing Theory: Excess Gain

Thethreshold isthelevel of sensing energy required by thesensor’s
amplifier to cause its output to change state (i.e., to switch "on" or
"off"). In amodulated photoel ectric system, excess gain is meas-
ured as a voltage (typically a millivolt levels), usudly at the first

Guiddlinesfor Excess Gain Values

TABLE A-1.

stageof receiver amplification. Thismeasured voltageiscompared Minimum Excess

Operating Environment

to the amplifier's threshold voltage level to determine the excess | Gain Required
gan. Thereisan excessgain of one (usually expressed as"1x" or 15x
"onetimes") whenthemeasured voltageisat theamplifier threshold '
level.

5x
If 50% of the original light energy becomes attenuated, then a
minimum of 2x ("two times") excess gain is required to overcome 10x
the light loss. Similarly, if 80% of a sensor’s light is lost to
atenuation (i.e. only 20% left), then an available excess gain of at
least 5x isrequired.

50x

If the general conditionsin the sensing area are known, the excess
gainlevelslistedin TableA-1may beused asguidelinesfor assuring

Clean air: no dirt buildup on lenses or
reflectors.

Slightly dirty: slight buildup of dust, dirt,
oil, moisture, etc. on lenses or reflectors.
Lenses are cleaned on aregular schedule.

Moderately dirty: obvious contamination
of lenses or reflectors (but not obscured).
Lenses cleaned occasionally or when
necessary.

Very dirty: heavy contamination of lenses.
Heavy fog, mist, dust, smoke, or oil film.
Minimal cleaning of lenses.

that the sensor’ slight energy will not be entirely lost to attenuation.

Table A-1 listsan excess gain of 1.5x (i.e. 50% more energy than the minimum for operation) for aperfectly clean environment. This
amount includes a safety factor for subtle sensing variables such as gradual sensor misaignment and small changes in the sensing
environment. At excessgainsabove 50x, sensorswill beginto burn through (i.e. "see" through) paper and other materialswith smilar

optical density.

The excessgain that isavailable from any sensor or sensing system may beplotted asa
function of distance (Figure A.46). Excess gain curves are plotted for conditions of
perfectly clean air and maximum receiver gain, and are an important part of every
photoelectric sensor specification. The excess gain curve for any Banner sensor
representsthelowest guaranteed excessgain availablefromthat model. Most sensors
arefactory cdibratedtotheexcessgain curve. Sensorsthat haveagain adjustment (also
called "sengitivity control") can usualy be field-adjusted to exceed the excess gain
specifications; however, thisis never guaranteed.

Theexcessgaincurvein FigureA.46 suggeststhat operation of thisopposed sensor pair
ispossibleinaperfectly clean environment (excessgain> 1.5x) at distancesupto 10feet
apart, and inamoderately dirty area(excessgain> 10x) up to 4 feet apart. At distances
inside 1 foot, these sensorswill operate in nearly any environment.

Excess Gain - Opposed M ode Sensing

The relationship between excess gain and sensing distance is different for each
photoelectric sensing mode. For example, the excess gain of an opposed mode sensor
pair is directly related to sensing distance by the inverse square law. |f the sensing
distance is doubled, the excess gain is reduced by a factor of (1/2)? = one-fourth.
Similarly, if the sensing distanceistripled, the excess gain is reduced by afactor of (1/
3)2=one-ninth, and so on. Asaresult, theexcessgain curvefor opposed mode sensors
isaways a straight line when plotted on alog-log scale.

Since the light from the emitter goes directly to the receiver, opposed mode sensing
makes the most efficient use of sensing energy. Therefore, the excess gain that is
availablefrom opposed mode sensorsismuch greater than from any other photoel ectric
sensing mode.

Excess Gain - Retror eflective M ode Sensing

The shape of excess gain curves for the other sensing modes are not as predictable.
Retroreflective excessgain curvesare plotted usingamodel BRT-3 three-inch diameter
retroreflector, except where noted. The shape of retroreflective excess gain curvesis
affected by thesize of theretroreflectivetarget. Several BRT-3 targets, used together in
acluster, will usually result inlonger sensing range and ahigher maximum excessgain
(Figure A.48, next page). A smaller corner-cube reflector, like the one-inch diameter
model BRT-1, yieldsasmaller curve.

FigureA.46. Typical excessgain curve
for an opposed mode sensor pair.
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Figure A.48.
Extending retroreflective range.

Beam size N

" Cluster of BRT-3 ',
Retroreflectors

Retroreflective
Sensor The range of most retroreflec-
tive sensors may be extended
by using additional retroreflec-
tivetarget area.

Thetype of retroreflective target material used also affects excess
gain. The Banner product catalog lists a"Reflectivity Factor" for
each typeof retro material. Thisfactor compareseach retroreflec-
tive material to the reflectivity of target model BRT-3. Any point
on an excess gain curve may be multiplied by this factor to
approximate the excessgain for an equivalent amount of reflective
area of theretro target materia in question.

Most retroreflective sensors are designed for long-range perform-
ance, and use separate lenses for the emitter and the receiver. A
good retroreflector has the property of returning most of the
incoming light directly back to the sensor. At close ranges, the
retroreflector sendsmost of theincominglight directly back intothe
emitter lens(seeFigure A.49). Asaresult, many two-lensretrore-
flective sensors suffer a blind spot at close-in ranges, which is
evident on excess gain curves and may be seen in Figure A .47.

Specia single-lensretroreflective sensorsareavailablefor close-in
sensing of retro material. Thisdesigntypically usesabeam splitter
devicelocated directly behind thelens. Model SM502A isagood
example of a single-lens retro design. It can even sense retro
material that is actually in contact with the lens itself.

Figure A.49 illustrates an important consideration to make, espe-
cially when using retroreflective sensors in dirty locations. The
light energy must passthrough two surfaces (lenssurfaces) oneach
end of the sensing path, so it is necessary to account for double
attenuation on bothends. Thisisequivalentto sayingthat theactual
excess gain drops off twice asfast in aretroreflective system asin
an opposed system, in any sensing environment.

Excess Gain - Proximity M ode Sensing

Generally speaking, photoel ectric proximity modes are inefficient
sensing modes. The receiver must "look™ for a relatively small
amount of light that isbounced back directly from the surface of an
object. Asaresult, theexcessgainavailablefromaproximity mode
sensor isusually lower than that of the other photoel ectric sensing
modes.

The curves for diffuse, convergent, divergent, and fixed-field
sensors are plotted using a Kodak 90% reflectance white test card

Figure A.49. Retroreflective " blind spot”.
M ost retr or eflective sensor swith separ ateemitter and receiver
lenseshave a" blind spot" at very close range.
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TABLE A-2
Relative Reflectivity Chart
Material Reflectivity (%) ExcessGain
Required
Kodak whitetest card .............. 90%......ccccevunnene 1
White paper .......ccccvvevienneenns 80% ..o 11
Newspaper (with print) ............ 55% v 16
Tissue paper: 2 ply
1ply

Masking tape .........cceeevvennene.
Kraft paper, cardboard.............. T70%...cvveveiannns 13
Dimension lumber

(pine, dry, clean) .............. T5% i 12
Rough wood pallet (clean)........ 20% .o 45
Beer foam ... 70% ..o 13
Clear plastic bottle* ................. 40% ..o 23
Translucent brown

plastic bottle* .................. 60%....covereiiinns 15
Opague white plastic* ............. 87% ..o 1.0
Opaque black plastic

(nylon)* .o 14%..cooceerenne 6.4
Black neoprene.........c.cccevenee. A% e 225
Black foam carpet backing ...... 290 e 45
Black rubber tirewall .............. 1.5% .o 60
Natural aluminum,

unfinished® .........ccccccoeeeee. 140% ..c.oeveennee 0.6
Natural aluminum,

straightlined* ................... 105%..cvcerenne 0.9
Black anodized aluminum,

unfinished® .........ccccccveee. 115%.cciiiiienne 0.8
Black anodized aluminum,

straightlined* ................... 50% i 18
Stainless steel, microfinish® .... 400%................. 0.2
Stainless steel, brushed* .......... 120%...c.coveeenen 0.8

* For materialswith shiny or glossy surfaces, thereflectivity figure
representsthemaximum ight return, with the sensor beam exactly
perpendicular to the material surface.
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as the reference material. The excess gain of diffuse sensors is dramatically
influenced by thereflectivity of thesurfacetobesensed. Any material surfacemay
be ranked for its reflectivity as compared to the Kodak 90% reflectance white
reference card (Table A-2).

In Table A-2, the numbers in the "Excess Gain Required" column indicate the
minimum excess gain that is required to sense the material. For example, if the
materia to be sensed is opague black plastic (excess gain required = 6.4), then the
diffusesensor withtheexcessgain curveof Figure A.50will "see" thematerial from
0 (zero) to 10 inches. This assumes perfect sensing conditions.

Toget the actual required excessgain for diffuse sensing of any material, multiply
the material’ s reflectivity factor by the excess gain level that is required for the
sensing conditions (from Table A-1). For example, to sense black opague plastic
inadightly dirty environment, the minimum required excessgain is:

Excessgainrequired=6.4 .. X5, =~ =32
factor) E.G. required)

Under these conditions, the diffuse sensor of Figure A.50 will reliably sense the
black plastic from 1/2 to 4 inches, even after thereisadlight build-up of dirt onthe
lens.

The excessgain of diffuse mode sensorsisalso affected by the size and the profile
of the object to be detected. The excess gain curves assume awhite test card that
fillstheentireareaof thediffusesensor’ seffectivebeam. If theobject tobedetected
only fillsaportion of the sensor’ seffective beam, therewill be proportionately less
light energy returned to the receiver.

Likethediffuse mode, the excessgain of divergent mode sensorsisaffected by the
reflectivity and sizeof theobjecttobesensed. However, theeffect of thesevariables
islessnoticeableindivergent sensing, s mply becausedivergent modesensorsloose
their sensing ability within such a short range.

Since most of the energy of a convergent beam sensor is concentrated at itsfocus,
the maximum available excess gain is much higher than for any of the other
proximity modes. Thisrelatively high excessgain alowsthedetection of materials
of very low reflectivity, where diffuse, divergent, and fixed-field mode sensors

Section A - Sensing Theory: Excess Gain

Figure A.50.

1000

Typical excessgain curve for
a diffuse proximity mode sensor.

(Range basedon 1
90% reflectance H
E white test card) 1]
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DISTANCE
FigureA51. TheD.A.T.A. system array of

OMNI-BEAM sensors.

would fail. The effect of an object’ srelative reflectivity ismost noticeable in the size of the resultant depth of field. Also, because the
effective beam of aconvergent beam sensor is so small, even objects with narrow profiles can return arelatively high percentage of the

incident light.

Excess Gain and Sensor Alignment

The most common mistake made when installing infrared (invisible light)
LED sensorsisfailing to center thelight beam on itsreceiver or target. An
installer often will smply adjust a sensor’s position until the alignment

indicator LED lights or until the output load switches. It islikely that this
sensor has been only marginaly aligned, with very little excess gain
available to overcome dirt build-up and other sensing variables. Most

photoel ectric sensor lenses have accurately-placed optical axes. However,
it is seldom absolutely safe to assume that perfect mechanica sensor
alignment is exactly equivaent to the best optical alignment.

Excessgainmeasurement i stheeasi est and best way to assureoptimal sensor
alignment and to monitor sensor performance. Banner offers two excess
gain measurement schemes. The OMNI-BEAM sensor family featuresthe
D.AT.A.™ light system. The D.A.T.A. system (Figure A.51) displays
relative received signal strength on a built-in ten element LED array. As
morelight isreceived, moreL EDsinthearray arelighted. TableA-3 shows

TABLE A-3. Relationship between
Excess Gain and D.A.T.A. System Lights
D.A.T.A. light Excess
LED number Gain
2 0.25x excess gain
B2 e 0.35x
H3 e 0.5x
B oo 0.7x
D 1.0x
HO oo 1.3x
Bl i, 1.7x
HB e 2.2x
H#O 2.9x
#10 e 3.7x (or more)

the direct relationship between the number of lighted LEDs and the excess
gain.
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Other self-contained sensor modelsinthe MUL TI-BEAM, MAXI-BEAM, VALU-BEAM, and MINI-BEAM families, pluscomponent
systems using modulated amplifiers in the MAXI-AMP or MICRO-AMP families, offer the AID™ (Alignment Indicating Device)
feature. The Al D feature allows measurement and monitoring of relative excess gain.

When alignment isfirst established, the alignment indicator on the sensor (or amplifier module) will come"on" at full brightness. After
oneor two seconds, the Al D circuitry will superimpose apul serate, oscillating between full and half brightness. Thepulse (or flash) rate
in beats-per-second is directly proportional to the excess gain of the sensing system. Alignment simply involves adjusting the sensor's
position to yield maximum flash rate.

Itisdifficult tojudgerelative pulse rates beyond about ten bests per second. TheD.A.T.A. light systemlightsall ten LEDs at an excess
gainof about 4x (TableA-3). Inmany sensing situations, theavailableexcessgain can or must bemuch higher. Insuch situations, which
include most opposed and retroreflective sensing applications, more accurate alignment can be accomplished using one of two simple
methods.

If the sensor hasasensitivity (gain) control, thereceiver gain can betemporarily adjusted downward so that fineincrements of alignment
again register an easily discernible difference on the AID or D.A.T.A. signal strength display.

If the sensor has no sensitivity control, the signd strength may be temporarily attenuated by masking thelens(es). Thismay be done by
affixing layers of paper tape to the lens(es). A piece of thin paper held or taped over the lens(es) will serve the same purpose. If total
coverage of the lensyields too much attenuation, then the lens may be masked so that only a portion of the lens center is exposed. In
retroreflective sensing, the retro target may be masked so that only asmall amount of the center areaisexposed. Lens masking may be
used in conjunction with temporary sensitivity reduction for accurate alignment in situations like short-range opposed sensing where
excessgainisvery high.

Signal strength indicatorsalso servetheimportant function of systemmonitoring. A slow pulserate of the Al D indicator or ashort string
of LEDsontheD.A.T.A. display isavisua indication of marginal signal strength. (Additionally, theD.A.T.A. display flashesawarning
LED and energizes an alarm output signal whenever excess gain approaches 1x.)

Theconcept of excessgainisnot intended to be an exact science, but rather isaguidelinefor the sensor selection process. Knowing vaues
from an excess gain curve can be valuable information for predicting the success of aparticular sensor in agiven sensing environment.
In most sensing situations, high excess gain relates directly to sensing reliability.

Contrast

All photoel ectric sensing applicationsinvol vedifferentiating betweentworeceivedlightlevels. Contrast istheratio of theamount
of light falling on the receiver inthe"light" state as compared to the"dark” state. Contrast isalso referred to asthe "light-to-dark ratio”,
as represented by the following equation:

Contrast = L_|ght level at the recqva _|n the light cond_lt_lon Figure A52. Contrast: all photodlectric
Light level at the receiver in the dark condition sensing applications involve differentiating
between two received light levels.
It is always important to choose the sensor or lensing option that will optimize
contrast in any photoelectric sensing situation. Many situations, likeacardboard
box breaking aretroreflective beam, are applicationswith infinitely high contrast
ratios. Inthistype of high-contrast application, sensor selection simply involves
verifying that there will be enough available excessgain for reliable operation in
the sensing environment.

Many of today’ sindustrial photoel ectric sensing applications are not so straight-
forward. Most problemswith contrast in opposed and retroreflective applications
occur when:

1) the beam must be blocked by amaterial that is not opague, or
2) lessthan 100% of the effective beam is blocked.

When proximity mode sensorsare used, most low contrast problemsoccur where
thereisaclose-in background object directly inthescanning path. Thisproblem
is compounded when the background object’s reflectivity is greater than the
reflectivity of the object to be detected. Fixed-field or ultrasonic proximity mode
sensors can often deal successfully with this problem.
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Section A - Sensing Theory: Sensing Contrast

Asageneral rule, acontrast of 3 istheminimumfor any sensing
situation. Thisisusually just enough to overcome the effect of
subtle variables that cause light level changes, such as small
amounts of dirt build-up on the lenses or inconsistencies in the

TABLE A-4. Contrast Valuesand
Corresponding Guidelines

product being sensed. Table A-4 (right) gives suggested guide- Contrast

Recommendation

lines for contrast values.

Close Differential Sensing 12t02

Some applications offer a contrast of less than 3, regardless of the
sensing method used. These low contrast situations fall into the
category of close differential sensing applications. Most color
registration applications qualify as close differential sensing. An-
other common close differential situation involvesbreaking arela-
tively large effective beamwithasmall part, asin gjected small part
detection or thread break detection.

2to3

3to0 10

1.2 orless

10 or greater

Unreliable: evaluate alternative sensing
schemes.

Poor contrast: consider sensors with ac-
coupled amplification.

Low contrast: sensing environment must
remain clean and all other sensing
variables must remain stable.

Good contrast: minor sensing system
variables will not affect sensing reliability.

Excellent contrast: sensing should remain
reliable as long as the sensing system has
enough excess gain for operation.

Whenever a close differential sensing application is encountered,
useof an ac-coupled amplifier should be considered. Most sensing
systems, and self-contained sensors, use dc-coupled amplifiers. A dc-coupled
amplifierisonethat amplifiesall receivedsignal levels. AC-coupledamplifiersmay
sometimesbeusedmorereliablyinclosedifferential sensing, sincethey amplifyonly
ac (changing) signals, while completely ignoring dc (steady) signals. This means
that very small changesin received light level can be highly amplified.

An example of an ac-coupled amplifier is model B4-6 (Figure A.53). It has a
sengitivity adjustment that istypically set to respond to the smallest signal change
to be sensed. It isimportant to set the sensitivity well below the point where the
amplifier will unwantedly respond to light level changes due to environmental
conditions. The output of all ac-coupled amplifiers is a timed pulse, since the
amplifier cannot amplify steady-state conditions. The B4-6 has an adjustabletime
setting for thisoutput pulse. Model B4-1500A issimilar to model B4-6, except that
itsresponsetimeisfive timesfaster (0.2 milliseconds). Model B4-6L issimilar to
model B4-6, except that its out-

Figure A.53. A typical ac-coupled
amplifier, model B4-6.

put latches"on" andisreset viaa
second input.

AC-coupled amplifiers are most
often used to amplify the analog
output of a non-modulated re-
mote receiver, like model
PT200B, PT250B, PT400B,
PC400, or PT410. They aredso
used for color registration sens-
ing with model FO2BG fiber op-
tic interface (Figure A.54). The
FO2BG contains a focused in-
candescent (white) light source
and a blue/green-enhanced pho-
tocell. Thecombination of bifur-

Figure A.54. The model FO2BG fiber
optic interface contains an incandescent
(white) light source and a photocell for
color registration sensing

Figure A.55. Models SM53E and SM53R,
amodulated opposed mode emitter and
receiver pair, are useable with ac-coupled
amplifiers.

cated glass fiber optic assembly,

ac-coupled amplifier, and FO2BG interface forms a versatile and reliable color registration sensing system.

Model SM53R, amodulated receiver, has a specialy-conditioned analog output that is compatible with ac-coupled amplifiers (Figure
A.55). ModelsSM53E and SM 53R forman opposed modepair that may befittedwithlenses, apertures, or fiberoptic adaptorsfor avariety
of close-differential sensing applications such as yarn break, wire break, and web flaw detection. The power of this modulated LED
opposed sensor pair, plusthe sensitivity of an ac-coupled amplifier, offersasol utionto many otherwiseimpossible sensing applications.
Also, the OMNI-BEAM modulated self-contained sensor family offers specia-purpose model sensor heads that have a built-in ac-

coupled amplifier.
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Asuseful asthey are, ac-coupled amplifiers should be avoided whenever the contrast is high enough for adc-coupled device. Because
they are so sengitiveto very small signal changes, ac-coupled amplifiersmay unwantedly respond to conditionslike electrical "noise” or
sensor vibration. Also, ac-coupled amplifiers require asensing event to occur at aminimum rate of change. Asageneral guideline, a
target must move into the sensing beam at a minimum speed of one inch per second.

Inthe contrast range of 2to 3, consider a dc-coupled device asafirst choice. However, in order for adc-coupled sensor to bereliable
in thislow contrast range, sensing variables like dirt build-up on lenses, reflectivity or tranducency of the part being sensed, and the
mechanics of the sensing system must remain constant. If it isknown that these variables might
gradually change over time, ac-coupled amplification should be considered.

Measuring Contrast
Contrast may be calculated if excess gain vaues are known for both the light and the dark
conditions:

Contrast = Excess gain (light condition)
Excess gain (dark condition)

The D.A.T.A. light system of the OMNI-BEAM provides an easy way to determine sensing
contrast. Both thelight and the dark sensing condition (e.g. "part present” and "part absent") are
presented tothe OMNI-BEAM, and thesignal level for each conditionisread fromthe D.A.T.A. Figure A.56. Dark condition
display. Theratio of thetwo numbers (from Table A-3) that correspond tothehighest D.A.T.A. example: the D.A.T.A. system
light numbers registered for the light and the dark conditions determines the sensing contrast. display lights two LEDs.

Forexample, if D.A.T.A. system LEDs#1 through#8 come"on" inthelight condition and LEDs
#1 and #2 come "on" on the dark condition (as shown in photos A.56 and A.57), the contrast
(referring to Table A-3) is calculated asfollows:

Contrast=2.2x= 6
0.35x

The sensor’ s position and/or the sensor’s gain control may require adjustment in order for the
D.A.T.A. display to register a difference between the light and the dark conditions. If thegain
istoo high, thedisplay may show all LEDslighted for both conditions. If thegainistoo low, the
display may show fewer than five LEDslighted for both conditions. The best adjustment places
the#5 LED midway between the light and the dark levels.

Figure A.57. Light condition
example: the D.A.T.A. system
Themost reliable sensor adjustment will causeall ten D.A.T.A. LEDsto come"on" for thelight | display lights eight LEDs.
condition, and will causeno LEDsto come"on" inthedark condition. Inthiscondition (such as
an applicationinwhich an opague box breaksthe beam of an opposed mode
emitter and receiver):

TABLE A-5. Thereationship between

(fromtableA-3)  Contrastisgreater than 3.7x = 15 Scale Factor and D.A.T.A. System Lights
0.25x

D.A.T.A. light STANDARD FINE
Insuch high contrast situations, it isimportant to use the maximum amount LED number  scalefactor scale factor
of availableexcessgain. Increasethegain(clockwiserotation of thecontrol)

until the the dark condition begins to register (one LED) on the D.A.T .A. z% """""""" 8%2;(( EG o 8% EG.
display. The best sensing situation will allow the gain to be adjusted to its 3 05X oo 0.8X
maximum setting whileresultinginno D.A.T.A. system LED responsefor Hh oo (010! G 0.9x
the dark condition. HD s 0 G 1.0x

HO o I G 1.1x
OMNI-BEAM sensor heads and CM Series MAXI-AMP amplifier mod- AT e LTX e 1

HB e 22X v 1.3x
ulesareprogrammablefor hysteresis. Switching hysteresisisan electronic HO 20K o 1.7x
design parameter that requiresthe signal level (i.e. the amount of received #10 ..o, 3.7x (or more) ..... 2.2x (or more)

light) at the operate (turn-on) point of an amplifier to be different from the
signal level at the release point. This differential preventsthe output of @ | NOTE: Thescalefactor isselected by programming switch #4inside

sensor from "buzzing" or " chattering” when thereceived signal isat or near | the senso";I headl. “fOFF" =ST AdNDARD; "ON‘; :|F| NE.fose tr;elz
s FINE scale only for setup and monitoring of close-differenti
the ampl ifier threshold. sensing applications where LOW hysteresisis required.
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Section A - Sensing Theory: Sensing Contrast

Most sensing isdone using the NORMAL hysteresis setting. The LOW hysteresis setting allows the sensing system to be used without
an ac-coupled amplifier for some poor contrast (1.2 to 2) sensing applications. The OMNI-BEAM’s D.A.T.A. display should be
programmed for FINE scal efactor whenever the LOW hysteresissettingisused. Thisscalefactor expandsthedisplay toindicate smaller
differencesin excessgain (Table A-5) and can, therefore, be used to register smaller contrast ratios. All sensing conditions must remain
perfectly stable for such small contraststo be reliably sensed.

TheD.A.T.A. system of the OMNI-BEAM includes an alarm that warns of low contrast. Inthe low hysteresis mode, the alarm output
energizeswhenever sensing contrast dropsbelow 1.2, and dertsthe operator to readjust the sensing parameters.  Also, an alarm output
will energizeif thesensing gaindriftsdownward (e.g. asdirt buildsup onthelenses), or if thegain driftsupward (e.g. asthe object changes
inreflectivity or tranducency). FlashingLEDsontheD.A.T.A. array tell theoperator whether gainistoo high or toolow, or if thecontrast
istoo low.

When using asensor or sensing systemwith the Al D feature, contrast cannot be measured exactly, but it canbeestimated. First, present
thelight condition and align the sensor for the fastest pulse rate of the dignment indicator. If the maximum attainable pulserateisless
thanabout 10 per second, estimatethemaximum rateand fix thesensor inthat position. If thepulserateisgreater than about 10 per second,
adjust the gain control downward (countercl ockwise adjustment) until the pulse rate is roughly 10 per second.

Next, present thedark condition and estimate the number of pulsesper second. If thealignment indicator turns™off", then assumeapulse
rate of one per second (usually, this assumption is conservative). Theratio of the estimated pulseratesfor the light and dark conditions
isarough approximation of the sensing contrast. This procedure cannot produce an accurate measurement of contrast; however, it will
identify alow contrast situation.

When using sensors or component amplifiers not having a signa
strength indication system, a simple procedure using the sensitivity
control and alignment indicator (or output indicator) can be used to
determine whether the contrast ratio ismore than or lessthan 3. Firgt,
turn the sengitivity to minimum (fully counterclockwise) and program
the output, where applicable, for "light operate”. Next, present thelight
condition to the sensor and increase the sensitivity until the alignment
indicator (or output indicator) just turns"on" (thisisthethreshold, where
the excess gain is 1x). Then, present the dark condition and further
increase the sensitivity until theindicator, again, just turns"on".

sent at least one-third of the full range of the sensitivity adjustment be verified by noting the differential between sensitivity
control. (Note that most multi-turn potentiometers have 15 turns from settings for thelight and dark thresholds.

minimum to maximum gain.) Thirty percent of the full sensitivity

adjustment relatesto acontrast of about 3. Theideal operating sensitivity setting ismidway
betweenthesetwothresholds. If theindicator LED doesnot come"on" inthedark condition
when the gain is adjusted to maximum, the operating sensitivity setting should beleft at or
near the fully clockwise position in order to take advantage of the full amount of available
excessgain. SeeFigure A.58.

If the two thresholds occur within the bottom 20 percent of the sensitivity adjustment,
thereistoo much excessgain for thedark condition. There may actually be a contrast
of 3 or more, but it becomes impossible to find a stabl e setting near the bottom end of
asensitivity range. A commonexampleisapaper web detection application. Although
opposed sensors usually offer the best sensing contrast, they may offer so much excess
gain (10,000x, or more!) that they "see" right through the paper. In caseslikethis, it
may be necessary to mechanically attentuate the light energy by intentional misalign-
ment of the sensorsor by adding aperturesin front of the sensor lenses. Itisalwaysbest . . "

. . o . FigureA.59. Sensorswithout sensitiv-
to attenuate the light energy so that the operating sensitivity setting ends up near the ity controls: theseshould be used only
midpoint of the gain adjustment range. in high-contrast applications.

Sensorswithout sensitivity controls, such asECONO-BEAM, THIN-PAK, and S18 Series
sensors, are popular for OEM use. These sensors should be used only in applicationsthat offer contrast valuesof 10 or higher, and when
it isknown that the sensors offer enough excess gain to easily survive the operating conditions.

Contrast should alwayshbe consi dered when choos ng asensor, and shoul d alwaysbe maximized by alignment and gain adjustment during
sensor insta lation. Optimizing the difference in the amount of received light between the light and dark conditions of any photoelectric
sensing application will alwaysincrease the reliability of the sensing system.
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Sensor Outputs
Theoutput of asdlf-contained sensor or of the remote amplifier of acomponent sensing FigureA.60. Digital sensor output.
systemiseither digital oranalog. Adigital output (FigureA.60) ismorecommonly called
aswitched output. A switched output hasonly two states: "on" and "off". "_On" and" of f" A "digital” sensor supplies an output
commonly refer to the status of theload that the sensor output is controlling. Theload that exists in only one of two states:
might be an indicator light, an audible alarm, a clutch or brake mechanism, a solenoid "ON" or "OFF".

valveor actuator, or aswitchingrelay. Theload might also betheinput circuit toatimer,

counter, programmable logic controller, or computer. ON

In photoel ectrics, the sensing event (input) and the switched output state are character-
ized together by oneof two sensingterms. Light operatedescribesasensing systemthat
will energizeits output when the receiver "sees' morethan aset amount of light. Dark
operate meansthat thesensor’ soutput will energizewhenitsreceiver issufficiently dark.

"OFE"

Inan opposed mode sensing system (FigureA.61), "dark operate”
means that the output energizesitsload when an object is present
(breaking thebeam). Thelight condition occurswhen the object

Figure A.61. LIGHT operatevs. DARK operatefor an
opposed mode system.

IS ab%nt LIGHT OPERATE DARK OPERATE

The output is energized when the beam is unblocked. The ontput is energized when an nhject blocks
In aretroreflective sensing system (Figure A.62), the conditions The eceves“ees*ligh, e ot e e
arethesame. Thedark condition occurswhentheobjectispresent, e p— e
and the receiver sees light when the object is absent. Eniter |—— | [Fecetver Emiter Oolect Recelver:
These conditions are reversed in all proximity sensing modes Spaaue

(Figure A.63). The light condition occurs when the object is b—
present, "making" (establishing) the beam. When the object is
absent, no light isreturned to the receiver.

An analog output (Figure A.64) isonethat varies over arange of FigureA.62. LIGHT operatevs. DARK operatefor a
voltage(or current) andisproportional tosomesensing parameter. retr or eflective mode sensor
The output of an ana og photoel ectric sensor is proportional tothe

. . . LIGHT OPERATE DARK OPERATE

Sreﬂgth Of the rm Vaj Ilght Sgnal (eg OM N I 'BEAM analog The output is energized when the beam is unblocked. The output is energized when an object blocks the
' light from reaching the retroreflective target.

%’]S)I’S). The sensor "sees’ light. The sensor "sees” dark
Theoutput of ananal og ultrasoni ¢ proximity sensor isproportional Sensor Sencor H @
to the distance between the sensor and the object that isreturning
the sound echo (e.g. ULTRA-BEAM 923 Series sensors). The i
output is proportiona to thetimerequired for theechotoreturnto
the sensor.

Sensors with analog outputs are useful in many process control

lications where it is necessary to monitor P ition FigureA.63. LIGHT operatevs. DARK Operatefor a
gpplications € 0 monito an%trigp;tes(?rosa?& proximity mode sensor (diffuse, divergent, convergent,

and background suppression modes).
lucency, and to

provide a con- LIGHT OPERATE DARK OPERATE
Figure A.64 tinuously vari- T ety rors amcbjec a0 T tron of e ot 0 e he it et
Analog sensor output: output varies able control sig- L, o The sensorooes” e
over arange of voltage or current and na for another —— Retecive
. B - N Proximi ity |[«——<—| Object Proximif
isproportional to a sensing parameter. analog device, prowmiy prosimiy
like a motor
Reflective
% speed control. Object
3 Specifictypesof
8 | N I switched (digi-
E) | tal) and analog
gl | outputs are detailed in Section C.
§ % | |
=] | | .
Sensing Variable: ——» R%F)on% TI me
Photoelectric: Increase (or decrease) in received light level Every sensor isspecified for itsresponsetime. Theresponsetimeof asensor or sensing
Ultrasonic: Movement of object toward (or away from) sensor systemisthemaximumamount of timerequired torespondtoachangeintheinput signal

(e.g. asensing event). It is the time between the leading edge (or trailing edge) of a
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Section A - Sensing Theory: Sensing Response Time

sensing event and the changein thesensor’ soutput. With aswitched output, theresponsetimeisthetimerequired for theoutput to switch
from"off" to"on" or from"on" to"off". Thesetwotimesarenot alwaysequal. Withananal og output, the response time is the maximum
time required for the output to swing from minimum to maximum or from maximum to minimum. Again, these two times are not
necessarily equal.

The response time of a sensor is not always an important specifi-
cation. For example, sensorsthat are used to detect boxes passing on Figure A.65. A convergent beam sensor counting seed
a conveyor do not require fast response. In fact, time delays are | Packetson aconveyor.

sometimes added to extend sensing response to avoid nuisance trips
or to add smpletiming logic for flow control applications. All of the
commonly used timing logic functions are detailed in Section D,
"Sensing Logic".

Response time does become important when detecting high-speed
events, and becomes quite critica when detecting small objects
moving at high speed. Narrow gaps between objects or short times
between sensing events must also be considered when verifying that a
sensor’ sresponse is fast enough for the application.

Convergent
Sensor

Required Sensor Response Time

The required sensor response time may be cal culated for a particular
sensing application whenthe size, speed, and spacing of the objectsto
be detected are known:

Required Sensor Response Time = Apparent width of object as it passes the sensor
Speed (velocity) of the object as it passes the sensor

Asanexample, consider an applicationinwhich seed packetson aconveyor are counted by aconvergent beam sensor (FigureA.65). The
following information is known:

1) The seed packets are processed at arate of 600 per minute.
2) The packets are 3 inches wide.
3) The packets are equally spaced with about a one inch separation between adjacent packets.

To compute the required sensor response time, the processing rate isfirst converted to packet speed:

600 packetsminute = 10 packets/second
Each packet accounts for 3 inch (packet width) + 1 inch (space) = 4 inches of linear travel.
Speed of the packets = 4 inches/packet x 10 packets/second = 40 inches/second.

The time during which a packet is"seen” by the convergent beam sensor is.

Time of light condition = Object width = 3inches = .075 seconds = 75 milliseconds.
Object speed  40in./sec. (Time of packet passing the sensor)

In this application, the time between adjacent packetsis actually much less than the time during which the sensor "sees" apacket. Asa
result, it isthe dark or "off" time between packets that is the most important to consider when specifying a sensor:

Time of dark condition = Width of space = 1inch = .025seconds = 25 milliseconds.
Object speed  40in./sec. (Time of space between packets)

A sensor with aspecified response time of less than 25 millisecondswill work in this counting application. Itisawayswiseto include
asafety factor, and to choose a sensor with aresponse time faster than required.
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Response Requirementsfor Rotating Objects

When sensing a rotating object, the calculation for the required sensor response
timeisthesame. Theonly additiona calculationisconversion of rotational speed Figure A.66. Calculating response time
to linear speed.  For example, calculate the required sensor response time for for arotating member.

sensing aretroreflective target on arotating shaft, given the following informa-

tion: (\\10 Revolutions/second

1) Thetarget isa 1 inch by 1 inch square piece of retroreflective tape
ona3-l4inch diameter shaft.

2) Maximum shaft speed is 600 revolutions per minute =
10 revolutions per second.

To convert rotational speed to linear velocity:

Retroreflective tape

Circumference of the shaft =t x diameter = it x 3.25 inches = 10 inches

Linear velocity on shaft circumference = 10 inches/revolution x 10 revolutions/second = 100 inches/second.
The required sensor responsetimeis.

Timeof light condition = Target length = 1inch = 0.01 second = 10 milliseconds.
Linear speed  100in./sec. (Time sensor "sees' retro tape)

Ten millisecondsisthe fastest response requirement in this application, since the untaped portion of the circumferenceis9 timeslonger.
A retroreflective sensor with a small effective beam and a response time faster than 10 milliseconds, like a MINI-BEAM model, will
reliably sensethetape at the maximum shaft speed. To easethe responsetime requirement in applicationslike thesethat smply require
one pulse per revolution (or per cycle), atarget should cover 50% of the shaft circumference so that half of the revolution islight time
and the other half is dark time.

Response Time Requirementsfor Small Objects

A safe assumption to makewhen cal cul ating the response time requirement for an object with asmall cross section isthat the object must
fill 100 percent of thesensor’ seffectivebeamto bedetected. Whenever thesizeof asmall object beginsto approachthesi zeof theeffective
beam, the apparent size of the object as"seen” by the sensor becomes|essthan the actual width of the object. A safeassumptioninthese
situationsisto reducethe apparent size of the object by an amount equal to the diameter of the effective beam at the sensing location. As
aresult, the required response time decreases:

Required response time = Width of object - Diameter of effective beam
Speed of the object through the beam

Toillustratethe effect of small objectson responsetimerequirements, consider thefollowing example of asmall pinthat breaksthebeam
of an opposed sensor pair (Figure A.67):

1) 1/4-inch diameter pins pass through the beam of an opposed LR400 emitter and PT400 receiver pair that hasa
1/8-inch diameter effective beam.

2) The maximum speed of the pinsis 10 inches per second.

Figure A.67. A V4-inch diameter pin is sensed in a 1/8-inch Figure A.68. Required sensor response timeis eased by
diameter effective beam. use of apertures.
10 IN./SEC. 10 IN./SEC.
1/4' Dia. pin AP400-040 (2) 1/4" Dia. pin
—— I :&mmiml I
LR400 PT400 LR400 \ PT400
1/8" Effective beam .040" Efffective beam
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Section A - Sensing Theory: Sensing Response Time

Computing the required sensor response time:

Time of dark condition = Pin diameter - Effective beam diameter = .25inch-.125inch =
Speed of the pin through the beam 10 inches/second

=.12inch =.012 seconds = 12 milliseconds
10in./sec.

The addition of apertures on the LR400 and the PT400 (Figure A.68) will ease the response time requirement because the pin will block
the smaller effective beam for alonger time. |If the standard AP400-040, .040 inch diameter apertures are used:

Time of dark condition =.25inch - .04 inch =.21inch = .021 seconds = 21 milliseconds
10 inches/second 10in./sec.

Dueto resulting low excess gain, it is usualy impractical to aperture an opposed beam to less than about .02 inch. Objects with cross
sectionssmaller than about .03 inch are usually sensed most reliably using one of the proximity sensing modes. Thewider the proximity
beam, thelonger asmall part will besensed. Thiseasesthe sensor responsereguirement. A divergent-beam sensor (e.g. model L PA00WB)
or abifurcated fiberoptic sensor are preferred for sensing very small profiles.

When sensing narrow gaps, opposed mode sensors should have awide beam so that light is seen through the gap for along time. Use
of individua fiberoptics with arectangular termination is one way to shape the effective beam and ease sensor response requirements.
When sensing narrow gaps with a proximity sensor, the small effective beam of a convergent mode sensor is usually preferred.

Response Time of a L oad
Theresponsetimeof aload isthemaximum timerequired to energizeand/or de-

Figure A.69. Theresponsetime of any load is

energizeaparticular load, and isincluded intheload's specifications. Ingeneral, included in its specifications.

solid-state |oads like counters and solid-state relays have faster response times

than electromechanical devices like solenoids and contactors. Lt L2
v

The response speed characteristics of any load to be controlled by a sensor’s
output should be checked to be surethat the duration of the output signal fromthe
sensor and the time between adjacent outputs are both 1ong enough to alow the
load to react properly. In situations where the load istoo Slow to react, adelay
timer may be required between the sensor output and the load to extend the
duration of thesensor’ soutput signal. Aneven better solutioninvolveschanging
thesensing geometry, if possible, to equalizethedurationsof thelight and thedark
("on" and "off") times.

Repeatability of Response

Sensor repeatability isaconcern whenever asensing event triggersaresultant action. Thisisespecially important in cyclical operations
that take place at high speed. Application examplesinclude sensors used to trigger glue striping (on box flaps, envelopes, etc.), ink-jet
printing (imprinting of product date codes, etc.), and label registration. In each of these examples, repeatability of sensor responseis
important to ensure consistent product appearance.

Repeatability of responseiseasily defined for most modul ated photoel ectric sensors. Today'sdigital modulation schemescount adefined
number of received light pulsesbeforeresponding to any light signal. Thishel psthe sensor to discriminate between itsemitter'slight and
all other interfering signals.

The number of modulated light pulses counted before the sensor's output is allowed to switch istypically three or four. The"on"
responsetimefor amodulated sensor isequal to thetotal amount of timetaken for the sensor to count (i.e. demodul ate) therequired
number of pulses. The sensor output changes state as soon as the sensor counts enough light pulses of the correct frequency.
However, since the sensing event can occur at any time during a modulation cycle (period), the actual time between the sensing
event and the sensor's output change can vary by up to one modulation period (see Figure A.70). Thisvariationin sensing response
is specified as the sensor's repeatability.
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Figure A.70.  Therepeatability of a modulated photoelectric sensor is equal to the period of one light pulse.

T
—
Modulated
Light
Pulses

Tra - T, = Period of onelight pulse
Sensing event "A" Output changes state
A Tra = Responsetime for event "A"
T RB T .
I RB = Responsetime for event "B"
Sensing event "B" Output changes state
Sensor response varies by up to one pulse period :> T ¢ = the sensor repeatability specification.

NOTE: In this example, the received light is demodulated in four pulses.

The sensor repeatability specification is multiplied by the velocity of the sensed object to define the mechanical repeatability (i.e. the
amount of mechanical error) due to the sensor response. For example, while referring to Figure A.65, assume that the sensor shownis
triggering an ink-jet printer to imprint a date code on the seed packets. The amount of variation in placement of the printing along the
direction of travel is calculated asfollows:

Velocity of seed packets = 40 inches/second
Sensor repeatability = 0.3 milliseconds = 0.0003 seconds (typical value)

Mechanical repeatability = 40 inches/second x 0.0003 seconds = 0.012 inch
(Due to sensor)

Thisamount of error in placement of the date code on each seed packet does not take the repeatability of the other control elementsinto
account. Here, the control circuit for theink-jet printer head and the control circuit for the printer mechansimitself each contributeto the
total variation in the location of the imprint.

The sensor's repeatability specification is based on the transition from dark to light. Counting of modulated light pulsesis not an issue
to consider for each light-to-dark transition. Repeatability for dark-operated outputsisnot specified; however, itisamuch smaller amount
of time than the repeatability specification given for dark-to-light (typically less than 10% of the specified "off" response time). The
specified sensor repeatability timeisa"worst case” val ue, which can berelied upon when eval uating applicationsthat invol ve high speeds,
where repeat accuracy isimportant.

Summary

Now, equipped with a general understanding of these sensing terms and concepts, you are well prepared to investigate the whys and
wherefores of the sensor selection process discussed in Section B.

Additional sensing termswill be defined asthey are presented.
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Section B: Sensor Sdlection

The sdlection of any photoelectric or ultrasonic sensor is
based upon the requirements of the application in which the
sensor isto beused. Specid requirementsfor some applica
tionsmay narrow the choicetowithin asingle sensor family,
or even dictate the exact sensor model. More often, though,
sensor selectionisaprocessof eimination involving careful
evaluation of several sensing variables.

Someof themajor requirementsthat might enter intoasensor
selection process are sensing mode and various sensor char-
acteristicsincluding cost, sizeand shape, ruggedness, chemi-

cal resistance, input voltage range, output configuration, response speed, (special) featuresor functions, and options. These
selection considerations are discussed in this section, which is organized as shown below. Note: Selection charts on the
following pages list model numbers available for each category, plus relevant specifications. For complete specifications,
see the Banner product catalog. Usetheindex at the end of the catalog to locate the desired model in the catalog.
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Sensor Sdection Category A: Sensang Mode

An important part of any sensor selection process involves
determination of the best sensing mode for the application:

Photoelectric sensing modes:
Opposed
Retroreflective
Proximity (four variations):
Diffuse
Divergent
Convergent
Fixed-field
Fiberoptic modes

Ultrasonic proximity sensing mode

Thebest sensing modeisthe modethat yieldsthe greatest amount
of sensing signa differential between the conditions of target
present and target absent (i.e. the most sensing contrast ), while
maintaining enough sensing signal (i.e. enough excess gain) to
comfortably overcomeany attenuation caused by conditionsinthe
sensing environment.

The concepts of sensing contrast and excessgain areexplainedin
Section A. Thesemeasurementsactually apply only to photodectric
sensing modes. Selection of an ultrasonic sensor is based upon
application requirements that are best handled only by that mode.

TABLE B-1.
Guidelinesfor Excess Gain Values

Minimum Excess

Gain Required Operating Environment

1.5x Clean air: no dirt buildup on lenses or

reflectors.

5x Slightly dirty: slight buildup of dust, dirt,
oil, moisture, etc. on lenses or reflectors.
Lenses are cleaned on aregular schedule.

Moderately dirty: obvious contamination
of lenses or reflectors (but not obscured).
Lenses cleaned occasionally or when
necessary.

Very dirty: heavy contamination of lenses.
Heavy fog, mist, dust, smoke, or oil film.
Minimal cleaning of lenses.

10x

50x

1. Photodectric Sensng M odes

A. Opposed M ode Sensing
Uses and advantages - opposed mode

1) General rule: Use opposed mode photoelectric sensors wherever possible. The use of
opposed mode photoel ectric sensorswill awaysresult in the most reliable sensing system, as
long as the object to be detected is opague to light (i.e. if the object completely blocks the
opposed light beam). Exception: An inductive proximity sensor becomes afirst choice for
sensing of metal objects that pass close enough to the sensor for reliable detection.

For example, linear andog reflective postion sensng or very long
range(severa feet) proximity presencesensngaregpplicationrequire-
mentsthat arereiably filled only by ultrasonic proximity sensors.

To determine which mode will yield the highest sensing contrast,
you must evaluate the properties of the target to be sensed,
including: part size/profile, optical opacity, and optical or acous-
tical surfacereflectivity. The geometry of the application should
be analyzed to determine whether sensing of thetarget will beat a
repeatable point or if the target, instead, will pass at random
distancesand/or withrandom orientationstothesensor. Itmay aso
be necessary to eval uate the properties of other objects (if present)
inthe sensing path to ensurethat they do not interferewith sensing
of thetarget. Also, thediscussion of sensing contrast in Section A
explainshow contrast may be estimated or measured if asensor is
available for testing.

Todetermineif theexcessgainishighenoughfor reliablesensing,
you must evaluate the conditions of the sensing environment.
Then, using the guidelines for minimum required excess gain
(Table B-1), check the excess gain curve of each sensor under
considerationtodetermineif that sensor offersenough excessgain
at the required sensing distance to overcome the predicted signal
loss. Anexample of thistype of evaluationisgivenin Section A
for adiffuse mode sensor (page A-17).

Each sensing mode hasits own advantages. Also, there are some
specific reasons for not using each sensing mode. The following
isasummary of the most important considerations.
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2) High excess gain: Opposed sensors offer the highest excess
gain. Applications requiring high levels of excess gain include:
a) Sensing through heavy dirt, dust, mist, condensation, oil

film, etc.,

b) Long-range scanning,

c) Precise position sensing or small part detection using

small apertures (Figure B.1),

d) Detection of opague solids or liquidsinside closed thin-
walled boxes.  Opposed mode sensors can sometimes be
used to "burn through" thin-walled boxes or containersto
detect the presence, absence, or level of the product inside.

3) Partscounting: Opposed sensors are usually the most reliable
for accurate parts counting, largely due to their well-defined
effective beam.

4) Object reflectivity: Use of opposed mode sensors eliminates
the variable of surface reflectivity or color.

5) Mechanical convergence: A pair of opposed mode sensors
may bepositionedto mechanically convergeat apoint ahead of the
sensor pair (Figure A.34). This type of configuration usually
results in more depth-of-field as compared to convergent beam
proximity sensors. High-powered emitter-receiver pairs, such as
MULTI-BEAM models SBEX and SBRX1, may be configured
for long-range mechanical convergent beam sensing.

6) Specular reflection: One specialized use of a mechanically
converged emitter and receiver pair is to detect the difference
between a shiny and a dull surface. A shiny surface will return
emitted light to areceiver if thetwo unitsaremounted at equa and
oppositeanglestotheperpendicular totheshiny surface(seeFigure
A.26). Thislight will bediffused by any non-reflectivesurfacethat
coversor replacestheshiny surface. A commonexampleissensing
thepresenceof cloth (dull surface) on asted sawing machinetable
(shiny surface). Specular reflection is aso used to monitor or
inspect the orientation or the surface quality of a shiny part.

Application Cautions - opposed mode

1) Clear materials: Opposed mode photoel ectric sensors should
be avoided for detection of tranducent or transparent materials.
Exceptions:

a) Many tranducent and transparent plastic materials can be
reliably sensed by the MINI-BEAM clear plastic detection
sensors (see Figure B.34). Thisis a special-purpose opposed
modesensor pair that takesadvantageof thepol arizing properties
of many plastics. In fact, this pair may be used to actually
differentiate clear plastic from other clear and tranducent (plus
all opaque) materials.

b) Most glasscontainershaveathick bottom sectionof glassthat
may usually be used to reliably block an opposed beam that has
been properly shaped (if necessary) using rectangular apertures
(seeFigureB.2).

2)Very small parts: Avoidtryingto detect objectsthat interrupt
less than 100 percent of an opposed effective beam area. Use
apertures, lenses, or fiber optics to shape the effective beam to
match the profile of asmall part.

When the cross section of the part to be detected islessthan about
.03inch, andwhenthepart passesat apredictabledistancefromthe

Sensor Selection Category A - Sensing M ode

Fig. B.1 Aperturesareused with opposed sensorsfor
precise position sensing (high cap detection).

sensor, itisbest to useaconvergent beam proximity mode sensor.
Small partsthat passthesensor at random (but close) distancesmay
be sensed with adivergent mode proximity sensor.

When small parts fall randomly through an area (i.e. through a
sensing"window") useopposedrectangul ar fiberoptics(e.g. model
IR2.53S) with OMNI-BEAM sensor model OSBFAC (seeFigure
B.44), which hasan ac-coupled amplifier. If the partsto be sensed
have a minimum profile of 0.1 inch, then the MULTI-BEAM®
model LS10 Light Screen System isthe best choice. This specid
opposed pair createsacurtain” of sensing light that measures 3.5
inches wide and from 4 to 48 inchesin itslonger dimension.

3) Too much excessgain: Some opposed mode pairs (especially
those using an infrared light source) have so much excess gain
when they are used at close rangethat they tend to "burn through”
(i.e. "see" through) thin opaque materials like paper, cloth, and
plastics. Theopposed modemay offer thebest sensing contrast, but
it becomesdifficult to set asensitivity control operating point, due
totoomuchexcessgain. Inthesesituations, opposed modesensors
should be used, but their signal may need to be mechanically
attenuated by addition of aperturesover thelensesor by intentional
sensor misalignment.  In some situations, the use of a visible
wavelength emitter (e.g. visible red LED) may lower gain to a
responsive level, while actualy increasing the sensing contrast.

Fig. B.2 Opposed mode sensing of glass bottles using
rectangular apertures.
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Table B-2. Opposed M ode Sensors

Self-contained Supply Voltage Sensin
Sensor Family & Output Response Rangeg Sensor Model Features and Uses
(E/M = electromechanical) (ms = milliseconds) (All beamsinfrared unless otherwise noted)
Choice of D.AT.A™ sef-diagnostic
OMNI-BEAM ™ power block: OSBE system with alarm output
10to 30V dcor 150 f 10- - h
120, 220, or 240V ac 2ms on/off 50 feet OSLBR ir(l)die(zl:gtrg:ant signal strengt
Solid-state output Genera use
24 t0 240V ac or OEM design
OSEE
NOTE: 2 241036V dc 20ms on/off 150 feet & For general use
requiré %’%m% SPDT E/M relay OSER . - .
poler é",ﬁ%‘bg’é’gé’e”da_‘ timing output Optional timing logic
MULTI-BEAM® 150 feet SBE & SBR1 Fast response speed
Choice of 1ms on/off :
power block: 10 feet SBED & Small effective beam (1/8");
10to 30V or SBRD1 fast response speed
48V dc or
700 feet SBEX & Long-range sensing;
12, 24, 120, or SBRX1 very high gain
240V ac
SBEV & Visible (red) emitt
Solid-state or 10ms on/off 100 feet SBRX1 isible (red) emitter
E/M relay output SBEXD & Small effecti )
30 feet ective beam (1/8");
SBRXD1 very forgiving alignment
Meeuires e Do power
: jc module. 12, 120, 240V ac SBE & ;
E%ﬁ%&ﬁ e 2-wire hookup 10ms on/off 150 feet 2SBR1 2-wire (ac) hookup
MAXI-BEAM®
P _ RSBE & Programmabl e response;
Choice of 300 feet
[ power block: RSBR general use
h 10 to 30V dc or
120, 220, or 240V ac 03,1, 0r
10ms
Solid-state or
NOTE: 3-part assembly E/M relay output 15 feet RSBESR & Small effective beam (1/8");
ok i paebouer RSBRSR | forgiving alignment
g%g:&ﬁal timing logic may be
- ® SMA9IE & Long-range sensing & general use;
VALU-BEAM 10to 30V dc amson/ 200 feet SMO1R | usewhere high gain is needed
A~ Solid-state bi-polar 4ms off 10 feet SMAOIESR & | Small effective beam (1/8"):
ﬁ@ output SMO91RSR | forgiving alignment
U SMA9IE & Long-range sensing & general use;
\gl;%/ 2‘_1 to 250V ac 8ms on/ 200 feet SM2A91R | usewhere high gain is needed
Solid-state output 4ms off SMAQIESR & | Small effective beam (1/8");
Wi 10 feet o : ’
2-wire hookup SM2A91RSR | forgiving alignment
SMA9IE & Long-range sensing & general use;
12t0 28V ac or dc 200 feet g-range. go g )
20ms on/off SMW95R | usewhere high gain is needed
SPDT E/M relay 10 feet SMA9IESR & | Small effective beam (1/8");
output SMWO5RSR | forgiving alignment
2010130V & 20t | MVGURGER | lerharigh g i e
20ms on/off
SPDT E/IM relay 10 feet SMAOQIESR & | Small effective beam (1/8");
output SMAQ5RSR | forgiving alignment
2010250V otes | SMAZIRE | Lo rengosmng & generd uee
SPDT E/M rel 20ms on/off
outout Y 10 feet SMAOIESR & | Small effective beam (1/8");
P SMB95RSR | forgiving alignment




Sensor Selection Category A - Sensing Mode

Table B-2. Opposed M ode Sensor s (continued)

. Supply Voltage Sensin
Family & Output Response Range? Sensor M odel Featuresand Uses
(ms = milliseconds) (All beams infrared unless otherwise noted)
2410 240V ac or Q853I§neénitter Visible ;ed sensing beam
12t0 240V dc NEMA 6P
20ms on/off 75 feet Q852)/rR3R Wiring chamber
electromechanical
relay output Q85VR3R-T9 | Optiona built-in timing logic
receiver (T9 models)
MINI-BEAM® 10 feet SM31E & Small effective beam;
10to 30V dc SM31R fast response
Solid-stat 1ms on/off
bi II -Slate 00 SM3I1EL & General use;
I-polar output 100 feet SM31RL | usewherehigh gainisrequired
2410 240V ac 10 feet SM él\?/’llzl,EA%lR Small effective beam
Solid-state output 2ms 0;‘]{
> wire hook Imso 100 feet SMA3IEL & | Genera use;
-wire NooKup SM2A31RL | usewherehighgainisrequired
Q19 Series Q196E emitter
> 10to 30V dc and Very small
A : 1ms on/off 26 feet Q19SN6R or
‘ Solid-state ;
3 complementary output Q19SP6R NEMA 6 construction
i receiver
ECONO-BEAM ™
10to 30V dc Designed for OEM applications
ﬁ Solid-state 10ms on/off 6 feet SE61E & where sensing contrast is high
I/ bi-polar output SE61R (has no gain adjustment)
U
Q@8 Series 101030V de SO6Q-Q?8 Very low profile:
1 n/off 20inch emitter & 8-mm deep die-cast metal housing;
Solid-state outout ms oo Inches EO60-Q8 use where sensing contrast is high
p Seriesreceiver (sensor has no GAIN adjustment)
SM30 Series SMA30 Series
10to 30V dc ; : ]
- emitter & Extremely high excess gain for
Solid-state 10ms on/off 700 feet : - :
bi-modal output S’\? ggei%%rr ies | demanding environments
- NEMA 6P construction
2410 240V ac SMerﬁﬁ?ﬁles High immunity to electrical noise
Solid-state output 10ms on/off 700 feet SM2A30 Series o il ol moded
2-wire hookup eceiver VALOX® or stainless steel models
S18 Series 1010 30V dc S186E Series Versatile LED indicator system
sensor) Solid-state 2.5ms on 66 feet i
1.5ms off S18SN6 or 18mm threaded VALOX® barrel
complementary S18SP6 Series
output Fecaiver Low gain alarm output
(dc models)
S183E Series .
200 250V ac L6mson emitter & NEMA 6P construction
Solid-state output 16ms off 66 feet S18AW3 or Use where sensing contrast is high
3-wire hookup S18RW3 Series | (sensor has no GAIN adjustment)
receiver
SM51EB & Narrow profile housing;
10to 30V dc 1ms on/off 25 feet SM51RE | usedwith MP-8 multiplexer for
. custom light curtain
Solid-state
complementary Very high excess gain with small
output 10ms on/off 100 feet SM 58115 EfFfLB g | effective beam; used for

"burn-through™ applications




Table B-2. Opposed M ode Sensor s (continued)

Used with

Sensing

Features and Uses

SP12PRL receiver

Remote Sensors W Response Sensor Model
A mpl ifiers (ms = milliseconds) Ran ge (All beams infrared unless otherwise noted)
SP100 Series M X:IBCI\FER?I\DMI\Z) ITDMCS 1ms on/off Subminiature package used in tight
: ’ 8inches SP100E & locations _
| MAXI-AMP™ 0.3,2,0r SP100R | Very small effective beam
: CR Series 10ms Hermetically sealed lenses
LR/PT Series ) ™ LR200 & Miniature right-angle housing
MASAorMAzp | Lmsonoff PT200 | Hermetically sealed lenses
LR250 & Miniature 1/4" tubular housing
PT 250 Hermetically sealed lenses
ini 1 - ®
8 feet L R300 & mﬁ;ﬁ;re right-angle VALOX
MAXI-AMP™ 0.%2, or PT300 | Hermetically sealed lenses
CM Series me Miniature 3/8" threaded housing
L R400 & Accepts apertures, lenses, and
PT400 | fiberoptic fittings
Hermetically sealed lenses
SP300 Series MICRO-AMP™
MA3-4or MA3-4p | Lmsonoff ,
SP300EL & Used for long-range sensing
S0 feet SP300RL o
MAXI-AMP™ 0.3, 2, or Used where high gain is needed
CM Series 10ms
SP12SEL or NEMA 6P construction
B MAXI-AMP™ SP12PEL emitter: | Used in harsh environments
; 1.50r 15ms 200 feet '
CD Series SP12SRL or Used when very high gain is needed

VALOX® or stainless steel models




B. Retroreflective M ode Sensing
Uses and Advantages - retroreflective mode

1) General rule: Use aretroreflective sensor in lieu of the opposed mode where sensing

is possible from only one side.

2) Conveyor applications. Retroisthe most popular sensing modein conveyor applications
whereobjectsarelarge(e.g. boxes, cartons, etc.), wheretheenvironmentisrelatively clean, and

where scanning ranges are from about 2 to 10 feet (Figure B.3).

Application Cautions - retroreflective mode

1) Excessgain: Avoid using retroreflective sensorsonthe basis of
convenienceonly, especidly whereit isimportant to have high excess
gain. Retro sensorsoffer much lessavailable excessgain ascompared
to an equivalent opposed sensor pair at the same range. Retro
sensorsal solose excessgai ntwiceasfast asopposed modesensors,
dueto dirt build-up on both the retro target and the sensor lenses.

2) Effectivebeam: Itisusualy difficult to createasmall effective
beamwith aretroreflective sensor (see Figure A.24). Avoid using
retro sensorsfor detecting small objects or for precise positioning
control. Exceptions: Theeffectivebeam of model SM502A isless
than 1 inch in diameter through its full 6-foot range, and the
effectivebeam of MINI-BEAM retroreflective sensorsislessthan
1inch diameter through the first 2 feet of range.

3) Clear materials Avoid using retroreflective sensorsfor detecting
tranducent or transparent materials. Itistruethat aretroreflective
light beam must pass through a tranducent material two times
before reaching the receiver, but it is usualy difficult to optimize
excess gain without sacrificing optical contrast (or vice versa).

4) Shiny materials. Use the retroreflective mode with caution
when sensing materiaswith shiny surfaces. The optics of agood
quality retroreflective sensor are designed and assembled with
great caretominimize"proxing". Y et, ashiny surfacethat presents
itself perfectly parallel to aretroreflective sensor lens may return
enough light to cause that object to pass by the sensor undetected.

If aretroreflective sensor must be used to sense a shiny material,
establish abeam direction that will eliminate any direct reflection
fromthemateria surface(seeFigureA.28). If thematerial presents
itself to the sensor at random angles, consider use of aretroreflec-
tivesensor with an anti-glare (polarizing) filter. However, remem-
ber that use of afilter cuts the available excess gain by one-half.
Also, polarized retro sensors work only with molded corner-cube
reflectors (e.g. model BRT-3).

5) Target size: Except at close range, the size of the retro target
becomes important. Use as large atarget area as is possible or
prectical. A "cluster" of several standard targets is often most
convenient (see Figure A.48). Thewidth of the beam pattern for
eachretro sensor a so servesasan estimate of how muchtarget area
should be used to return the maximum amount of light energy at
ranges beyond afew feet.

Also, the efficiency of different retro target materia types varies
widely. TheBanner product catalog listsa"reflectivity factor” that
indicatestherel ativeefficiency of eachtarget material ascompared
to the model BRT-3.

Sensor Selection Category A - Sensing Mode

Retror eflective Sensing
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FigureB.3. Theretroreflective modeis popular for many
conveyor applications.

Fig. B.4. Excessgain curvesand beam patternswarn of a
retroreflective sensor's" blind spot" .
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6) Shortrange: Mostretroreflectivesensorsaredesignedfor long-
range sensing, and suffer a"blind spot” at close range (see Figure
A.49). Excessgain curvesand beam patternswarn of thisproblem
(Figure B.4). Retroreflective model SM502A uses asingle lens
system, and hasnoblind spot. Also, ashort-rangeretrosystemmay
be assembled using a model BT13S bifurcated glass fiberoptic
assembly, fitted with an L9 lens assembly (see Figure B.15).
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Table B-3. Retroreflective M ode Sensors

f-contain Supply Voltage Sensin
gnsg? thjmﬁg & Output Response Rangeg Sensor M odel Featuresand Uses
(E/M = electromechanical) (ms = milliseconds)
- ™ Choice of - .
OMNI-BEAM power block: .51t0 30 feet OSBLV Velﬁeegla ruescébeam
10 to 30V dc or ams onoff 9
120, 220, or 240V ac _ N ]
Solid-state output 1to 15 feet OSBLVAG Anti-glare (polarizing) filter
24 t0 240V ac or -
A te 36V de .510 30 feet OSELV OEM design; general use
NOTE: 2-part assembly, SPDT E/M relay 20ms on/off
requires sensor head and T i .
poier é)'rﬁ%bgapﬂggf timing output 1to 15 feet OSELVAG OEM design; anti-glare filter
MULTI-BEAM® Choice of 510 30 feet SBLV1 Visible red beam; general use
power block:
10to 30V or ) o )
48V dc or 1ms on/off 1to 15 feet SBLVAG1 Anti-glare (polarizing) filter
12, 24, 120, or linchto SBL1 Infrared beam;
240V ac 30 feet high excess gain
Solid-state or Infrared beam;
E/M relay output 10mson/off | 10to 75 feet SBLX1 very high excess gain
s 12, 120, 240V ac linchto Infrared beam;
%ﬂfﬁﬁﬁmﬂﬁwa 2-wire hookup 10ms on/off 30 feet 2SBL1 2-wire hookup
block, and logic module.
Logic module may have
timing logic.
MAXI|-BEAM®
. Visible red beam;
Choice of 510 30 feet RSBLV '
power block: general use
10to 30V dc or
120, 220, or 240V ac 1lor4ms
Solid-state or
NOTE Spmasony | E/M relay output 1t0 15 feet RSBLVAG | Anti-glare (polarizing) filter
block, and wiring base.
aotﬁg\al timing logic may be
VALU-BEAM® 101030V dc 5to30feet | SMOL2LV ey g pee:
Solid-state 4ms on/off
bi-polar output 1to 15 feet SM912L VAG Anti-glare (polarizing) filter
Visible red beam;
2410 250V ac 5 to 30 feet SM2A912LV general use
Solid-state output 8ms on/off
2-wire hookup 1to15 feet | SM2A912LVAG | Anti-glare (polarizing) filter
Visible red beam;
12t0 28V acor dc 510 30 feet SMW915LV general use
20ms on/off
SPDT E/M relay ) o )
output 1to 15feet SMWO915LVAG | Anti-glare (polarizing) filter
90to 130V ac 5to30feet | SMAQISLV | Visiblered beam;
20ms on/off generdl use
SPDT E/M relay . . .
output 1to 15 feet SMA915LVAG | Anti-glare (polarizing) filter
210 to 250V Visible red beam,
0 ac 0 o .51t0 30 feet SMB915LV general use
SPDT E/M relay ms oo
output 1to 15 feet SMB915L VAG | Anti-glare (polarizing) filter




Sensor Selection Category A - Sensing M ode

Table B-3. Retroreflective M ode Sensor s (continued)

) Supply Voltage Sensin
Family gpgutput g Response Rangeg Sensor M odel Featuresand Uses
(ms = milliseconds)
Q85 Series .
2410 240V ac or Visible red beam
12t0 240V dc . Anti-glare (polarizing) filter
s SPDT somson/off | 3inchesto Qgg\?\ég{%ﬁg NEMA 6P construction
o a electromechanical 15 feet Wiring chamber
relay output Optiona built-in timing logic
MINI-BEAM® 1010 30V d 2inchesto Visible red beam;
0 c 15 feet SM312LV general use
Solid-state 1ms on/off 2 inchest
bi-polar output '7%;;: 0 SM312LVAG Anti-glare (polarizing) filter
2 inchesto Visible red beam;
2410 240V ac 15 feet SM2A312LV general use
Solid-state output 4ms on/off :
2-wire hookup 2 |gcfr§ 10 | 9VI2A312LVAG | Anti-glare (polarizing) filter
19 Series
? <9§ 10to 30V d v
0 c . Visible red beam
2 Solid-state 2inchesto QIISN6LP Anti-glare (polarizing) filter
\Q’ complementary output 1ms on/off 6-1/2 feet Q195P6LP For ggneral(%se 9
U NEMA 6P construction
ECONO-BEAM ™
10to 30V de Visible red beam
. 10ms on/off i SE612LV Designed for OEM applications
Sgl ! d-sltaie 2 |1né: ?g:tto where sensing contrast is high
I-polar (has no gain adjustment)
output
Infrared beam
101030V d C30ANTL 30mm threaded L exan® barrel
(o} c desi
1ms on/off 4 inchesto C3BRN7L N?I\ir,l\ 6P construction
Solid-state output 16 feet C30APTL construction
C3%RP7L Use where sensing contrast is high
(sensor has no GAIN adjustment)
S18 Series 10to 30V dc Infrared beam
Solid-state 3ms on/off SI18SN6L 1. hreaded ® barre
Compl ementary OUtpUt 4 inches tO S].SSPGL 8mm t I VALOX arr
2010 250V 6-1/2 feet Versatile LED indicator system
; Use where sensing contrast ishigh
Solid-state output S18AW3L :
3-wire hookup 16ms on/off S18RW3L (sensor has no GAIN adjustment)
SM512 Series Infrared beam; general use
10to 30V dc .5to 15 feet SM512LB Die-cast metal housing
id- 1 ff
compiodsate al T onfo Visible red beam; single-lens
P y outp 010 6 feet SM 502A optics for close-up sensing
and code reading
Remote Sensors Used with Response Sensing Sensor Model Features and Uses
Amplifiers (ms= millissconds) Range
SP300 Series
MICRO-AMP™
MA3-4, MA3-4p | Imson/off
Infrared beam
510 15 feet SP300L Very rugged
MAX|-AMP™ 03,2, or Cable conduit fitting
CM Series 10ms




C. Photoelectric Proximity M ode Sensing

Uses and advantages - diffuse mode

1) Conveyor applications: Diffuse mode sensors are used for straightforward product
presence sensing applications when neither opposed nor retroreflective sensing is practi-
cal, and where the sensor-to-product distance is from afew inches to a few feet.

2) Reflectivity monitoring applications: Diffuse mode sensors are sensitive to differ-
ences in surface reflectivity. They are useful for applications that require monitoring of
surface conditions that relate to differencesin optical reflectivity.

3) Convenience and economy: Diffuse mode (and all proximity mode) sensors require
mounting of only oneitem: thesensor itself. However, inorder to avoid amarginal sensing

Diffuse Proximity Sensing

Obj

/

situation, this attractive convenience should not take precedence over an analysis of the sensing conditions.

Application Cautions - diffuse mode

1) Reflectivity: The response of a diffuse sensor is dramati-
caly influenced by the surface reflectivity of the object to be
sensed. Theperformanceof diffusemode(andall proximity mode)
sensorsis referenced to a 90% reflectance Kodak white test card.
Any material may berankedfor itsrelativereflectivity ascompared
to the Kodak 90% white reference (see Table A-2).

2) Shiny surfaces: Diffuse sensors use collimating lenses for
maximizing sensing range. As a result, response to a specular
surfaceissensitiveto scanning angle (see Figure A.31) Divergent
and convergent mode sensors are much more forgiving to
orientation of the sensor to shiny surfaces.

3) Backgroundaobjects: Asagenerd rule, verify that thedistance
from adiffuse sensor to the nearest background object is at least
four times thedistancefrom the sensor to the surfaceto bedetected
(Fig.B.5). Thisruleassumesthat thereflectivity of thebackground
surfaceislessthan or equal to thereflectivity of the surfaceto be
detected. If the background ismore reflective than the surface to
be detected (e.g. a stainless steel machine member), additional
clearance or different sensor orientation may be required. At-
temptsto "dia-out" the background objects by reducing amplifier
gain can do nothing to improve the existing optical contrast.

4) Small part detection: Diffusesensorshavelesssensing range
when used to sense objects with small reflective area than when
used to sense objectswith larger reflectivearea. Also, thelensing
of most diffuse mode sensors createsa"blind spot” for small parts
that passcloseto thelens. When opposed mode sensors cannot be

Uses and advantages - divergent mode

Figure B.5. Minimum distanceto reflective background
surface for a diffuse mode
Sensor.

X = Distance from sensor to web
3X = Minimum distance from web to floor

used, small partsthat passat afixed distancefromthe sensor should
besensed usingaconvergent beam sensor. Small partsthat passthe
sensor at random (but close) distances may be sensed with a
divergent mode sensor.

5) Excessgain: Most diffuse mode sensors lose their gain very
rapidly asdirt and moistureaccumul ateontheir lenses. Inaddition,
build-up of dirt on the lenses of high-gain diffuse sensors may
coupleenoughlight fromtheemitter tothereceiverto"lock-on" the
sensor in thelight condition.

6) Count accuracy: Diffuse mode sensors are usualy a poor
choice for applications that require accurate counting of parts.
Diffuse sensors are particularly unreliable for counting glass or
shiny objects, small parts, objectswith irregular surfaces, or parts
that will pass by the sensor at varying distances.

1) Clear materials: Divergent sensorsforgivingly sense clear materials (Figure B.6). They
are particularly useful for reliably sensing clear plastic films or bags that bounce or "flutter”.
However, sensing rangeislimited to afew inches (or less). If clear materials areto be sensed
beyond afew inches, ultrasonic sensors should be considered.

2) Small objects: Divergent mode sensorsdo not exhibit the"blind spot" that diffuse sensors
havefor small objectsat closerange. Sensor model L PA00WB excel sat detection of very small
profiles (e.g. thread) passing within one inch of the sensor face (Figure B.7).

3) Shiny surfaces: Divergent mode sensorsare not sensitiveto theangle of view to aspecular
surface. They reliably senseshiny radiused objects, e.g. cans, and aretol erant of shiny surfaces
that vibrate, such as metal foil webs.

Divergent Proximity Sensing

4) Backgroundrejection: Divergent modesensorsrun out of excessgain very rapidly withincreasing range. They often may be used
successfully in areaswherethereisabackground object that liesjust beyond the sensor’ srange. Note, however, that highly reflective

objects will be recognized at greater distances than objects of low reflectivity.

(continued on page B-13)
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Sensor Selection Category A - Sensing Mode

Table B-4.

Diffuse Proximity M ode Sensors

Self-contained | Supply Voltage Sensing Range
Sensor Family & Output Response (eferenced090% Sensor M odel Featuresand Uses
(E/M = electromechanical) (ms = milliseconds) card) (All beams are infrared)
- ™ Choice of .
OMNI-BEAM power block: 2ms on/off 12 inches OSBD Short range; fast response
10to 30V dc or
120, 220, or 240V ac
Solid-state output 15ms on/off 6 feet OSBDX Long range; high excess gain
24 to 240V &c or 18 inches OSED OEM design; short range
S 5;_:_05:/'\/ ZC 20ms on/off
r .
output &y 6 feet OSEDX OEM design; long range
Choice of 63% of Short range; 0 to 10V (.jC
power block: ofjf)pu?n Y 36 inches OASBD analog voltage output;
b positive or negative slope
NOTE: 2-part assembl 15to 30V dc or transition
requira'ﬁlsgw:éob block B%]q . 120, 220, or 240V ac will occur 12 fest OASBDX Lonalg rangel;t Oto l(t)v td'c
B o oo ™ | Splickstateoutput | within 1 ms positive or negetive dope
MULTI-BEAM® Choice of 12 inches SBD1 Short range; fast response
e power block: 1ms on/off
10to 30V dc or . : .
48V dc, or 24 inches SBDL1 Medium range; fast response
12, 24, 120, 220, or
240V &c 10ms on/off 6 feet SBDX1 Long range; high excess gain
[’:‘%S‘T{(Fé%;%?we 24,120, 0 rr] 2 4|?V ac Loms onloo 12 inches 2SBD1 Short range; 2-wire operation
0CK, and logic module. ! .
Lodel ngg{e may have 2-wire hookup 30inches 2SBDX1 Medium range; 2-wire operation
MAXI-BEAM®
: Short to medium range;
Choice of 30inches RSBDSR programmabl e response
power block:
10to 30V dc or
0.3,1o0r
120, 220, or 240V ac 10ms on/off
Solid-state or
E/M relay output Mediumto| .
5 feet RSBD ium to long range;
NOTE: 3-part assembly programmable response
requires sensor block, power
block, and wiring base.
%Jdtle%@ timing logic may be
VALU-BEAM® 1010 30V dc 15 inches SM912DSR Short range; wide beam angle
Solid-state 4ms on/off
bi-polar output 30 inches SM 912D Medium range
2410 250V ac 15inches SM2A912DSR Short range; wide beam angle
Solid-state output 8ms on/off
2-wire hookup 30inches SM2A912D Medium range
12to 28V ac or dc 15 inches SMW915DSR Short range; wide beam angle
SPDT E/M relay 20ms on/off : :
output 30inches SMW915D Medium range
90 to 130V ac 15 inches SMA915DSR Short range; wide beam angle
SPDT E/M rel 20ms on/off
outputr ¥ 30inches SMA915D Medium range
210to 250V ac 15 inches SMB915DSR Short range; wide beam angle
20ms on/off
SPDT E/M rel
output 30 inches SMB915D Medium range
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Table B-4. Diffuse Proximity M ode Sensor s (continued)

Self-contained Supply Voltage Sensing Range Features and Uses
Sensor Family & Output Response | (eeesioas, | Sensor Mode
(ms = milliseconds) card) (All beams are infrared)
MINI-BEAM® 10to 30V dc 15 inches SM 312D General application
Py 1ms on/off
Solid-state . . .
bi-polar output 12 inches SM312DBZz Low-profile housing
2410 240V ac or 15 inches SM2A312D General application
Solid-state output 8ms on/off : :
2-wire hookup 12 inches SM2A312DBZ Low-profile housing
ECONO-BEAM ™
< 10to 30V dc , Designed for OEM applications
[yt Solid-state 10ms on/off 8inches SE612D where sensing contrast is high
Lo bi-polar output (has no gain adjustment)
QD8 Series 10t 30V de Rugged, metal housing
1ms on/off 2inches NOS—_QQS Very low profile (8mm deep)
Solid-state output series Use where sensing contrast is high
(sensor has no GAIN adjustment)
10to 30V dc 8inches Qiggggg
Solid Q Very small
II e 1ms on/off
comp St'ggtmaf y 39 inches Q19SN6DL NEMA 6P construction
Q19SP6DL
C3J Series 30-mm threaded Lexan®
C30ANTD barrel design
10to 30V dc i C30RN7D NEMA 6P construction
Solid-state output | LmS Onvoff 4inches C30APTD . .
C3@RP7D Use where sensing contrast is high
(sensor has no GAIN adjustment)
; 10to 30V dc . o
S18 Series . Versatile LED indicator system
(an EZ-BEAM sensor) Solid-state 3ms on/off %%gggg //B |': 18-mm threaded VALOX® barrel
OOm%' ementary 4 inchesy NEMA 6P construction
20 {0250V dc inches . I
id- S18AW3D/DL Use where sensing contrast is high
S(?),I-I\Ic\ili sate gEL%Ut 16ms on/off SI8RW3D/DL | (sensor has no GAIN adjustment)
Q85 Series 2410 240V ac or 10inches Q85VR3D | NEMA 6P construction
o 12t0 240V dc Q85VR3D-TY | \iring chamber
-~ 20ms on/off . L )
& H electromechanical . Q85VR3DL Optional built-in timing logic
RN J) relay output 39inches | ogsyR3pL-T9 | (T9models)
SM512 Series 101030V d Lms on/off _ Short range; fast response
C.J ¢ 8 inches SM512DB Die-cast metal housing
Solid-state
complementary . :
output 10ms on/off 24 inches SM512DBX H!gh excessgan .
Die-cast metal housing
Remote Used with Response Sensing Features and Uses
Sensors Amplifiers (msiﬁimnds) Range Sensor Model (All beams are infrared)
SP100 MICRO-AMP™ 1 f Sub-miniature package
Series IE MA3, MA3P, MPC3 | 1mson/o _ SP100D SP100D has right-angle design;
I MAXI-AMP™ 0.3, 2, or 15inches SP100DB SP100DB is 3/8" threaded barrel
CR Series 10ms Hermetically sealed optics
SP300 MICRO-AMP™ Anodized aluminum housing;
Series [ 0| MAZ4arMAsep | Imsonoff | SP0OD | hermetically sealed lenses
a inches
P MAXI-AMP™ 0.3,2o0r Miniature housing for tight locations;
\% CM Series 10ms SP320D hermetically sealgd Iensgs
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Sensor Selection Category A - Sensing M ode

FigureB.6. Divergent mode sensorsreliably sense clear FigureB.7. Model L P400WB is a divergent mode sensor
materials. that excels at detecting very small profiles.

sensors

/

-~ Clear web
;é\ material
R \\\
NN

. y

Application cautions - divergent mode
1) Sidesensitivity: Thefield of view of adivergent modesensor  2) Excessgain: Thedivergent sensing modeisvery inefficient.
isextremely wide. Objectsthat are off to any sideof thesensor  Most divergent sensors offer only low levels of excess gain at

(e.g. conveyor guide rails) may be sensed. Divergent mode sensing distances beyond oneinch. They should be used only
optics should not be recessed into a mounting hole. in clean to slightly dirty environments.

Table B-5. Divergent Proximity Mode Sensors

Self-contained | Supply Voltage Sensing Range Featur s and Uses
Sensor Family & Output RespONse | e | Sensor Model
(ms = milliseconds) card) (All beams are infrared)

MULTI-BEAM®

Choice of ac or dc

power blocks 10ms on/off 24 inches SBDX1MD Very high excessgain
10to 30V dc 1ms on/off 5inches SM 312w Fast response
24 t0 240V ac . :
2-wire operation 8ms on/off 5inches SM2A312W 2-wire hookup
: For OEM applications
10to 30V dc 10ms on/off 3inches SE612W (has no gain adjustment)
SM512 Series
1010 30V dc 10ms on/off 6 inches SM512LBDX | Die-cast meta housing
Excellent for clear web detection
Remote Used with Response Sensing
Sensor Amplifiers: esp Range Sensor Model Features and Uses
(ms = milliseconds)
LP Series
MICRO-AMP™
MA3-4 or MA3-4p | 1mson/off Hes ailiy b ctowith
) as ability to sense objects wi
3inches L PA0OWB very small profile (e.g. thread)
MAXI-AMP™ 0.3,20r
CM Series 10ms
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Uses and advantages - convergent mode

1) High excessgain: Convergent beam sensorsmakethemost efficient useof reflective
sensing energy. Asaresult, it becomes possibleto detect some objectswith low optical
reflectivity whenopposed or retroreflectivesensorscannot beused. Infact, highpowered
models, e.g. the MULTI-BEAM SBCX1, are able to reliably sense totaly flat black
surfaces, such asblack (heavily inked) paper webs. The high excessgain at thefocus of
a convergent beam sensor makes the angle of view to a shiny surface forgiving, as

compared to the diffuse mode.

2) Counting radiused objects: Convergent beam sensing is a
good choice for counting bottles, jars, or cans, where thereis no
space between adjacent products (i.e. where opposed sensors
cannot beused - FigureB.8). Thesensorispositionedto™see” light
fromthenear point of each container andto godark inthe"valley"
between adjacent containers. Usually, convergent beam sensors
with infrared light sources provide the most reliable count.

3) Accuratepositioning: Theeffective beam of most convergent
sensorsiswell defined, especialy at the focus point. It isagood
second choice, after opposed, for accurate position sensing of
edgesthat travel through the focus point at right anglesto the scan
direction. Convergent beam sensing becomes afirst choice for
accurate position sensing of clear material, such as plate glass
(FigureB.9).

4) Fill level applications: Convergent beam sensorsmay beused
in some applications for detecting the fill level of materialsin an
open container, wherethe opening istoo small or the surfaceto be

Convergent Sensing

sensed is too un-
stabletodlow use
of an ultrasonic
proximity detec-
tor.

5) Color sensing:  Convergent beam sensors with visible green
LEDIlightsources(e.g. MULTI-BEAM SBCVG1& MINI-BEAM
SM312CVG) are used for color registration (color mark) sensing
(seeFigureB.41). Convergent beam sensorswithvisiblered LED
light sources may also be used for sensing large color differences,
likeblack-on-white. However, visiblered convergent sensorswill
not sense the combination of red- (or orange-, or pink-) on-white.

6) Height differential: Convergent beam sensors can sometimes
be used for sensing height difference or for detecting the presence
of anobject ahead of animmediatebackground (e.g. partsridingon
aconveyor), when opposed, retroreflective, fixed-field, or ultra-
sonic proximity sensors cannot be used.

Figure B.8. Convergent beam sensorsaccurately count
radiused containerswher e thereis no space between adjacent
products.

Product
flow

Figure B.9. Convergent beam sensorsarethefirst choice for
accur ate positioning of clear materials.

Right

Left limit -~

Left sensor

Deadband

Figure B.10. Tilt or rotate a convergent sensor away from
the per pendicular to a shiny
background surface.

Convergent
Multi-Beam

Rotate

Application cautions- convergent mode

1) Depth of field: Convergent beam sensors require that the
surfaceto be detected passat (or closeto) the focus distance from
the sensor lens. Avoid use of convergent beam sensors for
detection of objectsthat passat an unpredictabledistancefromthe
Sensor.

2) Effect of relativesur facer eflectivity: Consider thereflectivity
of the surface to be detected. The distance within which a
convergent beam sensor will detect an object (i.e. the sensor’'s
"depth-of-field") isrelative to that object’ s optical reflectivity. If
ashiny background object returnsunwanted light, tilt or rotate the
sensor to move the sensing beam away from perpendicular to the
shiny surface (Figure B.10).
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Sensor Selection Category A - Sensing M ode

Table B-6. Convergent Proximity M ode Sensors

Self-contained | Supply Voltage Focusat
Sensor Family & Output RespONse | (ec - excesscan | Sensor Model Featuresand Uses
X - with object of 90%
(E/M = electromechanical) (ms = milliseconds) reflectance)
OMNI-BEAM ™ pg/\r/]g%?c?gk' _ Visible red sensing image
10to 30V dc or 2ms on/off 15inch OSBCV Vl?’i.ﬁ].';.grh;"'ofgﬁlagnostlc ysem
120, 220, or 240V &c; E.G.=15
Solid-state output ( X) 10-element signal strength indicator
2 36vd 1.5inch OEM design
4t V .
210 250vcac°;r 20ms on/off '_nc OSECV For general use
E/M relay output (EG. =159 Optional timing logic
poCV\r/]gri %elggk_ %?ng) Stf Visible red sensing image
rgjfézﬁmb%d . 15 to 30V dc or transition. 15inch OASBCV Q\nal 0g output; positive or negative
O o o g UMng | 120, 220, or 240V ac | occurs within ope o
) Solid-state output 1ms 10-element output voltage indicator
MULTI-BEAM® Ell('35_|:n%x SBCV1 Visible red sensing image
; 1.5inch Green sensing image for color
Choice of = SBCVG1 trar ;
power block: E.G.-— 5x registration sensing
10to 30V dcor 1ms on/off El(.35 ir n%gx SBC1
12 2‘2{8\{2%:2050 or B Infrared light source for higher
: AN 4 inches SBC1-4 gain (or longer range) with
e EG.=5x narrow depth of field
6 inches
‘ : EG. = 2 SBC1-6
1.5inch
id- E.G. = 900x SBCX1
E/%/IO“r(ejl sta:)%?rm . Very high excess gain for
ay outp 10ms on/off 4 inches SBCX1-4 reflective sensing of materials of
E.G. = 400x low reflectivity; wide depth of
i field
panehes SBCX1-6
NOTE: 3-part assembly 1.5inch
{E?gé'k’,?njg‘??&%ﬂc?héﬁfe?"wa 24,2120, or 24|£>v | oot E.G. = 35x 2SBC1 Infrared sensing image;
_ogic module may have -wire hookup Ainch 2-wire operation
timing logic. inches
iming logic. = 2SBC1-4
MAXI-BEAM®
Choice of E1G5 I:n(igx RSBCV Visible red sensing image
power block: "
10to 30V dc or
120,220, or 240V ac | 1 O0AIMS
Solid-state or
s E/M relay output 1.5inch oo
Pecircs Sameor block. power EG. = 40x RSBC Infrared sensing image
block, and wiring base.
%)dtie%nal timing logic may be
VALU-BEAM® 12;‘_’ j‘;\;dc R o indh SM912CV Visible red sensing image
old-state 1.5inch Infrared sensing image;
bi-polar output E.G. = 100x SM912C high excessggai nag
2410 250V ac eeoinel 1 sm2ag12cy Visible red sensing image
% Sgl-l\;\j/}%aﬁmigﬁbpm sms onfort 15inch SM2A912C Infrared sensing image;
T P E.G. = 100x high excess gain
1210 28V ac or dc 20ms on/off E_lGE_’ Lnigx SMW915CV Visible red sensing image
90 to 130V ac 20msonvoff | 21NN 1 SmA915CV Visible red sensing image
21010 250V ac 20ms on/off EleS Ln(igx SMB915CV Visible red sensing image
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Table B-6. Convergent Proximity M ode Sensor s (continued)

- i Supply Voltage Focus at
Ssggsg?n,:tg:gﬁ?, & Output Response | (ec.=ExcessGain Sensor Model Featuresand Uses
(ms = milliseconds) %Xx}ntr:g)égtdan%fe)
MINI-BEAM® £® ':nggx SM312CV
10to 30V dc T Visible red sensing image;
1.7 inch fast response
Solid-state 1ms on/off EG. = 8x SM312CV2
bi-polar output : — —
.65inch Visible green sensing image;
E.G. =5x SM312CVG for color mark sensing
.65inch
24 t0 240V ac or - SM2A312CV . -
Solid-state output 4ms onoff E.G. =15« Visible red sensing image;
1.7inch 2-wire hookup
2-wire hookup E.G. = 8x SM2A312CV?2
ECONO-BEAM ™ 65 inch Visible red sensing image;
EG. = 15x SE612CV for OEM applications
10to 30V dc T (has no gain adjustment)
{ B Solid-state 10ms on/off _ _
o . . Mechanical convergence for high
| bi-polar output comeh SE612C excess gain and wide depth of field
T (has no gain adjustment)
1.2inch Visible red sensing image;
EG. = 10x SMB12CV1 | o4 response
10to 30V dc
id- 1.2inch Infrared sensing image;
co%gllgmsénatt%ry 1ms on/off E.G. = 100x SM512C1 high excess gain, fast response
output
o R o
17inc image (.010 inch diameter) for
E.G. =8x SM512DBCV _reacglJ seresolution and
igh repeatability
. Focus at
ggrrlrs]gﬁg Xr?]e[:()jl i\?i/grhs Response (EG, = Excess Gain Sensor Model Featuresand Uses
(ms = milliseconds) 9(\%}: recf)légtca}\nc::e)
SP100 Series High excess gain with rapid gain
MICRO-AMP™ 1ms on/off SP100C fall-off beyond sensing point
Q’; MA3, MA3P, MPC3 o inch Flexible ribbon cable
2 E.G. = 100x Includes aperture to further narrow
l depth of field
MAXI-AMP™ 03,2, or SP100CCF | sp100CCF has v i
X ery narrow profile
CR Series 10ms for tight locations
MICRO-AMP™ 1ms on/off Anodized aluminum housing;
MA3-4 or MA3-4P aginch precise 0.1 inch diameter infrared
.8 inches sensing spot
EG. = 75x SP1000V g sp
MAXI-AMP™ 0.3.20r Sharp drop-off of gain beyond
CM Series 10ms sensing point
Very small visible red sensing
3.4 high image (.010 inch diameter) for
B3-4 high-gain ; precise resolution and high
non madulated wmsonvolf | el Mh LPS10CV repeztability
amplifier

1/2" diameter threaded barrel for
precise adjustment
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Sensor Selection Category A - Sensing Mode

Table B-6A. Fixed-field Proximity M ode Sensors

Self-contained Supply Voltage Response Sensing
Sensor Family & Output (ms= milliseconds) Sensor Model Distance Features and Uses
S18 Series 20to 250V ac 16msonoff | SIBAW3FFxx | 2inchfar cutoff | 18mm threaded barrel style
(an EZ-BEAM sensor) | Solid-state output S18RW 3FFXX FF50for " housings,
modets infrared sensing beam,
4 inch far cutoff | dual-LED indicator system,
10to 30V dc 25mson/off | S18SNEFFxxX for alarm output hookup option
Solid-state output ' S18SP6FFxx FF100 models for dc units
SP100 Series
remote sensors Use with Miniature modulated remote
< MICRO-AMP™ 1 ms on/off 20 inches sensor,
Q% amplifiers (afunction of SP100FF (nominal) infrared sensing beam,
|||||’ MA3A or MPC3A | theamplifier) ideal for OEM applications

Uses and advantages - fixed-field mode

1) Definiterangelimit: Fixed-field sensors have a defined cutoff point at the far end of their range. Even highly reflective

background objects may be ignored.

2) Height differential: Fixed-field sensors may be used to verify the presence of a part
or feature of an assembly that is directly ahead of another reflective surface.

3) High excess gain: The available excess gain inside the fixed sensing field is usually
high, allowing proximity mode sensing of many surfaces of very low reflectivity

Application cautions - fixed-field mode
1) Shiny surfaces: Thebeam angleto aspecular (shiny) surface may affect thelocation
of abackground suppression sensor's cutoff point.

2) Blind spot: The optical design of most fixed-field sensors creates aminimum sensing
distance for small surfaces and for objects of low reflectivity.

D. Fiber optic modes

Fiber optic ("light-pipe") assemblies are used in addition to a photoel ectric sensor to fill
a variety of sensing requirements. The configuration of the fiber optic assembly (or
assemblies) determines the sensing mode:

A.) Opposed mode fiber optics: Opposed mode fiber optic sensing calls for two
individual fiber optic assemblies. They usually plug into the same fiber optic sensor, and
the fibers (often of unequal lengths) are routed to opposite sides of the process (Figure
B.11). However, separate emitter and receiver sensors are available, and are used when
itisinconvenient to route fibersto both sides of the process from asingle sensor (Figure
B.12). Threaded individual fibers accept lens assemblies, when needed, for increased
range and/or higher excess gain. Lensed, individual fiber pairs may be mechanically
converged for specular sensing (Figure B.13).

Fixed-field M ode:
SP100FF Sensor

Object
approaching
from front

(Side view
of sensor)

Fixed sensing field =

B.) Proximity mode fiber optics. A bifurcated fiber optic
plugs into afiber optic sensor to become a wide beam diffuse
(divergent beam) proximity mode sensor (Figure B.14). For
longer-range proximity sensing, two individual glass fiber °
optic assembliesmay beruntogether, side-by-side, and pointed
in the same direction. All bifurcated plastic fiber optics are
actually constructed in this way.

Sensor

——=

I

FigureB.11. Twoindividual fiber optic assemblies pluginto
afiber optic sensor for opposed mode sensing.

Receiver fiber

Emitter fiber
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C.)Retroreflectivemodefiber optics: (FigureB.15) Theretrore-
flective sensing modeis configured using abifurcated glassfiber
opticassembly with athreaded endtipand asmall bundlesize(e.g.
modd BT13S, 1/16" diameter bundle) plus a model L9 lens
threaded onto the sensing end.

The following procedure is used when adding a lensto a BT13S
fiber opticassemblyfor retroreflectivesensing or for extendingthe
range of opposed individual fiber assemblies (Figure B.16):

1) Illuminate the threaded end (sensing end) of the fiber optic
bundle by holding the opposite end (sensor end) toward avisible
light source(e.g. anincandescent bulb, visibleLED, sunlight, etc.).

2) Thread thelensonto thefiber optic assembly until theend of the
fiber optic bundle comesinto sharp focus as seen through the lens
(just asit would appear through a magnifying glass).

3) Finally, back-off (unthread) the lens assembly from the point of
sharpest focus by oneto three full turns. The illuminated bundle
should now appear dightly blurred.

Uses and advantages - Glass and plastic fiber optics
1) Tight sensinglocations: Thesmall sizeand flexibility of fiber
optic assemblies allows positioning and mounting in tight spaces.
The photoel ectric sensor itself may be mounted in amore conve-
nient location. Plastic fiber optics comprise the smallest group of
non-contact presencesensors. Fiber opticassembliesareroutingly
made with sensing tips as small as a hypodermic needle (Figure
B.17).

2) Inherent noise immunity: A fiber optic assembly is a me-
chanical part, and is completely immune to electrical noise (RFI
and EMI). Fiber optics allow the electronics of asensing system
to be kept isolated from known sources of interference.

3) Explosion-proof design: Fiberscan safely pipelight into and
back out of hazardous areas. However, the photoel ectric sensor
itself must be kept outside of the explosive environment, unlessit
isamodel SMI912F or SMI912FP intrinsically-safe sensor.

4) Vibration and shock: Optical fibers are very low in mass,
enabling fiber optic assembliesto withstand high levels of vibra-
tion and/or mechanical shock. This characteristic makes fiber
optic sensors afrequent choicefor applications on punch presses,
vibratory feeders, and other types of heavy machinery.

5) Custom sensor design: Itisrelatively easy, fast, andinexpen-
siveto makeaspecid fiber optic assembly tofit aspecific sensing
or mounting requirement.

Application cautions - Glass and plastic fiber optics
1) Sensingsystemcost: Fiber opticsalwaysadd costtoasystem,
since afiber optic assembly isawaysapart in additionto abasic
photoel ectric sensor.

2) Excessgain: A large percentage of the sensing light energy is
lost when coupling light to and from afiber. Fibers also "leak"
some light along their length. As a result, sensing ranges are
relatively short and excess gain levels are generally low.

FigureB.12. Separate fiber optic
emitter and receiver sensors

are used for long-distance
opposed mode sensing.

Receiver <

Figure B.13. Lensed individual fibers may be converged for

specular sensing.
%\@5

Emltter flber

o1

Receiver fiber

e}
Sensor
asscmbly

assembly

Shiny material

|

FigureB.14. A bifurcated fiber optic assembly is used for
proximity mode sensing.

o}
Sensor P
LA

E{ Oﬁmﬂwm:

T

o <

Bifurcated Fiber

Figure B.15. Model BT 13Sfiber optic assembly isused with
an L9 lensfor theretroreflective sensing mode.

Bifurcated Fiber Retro
(typ. 1/16 Diameter bundle) target
]
Ak N S
Sensor T IR W”l-'
&) Lens assembly
-

Focus lens on end
of fiber bundle

FigureB.16. Adjustment of alenson afiber optic assembly.

End of Fiberoptic Bundle

Lens Housing
,/nlummate Opposite End

5/16" Threaded
Sensing Tip

Focus

Focal Length of Lens
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Sensor Selection Category A - Sensing Mode

Additional uses and advantages - Glass fiber optics

1) High temperature applications: Most glass fiber optic assemblies are con-
structed to withstand continuous duty at 480°F. Fiber assemblies, using a special
bonding agent, can withstand temperatures up to 600°F. Some assembly configura-
tions can be manufactured without a bonding agent, and can withstand operating
temperatures up to 900°F.

2) Extremesensingenvironments: A glassfiber opticassembly canbeconstructed
tosurvivemechanically inareasof corrosivematerialsand/or extrememoisture. The
low mass of the glassfiber strands, themselves, allowsafiber assembly to withstand
high levels of shock and/or vibration.

Figure B.17. Fiber optic assemblies may
be terminated in needle-like probes.

3) Shaping of effectivebeam: The bundle of glass fibers often can be terminated
on the sensing end to match the profile of asmall object. Thiscan increase sensing
contrast and ease sensor response requirements.

Additional application cautions - glassfiber optics
1) Fiber breakage: Glassfiber strandsfractureif bent too sharply or if repeatedly flexed. Contact of the sensing tip with an abrasive
material may result in aseriouslossin sensing performance. Glass fiber optic assemblies generally cannot be repaired or shortened.

2) Radiation: Glassfiberstend to darken and lose their light transmission propertiesin the presence of heavy X-radiation.

Glass fiberoptic model numbering scheme

Themodel numbersused for glassfiber optic assembliesconsist of
numbers and letters that describe the style of fiber assembly, the
type of end tip, the diameter of the glassfiber bundle, the overal
assembly length, and the type of outer sheath. A model number
suffix callsout special modifications. A general understanding of

Sensing end tip style
(oneto five letters)

| AT 2
Assembly style
(one or two letters)

Flrst Letter(s): assembly style
Bifurcated: emitter and receiver to one sensing point
Individual: emitter and receiver to two sensing points

Second L etter(s): sensing tip end style

n
A = Angled tip (90 degrees)
F = Ferruled (3/16" dia. x 1/2" long) tip; same as sensor end tip
M = Miniature (.059" dia. x 1" long sensing tip)
P = Probe(.090" dia. x 3" long); bendable tip
R = Rectangular bundle termination
T = Threaded (5/16"-24 x 1-1/2" long); brass end tip
First Number: fiber bundle diameter
44 = 027 inch (0,7mm)
.5 = .032inch (0,8mm)
.75 = .046inch (1,2mm)
1 = .062inch (1,6mm)
1.5 = .090inch (2,3mm)
2 = .125inch (3,2mm)
25 = .156inch (4,0mm) - maximum bundle diameter

Overdl length

Bundle diameter
(in 1/16ths of an inch)

the model numbering scheme makes it possible to describe and
specify aspecia fiber in most situations.

A very abbreviated form of the Banner glassfiber optic numbering
schemeisgivenhere. For thecompletenumbering scheme, seethe
Banner product catal og.

Modifications
(suffix may be any length)

3SX X

(feet)

Sheathing material

Second Number: overall length
The second number calls out the length of the fiber optic assembly in
feet. Fractional amounts are possible: for example, 1.5 = 18 inches.

Third Letter: sheathing material

S = Stainless steel flexible conduit (maximum fiber protection)
P = PVCwith monocoil reinforcing wire
L = Siliconerubber tubing (maximum flexibility, minimum fiber

protection
T = Teflon tubing (maximum chemical resistance, minimum
flexibility
H High-density polyethylene (maximum electrical isolation,
minimum flexibility)
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Table B-7. Fiber Optic Mode Sensors

- ' Supply Voltage Glassor
SSS,ISS?”QSJ,{]‘S‘; & Output Response Plastic Sensor M odel Featuresand Uses
(E/M = electromechanical) (ms = milliseconds) Fibers
OMNI-BEAM ™ Choice of 2ms on/off Glass OSBF Infrared beam; high speed
power block:
10to 30V dcor i :
120, 220. or 240V ac 15ms on/off Glass OSBFX Infrared beam; high excess gain
Solid-state output 2ms on/off Plastic OSBFP Visible red beam; high speed
* 2410 240V ac or Glass OSEFX OEM design; infrared beam
SIES'FOBS?AV rglc 20ms on/off
output v Plastic OSEFP OEM design; visible red beam
Infrared beam; short range;
_ Glass OASBF analog output
Choice of 63% of any irared b |
power block: 0 nfrared beam; long range;
NOTE: 2-part assembly 15to 30V dcor OUtPl:'t Glass OASBFX analog output
requires sensor block and 120, 220, or 240V ac transition
P16 ey bo g, occurs within Glass OASBEV Visible red beam; analog output
Solid-state output 1ms
Plastic OASBFP Visible red beam; analog output
MULTI-BEAM® 1ms on/off Glass SBEF1 & SBRF1 | Infrared beam; high speed opposed
Choice of Glass SBEXF & SBRXF1 | |nfrared beam; long range opposed
power block: 10ms on/off . .
10to 30V or Glass SBFX1 Infrared beam; high excess gain
48V dc or
1ms on/off Infrared beam; high speed
12, 24, 120, or Class SBFL o
240V ac 0.3ms on/off Glass SBFIMHS Infrared beam; very high speed
Solid-state or o
Glass Visible red beam
NOTE: 3 part aseamly E/M relay output 1ms on/off SBFVI
requires scanner block, er .
E?%lé,rm L(l)(geir%[anyolgig\llé?ow Glass SBEVG1 Visible green beam; color sensing
timing logic.
l%’_v%,izr% ﬁgg%gc 10ms on/off Glass 2SBF1 Infrared beam; 2-wire hookup
MAXI-BEAM® RSBEF &
Glass RSBRF Infrared beam; long range opposed
Choice of 03,1, 0r
. 10ms
power block: .
10 to 30V dc or Glass RSBF Infrared beam; general use
120, 220, or 240V ac
. 1ms on/off Glass RSBFV Visible red beam
NOTE: 3-part assembly E/?/?l :.gl-State or
requires sensor block, power ay output
block, and wiring base. 1ms on/off Plastic RSBEP Visible red beam

Optional timing [ogic may be
aded

B-20




Sensor Selection Category A - Sensing M ode

Table B-7. Fiber Optic M ode Sensor s (continued)

_ Supply Voltage Glassor
Family & Output Response Plastic Sensor M odel Featuresand Uses
(E/M = electromechanical) (ms = milliseconds) Fibers
SMA9LEF &
VALU-BEAM® 10 tq 30V dc imig?f/ Glass SMOIRE Infrared beam; long range opposed
Solid-state
bi-polar output 4ms on/off Glass SM912F Infrared beam; general use
: 2410 250V &c Glass SIVSI'I\“;IQZ%AE;.I%F Infrared beam; long range opposed
vt Solid-state output 8ms on/off
i 2-wire hookup Glass SM2A912F Infrared beam; general use
1210 28V acor dc Glass SMWO915F Infrared beam; general use
SPDT E/M relay 20ms on/off : —
output Plastic SMW915FP Visible red beam
90to 130V ac Glass SMAOQ15F Infrared beam; general use
20ms on/off
SPDT E/M rel .
output Plastic SMA915FP Visible red beam
21010 250V ac Glass SMB915F Infrared beam; general use
SPDT EMM rdl 20ms on/off
output Plastic SM B915FP Visible red beam
MINI-BEAM® Glass SM 312F Infrared beam; high speed
10to 30V dc
Solid-state 1ms on/off Glass SM312FV Visible red beam
bi-polar output
Plastic SM312FP Visible red beam
2410 240V &c Glass SM2A312F Infrared beam
Solid-state output 4ms on/off
2-wire hookup Plastic SM2A312FP Visible red beam
ECONO-BEAM ™
Glass Infrared beam
- 10to 30V dc SE612F
My 10ms on/off
/ Solid-state
e bi-polar output Plastic SE612FP Visible red beam
SM512 Series
1ms on/off Glass SM512L BFO Infrared beam; high speed
‘%\ 10to 30V dc
Pl Solid-state output
SN pu SM51EB6FO & Infrared beam;
3 10ms on/off Gloss SM5IRB6FO very high excess gain
Used with Glass or
Remote Sensors lifi Response Plastic Sensor Model Features and Uses
Amp imers (ms = milliseconds) Fibers
LR/PT Series
- ™
M o e | 1mson/off L R400 & Infrared beam
Glass PT400 Fast response
High excess gain
MAXI-AMP™ 03,2, or (used with Banner Hermetically sealed lenses
: A model FOF-400
CM Series 10ms fiberoptic fittings)
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Additional uses and advantages - Plastic fiber optics
1) Cut-to-length: Most plastic fiber optic assemblies are made with the sensor end
left unterminated, and are supplied with a cutter.

2) Flexibility: Unlike their glass counterparts, plastic fiber optic assemblies are
constructed to withstand many thousands of flexing cycles. Some models are pre-
coiled for millions of cycles on reciprocating mechanisms (Figure B.18).

Additional applications cautions - Plastic fiber optics
1) Temperatur e extremes: Temperatures below -20°F will cause embrittlement of FigureB.18. Someplasticfiber opticassem-
the plastic materials, but will not cause transmission loss. Temperatures above blies are coiled for use in applications re-

+160°F will cause both transmission loss and fiber shrinkage. Snuci)triigr? repeated bending or reciprocating

2) Chemical resistance: The acrylic core of the monofilament optical fiber will be
damaged by contact with acids, strong bases (alkalis), and solvents. The polyethylenejacket will protect the fiber from most chemical
environments. However, materials may migrate through the jacket with long-term exposure.

Plastic fiber optic numbering scheme

Thefollowing is an explanation of the numbering scheme used to specify Banner plastic fibers. The example isfor model PBP46UC.

PLASTIC FIBER FAMILY PBP46 UC CONTROL END designator
designator (same for al plastic fibers) aya ~ (describes end of fiber which
/ attaches to the sensor):
STYLE designator: SENSING END designator: COREFIBER  FIBERLENGTH U =Unterminated*
| = Individual fiber U =Unterminated A =Angled  DIAMETER designator: UC = Coiled cable
B = Bifurcated fiber F = Ferruled P =3.5" probe designator: 6=6ft.
T = Threaded 2=.020" (0,5mm)

4= 040" (1,0mm)

*Plastic fibers having the letter "U" in the suffix of their model numbers have unterminated control ends, and may be cut by the customer to the required
length. Use cutters supplied with fiberoptic cable. Individual plastic fibers are sold in pairs.

2. Ultrasonic proximity sensing mode

Uses and advantages - ultrasonic proximity mode
1) Long-rangeproximity sensing: Electrostatic-typeultrasonic proximity detectorsareableto senselargetargetsat upto 20 feet away.
By comparison, the maximum range of high-powered diffuse mode photoel ectric proximity detectorsis about 10 feet.

2) Sensingisnot dependent on surfacecolor or optical r eflectivity: Anultrasonic proximity detector’ sresponsetoaclear glassplate
is exactly the same asto ashiny stedl plate.

3) Sensing repeatability: Ultrasonic proximity mode sensors
with digita (switched) outputs have excellent repeat sensing

accuracy along the scan direction. Switching hysteresisis rela- F \izgilgdeol\?v'iig'" Sfoegzﬁr“;”asonic proximity sensors have a
tively low, making it possible to ignore immediate background 9 '

objects, even at long sensing distances. L Sensing Range |
4) Analog response: Theresponse of analog ultrasonic proxim- Near Limit

ity sensors is highly linear with sensing distance. This makes

ultrasonic sensorsideal for many level monitoring or linear motion E} \§ N
monitoring applications. ALANMMMININ
Analogresponsemakesit possiblefor an ultrasoni c sensor tosense L_Smglvmv.‘
withinawindow (Figure B.19), where a near and afar sensing %7

The width of the sensing window may be increased or decreased

I|m|t areﬂa)ta’j ThIStype Of %ﬂs ng ISC(;“ed \NI ndO\M ng_ |t iS and the window may be located anywhere within the sensing range.
sometimes referred to as ranging.
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Sensor Selection Category A - Sensing Mode

Table B-8. Ultrasonic Proximity Mode Sensors
- ' Supply Voltage Sensin
SSgIrISg(r)nthlrgﬁt; & Output Response Rangeg Sensor M odel Features and Uses
(E/M = electromechanical) (ms = milliseconds)
OMNI-BEAM ™ 105 to 130V &c, Requires OPBA5 power block
Programmable for ON/OFF or
SPDT E/M relay HIGH/LOW level logic
210 to 250V ac, .
0to +10V Program- 4to 26 inches Requires OPBB5 power block
SPDT E/M relay mable .
1510307 de from adjustable OSBUSR
0t0 +10V dc andlog 25ms- up mggv% Requires OPBT3 power block
105 to 130V ac, i
0t0+10V dc analog Requires OPBA3 power block
210 to 250V ac, Requi PBB lock
010 +10V de analog equires O 3 power bloc
ULTRA-BEAM™| 10510 130V ac, i i
SPDT E/M relay o0 . 20 inchestn SUA925QD Very long reflective sensing
210 t0 260V 20, ms oo 20 feet Best choice for large bin level
SPDT E/M relay SUB925QD sensing
18to 30V dc, Sensing
analog output window of any SU923QD
depth may be 0 to +10V dc analog output
105 to 130V &c, placed
analog output 100ms anywhere SUA923QD or
within sensing
range of 0 to 20mA analog output
210to 260V ac, 20 inchesto SUB9230D
analog output 0 feet Q

Application cautions - ultrasonic proximity mode

1) Sensitivity to sensing angle: Ultrasonic proximity sensors
must view a surface (especially a hard, flat surface) squarely
(perpendicularly) in order to receive enough sound echo. Thisis
especialy true of short-range piezoelectric types. Also, reliable
sensing requiresaminimumtarget surfacearea, whichisspecified
for each sensor type.

2) Minimum sensing range: Most ultrasonic proximity sensors
have aminimum specified sensing distance. At closer range, itis
possiblefor adouble-bounce echo (sensor-to-target-to-sensor-to-
target-to-sensor) to be falsely sensed.

3) Affectsof ambient changes: Changesinthesensingareasuch
as temperature, pressure, humidity, air turbulence, and airborne
particles affect ultrasonic response. However, thesevariablesare
usually noticed only in distance measurement applications, or in
ranging applications where the sensing window is small.

4) False response to background noise: Ultrasonic sensors
evaluate a series of ultrasonic impulsesinstead of asingle pulse.
This gives them good immunity to the harmonics of background
noise. Even so, any ultrasonic sensor islikely to fasely respond
to someloud noises. The"hissing" sound produced by air hoses
and rdlief valvesis particularly troublesome.

5) Slow response: Ultrasonic proximity sensors require time to
"listen” for their echo and to alow the transducer to stop ringing
after eachtransmissionburst. Asaresult, sensor responsetimesare
typically slow, at about 0.1 second. Thisisusualy not adisadvan-
tageinmost level sensing and distance measurement gpplications.
Extended response times are advantageous in some applications.
Infact, SonicOMNI-BEAM ™ sensorsareprogrammabletoallow
additional response time where needed.

6) Effectsof target density and surfacetexture: Targetsof low
density, like foam and cloth, tend to absorb sound energy. Some
materials may not be sensed at longer range.  Smooth surfaces
reflect sound energy more efficiently than rough surfaces; how-
ever, the sensing angle to a smooth surface is generally more
critical than to arough surface.
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3. Application-specific sensng modes
A. Optical Edgeguiding

Therearemany approachesto edgeguide control of web or sheet materials. One
of the most compact optical edgeguide systems takes advantage of the self-
contained design of MULTI-BEAM sensors. The MULTI-BEAM Optical
Edgeguide System consists of two sensors (Figure B.20). One sensor isplaced
on each side of the material or web being edgeguided. The two sensors have
identical makeup, consisting of:

Scanner block - 3SBG

Logic module - 3LM5-14

Power block - 3PBA or 3PBB.

Power block 3PBA isfor 115V ac operation and model 3PBB is used for 220/
240V ac applications. The componentsfor Optical Edgeguide System sensors
are unique and do not interchange with the components used in other MULTI-
BEAM sensors. Thecomponentsof the Optical Edgeguide Systemareidentified
by the number "3" intheir model number prefix. An Optical Edgeguide System
sensor is usualy purchased pre-assembled, with all three sensor components.
The model number for the 115V ac sensor is 3GA5-14; the 220/240V ac unitis
3GB5-14. A quantity of two of either model number isrequired for acomplete
system.

A pair of Optical Edgeguide Sensors look the same as any opposed mode
MULTI-BEAM emitter-receiver pair. However, each Optical Edgeguide Sys-
tem sensor containsamodul ated emitter that issensed only by thereceiver of the
opposing unit. Thescanner block workstogether with the power block such that
the emitter isgated "on" only during positive half cycles of the 50/60Hz sensor
supply power, and therecelver isgated " on" only during thenegative half cycles.
The opposing sensor operates the same way, except that it iswired with power
leadsL 1and L 2reversed fromtheway they areconnectedto thefirst sensor (see
Figure B.21). Asaresult, the emitter of sensor A will only operate the receiver
of sensor B, and vice-versa.

This synchronization of the two sensors prevents unwanted crosstalk, while
permitting very high excess gain. The high level of excess gain may be put to
work in very dirty environments. The Optical Edgeguide System may be used
for edgeguiding of sanding belts and conveyor beltsin sawmills.

The logic module includes both ON- and OFF-DELAY timing functions. The
ON-DELAY works to ignore short-term "nuisance" signals, and the OFF-
DELAY permits acontrolled amount of timed correction.

The logic modules have a LIGHT/DARK OPERATE programming jumper.
Typically, theinboard receiver isprogrammed for LIGHT OPERATE, and the
outboard receiver is programmed for DARK OPERATE. Inthisway, theedge
being guided is properly positioned in the deadband between the two sensing
beamswhen one beam isinterrupted and the other isnot. The spacing between
thetwobeamsisfixedat 1/2inchand thisbecomesthedeadbandfor edgeguiding.
If tighter control isrequired, the two sensors may be mounted at an angleto the
edge of the material so that the effective beam spacing is reduced to 1/2 inch
multiplied by the cosine of the angle (Fig. B.22).

The power block output has the same 3/4 amp solid-state switch used in the
standard MULTI-BEAM ac power blocks. This switch will operate most ac
solenoids, relays, or ac inputsto programmable logic controllers (PLCs).

The Optical Edgeguide Systemisahighly reliable edgeguiding system, butitis
basically an opposed system and cannot be used for guiding transparent or

FigureB. 20. MULTI-BEAM® Optical
Edgeguide System in use.

Photo courtesy of Timesavers, Inc.

FigureB. 21.
The" secret” of the MULTI-BEAM Optical
Edgeguide System isin the wiring.

Typical Wiring Diagram

L1

“Hot" L2

Neutral

120V ac

3GAS-14
Dark

Operate Correct Left

Solenoid
OJ\/-()—D

3GAS-14
Light
Operate

3| 4
1 2

Correct Right
Solenoid

oA\ ot

3] 4
2] 1

FigureB. 22. The" deadband" may be reduced
by mounting the sensors at an angletothe
material edge.
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@ Receiver
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la— Reduced “deadband”
using skewed scanners

-

ormal movement of material

tranducent materials. The warnings do apply that
go aong with high excess gain and "burn through"
of thin materials like thin paper webs or opaque
plastic sheets.
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When opposed mode sensors cannot be used for edgeguiding,
convergent mode sensors should be considered. A pair of self-
contai ned convergent mode sensors, with ON- and OFF-DELAY
logic ingtalled, is a good substitute for the Optical Edgeguide
Systeminthese situations. Thesmall sensing areathat isdefined
by aconvergent beamlensing systemoffersgoodtoexcellentedge
position sensing repeatability. The focused sensing energy of
convergent beam sensors minimizes the potential for optical
crosstalk between two sensorsthat are mounted on the same side
of thematerial being guided. The MULTI-BEAM offersconver-
gent mode scanner blocks with very high excess gain (models
SBCX1, SBCX1-4, and SBCX 1-6) that overcome signd attenu-
ation due to dirt, clear materials, or non-reflective materias.
Model SBCX1 will even reliably sense aflat black material.

Edgeguiding systems often include limit sensors. Limit sensors
are located to the right and/or left of the deadband to trigger a
shutdown if the material ever moves too far outside of the
deadband (Figure B.23). Timing logicisusually not required for
limit sensors because shutdown is most often an immediate
command if the material ever crossesthe limit.

Sometimesit is desireable to "jog" the material back toward the
center of the deadband. This is easily accomplished using the
model EG-2 Edgeguide Control Module. The EG-2 acceptsthe
outputs from two dc self-contained sensors or component sys-
tems. TheEG-2 hastwodc-level outputs(correct right and correct
left) that are usually connected to the correction mechanismsvia
aninterposingrelay. Theoutputsof theEG-2 arepulsetrainswith
adjustable pulse width and period. Figure B.24 shows atypical
edgeguide system that usesthe EG-2 modulefor correctionlogic.

B. Optical Data Transmission

Datacommuni cation between system componentsand their host computer istypically
transmitted by wire or by fiberoptic datalink. However, there are situationswhereit
isinconvenient or impossible to physically connect to (or between) system compo-
nents. Examples include communication with remote controlled rail-mounted
systems such as overhead cranes, and transfer of datato and from automatic rotary
index tables. Intheselocations, datamay betransferred acrossan areaviaan opposed

mode photoel ectric emitter-receiver pair.

The MULTI-BEAM Ogptical Data Transmitter System provides
asimpleand very economica method for transmittinglogic-level
datausing amodulated light beam. The datatransmitter, model
EM3T-1M, congists of a special MULTI-BEAM scanner block
(model SBEM3) and dc power block (model PBT-1M). The
emitter usesamodulatedinfrared carrier light signal thatisgated
"on" and "off" by thedatasignal. Thedatasigna isappliedtoan
optical coupler inthe power block. Thecarrier light isinhibited
(turned "off") when voltageis applied to the optical coupler.

Thedatareceiver, model R1T3,iscomposed of standard MULTI-
BEAM components. scanner block SBR1, power block PBT, and
logic module LM 3. Theoutput isan open-collector NPN transis-
tor that follows the data stream as input to the emitter. The
LIGHT/DARK operate jumper of the logic module is used to
program the output so that a logic "1" is represented by the
presence or the absence of the carrier light from the emitter.

Sensor Selection Category A - Sensing M ode

FigureB. 23. "Limit sensors' are sometimes used in edge
guiding for shutdown if
the material movestoo
far beyond a dead band
boundary.

— Right limit
(alarm & shutdown)

Figure B. 24. Logic module model EG-2 provides" jogging"”
correction signals.

Correct outward

Correct inward I

Logic (as shown): =

Neither beam blocked = Jog

outward Note 3: Any dc self-contained sensors may be substituted for
MINI-BEAM sensors (shown).

g outputs (black wires) a

Both beams blocked = Jog inward
Note 4: Inputs may, instead, be outputs of component
amplifer

modules (e. g. - MAXI-AMP or MICRO-AMP

Inboard beam blocked & outboard

FigureB. 25. Optical datatransmission
concept.

DATA STREAM

e ren
———

EMT3-1M R1T3

Datamay betransmitted over adistanceof upto 200feet (inaclean
environment). The data rate (BAUD rate) is limited by the
modulation frequency (30 kHz) and by the receiver response
speed. Theresponsetimeof theR1T3receiveris1millisecondon
and off (lightand dark). Thisresultsinatheoretical maximumdata
rate (assuming a square wave) of 500 BAUD, suggesting a
maximum practical datarate of 300 BAUD. Thereceiver may be
factory modified for 0.3 millisecond response (3 times faster).
However, this modification comes at the expense of a 50 percent
reduction in excess gain.

Dataratesof upto 9600 BAUD (andfaster) arepossibleusingnon-
modulated data transmitters manufactured by companies that
specidizein optical datalinks. However, these systemsare much
larger in size (due to very large lenses), require exact alignment,
andtypically cost 50 timesmorethanthe MUL TI-BEAM Ogptical
Data Transmitter System.
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C. Measurement Light Curtain

Applicationsthat call for measurement or profiling of an object asit passes
an inspection point are handled by an array of opposed beams. Whenever
two or more opposed beams are placed on close centersto one another, the
potential existsfor optical "crosstalk". Thismeansthat areceiverinthearray
may recognize the light from an emitter other than its own, thereby pro-
viding false measurement information. Optical crosstalk may be
eliminated by multiplexing the emitters and receivers in the array.
Multiplexing isaschemeinwhich an electronic control circuit interrogates
each sensor pair of anarray in sequence. "True" photoel ectric multiplexing
enables each modulated emitter only during the time that it samples the
output of the associated receiver.

The BEAM-ARRAY ™ isan example of amultiplexed measurement light
curtain in a self-contained configuration (Figure B.26). The BEAM-
ARRAY isavailablein 1, 2, 3, or 4 foot lengths, with sensing beams placed
on l/4inch centers. Resolution may beincreased from 1/4inch by tilting the
array at anangletotheplaneof measurement (FigureB.27). Theemitter and
receiver units may be placed up to 10 feet apart from each other.

Measurement of an object may be accomplished using the 0 to +10V dc
sourcing analog output of the BEAM ARRAY , whichisproportional to the
number of beamshblocked. Dataneeded for profiling of amoving object (in
one plane) may be gathered from the logic level seria data stream output.
Sizing of an object, as with boxes on a conveyor, may be accom-
plished using threeBEAM-ARRAY systems(FigureB.28). Also, alogic
level "trip" output is available for applications, such as part gection
verification, where an output is required if any one (or more) of the beams
isinterrupted.

The BEAM-ARRAY may be wired for either continuous scanning of the
array or on-demand scanning, ascontrolled by acomputer. Therateof scan
may alsobecontrolled, either internally or externally. TheBEAM-ARRAY
also features rugged NEMA-12 construction, and is supplied with anti-
vibration mounting brackets.

A second dternative is to use a BEAM-ARRAY Controller (BC2A or
BC2B) or Serial Control Module (BC1T) in conjunction with the BEAM-
ARRAY sensors. Thesesystemsmay beconfiguredto"watch' for specified
scanning beam conditions and to control a solid-state output switch and/or
output thescan dataviaabuilt-in serial interfacetoacomputer or PLC. The
BC2A and BC2B have four on/off outputs and two analog outputs. The
BCLT isdesigned to transmit scan data to a computer or PLC, and has no
switching outputs. A gate sensor input isincluded on al models. These
systems are idedl for avariety of profiling and inspection applications.

Still another approachto creatingameasurement light curtainusesspecialy-
designed MINI-BEAM emitter-receiver pairs and the model MP-8 multi-
plexing module (Figure B.29). This approach alows alight curtain to be
customized for exactly the areaand resolution that isrequired. The MINI-
BEAM pairs are mounted to create the required sensing pattern, and up to
eight pairs are wired to one MP-8 (Figure B.30). The MP-8 controls the
multiplexing of the individual emitter-receiver pairs. Two or more MP-8
modules may be run together either in seriesor in paralel.

The MP-8 offers eight separate sinking (NPN) outputs (onefor each beam

FigureB. 26. Banner BEAM-ARRAY ™
multiplexed light curtain.

~ Emitter

Figure B. 27. The measuring resolution of the
BEAM-ARRAY may beincreased by tilting the
array with respect to the measurement plane.

Figure B. 28. Objectsmay be" sized" by using
three BEAM-ARRAYSs.
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condition) that are used to supply datato the system’s computer or process controller. The array may be clocked either internally or

externally.

TheMINI-BEAM sensorsfor usewiththe M P-8 areemitter modelsSM31EM or SM31EML (longrange) and thereceiversare SM31R

or SM31RL. TheMP-8alsoworkswith SM51EB and SM51RB, which havemetal housings, or withtheMULTI-BEAM Optical Data

Transmitter and receiver pair (see Figure B.25).
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FigureB. 30. The MP-8 allowsthe building of a custom
light curtain.

£< %, Emitters

Receivers

FigureB. 29. Banner MP-8 Multiplexer Module.

D. Parts Sensing Light Curtains

Light curtainsareoftentheperfect sol utionto applicationsthat requirepartssensing or part  ectionverification, and areespecially useful
when partspassrandomly throughanarea. Theoutput of aparts-detectionlight curtainisenergizedwhenever oneor moreof thecurtain's
sensing beamsisbroken. Thesesensorsareofteninterfaced to countersfor partscounting applications. BMLV Seriesretroreflective
light curtain systems are designed for large-parts detection and counting, and are also useful in many wharehousing
applications such asload overhang detection. LS10E/R Light Screensareuseful for detecting smaller parts passing through asmaller
area.

BMLYV systemsconsist of aretroreflective sensor array and ahigh-graderetroreflective tape reflector (below, left). These systemsdo
not require external controllers or control modules.

BMLYV arraysareavailableinlengthsof 1, 2, 3, and 4 feet. Maximum sensor-to-reflector spacingisconservatively rated at 10 feet when
BRT-THG-3reflective tapeisused. Based on these figures, asensing areaup to 4' x 10' may be created. The system will respond to
objects falling through this sensing area at any point. The minimum object cross section needed for reliable detection is 2 inches.

L S10E/R Light Screens (below, right) generate an opposed mode sensing curtain 3.5 inchesin height. Depending upon the mode,
thewidthof thesensing area (distance between emitter and receiver) may be either amaximum of 8 or amaximum of 48inches.
Minimum object detection profileis 0.1 or 0.2 inches, depending upon the Light Screen model.

WARNING: Partssensing light curtainsare NOT suitable for personnel safety applications.

FigureB.31. Partssensing light curtains

Towels, sheets, ete.

BMLYV Series Light Curtain
counting towelsin an
automated laundry

-Retro BEAM—ARRAY

Retroreflective —,
Target

LSI0E/R Systemin a parts
ejection verification application
on a blanking press

Instead, consider Banner MACHINE-GUARD and PERIMETER-GUARD Systems, page B-35. B-27



E. Count Totalizing

The 990 Series VALU-BEAM™ is a self-contained photoel ectric sensor with a
built-in 6-digit LCD totalizing counter (Figure B.32). It isthe most compact and

economical approach to non-contact counting applications.
990 SeriesVALU-BEAMsareofferedinbothlongandshortrang

Opposed mode sensing should be used for parts counting whenever possible (see

discussion of opposed mode sensing advantages, page B-3).

The 990 series offers visible retroreflective sensors with and without an anti-glare
filter. Theretroreflectivemodewoul dtypically beused onaconveyor systemwhere
it is impractical or impossible to install opposed mode sensors.  An infrared

retroreflective version, model SMA99O0LT, is available th

designed for counting peopl e passing through adoorway or turnstile (Figure B.33).
Model SMA990LT includes a short delay to avoid multiple counts per person.

A convergent modemodel isavail ablefor counting transparent or
tranducent objects. The convergent mode s particularly useful
for counting of radiused clear glassor plastic bottles. The sensor
is positioned to "see" light from the near point on each
bottle, andtogodarkinthe"valley" between adjacent bottles(see
Figure B.8).

The 990 Series also offers fiber optic modelsfor both glass and
plastic fibers. Opposed fiber optics are used extensively for
counting small partsin otherwiseinaccessibleareasof machines,
orinareasof extremevibration, such asonvibratory feeder bowl
tracks.

SMA990 Series sensors wire directly to either ac or dc voltage
(thereisno output). Thevoltage rangeisvery wide (10 to 250V
ac, 12 to 115V dc) to fit into any wiring situation. The count is
reset by touching the top of the sensor with a permanent magnet
or by removingandre-applyingpower. Modelsarealsoavailable
that retain the count during periods of power loss or shutdown.

eopposed models.

at is specifically

FigureB.32. A VALU-BEAM®990 Series
sensor isacompletetotalizing system.

FigureB. 33. The SMAQ9OLT isaretroreflective model
designed specifically for " people counting"” .

Retro
@/> target

SMA9SOLT
People

counter

Table B-9. Sensorswith Built-in Totalizing Counters
Self-contained ; Sensing
Sensor Family Sensing Mode Range Sensor Model Notes
Use SMAO9LE emitter;
VAL U-BEAM ® | Long range opposed 200 feet SMA99R 0.5" diameter effective beam
990 Series .
Use SMA91ESR emitter;
Short range opposed 10 feet SMA99RSR 12" diameter effective beam;
Wide beam angle (forgiving alignment).
re\t/rlos;gfl IGGE ﬁ(\j/ o 30 feet SMA990L V For general retroreflective application
Polarized Anti-glare (polarizing) filter to minimize
retroreflective 15 feet SMASOLVAG unwanted reflections from shiny objects
Infrared Built-in delays;
retroreflective 30 feet SMAQIOLT Designed for "people counting"
Visible red focus at - .
convergent 15inch SMA990CV .06" diameter sensing spot
Glass fiber optic (see catalog) SM A990F For al glass fiberoptic assemblies
Plastic fiber optic | (see catalog) SMA990FP For all plastic fiberoptic assemblies
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F. Clear Plagtic Detection

There is a strong warning to not use opposed mode sensors for
sensing of transparent materials. However, there is one definite
exception to that rule. The MINI-BEAM® Clear Plastic Detec-
tion System consistsof aspecial emitter andreceiver withaunique
optical arrangement that actively detects the presence of a clear
plastic materia in the beam (Figure B.34).

When aclear plastic material isintroduced in thebeam, thereisa
dramatic increase in the intensity of the light that reaches the
receiver. Thisincreaseison the order of 10to 1 or more. There
is no need for critical sengtivity adjustments. Clear plastic is
reliably detected and differentiated from all other materials.

Most transparent plastics, whether clear or colored will be de-
tected. There are afew materias, however, (e.g. some acrylics)
that will not be detected dueto their molecular structure. Thiscan
be used as a benefit to sort between some different types of clear
plastic materials.

Some common applicationsincludethoseinvolving themanufac-
ture or reclamation of plastic bottles and the processing of clear

Sensor Selection Category A - Sensing Mode

FigureB. 34. Banner MINI-BEAM® Clear Plastic
Detection System.

plasticwebs. Thissystem may al so beused toinspect clear plastic containersfor label, cap, or product presence. Infact, becausealight
signal is established through a clear plastic container only when thereisamissing item, there is usually no need for an interrogation

scheme.

The MINI-BEAM Clear Plastic Detection System is available in either ac or dc powered models.

G. Ambient Light Detection

Thebiggest benefit of amodul ated receiver isitsability to reject
all ambient light and respond only to its own modulated light
source. However, there are severd categories of photoelectric
sensing applications that require detection of non-modulated
light. For example, massive materials, like metals, glass, or
thick-walled plastics emit infrared energy when they are hot.
These materials may be detected directly by an ambient light
receiver (seefigureA.7).

The MULTI-BEAM® family offers three models of sdlf-con-
tained ambient light receiver. Scanner block model SBARLis
for general applications (Figure B.35). Model SBAR1GH isa
high-gain (more sensitive) version. Model SBAR1IGHF isaso
a high-gain version, with the hardware to attach an individual
glassfiber optic assembly. Fiber opticsareuseful for sensingin
tight areas and where the amount of heat at the sensing point
exceedsthe 70°C (158°F) limit of the scanner block.

Anambient receiver may be used as an opposed mode receiver,
wherethelight source isthe factory lighting. For example, the

Figure B.35. Two MULTI-BEAM Ambient Light Receivers
(at upper right) detect passage of red-hot steel in a steel mill.

receiver may bemounted underneath aroller conveyor, and directed up at the overhead lighting (Figure B.36). All objectspassing over

thereceiver will be sensed asthey cast their shadow.

Ambient receiversareused to sensedaylight for control of lighting and other functions. Themodel LM5-14 ON and OFF-DELAY timing
logic moduleis used for daylight sensing applications. Ambient light receiver scanner blocks work together with al MULTI-BEAM

3 & 4-wire or 2-wire power blocks and logic modules.

These ambient light recelvers use a phototransistor as the sensing element. Asaresult, they respond very well to the infrared energy
radiated by hot materials and the red-orange light emitted by red-hot objects (see Figure A.6, Spectral Response of Phototransistor). A
specid version may bebuilt with the phototransi stor replaced by aphotocell for sensing green, blue, or ultraviol et energy (e.g. agaspilot
light). However, in applicationswhere ultraviol et light isto be sensed, the use of glassfiberoptics should be avoided (see Figure A.16).
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Model SBAR1GH is about 20 times more sensitive to light as  Remote ambient light receivers are dso available. Models
compared to model SBAR1. It is important to remember that  PT410 (phototransistor) and PC400 (photocell) are 3/8 inch
success in ambient light detection relies not so much upon the  diameter threaded barrels that are used with B Series non-
intensity of the light source, but upon the contrast in intensity  modulated amplifiers (Figure B.37). The PC400 may be used
between the source and therest of theambient light intheviewing  withoptional lensmode! L4 (shown) to extend sensing rangeor
area. Sensing range is dependent upon both light intensity and  narrow thefield of view. High-gain amplifiers, such asmodel
contrast. B3-4, are recommended for most applications.

FigureB. 36. Boxesare sensed asthey cast their shadowson
an ambient light receiver.

Overhead —
lighting

Ambient light
recciver AN

Figure B.37. Remote sensors like models PT410 and
PC400 may be used asambient light receivers.
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H. Color Mark Detection

Color marksarealsoknown asregistrationmarks or indexmarks.
They are used extensively in packaging applications for register-
ing the cutoff of wrapping or bagging materials so that product
names and other information always appear in the same location
(FigureB.38). Color marksarea sousedintubesealing operations
(e.g. for toothpastetubes) so that theinformationthat isprinted on
the tube is consistently oriented to the seal.

Thecolor of printingink that hasthegreatest optical contrast tothe
color of the material being printed is used for the mark color.
Black-against-whiteisthebest color combinationandisrelatively
easy tosense. Sensing challengesarecreated by lightinksonlight
materialsand dark inksondark materials. Also, special considera-
tion must be given to sensor selection when sensing ared (or a
derivative of red: orange, pink, etc.) against white (or light-
colored) contrast.

A photoel ectric proximity modesensor isused for most color mark
sensing applications to sense the amount of light that is reflected
from a printed surface. However, when sensing marks that are
printed onaclear material, likeaclear poly web, thebest approach
isusualy tolet theprinted mark block thelight of an opposed mode
Sensor pair.

When using reflected light to sense color differences, it is neces-
sary touseavisibleemitter. Infrared (invisible) light may beused
only to sense differencesin reflectivity. The best source of light
for color sensing isincandescent or "white" light, which contains
all colors. However, single-color visible LEDs (see Figure A.2)
may beused effectively to sensethedifferencebetween most color
combinations. Table B.10 lists the measured contrast of various
colorsagainst whiteand against kraft, using agreen, red, white, or
infrared light source.

Visiblered LEDs emit more light and are a better spectral match
to aphototransistor, compared with green LEDs (see Figure A.6).
However, for the combination of red (or orange, or pink) against
alight color, avisiblered LED isineffective. Thisisbecausethe
amount of red light that is reflected from ared material isamost
asgreat astheamount that isreflected by awhite material. Color
mark sensors with visible green LED emitters are used to sense
most color differences in applications where low excess gain is
permitted.

Thebest opticsfor color sensing arethosewhich receivereflected
light in exactly the same pattern as the emitted light. Thisisthe
nature of arandomly-mixed bifurcated glassfiber opticbundle. It
is very important that the sensing area does not "spill-over” the
mark. Thisisimportant for optimizing optical contrast between
the color mark and the material, and from the standpoint of easing
the sensor response time requirement. The shape and the size of
thefiber opticbundl eat thesensingtipof abifurcated assembly can
be selected to match the size and the shape of the color mark.
Rectangular terminationsare often used to maximizetheavailable
excessgain(i.e. themaximumfiber areq), thesensing contrast, and
the time that the sensing image is totally contained within the
boundaries of asquare or rectangular-shaped color mark (Figure
B.39).

Sensor Selection Category A - Sensing Mode

Figure B. 38. Examplesof materialswith color registration
marks.

The divergent nature of
bifurcated fiber optic
sensing makes it rela-
tively insensitive to
movement of the mate-
riad toward and away
fromthesensor, asisthe
case with web flutter.
However, small color
differencesthat produce
poor contrast demand
that the material move
steadily (i.e. no bounc-
ing), even when using a
bifurcated fiber optic
sensing system (see
"Contragt”, Section A).

Figure B. 39. Glass fibers with
rectangular bundle terminations
are ideal sensors for rectangular
color registration marks.

Although they aremore
sengitiveto vertical ma-
terial movement, visible
convergent beam mode
sensors are often avery
good solution to color
mark sensing applica-
tions. Thesensing area
at thefocusof aconver-
gent beam sensor isusu-
ally very small (Figure
B.40). Consequently, very small color marks may sometimes be
reliably sensed. Also, a convergent mode sensor is always less
expensive than acomparabl e fiberoptic sensing system. Conver-
gent beam sensors are available with either visible red or visible
green LED emitters.

Figure B. 40. Visible convergent
beam sensors are a good solution
tomany color mark sensing appli-
cations.

If the sensor ismounted perpendicular to ashiny material, conver-
gent or diffusemaodecol or mark sensorscanbecomeoverwhelmed
by theamount of light returned from specular reflection. By tilting
the sensor away from perpendicular by 10 degrees, or more, the
specular reflection is cancelled, and the sensor is able to concen-
trate on the color contrast (Figure B.41).
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Table B-10. Color Mark Contrast Ratios Using Randomly-mixed Bifurcated Glass Fiber Optic Sensor
Contrasted against white background: Contrasted against kraft-colored background:
Color Infrared | Visiblered | Green White Infrared | Visiblered | Green White
of Mark: source source source light source source source light
(940 nm) (650nm) (560 nm) source* (940 nm) (650nm) (560 nm) source*
Bright red (magenta) 1.0 1.0 20 17 1.0 1.0 18 14
Moderatered 10 10 20 17 1.0 1.0 18 14
Deep red 14 15 23 29 10 1.0 20 16
Medium orange 1.0 1.0 13 14 1.0 1.0 1.2 13
Yellow 1.0 10 1.0 1.0 10 1.0 11 11
Y ellow-green 1.0 13 11 15 11 19 14 2.0
Medium green 1.0 27 19 30 11 25 19 31
Dark green 21 2.7 2.7 4.4 17 33 25 44
Light blue 1.0 14 15 1.9 13 1.9 15 19
Medium blue 1.0 3.0 3.0 3.6 12 33 2.3 3.7
Dark blue 15 3.7 35 50 11 2.7 25 37
Medium purple 1.0 11 24 19 1.0 1.0 21 17
Dark purple 1.0 3.0 4.0 50 11 2.7 25 4.1
Light brown 1.0 11 14 15 14 12 17 1.7
Medium brown 1.0 11 21 24 2.3 20 21 38
Dark brown 18 15 26 3.8 33 2.7 25 5.2
Light gray 1.2 13 14 17 10 12 1.2 12
Medium gray 15 17 1.9 25 25 1.8 17 2.1
Dark gray 2.0 25 2.7 4.0 3.0 25 21 34
Black 2.7 3.0 37 6.0 4.3 35 2.7 53
White 1.0 10 10 1.0 1.0 11 1.2 12
*Note: Photocell with blue-green filter is used as receiver with white light source (model FO2BG). Receiver used with all LED sources is a phototransistor.

Somecolor differences, suchaspink or light orangeagainst whiteor yellow against
light green, aretoo low in contrast for either avisible red or avisible green LED
sensor to reliably sense. For these situations, a non-modulated color sensing
system hasthe best chance of good performance. It consists of a bifurcated fiber
optic assembly, a model FO2BG fiberoptic interface, and an ac-coupled
amplifier, such as model B4-6 (see Figs. A.53 and A.54). The FO2BG uses a
special focused incandescent light source and a photocell receiver. The
signal from the photocell isfed directly to an ac-coupled amplifier that amplifies
very small changes in received light intensity, as with apassing color mark.

The sengitivity of any ac-coupled amplifier isvery high. Thisallows some very
small color contraststo be sensed; however, this high sensitivity makesthe
system likely to react to any number of unwanted changes, like material flutter or
electrica "noise". Becauseof this, theac-coupled approachto col or sensing should
be used only when it is required for response to poor color contrasts.

TableB-11 liststhe sensorsthat are availablefor color mark sensing applications.
All of the choices are capable of interfacing to adc load. AC loads are rarely
encountered because of the importance of response time and repeat accuracy in
almost every color mark registration application.

FigureB.41. Includea" skew" angletothe
sensor mounting angle when sensing color
markson a shiny material.

Line perpendicular -
to Sug‘fage \ 2

Approx. 1.5"

Shin;
Surface

Registration Marks
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Table B-11. Sensorsfor Color Mark Sensing

gg;ﬁ”&g‘ﬁﬁd Sensing Mode Sensor Model | Response Notes
y (in milliseconds)
OMNI-BEAM ™ o OSBCV: 1.5 inch focus with 0.05 inch diameter spot
- Visiblered size
. convergent OSBCV 4
A 9 Both models require a dc power block (e.g. model
OPBT2)
\§E : Visible red glass OSBEV > D.A.T.A. system LED array displays contrast
fiberoptic Both models may be programmed for low hysteresis
MULTI-BEAM® Xgrs]iv%%r;z SBCV1 1 SBCV1: 1.5inchfocus; 0.06 inch diameter spot size
~ Visible green SBCVG1: 1.5inch focus; 0.12 inch diameter spot
convergent SBCVG1 1 size
Visiblered SBEV1 1 All four models require a dc power block (e.g. model
glass fiberoptic PBT or PBP) and amodel LM3 logic module
Visible areen All four models are available modified for 0.3
glassfib(groptic SBFVG1 1 millisecond response. Specify model suffix "MHS".
MAXI-BEAM® ..
?:/c;r?vbelxegreﬁ RSBCV 1 RSBCV: 1.5 inch focus; 0.06 inch diameter spot size
Visible red Both models require dc power block model RPBT
. glas'ss'ﬁ ber fopﬁc RSBFV 1 and wiring base model RWB4.
VALU-BEAM®
S .
[ ‘ X(;rs]'v%geﬁ SM912CV 4 1.5 inch focus; 0.06 inch diameter spot size
“O
R
- ® isi
MINI-BEAM ?:/olr?vtir%g:: SM312CV 1 SM312CV: 0.65 inch focus; 0.05 inch dia. spot size
Visiblered 1 SM312CV2: 1.7 inch focus; 0.12 inch di ]
convergent SM312CV2 : 1.7 inch focus; 0.12 inch dia. spot size
Vécs)lntzlgrg;ein SM312CVG 1 SM312CVG: 0.65 inch focus; 0.04 inch dia. spot size
Visiblered All four models are available modified for 0.3
glass fiberoptic SM312FV 1 millisecond response. Specify model suffix "MHS".
SM512 Series ng&%‘;’g SM512CV1 1 1.25 inch focus; 0.04 inch diameter spot size
visibllaéercédsifo?l?/lggmt SM512DBCV 1 0.17 inch focus; 0.01 inch diameter spot size
Remote Sensors i Both models require (1) PT400 receiver, (2) FOF-
oo beroatic L R400VH 400 fiberoptic fittings, and (1) amplifier
(see note) MAXI-AMP CM Series (response: 0.3 or 2ms) or
% Visibl MICRO-AMP MA3-4 or MA3-4P (response: 1ms)
S s i) L R400VG MAXI-AMP CM Series modules are programmable
glassiiberoptic for low hysteresis.
e Requires ac-coupled amplifier:
Vlgggf? ggrngsﬁt(::en t FO2BG (see note) B4-6 (response 1ms) or
B4-1500A (response: 0.2ms)
; - Requires B3-4 amplifier or ac-coupled amplifier (see
Precise focus visible LP510CV (seenote) | above). Response of B3-4 is 1ms, but may be

red convergent

factory modified for 300 or 50us.
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|. Close Differential Sensing

Most color mark sensing situations fal into the category of close
differential sensing applications(see Section A). Therearemany
other typesof sensing applicationswhereno sensing configuration
can yield acontrast level of 3 or higher. There are two possible
approaches to solving these difficult sensing situations.

1) AC-coupled amplification:

AC-coupled amplifiersmay sometimesbeused for closedifferen-
tial sensing applications, since they highly amplify only quickly
changing (ac) signals. AC-coupled amplifierscompletely ignore
steady (dc) signals and changes that occur slowly. If a sensing
event occurs quickly, eveniif it representsavery small light level
change, an ac-coupled amplifier may be able to recognize the
event. AC-coupledamplifiersmay beusedtorecognizelightlevel
changes as small as 10 percent (contrast of 1.1).

Examples of close differential sensing events that occur quickly
include: acolor mark passing asensor, asmall part gjected froma
press through alarge opposed beam, and a broken thread falling
through an opposed beam. Asageneral rule, ac-coupled amplifi-
ersrequire that the part (or mark) to be sensed must be traveling
through the sensing area at a minimum of one inch per second.

AC-coupledamplifierssuch
as model B4-6 require an
analog input. Thismay be
directly from a photocell
(e.g. from an FO2BG) or a
phototransistor (e.g. model
LP510CV). Anandogin-
put may aso be obtained
from modulated self-con-

Figure B.43. SM53E and SM53R scanning under neath the
processto sense a broken strand.

tained sensors models
SM53E and SM53R (Fig-
ure B.42). This opposed

Figure B.42. Opposed pair
SM53E and SM 53R aremodu-
lated sensors designed to work
with an ac-coupled amplifier.

mode sensor pair is spe-

cially-designed to be com-

patible with ac-coupled amplifiers. It has an automatic gain
control (AGC) feedback system that adjuststhelight intensity of
the emitter so that the system is always maintained at exactly the
right sensitivity, regardless of the sensing range or of dow signal
changes, such as dirt buildup on the lenses.

The SM53E/SM53R has an opposed sensing range of 4 feet.
Optional L51 lens blocks may be added to extend the opposed
sensing range to 10 feet. The pair may be used side-by-side for
diffuse proximity mode sensing, or angled for mechanical conver-
gent or specular modesensing. Also, optional FOF-500fiber optic
attachment blocks may be added to allow the connection of either
individual or bifurcated glass fiber optic assemblies.

This sensor pair has al of the benefits of a modulated sensor,
includingimmunity toambient light changesand high excessgain.
A popular usefor the SM53E and SM 53R positionsthem opposed,
across atextile or wire manufacturing process to sense a broken
thread or wireasitfalls(FigureB.43). Rectangular individual fiber
optics, e.g. model IR2.53S are used in the opposed modeto create
alight curtain for gected or faling small parts (Figure B.44).

FigureB.44. AC-coupled OMNI-BEAM with opposed mode
individual rectangular fiber optics.

Omni—Beam Model OSBFAC
with opposed rectangular
3\ fiber optics

Banner's OMNI-BEAM self-contained sensor family includes an
ac-coupled fiber optic sensor head, model OSBFAC. No external
amplifier is required. This sensor head uses an automatic gain
control feedback system that adjusts the power output of the
emitter sothat the systemisawaysmaintained at exactly thesame
sengitivity regardless of the range, background, or degree of
contamination. Theoutput of the OSBFACisapulsethat may be
conditioned to the desired duration using a model OLM8 pulse
timer logicmodule. TheOSBFA Cisidentical inappearancetothe
sensor shown in figure B.45.

AC-coupling should not be used if the sensing contrast is high
enoughfor adc-coupled sensor. AC-coupledamplifiersarehighly
sensitive, and can respond to unwanted conditions such as sensor
vibration or electrical "noise". Remember, too, that ac-coupled
amplified sensors will not respond at al to gradual changes.

2) Low hysteresis:
The sensing event does not occur quickly in al close differential
sensing applications. For example, applicationsthat require moni-
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toring of the transparency of a material or the clarity of aliquid may exhibit very gradual
changes. An ac-coupled sensing scheme would be ineffective for such types of close
differential applications.

All sensors have an amount of switching hysteresis designed into them to prevent the sensor
output from becoming unstable whenever the received signa is at or near the amplifier
threshold. Standard OMNI-BEAM photoelectric sensors are programmable for either
NORMAL or LOW hysteresis (Figure B.45). By programming out most of the hysteresis,
OMNI-BEAM sensorsmay be used successfully in some poor contrast applications, without
the use of an ac-coupled amplifier.

An OMNI-BEAM sensor that isprogrammed for low hysteresis can sense contrastsassmall
as 1.2 (20 percent signal change). However, unlike the ac-coupled approach, low hysteresis
sensing does respond to gradua changes, like dirt buildup or sensor misalignment. All
sensing variables, including the mechanics of the sensing system, must remain constant for
thelow hysteresisapproachto closedifferential sensing to be successful. The OMNI-
BEAM D.A.T.A. system includes self-diagnostics that will energize an alarm output
if agradual upward or downward drift of light and dark signal levelsisdetected. The
alarm output will also energize if the sensing contrast level drops below 1.2 in the LOW
hysteresis mode (or below 2 in the NORMAL hysteresis mode).

Sensor Selection Category A - Sensing Mode

FigureB.45. OMNI-BEAM sen-
sor smay beprogrammed for low
hysteresis and offer an alterna-
tivesolution in someclose-differ -
ential sensing applications.

Finaly, if aclosedifferential sensing application callsfor use of aremote modulated sensor, CM Seriesand CR SeriesMAXI-AMP
modul ated amplifier modules are aso programmablefor low hysteresis. Thelow hysteresis modes of the OMNI-BEAM and MAXI-
AMP offer a practical alternative solution to many close-differential sensing applications. However, if it is known that sensing
variables might change over time, ac-coupled amplification may still be the best solution.

J. Personnel Safety

Inrecent years, photoel ectric deviceshavebecomethepreferred meansof guarding entry toareas
of hazardous machine mation. Compared to mechanical hard guards, photoel ectricsallow easy
access to the point of operation, thus decreasing operator fatigue and increasing productivity
comparedto pull-backs, restraints, and two-hand controls. Significant advancementshavebeen
made in the reliability of photoelectric safeguarding methods. Improvements such as higher
optical power, faster response times, and the use of microprocessors have made photoel ectric
light curtains well-suited to safety-related uses.

A photoelectric "safety light curtain™ system may consist of one or more single-beam opposed
mode sensors or a"curtain” of multiplexed opposed sensing beams (right). Whenever one or
morelight beamsarebroken, the safety light curtain system sendsa" stop" signal to the guarded
machinery, thereby causing it to stop its dangerous motion.

The effectiveness of a specific light curtain in a safety application depends upon its control
reliability. Thelight curtainmust beableto providea'stop” signal totheguarded machineeven
if thelight curtain systemitself hasexperienced aninternal component failure. Thisrequiresthat
every light curtain system circuit component be "backed up” to the extent that, if the failure of

Multiplexed light curtain concept.

A Banner MACHINE-GUARD
System consists of an

opposed mode emitter- |
receiver pair, acontrol box, pazard —-
and interconnecting cables.

Maximum emitter-receiver
separation distance is 45 feet,
with 3X excess gain remain-

ing.

Figure B-46. MACHINE-GUARD Point-of-operation Guarding System
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A Banner PERIMETER-GUARD System consists
of an opposed mode emitter-receiver pair, a
control box, and interconnecting cable. Corner

mirrors (right)
may also be
used.

Receiver

Maximum
emitter-receiver
separation
distanceis45
feet, with 3X
excessgan
remaining.

Figure B-47. PERIMETER-GUARD Boundary Guarding System

Corner

Corner
Mirror

Fence )
(Hard Guard) %

any single component will prevent effective stopping action when
needed, that component must have a redundant counterpart to
perform the same function. The best systems are designed with
diverseredundancy. Diverseredundant componentsareof different
designs, and the microprocessor programs used by them run from
different instruction sets written by different programmers. Banner
MACHINE-GUARD and PERIMETER-GUARD Systems are exten-
sively FMEA (FailureModeand EffectsAnalysis) tested to establish
ahighdegreeof confidencethat no system component, evenif it does
fail, will cause the system to operate in an unsafe manner. Various
standards and approval agenciesgovernthe design and use of safety
light curtains. For asummary of their functions, seethebox at right.

Because they lack control reliability and component redundancy,
conventional photoelectric sensors cannot be used in safety light
curtains. A component failurein such asystem could cause serious
injury or death if that component failure wereto prevent stoppage of
machine motion under appropriate conditions.

Safety light curtains fall into two general categories, based on
function: machine-guard systems and perimeter-guard systems.
Banner MACHINE-GUARD Systemsaredesigned for useaspoint-of-
operation guarding devices on production machinery (see Figure
B.46). MACHINE-GUARD Systems send a "stop" signa to the
guarded machinery for aslong as an object (hand, arm, workpiece,
etc) larger than acertain size blocksone or moresensingbeams. The
stopsignal isautomatically removed whentheobjectisremoved, and
machinemotionisallowedtoresume. Banner PERIMETER-GUARD
Systems are boundary-guarding devices for areas of dangerous
machinemotion (Figure B.47). PERIMETER-GUARD Systemssend
a"stop" signal to the guarded machinery whenever oneor morelight
beamsarebroken. Thestop signal remainsafter theobject that broke
the beam(s) isremoved, and machine mation can resume only upon
manual reset of the PERIMETER-GUARD System.

Both MG and PG System light curtains must be set back from the
boundary of the areaof machinemotion by adistance known asthe
separation distance. Separation distance is based on the response
time of the light curtain system, the stopping time of the guarded
machine, a safety factor, and a "hand speed constant”. Separation
distanceisnecessary to ensurethat the object that breaksthe curtain
cannot reach the dangerous moving machine parts before the

Design and Application Standar dsfor
Safety Light Curtain Systems

There is an important basic distinction between design
standards and application standards.

UL (UnderwritersLaboratories) 491 and BSI (British Stan-
dardsInstitute) 6491 Standardsaredesign standards. They
present criteria for safe design of safety light curtain sys-
tems. BSI 6491 standards are somewhat more stringent
than UL 491 standards. Therefore, safety light curtains
availableinNorth Americathat carry approval per BS6491
affordthehighest level of safety. BS6491 standardsarethe
model for a new European standard under CENELEC
(European Committee for Electrotechnical Standardiza-
tion). The CENELEC standard is expected soon.

OSHA (the Occupationa Safety and Health Administra-
tion), ANS| (the American National Standards Institute),
and RI A (the RoboticsInstitute of America) havelesstodo
with the design of safety light curtain systems, and do not
certify safety light curtains for use. Rather, they are con-
cerned primarily with creating guidelinesfor the proper and
practical application of these systems in rea situations.
OSHA and ANSI put forth recommendations on issues
such as machine interface requirements, bypassing (mut-
ing) of curtain control, separation distance, supplemental
guarding, and maintenance and inspection of systems.

In summary, when you are narrowing your choices for a
safety light curtain system, look for those that carry ap-
proval per UL 491 and BS 6491. Before installing your
safety light curtainsystem, review OSHA 29CFR 1910.217,
ANS| B11.19, and whatever other ANSI standardsapply to
your machine. Pay particular attention to theformulasused
to calculate the safe distance between the light curtain and
the dangerous areas of the machine.

All Banner MACHINE-GUARD and PERIMETER-
GUARD systems have approval per UL 491, and most
have approval per BS 6491.
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Sensor Selection Category A - Sensing Mode

moving partscometo rest. Notethat these systemsmay not be used with machinery having full-revolution clutches, asthese
machines are not able to stop immediately.

A Banner MACHINE-GUARD or PERIMETER-GUARD system consists of sensors (multiplexed emitter and receiver), acontrol box,
interconnecting cables, and (in some systems) corner mirrors. MACHINE-GUARD and PERIMETER-GUARD Systems (depend-
ing upon the model) offer floating blanking and/or exact blanking. Floating blanking allowsan object of limited sizeto passthrough
thecurtain, at any point, without causing thesystem'soutput relaystotrip. Exact blanking, availableonsome systems, allowsthesystem
tobeprogrammed sothat it will not respond to fixtures, brackets, etc. that will alwaysbepresent withinthecurtain. InthePERIMETER-
GUARD System shownin Figure B-47, exact blanking allowsthe conveyor to be present within the defined area, and floating blanking
allows objects of limited height to pass through the defined area without causing a stop signal.

Banner MACHINE-GUARD and PERIMETER-GUARD System sensors are available in ten length increments between 6 inches and
6 feet. Maximum emitter-receiver separation distance is conservatively rated at 45 feet (with 3x excess gain remaining).

K. Optical Touch Buttons

Optical touch buttons are photoelectric switches that require no physical pressure to operate. They are ergonomically designed to
eliminatethehand, wrist, and arm stresses associ ated with the repeated operati on of mechanical switches. Optical touch buttonsgreatly
reducetherisk of carpa tunnel syndrome (CTS, see"box", below), and strongly contribute toward increased worker productivity and
comfort. Optical touch buttonsare activated whenever ahand bresksthe opposed mode sensing beam that is set up acrossthe " saddle"
areaof thetouch button'supper housing (see Figure B.48 and photo at bottom of page).

Momentary-action optical touch buttons are designed to replace capacitive touch
switches and mechanical push buttons. The output goes"on" whenever an operator's
finger (introduced into the touch area of the switch) interrupts the sensing beam, and

stays"on" only aslong astheoperator'sfinger remainsinthetoucharea. They areideal /

Touch area

replacements for mechanical push buttons on many types of production machinery.
The Banner OTB Series optical touch buttons are momentary-action switches.

Alternate-action optical touch buttons replace mechanical on/off push buttons and
toggle switches. Their output changes state (alternating between "off" and
"on") whenever afinger, introduced into the touch area of the switch, interruptsthe
sensing beam. Thisalternating output makesthemespecially suitablefor roomlighting
applications. The Banner LTB Series optical touch buttons are dternate action
switches.

Modelsof OTBsand L TBsareavailableto operate from 105 to 130V or 210 to 250V
ac. Twoadditional OTB modelsoperatefrom 10to 30V dc. AC modelshavean SPDT
electromechanical output relay capable of switching up to 7 amps. DC OTBs are ]
offered with a choice of either complementary sinking or complementary sourcing FigureB.48. Banner OTB and LTB

. . Series optoelectronic touch buttons
outputs, and switch up to 150 mA dc (continuous). OTBsand LTBsaretotally require no physical pressureto operate.
immune to ambient light interference, and highly immune even to the simultaneous
sources of EMI and RFI that are found in many industrial settings.

OTBsand L TBsaredesignedfor reliableservicein rugged industrial environments. Housingsare of black polysulfoneand VAL OX®,
and are completely non-metallic and fully sealed. Separate LED indicators light for "power on" and "output activated" conditions.

CTS (Carpa Tunnel Syndrome) is one type of CTD (Cumulative Trauma Disorders), a
family of injuries that are caused by repeated stresses on particular body parts over time.
Carpal tunnel syndrome is caused by using the fingers while the wrist is in a flexed or
extended (other than neutral) position. Thefurther thewristisbent from the neutral position,
the more muscle pressure and tendon tension is required to do a given amount of work.

Under such conditions, tendons in the underside of the wrist become compressed and
inflamed and press on the median nerve, which suppliesfeeling to the thumb, index, middle,
and ring fingers. Health effects can range from slight numbness and tingling to severe pain
and muscle atrophy.

Repeated pushing of mechanical push buttonscan cause CTS. Banner OTBsand LTBs(right)
greatly reduce the risk by requiring no physical pressure to operate.

B-37



Sensor Sdlection Category B - Sensor Package
1) Sensor type

Sensors may be grouped as either self-contained or remote types. Self-contained sensors are those types that contain the sensing
element(s), amplifier, power supply, and output switch all in asingle package (see Figure A.10).

Remote sensors, on the other hand, contain only the sensing element(s). The other circuitry is contained within an amplifier module
that islocated somewhereelse, typically inacontrol panel. Remote sensors, plustheir moduleand power supply compriseacomponent
system (seeFigure A.9).

Fiber optics may be thought of asathird type of sensor package. Fiber opticsare used in additonto either aself-contained or remote
sensor. The benefits of fiber optics as an aternative sensor package are discussed in "' Sensing Modes', on pages B-17 to B-22.

A) Sdf-contained Sensors

Uses and advantages - self-contained sensors

1) Simplicity of wiring: Self-contained sensorsrequire only asource of voltage to power them, and they can interface directly toa
load. Placing the power supply, amplifier, output circuitry and even (sometimes) timing logic right in the sensor can considerably
reduce required cabinet space and associated wiring.

The attention given to the design of the output configuration of Banner self-contained sensors has centered around their
interface-ability to programmable logic controllers. "PLCs" have been adopted by today’ s automated factory to integrate process
control. Today’s sensor ismore likely used to supply data to a computer or controller than to perform an actual control
function. Without aneed to house control relays and timing logic modulesin a control cabinet, self-contained sensors are
usually the most cost-effective choice.

The rules governing cable runs for self-contained sensors are much less strict as compared to remote sensors. Cable lengthswell in
excess of 100 feet are usudly possible.

2) Easeof alignment: Self-contained sensorscontaintheamplifier circuitry, sothey also haveaignment indicatorsasanintegral part
of the sensor.

Application cautions - self-contained sensors:
1) Accessibility of controls: Self-contained sensors should be avoided whereit isknown that the sensitivity or timing logic controls
must be adjusted frequently. The adjustment controls of self-contained sensors are sometimes difficult to access.

The need for sensitivity adjustment always should be eiminated by
optimizing sensing contrast. The need for timing adjustment always
shouldbeengineered out of asensing systemthrough useof mechanical
references. However, there aretimeswhen either sensitivity or timing
must be changed for different setups. In these situations, it is often
much more convenient to adjust the controls of component amplifiers
and/or timing logic modules that are located in acontrol panel.

2) Temperaturelimitations: Avoid using self-contained sensorsin
temperatures exceeding 70° C (158° F). The specifications for some
self-contained sensors are even lower.

Self-contained sensor typesand features

Self-contained sensorsareeither modular or one-piece. Modular self-
contained sensorswere first introduced in 1978 with the design of the
MULTI-BEAM® (Figure B.49). Modular sensors offer the great
benefit of flexibility in sensing system design and revision. From the
standpoint of system design, the modular approach permits tailoring
exactly the right sensor for the application from a relatively small
sel ection of sensor components. Also, assensing requirementschange, ) . .
amodular sensor may bemodified by asi_mpIeSNap of asensor block, :: r:ngl\;l%E ﬁ?jBEAXSAUA%f r;}gﬁ?ggams;g ;kqe
power block, or logic module. In addition to the MULTI-BEAM sor configurations, resulting in exactly the right
family, the OMNI-BEAM™ and MAXI-BEAM® families are sensor for any photoelectric application.

modular self-contained designs.
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One-piece self-contained sensors (Figure B.50) are not as versatile as modular
designs. Thesensing mode, input voltage, and output configuration are dictated by
the particular model. However, since some Banner self-contained photoel ectric
sensors are designed so that the lens may be replaced., the sensing mode of an
installed sensor may sometimes be converted with a simple lens change. These
sensing mode conversions are listed for each sensor family in the product catal og.

M ost one-piece self-contained sensorsarebuilt with anintegral cable. But VALU-
BEAM, MINI-BEAM, ULTRA-BEAM, OPTO-TOUCH, Q@8, Q19, Q85, S18,
and SM3J Series sensors may be ordered with a quick disconnect ("QD") style
connector. Quick disconnect connectorsand cablewith mating plugsare available
also for al modular self- contained sensors.

Many self-contained sensors are equipped with a sensitivity (or ultrasonic range)
control. Modular sensors equipped with atiming logic module have one or two
controls for the timing range(s). These controls are either single-turn or 15-turn

Sensor Selection Category B - Sensor Package

Figure B.50. The MINI-BEAM®is an
exampleof aone-pieceself-contained sen-
sor. Sensor sides, asreferenced in Table
B-12, areindicated.

potentiometers. The 15-turn controls are especially rugged, with asotted brasstrim element that is clutched at both ends of travel to

prevent any possibility of damage.

Accessto sensor controlsis often an important consideration when selecting asensor. Table B-12 indicates which side of the sensor
housing has accessto the controls. The "front" side of any sensor isthe lens (or transducer) side. Figure B.50 definesthe other sides
of asensor. Table B-12 aso compares the features offered by each family of self-contained sensors.
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Table B-12. Sdlf-contained Sensors

i Modular or Control Timing
Sensor Family One-piece AC Models DC Models Controls ACCeSS L ogic Option
(Seefigure B.46)
OMNI-BEAM ™ . ;
MODULAR | 15-turn gain Top
- Sensor head & 0 ac .
sower block | 105to130v ac | 0to30Vde 15-turn timing Ves
(logic module ; _
i is optional) Prc;g/;\;ﬁarg;]rgéng Inside sensor
MULTI-BEAM® .
MODULAR: 210to 250V ac 15-turn gain Top
S Scanner block, 105to 130V ac 44 to 52V dc Yes
power block, & | 22t028V ac 10to 30V dc
logic module 11t0 13V ac Single-turn timing Front
I\S/Ie(r?DU rlieAeE:& 15-turn gain Top
ISor 210to 250V ac
powerblock | 10510130V a0 | 0t030Vde Eont back Yes
(logic module . Tont, back, or
is optional) 15-turn timing either side
(rotatable)
Single-turn
sensitivity Back
ONE-PIECE | 2410250V ac 10to 30V dc No
12to0 28V ac .
Light/Dark Back
Operate switch
MINI-BEAM® o
15-turn sensitivity Back
ONE-PIECE 2410 240V ac 10to 30V dc No
Light/Dark Back
Operate switch
ECONO-BEAM ™
ONE-PIECE No 10to 30V dc None N/A No
SM512 Series
ONE-PIECE No 1010 30V dc %‘g%ﬁflﬁ‘{; Side No
ONE-PIECE 2410 240V ac 10to 30V dc None N/A No
923 Series: 15-turn
210 t0 260V ac null & span
ONE-PIECE 1810 30V dc
10510130V ac 925 Series: 15-turn Top No
range adjust
Sonic
OMNI-BEAM ™
. MODULAR: 15-turn
Sensor head 105 to 130V ac No NEAR limit Top No
and and
power block window WIDTH
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Table B-12. Self-contained Sensor s (continued)

Quick-

; ; Replaceable Alignment
Sensor Family d%cor]nect Lo Indicator Notes
ption
_ ™
OMNI-BEAM ™ Programmable for: light/dark operate, alarm polarity,
D.ATA. hysteresis, and meter scale factor
Yes Yes light system ) ) )
; (10-element D.A.T.A. self-diagnostic system with alarm output
L LED aray) Available also in OEM version
MULTI-BEAM®
: Yes Yes ?f‘llaDsf?iAng Jumper wire in logic module for dark operate
(nstalledin | (Replaceupper | ool G ength | ¢ - |
scanner block cover assembly) indiicator) Remove lower cover for accessto timing controls
by user)
MAXI-BEAM® v
& AID™ Rotatable logic module
(Installed in Yes (flashing Rotatable sensor head _
g b signal strength Programmable response and light/dark operate
w;)r)n/ ngsera)se indicator) Permanent wiring base
VALU-BEAM®
PN Yes . .
> Models available with:
Yes Yes i(r'?ollilg;t’f)r on 1) Built-intotalizer
some models) 2) Intrinsically-safe design
MINI-BEAM®
Yes
(AID™ - :
Yes Yes indicator on Miniature size
dc models)
ECONO-BEAM ™
Yes
Yes
(by special (models Yes Designed for OEM applications
order) SE612CV and
SE612LV only)
SM512 Series Yes
(models
No SMSE'S\Q%ZIE:? e Yes Shallow (1/2 inch wide) metal housing
SM51EB6/RB6
only)
SM30 Series
S Yes v For extremely hostile sensing areas, NEMA 6P
Yes (factory repair) s Opposed mode only
(st angird) N/A Yes Ultrasonic proximity: switched output or analog
Sonic
OMNI-BEAM ™
Yes
(10-element Ultrasonic proximity: ranging or high/low limit sensin
Yes N/A target location P y: ranging g 9
indicator)
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Table B-12. Self-contained Sensor S (continued)

switches, single-turn
timing

i Modular or Control Timing
Sensor Family One-piece AC Models DC Models Controls ACCess L ogic Option
(Seefigure B.46)
THIN-PAK™
ONE-PIECE No 10to 30V dc None N/A No
S18 Series
(an EZ-BEAM sensor)
& ONE-PIECE 20to 250V ac 10to 30V dc None N/A No
C30 Series
ONE-PIECE No 10to 30V dc None N/A No
T A ONE-PIECE No 10to 30V dc Single-turn Top No
b sensitivity
)
Q85 Series Single-turn sensitivity
A~ Light/DarkOperate L
F};\sg ONE-PIECE 2410240V ac | 1210240V dc | Switch Top, inside Yes
. \“9 Optional timing wiring chamber
o
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Table B-12. Self-contained Sensor s (continued)

Quick-

Sensor Family | disconnect Repll_aec;]esble Al\::gngt%?t Notes
Option
- ™
THIN-PAK Miniature size (8 mm deep)

Yes No Yes Metal housing
Designed for OEM applications
Opposed and diffuse (proximity) sensing modes

S18 Series
(an EZ-BEAM sensor)

18-mm threaded VALOX® barrel housing

Yes No Yes Low excess gain alarm output (dc models)
NEMA 6P
30-mm LEXAN®threaded barrel housing

No No Yes Retroreflective and diffuse (proximity sensing modes)
NEMA 6
Miniature size
2 (pi\gteasil) No Yes NEMA §ABS housing
N » j LED indicators for DC power on, output overload,
Z"/ output on, and low excess gain
Q85 Series
- _Yes NEMA 6P ABS housing
S (installed No Yes
] by user) Wiring chamber with gasketed cover
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B) Remote Sensors

Uses and advantages

1) Small sensor size: Theremote sensors of acomponent system
contain only thesensing element(s). Asaresult, they may beused
where small sensor size is required (Figure B.51). (Exception:
remote sensor model SP1000V; see "Sensor Size" for explana-
tion.)

2) Accessibility of control: Theamplifiersof acomponent system
typically have easily accessible sensitivity and timing controls.
Thisisaconsiderationwhenitisknownthat adjustmentswill have
to be made frequently.

3) High temperature: Some remote sensors may be placed in
locations with temperatures up to 100°C (212°F). However, the
amplifier and timing modules of any component system must be
kept relatively cool, typically below 50°C (120°F). Exception:
MICRO-AMP modules are specified for up to 70°C (158°F).
NOTE: SP100 Seriesminiatureremote sensorsare rated for 70°C
maximum.

4) Priceadvantage: Multipleremote sensors may sometimesbe
wiredinto asingleamplifier toreducethe overall cost of asensing
system. The MAXI-AMP™ modulated amplifier modulesallow
uptothreesensorsper amplifier. However, each sensor added will
noti ceably reducetherange(excessgain) of eachsensor. For more
information, see Section D ("Sensing Logic"). NOTE: MICRO-
AMP®modulesonly allow one sensor (or emitter/receiver pair) to
be connected to one amplifier module.

Application cautions

1) Alignment indicator: Most remote sensors do not have an
amplifier, and sothey cannot haveanintegral alignmentindicator.
Instead, an alignment indicator is housed with the amplifier
module, back in acontrol cabinet.

2) Wiring precautions: When using component systems, it is
very important to follow the rules for connecting the remote
sensorsto their amplifiers. Thisis especialy true for modulated
remote sensors:

a) Avoid running remote sensor cables in wireways together
with power carrying conductors.

b) Always use shielded cables, and connect the shield ("drain
wire") at the amplifier (see exception discussed at right).

¢) Avoid running remote sensor cablesthrough areas of known
extreme electrical interference (e.g. areas of inductive welding
or arc welding, etc.).

d) Avoid running remote sensor cable lengths longer than
specified for the amplifier to be used.

€) When splicing additional cablelengthto remotesensor leads,
never combineemitter and receiver wiresinonecommon cable.
Theresult in amodulated system will be electrical "crosstalk™
withinthecable, causinga"lock-up" conditionintheamplifier.
Banner offers shielded extension cable for al remote sensors
which, if used, will minimizecablecrosstalk (see MICRO-
AMP section of Banner product catal og).

FigureB.51. Aremotesensor may beused when small sensor
sizeisrequired.

Amplifiers
for usewith
Remote Sensor s

Thereisadistinction between two typesof remote
sensors. Thevery small SP100 Series of sensorsuse
ribbon cablefor connection to their modul ated ampli-
fier. Ribbon cablelacksatrue shield wire. To avoid
cable crosstalk, low-gain modulated amplifiers are
recommended for use with the SP100 Series. Inthe
MAXI-AMP™ Amplifier Series, the models for use
with SP100 Series sensors havetheletter "R" intheir
model number prefix which designates ribbon cable
(e.g. model CR3RA).

The modulated amplifiersin the MICRO-AMP®line
for use with SP100 Series sensors are models MA3,
MAS3P, and MPC3. Model MAS has complementary
sinking outputs. Model MA3P has complementary
sourcing (PNP) outputs. Model MPC3isfor usein 5V
dc circuits, and is usually mounted directly onto a
printed circuit (PC) board. A speciad MICRO-AMP
amplifier module (model MA3A or MPC3A) isused
with background suppression model SP100FF, which
has two received signal outputs.

All other remote sensors operate with a full-power
modulatedamplifier, exceptfor model LP510CV which
worksbest with ahigh-gain non-modulated amplifier.
Table B-13 liststhe model numbers of the amplifiers
for use with each remote sensor.
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Sensor Selection Category B - Sensor Package

Table B-13. Remote Sensors

Amplifier

Sensor

Sensor Famil i Range
y Module Sensing Mode g Model Comments
SP100 Series Opposed 8inches SP100E & For very tight locations. Wide beam
- SP100R angle; hermetically sealed lenses
Mimature MAXI-AMP™ Tioht riohtandle des
; ; ight right-angle design;
modulated CR3RA, Diffuse 15inches SP100D her?n etig Ay sgal o Ie'%es
CR3RB, " .
CR5RA, Diffuse 15inches SP100DB /e <hhort threeded barrel;
. CRSRB y
Convergent ; High excess gain; rapid fall-off
||||| bean% 0.1 inch focus SP100C of gain past convergent point
MICRO-AMP® i
Convergent . Optically same as SP100C, but has
M A&’F',\éégp' bearr%l 0.1 inch focus SP100CCF narrow profile for tight locations
MICRO-AMP® . : 0.2inch High excess gain with absolute
MA3A, MPC3A Fixed-field crossover SP100FF rejection of background reflections
i SP300EL & High excess gain. Anodized
SP300 Series MAXI-AMPT Opposed S0 feet SP300RL aluminum housing; conduit fitting.
CM3RA
' - Anodized aluminum
gm gSi Retroreflective 15 feet SP300L housing; conduit fitting
CMORE Diffuse 12inches SP300D hérrr]r?gtliifaldlsl senled g s
MICRO-AMP® — .
MA3-4, MA3-4P Diffuse 12 inches SP320D hOl’}g'ﬁéﬁEg{% gﬁ? 'I-OOC;(“ ons
MAXI-AMP™ Anodized aluminum housing.
Sm 32@; Precise 0.1 inch diameter sensing spot.
o> CMBRA, Convergent 3.8 inch focus SP1000V | Ideal for precise position control.
i CM5RB beam
~ (@ MICRO-AM P® Sharp drop-off of excess gain beyond
O MA3-4, MA3-4P the convergent point.
LR/PT Series LR200 & Right-angle design, Delrin® housing;
Opposed 8 feet PT200 hermetically sealed lenses
- ™
MAXI-AMP Oon0sed & foet LR250 & 14" diameter unthreaded Delrin®
(Cim ggg, Ppo! PT250 housing; hermetically sealed lenses
CM 5RA’, LR300 & Miniature right-angle VALOX®
CM5RB Opposed 8 fect PT300 housing; hermetically sealed lenses
LR400 & 3/8" diameter aluminum threaded
Opposed 8feet PT 400 housing; hermetically sealed lenses
L R400 & ) . -
MICRO-AMP® Fiberoptic Dependent on PT400 FOF-400 anodized aluminum fittings
MA3-4, MA3-4P (glass) fiber used W/FOF-400 accept any Banner glass
fiber optic fiberoptic assembly
fittings
I - ™
LP Series MAcﬂgﬁ,'l/'P For reflective sensing of mechanically
CM3RB, unstable clear materials.
CMSRA, i i Also ideal for sensing of small wires or
CM5RB Divergent 3inches L P400WB threads g
MICRO-AMP® . . .
MA3-4, MA3-4P (Not for precise position sensing)
; : Anodized auminum housing.
B SeriesB3-4 Precise focus ;
(non-modulated) | convergent beam 0.171nch focus LP510CV é/dZ SctiiaL fitne thread for precise position
jjustment.
SP12 Series MAXI-AMP™ SP12SEL or | preamplified sensors; highly noise-
CD3(R)A, Opposed 200 feet SP12PEL immune
CD3(R)B, & ; -
CD5(R)A. SP12SRL or 12-mm tt(;reedeo_l barrel hou-s ngs
CD5(R)B SP12PRL VALOX® or stainless steel; NEMA 6P
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2) Sensor Size
Thesize, shape, and mounting configuration of any sensor areimportant criteriafor most sensing applications. The sensorsthat follow
arelisted in order of their overall size (volume) from smallest to largest.

a) Plastic Fiber Optics

Plastic fiber optics comprise the smallest group of noncontact presence sensors. Common fiber diametersinclude 0.02 and 0.04 inch.
Sensing with fibersassmall as0.01inchin diameter ispossiblein some applications. Plastic fiber optic assembliesare" cut-to-length”
(cut by the user to an appropriatelength for theapplication). Themain sizeand mounting considerationsinvolvethe termination of the
sensing end. A plastic fiber optic assembly is connected to afiber optic sensor that is mounted in aconvenient location away from the
sensing area.

A typical bifurcated plasticfiber opticassembly isshownhere. SeetheBanner product catal ogfor descriptionsof thefull lineof standard
plastic fiber optic assemblies.

PBT46U
Bifurcated threaded plastic fiber optic 9ox2 Nikel plated brass 16

assembly for proximity sensing mode *\ —\ T’
2,2 '

5 e

'
12
‘
30

Y

5
2000 14

b) Glass Fiber Optics

Glassfiber optic assemblies are a close second to plastic fiber optics for being the smallest sensors. In fact, some specia glassfiber
optics are even smaller than the mainstream plastic fiber optic assemblies. The majority of glass fiber optic assemblies use a 1/8"
diameter bundle of glass fibers, with each fiber measuring about .001 to .002 inch in diameter. The most popular sheath material is
armored stainlessstedl, but thereare several optionsincluding PV C, latex, or teflontubing. Sensing tip stylesaremany and varied, and
specia designsareoften used to solvechallenging sensing applications. A glassfiber optic assembly isconnected to afiber optic sensor
that is mounted in a convenient location, away from the sensing area.

Typica individual and bifurcated glassfiber optic assemblies are shown here. The Banner product catal og has an extensive listing of
both standard and special glass fiber optic designs.

|sz3§ al h eajed | f ber 50 50 0 25 di 5/16 x 24 Thd Brass
Individual thr glass i OptiC <5 : .25 dia, 2 Jam Nuts included
assembly for opposed sensing mode ‘TT & ¥ N
IS \Vg W /@
185 ! ? .125 dia
.182 29 | .50, 15 bundle
36
BR23P <m0y 29
Bifurcated glass fiberoptic assembly ‘ ¥ | Lr 23 dia. PVC | 1.00 - 25
for proximity sensing mode If w/ monocoi
.185 ! ] : | 3¢ | i 72 %
182 v -
A wi v
[ ‘ 15 125 (2) 75 N
75
36
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c) SP100 SeriesRemote Sensors

Sensor Selection Category B - Sensor Package

The SP100 Seriesisafamily of miniature modul ated remote photoel ectric sensors. They aredesigned to mount in very tight locations,
and are connected to their amplifiers using slim and flexible ribbon cable.

These sensors use MICRO-AMP® modulated amplifier model MA3, MA3P, or MPC3. They may also be used with MAXI-AMP™
modulated amplifier models CR3RA, CR3RB, CR5RA, or CR5RB. Dimensional information for the SP100 Seriesis shown below.

See the Banner product catalog for additional specifications.

SP100E & SP100R Opposed Mode SP100D Diffuse Mode SP100DB Diffuse Mode
50"{12,7mm) 55" (14,0mm) 6 Foot Cable
157 .117(2,8mm) 3/8-32 Thread
(3,8mnV N » a
/&(5,1-%1?!11) Mo&iiinglfa{.ole
)Q .125” Dia. »
40" Mounting Hole .25
(10,2mm) \‘ (6,4mm)
6 Foot 10" 1257
Cable (2,5mm) 3,2
‘Eglﬁi’;) o | ble
(5o L.zs” {6,4mm) (8,4mm)
SP100C Convergent Mode SP100CCF Convergent Mode SP100FF  Fixed-field Mode

.125” Dia. (3,2mm)
Mounting Hole

047
(1,02mm) 40”(10,2mm)

% {20,3mm)

.30"
(7,6mm)
Aperture

257
{6,4mm)

.01”

/}Q,mem) >,1/77,,(4,5mm)
6 Foot Cable

093" Dia. (2,4mm)

Mounting Hole
19"

G,Bmm)

Aperture

<

.38”
{9,7mm)

70"
(17,8mm)

46"
L-7(11,7mm)
./f/a1eo"
: (4,06mam)
125" Dia,
7\\ /‘ /(S,IBml]:)

i
.985"
(25,02mm)

400"
/L(lO,lﬁmm)

L 14'x 45

25— (3,6mm)
(6,4mm) 6 Foot

cable
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d) Modulated Remote Sensor S (continued at bottom of page B-50)
Remote sensors house only the sensing element(s). Thisenablesaremote sensor to be physically smaller than aself-contained sensor
that has comparable performance. The only exception in this size comparisonismodel SP1000V, which isalong-range (yet precise-
focus) convergent beam remote sensor. The superior performance of the SP1000V isaccomplished by the use of large-diameter, long
focal length lenses. Theresult is aremote sensor that is larger than many self-contained sensors. All other remote sensors are very
compact and encapsulated for extremely rugged performance. The Banner product catalog isthe source for complete specifications
for these remote sensors. This section is continued at the bottom of page B-50.

Opposed

LR200& PT200 o/ lie

Opposed
LR250 & PT250 Mode

Opposed

LR300& PT300 e

L R400 & PT400 ﬂoposed
ode

(16mm)

Jam Nut
(Fummished)

7/16"-20
Thread

6 Foot Cable

1.0” {25mm)

2307
{7,6mm}

#4 Screw

6 Foot Cable

2 Jam Nuts
{Furnished)
3/8"-32
Thread

S
7

<\\1.6" (4lm

SP300EL & SP300RL SP300L SP300D SP320D
Opposed Mode Retroreflective Mode Diffuse Mode Diffuse Mode
/ Bue or— o
| Red (EL) i A1 \P\ lzl:»(r:’m) G‘eenﬁ,u” 32"
/ Gold (RL} (1lmm) | {1lmm} {8,1mm)
/ . ‘ 50" i
g l [fl’)?mn) 1-90"(3&‘“"‘) v (16mm) A7
1.90° ] {48mm) A {11,9mm)
{48mm} - - *
i . b2 l e

S A47 (Llmm] -~ o e

s e N ety

S " ~ (1‘?3" v ; 78"

s \>< P _ i ez | &Iq:ﬂm) mm) - 20,1mm})
A~ < e K
R N < U - g A N[ {2mm)
Cabl ~_ 13" {3mm} F A — 13" (3mm) %Elgloéi y ~— 13" (3mm)
)\ ? F ~ | #4 Serew 6 Foot
‘ | - veu 2w . S 100" (Z5mm) e 100" 35 Clearance (2} \\1 able
e 1257 (2mm) ' +¥, 125 (33mm) \7125,‘ 2mm —.12" (3mm)

L PA00OWB Divergent Mode

SP1000V  Convergent Mode

8 Foot Cable
3/87-32 Thread

2 Jam Nuts
{(Furnished)

anveries to
Spot at approximately 2.8"
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e) QU8 Series Self-contained Sensors

Sensor Selection Category B - Sensor Package

QD8 SeriesTHIN-PAK ™ sensorsarethe smallest sel f-contained sensorsand are builtin 8 millimeter deep die-cast metal housings.
The compactness of these sensors makes them especially suitable for limited-space applications. These sensors are rated NEMA
6, and have two through-mounting holes which accomodate M3 hardware.

Q@8 Series Sensors

Q@8 Series Sensors

—— Power "ON’ indicator
(Green LED)

~— OQutput "ON’ indicator
(Yellow LED,
receiver units only)

513 (2 Holes)

(3,40mm)
#4 (M3) Screw clearance

K@@"

(13,00mm)

6 1/2 ft. Cable ——_
(2m)

f) Q19 Series Self-contained Sensors

Q19 Seriessensorsarefull-featured NEMA 6-rated sensorsin very small ABShousings. They featureaversatile, innovativedual -
LED indicator system and an o-ring sealed SENSITIVITY control. Two through-mounting holes accomodate M3 hardware.

Q19 Series Sensor

Q19 Series Sensors

Sensitivity Control

[//%.43" (10,9mm)

Yellow
LED I
Output "ON” Indicator

o

#4 (M3) Screw

clearance~2 holes o
Power "ON’ Indicator

6 Foot Cable

Note: M3 hardware is supplied

*Polarized retro model shown. This dimension decreases for other models.

g) S18 Series Self-contained Sensors

S18 Seriessensorsare high-performance sensorsin 18 millimeter diameter threaded barrel styleVALOX® housings. They arerated
NEMA 6P (IEC 1P67) and mount through 18-mm clearance holes or using one of several available mounting brackets.

S18 Series Sensors

S18 Series Sensors

(2) Jam nuts

Yellow
LED o
Qutput "ON" indicator

Green
LED

Power "ON" indicator
.16"
(4,0mm)

.95" 0.D.
(Supplied)

Dimensions above are for dc opposed, retro, and diffuse mode sensors
(models with attached cable). Fixed-field, ac, and QD style sensors are
longer. Length of longest S18 sensor is 4.05" overall.
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h) ECONO-BEAM ™ Sdf-contained Sensors

ECONO-BEAM sensorsareminiatureright-angle" self-contained dc (only) sensors, used primarily for OEM applications. Their right-

angle design makesthem especially well-suited to conveyor and web applications. They mount using two#6 bolts. Actual dimensions
differ with sensing mode due to differing lens configurations.

SE612LV  RetroreflectiveMode SE612D Diffuse Mode
SE61E & SE61R  Opposed Mode SE612CV  Convergent Mode SE612W  Divergent Mode
Las” LED Indicator 1.95" LED Tndicat
: H 1.25" | LED Indicator » {31,8mm] |~ ndicator
38" (31,8mm) -25 . FBLsmml o e .65 ’ .
(9,7mm)__~ : / '(6,4mm) (aol,i)lysm) e ‘Moﬁg,fcifg‘aﬁlut {supplied} (16,5mm]__ = r.% (6 4mm)
g T I P I
“x L@ f (16 tmm) - a1 Dia. ‘ (10.420" )!ﬁ D—D- Q‘*Tﬁo"(ls,%mm)
3T ‘ ' 150" " T Fhread . o
(13,7211(;1::] o i (38,1mm) (6,12$m| 507 1383?1?111) : 20 : 50" (381.150” :
= : 112, 7mm) B,lmm {12,7mm) »imm.
(5,1mm)L_1 L ,_1)(12‘711‘:;) ] %,Aw 12,7 ) ‘;_‘ ‘;1/ ,?
? 12" T = BN = 50" % 12" (14,4?:;1)/ fo (12,'751:.);1)
(3.1mm) (12,7mm) Samm] ey #6 Screw (3,1mm) #6 Screw
' 6 Foot Cabl L Serew o) 6 Toot Cable Clearance (2 6 Foot Cable  Clearance(2)
00 a e
SE612C Mechanical Convergent SE612F Glass Fiber Optic SE612FP Plastic Fiber Optic
1.25” LED Indicator »
.90” (31,8mm) ol ( ) (311.825" ) /LED Indicator o5 (3118-12115m) /LED Indicator
- .25”(6,4 33" ,8mm| * Dia. K ’
{22,9mm) % r o 133 Mou‘t?tsingl\?ut (supplied] (24,9mm)
~ —'—r - ) )
T T T 117'6591;1m) 71" Dia. S Flberpxonrotuntmg ‘
. 1 ) [ i8ximm Lo ye 187" Dia. (2)1 L
(5.121(1)\111) [ (1é5,gmm) (381,'(?§1m) (14;(3]"[]1 : (38,1mm} {11,9mm) l llZ"?r?nm) (38,1mm)
{ £l i 3 m. ; | s
: %F“/—;Lﬁon ip—;L T ?
. - 756" » 56"
ﬁg (15,2mm) fL 12" (14,4mm} TL 12 {(14,4mm)
(3,1mm) (5,1mm) {5,1mm]}
’ #6 Screw (3,1mm) # 6 Screw (3,1mm) #6 Screw
6 Foot Cable Clearance (2) 6 Foot Cable Clearance {2) 6 Foot Cable Clearance (2)
M odulated Remote Sensor S (continued from pageB-48) | Shown with accessory
aperture attached -
SP12 Series Opposed Mode
SP12 Seriessensorsare preamplified remote sensorsdesigned for
usewith CD SeriesMAXI-AMP modules. Thecircuit insidethe Lzt T
receiver preamplifies the signal, making the power and noise e
immunity of these sensorsequal to that of self-contained sensors.
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Sensor Selection Category B - Sensor Package
i) MINI-BEAM® Sdlf-contained Sensors

MINI-BEAM sensorsare miniature"in-ling" self-contained sensorswith ahigh performance-to-sizeratio. Their design allowseither
front (18-mm), bottom, or side mounting. Bracketsare availablefor each mounting approach. Accessto the controlsisfrom therear.
Modelsthat are powered by ac voltage are dightly larger than dc models.

DC MINI-BEAM Sensors AC MINI-BEAM Sensors

4 Screw clearance (2)

48" #
Gasketed (12,2m1;]) #4 Screw clearance (2) (i‘vpsketed Lo
A - » acrylic cover 48" A - EFT
acryl 1.08 .. T - 717 dia. (18,0mm)
Tyl cover R 74 o) 71" dia. {18,0mm) 125" X (12,2mm) {274 mm) )
1Y

18x1 Thread /18X1mm Thread
x1mm Threa
13 meﬂ e (3,2mm)

|
N 3 A4
2 1.917 T 7
30, 7mm) \ { ” (30, 7mm)95
(o4 o) I (24, im“‘) ]
& gt — 95 ' dia
hd 95" dia.
7 75" Mounting nut Mc(»untl?gdl)mt
6 Foot cable o 1mm) (supplied) 6 Foot cable hg lmm) supplie
Mounting peg/ (38 lmm) Mounting peg - (50, 8mm)
(.25” dia. x .107} (.25” dia.x .10”)
017 ¥ 2.6"% .
{53,3mm) (66mm)
SMB312S Side M ounting Bracket
1.79"
{45,5mm)
90°
120"
_L ) \ (3,1mm)
= Front of sensor tilts vertically
" J |- = #4 Mounting. 115" degrees from horizontal.
10 (20, 1mm} o bolts (Snppued)
{2,5mm) ’ 15 Lens
s ,‘L 2 (2) gcenterline
1.25”
3; L\‘# | (31,8mm)
(203mm} T 7|
j—‘ggei SMB3128 Bracket 1.
1707 {stainless steel) (28,5mm)
J \ 2 Slots'
10° — o] (4,3mm
ifyp) ‘
SMB312B Bottom Mounting Bracket —of o St 2
3] i Sensor rotates horizontally on bracket
L / / 410 degrees from position shown.
Y0 | 1000 & é { (24, lmm) | Lens
. ‘\f i | i conterline
1% : ) o s s
-.61"
\ 5:;] o
10" 1207 ‘\ [ B | (9,5mm)
(2,5mm) Slot (2) (8,6mm) sMBa125—"] Movsiton
(3,1mm) Bracket (supplied with
.68” {2 - .27" Dia. (stainless steel) SME312B)
{6,9mm) Bracket tilts vertically
(17,3mm) 4 £10° from position shown.
¥
[ i L,
45
\p - (1L4mm) , SMB312F Mounting Foot
i
135,0mm] 1 T
~#4-40 x 0.2"{5,1mm) Deep thread
M 50,8mm) " (440 x 1/47 (6, Amn\) Serew is supplied;
? \  SMB3LF
o\ Mounting foot
e in
. ¢ . 090
SMB312PD Front Mounting Bracket 95" R, . T R
(24, 13mm) B0 2 Mountis e
(15, 24mm)j 25 3::‘ ] Shro o ol
625 x.10" High (2,5mm)  sensor body (Supphed)
15° (15,88mm) . 25
3 7 ) )
T umsan) (supplied with SMB312B bracket)
127 Slot
. (a 05mm} 12" R. ()
.12" Dia. (3,05mm}
{3,05mm) N
725" Dia.
i 1 50" {18,42mm)
(38,1mm)
e

1.69”
Fig—
(42,93mm)
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J) SM512 Series Sdlf-contained Sensors

The SM512 Series sensors are older self-contained sensors that, due to their mechanical design, are still used in new sensing system
designs. The SM512 Seriesis built using an duminum-zinc aloy die-cast housing that measures only 1/2" thick. This design was
originally used for retroreflective code reading, but has evolved into a complete family of photoel ectric sensorsthat has acquired the
nickname of the "flat-pack" sensor.

SM512 Series Sensors SM 512 Series Sensors
.25” (TYP) 2.00" (TYP) e 50"

-+—— LENS BLOCK
{SOME MODELS)

) }7& 'MODEL 5M512
-287 (TYP) LED SCANNER
ore=

1
I
I
|
BLACK: COMMON |
WHITE : OUTPUT N.C. | 1
I
|
o

GREEN: OUTPUT N.O. +10-32 TAP
@ \
7/16-20 THREAD . - |
F\ * \ 3

» i . 21,8
6 FOOT CABLE +10 CLEARANCE L .25
2.50" SQUARE {2) 6,4mm

63,5mm

STATUS
INDICATOR

‘ RED: +10 TO +30 VDC
LED \\

k) SM 30 Series Sdlf-contained Barrel Sensors

SM30 Series barrel sensors are extremely rugged and powerful self-contained emitter-receiver pairs. They are rated NEMA 6P and
may be applied in the most demanding environments. Their 700-foot sensing range provides enough excess gain to penetrate even the
heaviest contamination. SM 30 Series sensors have the best immunity to electrical noise of any emitter/receiver pair, and are available
with either aVALOX® or astainless steel housing.

SM 30 Series Sensors SM 30 Series Sensors 6 Foot
e %‘ble ~
w0

Alignment —

99mm
indicator N

—— Internal Thread
1/2-14 NPSM
X .65 Deep

— — > Jam Nuts
(Provided)
.

~- 30x1.5mm Thread

(1.19" Max. 0.D.)
3.1" Length
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) VALU-BEAM® Sdf-contained Sensors

VALU-BEAM sdf-contained sensors offer full photoelectric sensing performance in a small, one-piece design. Mounting is
accomplished using the two #10 screw clearance through-holes, or viathe 30mm threaded hub and jam nut. A mounting bracket is

available for mounting the sensor by its threaded base. A swivel-mount bracket, model SMB30SM, isaso available.

Sensor Selection Category B - Sensor Package

VALU-BEAM
Sensor

Shown with SM B900 Bracket

Lons canterlne | "
e
L6y Interpal tooth
(s1,4mm) S @] [ e (]
(provided)

| "
! <s:§:m) \‘ﬁ:;—“)-
2.75" 28" x 907 {2 slots}

{69,0mm) {T.1mm)

VALU-BEAM 990 Series Sensor

with built-in totalizing counter

VALU-BEAM Sensor

144"
{36,6mm}
»~ ~ ;

140" (35,6mm) ° T
2.00"
| {60,6mm}
154" * 2.50"
{39, 1mm), M Ve {68,5mm]
20 o (00
(17,8mm) (;
(5,6mm)]_! (25,4mm) #10 Serew
clearance (2)
21" Max. Dia.
Internal Thread (6,8mm}

{1/2-14 NPSM) 6 Foot cable

VALU-BEAM 990 Series Sensor with built-in totalizing counter

Reset counter to zero by

touching with a magnet here
1447
/ (36,6mm)
e

LED Indicator

196
(49,8mm) R f RN
® S 200"
—" (50,8mm})
- < a3
1,54 2.50
(29,1mm] ) & (63,5mm] [[@} el
07 e 1.00"
178mm) o] | 25 tmm] fom e ]
2 2 #10 Serew
clearance
B o External Thread
21 ax. Dia. M30 x 15
Internal Thread
(1/2-14 NPSM)

m) Q85 Series Sdlf-contained Sensors

Q85 Series sensors feature aSENSITIVITY control, alight/dark
operate switch, aconvenient o-ring sealed wiring chamber with
two conduit entrances, and optional timing logic (8 functions).
The housing is Cycolac® ABS, and is rated NEMA 6P (IEC
IP67). A two-axis steel mounting bracket and two mounting

bolts are included.

Q85 Series Sensors

Gasketed cover
Remove to Access :
Sensitivity {Gain)
Adjustment
Logic Timing
Adjustments
(Some models)

Indicator LEDs

Recess for

M4 nut X
(6 places)

20"
(5,1mm)]\

. 9%::7)\

Q85 Series Sensors

Top view

Bottom view
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n) OMNI-BEAM ™ Modular Self-contained Sensors

TheOMNI-BEAM isthesmdll-
est of the modular self-con-
tained sensors. Each sensor
consists of a sensor head and
power block. A timing logic
modulethat dipsinsidethesen-
sor head is optional. The dc
power blockisparticularly low-
profile.

The sensor mounts by using a
pair of #10 clearance cross-
mounting holes, or by the 30-
mm threaded hub on the power
block base. A stainless steel
mounting bracket is available.

OMNI-BEAM Sensor with
DC Power Block

Trensparent Cover {(Gasketed)
/ View DATA Lighte
Sensing Status
/ Output” Load
Remove to Access:
Sensitivity (Gain} Adjustment
ogic T{ming Adjustments

Ly, Y
" (44,5mm)
e
s —#10 Screw
- /' Clearance (4)
(aale'gm) e Cross—hole design for
g /" front, back, or side mounting
NN /o
. ‘ ~.
22 ~ - 2.26"
(5,6mmm) i 1(57,4mm)
Internzl Thresd
{1/2-14NPSM) ]
External Thread ) 3.00"
M30 X 1.5 I {76,2mm)
aE— i
2
(7.4mm) 2 (7.1mm)

N 24 Dia. {6 Foot Cable)
6,1mm)

OMNI-BEAM Sensor with
AC Power Block

>

R
(44,5mm)

= 24 Dia. (6 Foot Cable)
{8,1mm)

— Trensparent. Cover (Gasketed)
Lights

>~ Logic Timing Adjustments

1
{ Clearance (1)

~ Cross-hole design for
{~.__ front, back, or side mounting

//
e

S~ .
- .14
¥ \\ K ! (79.Bwam)
22 ¥
(5,6mm) ' n
Internal Thread —._ | .
(/2= LANPSM) Tk AN (98.6mm)
External Thread ! T
M30 X 1.5 ™t
|| ] he
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OMNI-BEAM Sensor

0) Sonic OMNI-BEAM™ Modular Sdlf-contained Ultrasonic Proximity Sensor

NOTE: the sonic OMNI-BEAM uses the SMB30MM mounting bracket (see OMNI-BEAM, above).

Sonic OMNI-BEAM Sensor

— Transparent cover (gasketed)
/ View: Target present indicator
Target position indicator
Y Load energized indicator
£ Remove to access
.. Sensing range adjustments
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Sensor Selection Category B - Sensor Package

p) MAXI-BEAM® Modular Sdf-contained Sensor

TheMAXI-BEAM iscomprised of asensor block, power block, and wiring base. Thewiring base remains mounted in place (without
disturbing the wiring) if either of the other componentsis ever removed or replaced. A timing logic module may be added if needed,
and it adds 1/2 inch to the sensor height. MAXI-BEAMsfeature arotatable sensing head and logic module and many programming
options. Sensor mounting is accomplished with #10 bolts using holes located on standard limit-switch 30x60mm centers, or viathe
1/2 inch NPSinternal thread in the wiring base.

Shown with SMB700 Bracket

. 1.58"
L L ﬂ ho,mm)
(48mm})
o on, ——
ies
| i —

MAXI-BEAM Sensor

} 5.0"

. {12,7em)
(1;‘,';;) @l @ {w/ Log;crf_tpmn;

1.69" with logic {7 Jogic) (11,4cm)

1.19without

rl
0 333"} {Basic model)
10,0cm)
19" t0 .38 Dia. two logic)
(4,8mm 10 9,7mm) 0 o
Q 45" } Cable gland /8" el |@
N ) Not supplied with LT.LW.
(52‘;36 ) (basic “;"(;?,“)' or SMB100SS Bracket) (Supplied)
) . |
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2.00”

@ @ 1311.825“] | - (57,2mm) /\ 10
_ ) o) (25,4mm)
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#10 Serew o learance ) 0 g T

P (2 mounting bolts supplied) '(23 x ‘)]O (50'8 )

- — N 7,1mm| 50,8mm)

Conduit entrance —=1 20 2.25” (2 Slots) 275"

S T Bremm) (eo.0mm) 1
mm

g) MULTI-BEAM® Modular Sdf-contained Sensor

MULTI-BEAM sensorsareonly dightly larger than MAXI-BEAMs, and featurethe samelimit-switch styledesign. All modelsrequire
alogic module, which is contained inside the sensor. The outstanding optical performance of the MULTI-BEAM isthe standard for
the photoel ectric industry. Sensor mounting is accomplished with #10 bolts using holeslocated on standard limit-switch 30x60mm
centers, or viathe 1/2 inch NPSinternal thread in the wiring base.

Shown with SMB700 Bracket
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r) ULTRA-BEAM™ One-piece Sdf-contained Ultrasonic Proximity Sensor

The ULTRA-BEAM is the largest sensor in the Banner line. The width of the sensor is required to accomodate the electrostatic
("Polaroid-type") ultrasonic transducer. ULTRA-BEAMsmay be mounted either using #10 boltsor by the 30mm threaded hub at the
sensor base. A quick-disconnect fitting is standard on al ULTRA-BEAM sensors.

ULTRA-BEAM Sensor Shown with SMB900 Br acket
Range setting control \ 197
LED Indicator " \ [50111:7-“) - Transducer centerling
=] y
I 19" L e {48,8mm) (rima)
(4,8mm) Internal tooth
, 3.54n + lockwagher
478" {provided)
(120,1mm} (8, 9mim) T i/L

L\ A
( 254" ) ? K I | pa— Transducer
64,5mm| » 15" Dia. (38,1mm)
. 158
195 o ' |
{107,4mm) (40’1“‘“‘) {67,2mm) -

{45mm) INC— 410 Serew .
l Clearance (2) (25,4mm)
AN
Threaded base ?

. (57,2mm)
J M30x 15 (;:" ; o
)

5 Pin Quick disconnect 28" x 90°
275 (7.0mm} (2 slots)

{69,9mm)

Hex put
{provided)

3) Sensor Housing and Lens M aterial

Not all sensing locations are high and dry and protected from threatening elements. For some applications, sensor housing materials
may be of major importance when choosing asensor. For example, in areas with very high moisturelevelsit isusually best to select
anon-corrosive thermoplastic housing like VALOX®. In areas where industria solvents are used, ametal housing may be needed.

Attention to the material used for alensor for atransducer cover may aso be necessary in some environments. For example, aglass
lensmay be necessary in areaswherethereisacid or solvent splash. Ontheother hand, glasslensesmay not be allowed in certain food
processing applications. Table B-14 liststhe materialsthat are used to construct each family of Banner sensors. The properties of the
materials are compared in Table 15 in the Data Reference section (Section F) at the back of this book.
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Sensor Selection Category B - Sensor Package

Table B-14. Materialsused in Banner Sensorsand Fiber Optics
NOTE 1: All integral cables are PV C-jacketed. NOTE 3: Seethe Banner product catal og or theindividual datasheetsfor information on materialsused
NOTE 2: Also see Table 15 in DATA REFERENCE. for sensors and amplifiers of component systems.
Self-contained Housin . Replaceable Assembly Mounting
Sensor Family Materia?s Lens Material Lens Hardware Hardware
OMNI-BEAM ™
> Glass: convergent model. VALOX®
VALOX®: fiber optic YES , 30-mm mounting
VALOX® models. Stainless steel nut; all other
. all models hardwareis
Acrylic: al other models. stainless stedl.
Glass: convergent model.
VALOX®: fiber optic vES Stainless steel
VALOX® models. all models o Zinc-plated steel
Rigid vinyl: short-range (by changing Nylon sensitivity
diffuse. upper cover control covers
. assembly)
Acrylic: al other models.
VALOX®: fiber optic ;
VALOX® models. YES Stainless steel Zinc-plated steel
Acrylic: al other models. all models Nylon control covers
VALOX®housing; e . ) VALOX®
optional Quick VA(Ij_e?X@). fiber optic YES Stainless steel 30-mm mounting
Disconnect fitting is | MOdY€'S. nut; all other
nickle-chrome Acrylic: al other models. all models Nylon control covers hardware is
plated brass. stainless steel.
_ ®
MINI-BEAM VALOX® housing;
acrylic control cover. | VALOX®: fiber optic YES VALOX®
Optional Quick | models. Stainless steel 18-mm mounting
Disconnect fitting is - all models
nickle-chrome Acrylic: al other models. nut
plated brass.
ECONO-BEAM™ ® Acrylic: models SE612CV
VAo Models | g SE612L V. YES VALOX®
, F FP, . 18-mm mounting
LV. VALOX® mOdeIS SE612F (models Stal nleSS ged nut on models
Lexan® for all other | a@d SE612FP. SE612CV, F, SE612CV, F,
models. Glass: all other models. FP,andLV) and LV
THIN-PAK™
Polysulfone thermoplastic:
Die-cast zinc opposed models
. L o NO (none) (none)
Optional QD fittingis| Rigid vinyl:
chrome plated brass diffuse models
Stainless steel
Cycolac®ABS Acrylic NO (none) mounting
hardware
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TableB-14. Materialsused in Banner Sensors and Fiber Optics (continued)
NOTE 1: All integral cables are PV C-jacketed. NOTE 3: Seethe Banner product catal og or theindividual datasheetsfor information on materialsused
NOTE 2: Also see Table 15in DATA REFERENCE. for sensors and amplifiers of component systems.
Self-contained Housin : Replaceable Assembly Mounting
Sensor Family Materia?s LensMaterial Lens Hardware Hardware
Q85 Series
plated steel
Cycolac® ABS Acrylic NO Plated steel mounting bolts
and bracket
included
YES VALOX®
VALOX® Acrylic al models none —_—
or y (requires factory (none) stainless steel
stainless steel replacement) 30-mm jam nuts
Lexan®
Lexan® (integral with sensor NO (none) 30-mm VALOX®
housing) jam nuts
S18 Series
(an EZ-BEAM sensor)
Lexan®: most models
18-mm VALOX®
VALOX® NO none) ;
Black acrylic: FF models (none) Jam nuts
SM512 Series
Glass YES .
Epoxy powder coated ) _ (models Blad(SCOr)gll\ig steel
zinc aluminum alloy Anodized aluminum lens SM51EB6/RBS,
block on models SM512C1 Nylon sensitivity (none)
Stainless steel cover SM51EB6, SM51RB6, 1
SM512C1, SMS12CV, | ‘aubisl By control cover
SM512L.B
ULTRA-BEAM™
e VALOX®housing - VA LOX®t_
<> ; . Stainless steel -mm mounting
b X Nickle-chrome plated g?gzggggg$$a NO nut; all other
7~ quick-disconnect Nylon control covers | hardwareiszinc
\; fitting plated sted
Sonic OMNI )
VALOX® housing
Transducer is VALOX®
Lexan® control cover KAPTON® replaced by . 30-mm mounting
Optional quick- film over transducer exchanging Stainless steel nut; all other
disconnect fitting in sensor head hardwareis zinc
nickle-chrome plated assembly plated steel
brass
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Sensor Selection Category B - Sensor Package

Table B-14. Materialsused in Banner Sensorsand Fiber Optics (continued)

NOTE 1: All integral cables are PV C-jacketed.

NOTE 2: Also see Table 15 in DATA REFERENCE.

NOTE 3: Seethe Banner product catal og or theindividual datasheetsfor information on materialsused
for sensors and amplifiers of component systems.

Remote Housing : Replaceable | Assembly Mounting
Sensor Family Materials Lens Material Lens Hardware Hardware
SP12 Series Two jam nuts:
VALOX® . )
or Acrylic NO none VAI(‘JrOX®
stainless steel stainless steel
SP100 Series Nylon
— VALOX® NO (except SP100FF is
(except SP100DB and Glass (hermetic sel) none stainless steel;
\M SP100FF are Delrin®) SP100DB is nickel-
plated steel)
SP300 Series SP300EL, SP300L,
L SP300RL, and e SP300D has
Ta SP300D are anodiz in®
) ! Glass NO none Delrin
\bi% duminum lens holders
U SP320D is VALOX®
SP1000 Series
N ) Black oxide
N - Anodized
TN _ Glass NO Steel (none)
Yq\@ T@ auminum capscrews
\\\\Q/
LR/PT Series LR/PT200 and
LR/PT250 are L E//gigg and
Delrin®; L
LRIPT300 are Glass (hermetio seel) none supplied with
VALOX®; nickel-plated steel
Ign%/g,Ta‘IlSr(‘)n?rl; e mounting hardware
Anodized LP510CV: glass .
aluminum L PACOWE: atrylic NO none Nickel-plated ste!
Fiber Optics Fiber Sensing End Tip Sheath Fiber Bundle Mounting
P Material Material Material Termination Hardware
Plastic
Fiber Optics Threaded tips are nickel- _
Acrylic plated brass Threaded end tips and
monofilament Polyethylene N/A nuts are nickel-plated
All other tips are stainless brass
steel
. Glass . Threaded tips are brass or Ontical arad
Fiber Optics stainless steel : P&l 98 | Threaded brass end tips
Multiple optica glass Stainless steel Spoxy have brass nuts P
fibers; Rectangular tips are or Y C with §?$’sd§%f ee
F2 core, lastic or aluminum or Wi ; Threaded stainless steel
EN1 clad p steel monocoil terminated dtiosh inl
c _ reinforcing wire | without end tips have stainiess
All others are stainless epoxy) steel nuts

steel
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Sensor Sdlection Category C - Electrical Congderations
1. Sensor supply voltage

Every sensor selection process requires an examination of the system to determine what
voltageis available to power the sensor(s). Low voltage dc sensors are usually specified
whenever theinterfacewill beto alow voltagedc circuit or load. Low voltage sensorsaso
providearelativedegreeof electrical safety. Highvoltageac sensorsareal so sel ected based
on the sensor interface (to an ac load). However, ac sensors are often selected simply for
theconvenienceof using readily availableac"line" voltagefor sensor power. Highvoltage
also provides arelative degree of electrical "noise" immunity.

Banner gives close attention in its sensor designs to all wiring options and offers many
wiring alternativesthat arenot of fered by competitive sensor manufacturers. Theseoptions
areexplained and listed in Section C ("Interfacing").

Tables B-15 through B-18 that follow group sensors and sensing systems by their supply voltage.

Table B-15. Sensors Powered by L ow Voltage ac

3 amps max., 5-wire

Product Voltage Wiring M odel
Family Rating Configuration Numbers Notes
(50/60Hz) (e/m = electromechanical relay)
OMNI-BEAM ™
SPDT E/M relay, Power block: Used with OEM OMNI-BEAM
2410 250V & 5 amp max., 5-wire OPEJ5 sensor heads
A
MULTI-BEAM® 2210 28V SPST solid-state relay, Power block: Used with 3- & 4-wire scanner blocks and
0 zov ac 3/4 amp max., 3- or 4-wire PBD logic modules
2210 28V ac SPST solid-state relay, Power block: Used with 2-wire scanner blocks and
3/4 amp max., 2-wire 2PBD logic modules
11t0 13V ac SPST solid-state relay, 3/4 Power block: Used with 3- & 4-wire scanner blocks and
amp max., 3- or 4-wire PBD-2 logic modules
MAXI-BEAM® Electromechanical relay, ower (bs'ggﬁ) Used with any MAXI-BEAM sensor head;
5 amps max., 4-wire RPBR2 (SPDT) electromechanical output relay
12 to 250V ac
Optically-isolated solid-state Power block: ;
relay, 100 mamax., 4-wire RPBU (SPST) Solid-state output relay
VALU-BEAM® SPST solid-state relay, SM2A912 or .
" 2410 250V ac 1/2 amp max., 2-wire SM2A91 prefix <1.7 mA. off-state leakage current
SPDT E/M relay, SMW915 or .
i %@ 1210 28V ac 5 amps max., 5-wire SMWO5 prefix Electromechanical output relay
v . SMA990 or Built-in 6-digit LCD totalizing counter
1010 250V ac 2-wire SMA99 prefix (no output)
S18 Series 20t 250V ac SPST solid-state relay, S183, S18A, _
{ @f% 0.3 amps max., 3-wire S18R prefixes <50 microamps off-state leakage current
)
MINI-BEAM®
SPST solid-state relay, SM2A312 or
2410240V & 0.3 amps max., 2-wire SM2A31 prefix <1.7mA. off-state leakage current
SM30 Series
SPST solid-state relay, i
2410 240V &c 0.5 amps max., 2-wire SM2A30 prefix | <1.7 mA. off-state leakage current
2410 240V ac SPDT emrelay, Q85VR3 prefix | Electromechanical output relay
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Sensor Selection Category C- Electrical Considerations

Table B-16. Sensors Powered by 110/120V ac

Voltage Wiring
Fg:rﬂﬂf/t Rating Configuration ngggr s Notes
(50/60Hz) (e/m = electromechanical relay)
OMNI-BEAM ™ SPST solid-state relay, Power block: Separate diagnostic alarm output (5th wire)
) 105 10 130V ac 1/2 amp max., 4-wire OPBTZ . D.A.T.A. light system
4- or 5-wire analog PovovngA%c : Analog output 0-10Vdc, direct or inverse
SPDT EM relay, Power block: rﬁles;éi with OEM OMNI-BEAM sensor
i 2410 250V ac 5 amp max., 5-wire OPEJ5 S .
v Electromechanical output relay
MULTI-BEAM® SPST solid-state relay, Power block: Used with 3- & 4-wire scanner blocks and
U 10510 130V ac 3/4 amp max., 3- or 4-wire PBA logic modules
SPST solid-state relay, Power block: Used with 2-wire scanner blocks and
10510 130V & 3/4 amp max., 2-wire 2PBA logic modules
105 t 130V ac E/M relay, ;gg’g (g'gg.ff) Used with 2-wire scanner blocks and logic
5 amps max., 4-wire 2PBR2 (SPDT) modules, electromechanical output relay
SPST solid-state relay, Power block: Used with 3- & 4-wire scanner blocks and
10510 130V &c 0.1 amp max., 3- or 4Fav{i re PBAT logic modules; switches ac or dc loads
SPST optically isolated solid- . Used with 3- & 4-wire scanner blocks and logic
105 to 130V ac state rglay, 0)./05 amp max., Power block: modules; switches low-voltage dc circuitry
4-wire PBO (sink or source)
MAXI|-BEAM® SPST solid-state relay, . Used with any MAXI-BEAM sensor head;
10510130V ec | 4, amp max., 3- or 4-wire POVE%SL?CK' <0.1 mA. off-state leakage current
SPST solid-state relay, Power block: Used with any MAXI-BEAM sensor head;
10510 130V ac 3/4 amp max., 2-wire R2PBA <1.7 mA. off-state leakage current
. Power block: .
Electromechanical relay, RP\Elivg(Sg%T) Used with any MAXI-BEAM sensor head;
5 amps max., 4-wire electromechanical relay output
1210 250V ac P RPBR2 (SPDT) gy outp!
Optically-isolated solid-state Power block: ;
relay, 100 mamax., 4wire | RPBU (spsT) | Solid-stateoutput relay
VALU-BEAM® SPST solid-state relay, SM2A912 or
2410 250V ac 1/2 amp max., 2-wire SM2A91 prefix <1.7 mA. off-state leakage current
SPDT E/M relay, SMA915 or .
010 130V & 5 amps max., 5-wire SMAYS5 prefix | Electromechanical output relay
i SMA990 or Built-in 6-digit LCD totalizing counter
10to 250V ac 2-wire SMAQ9 prefix (no output)
MINI-BEAM®
SPST solid-state relay, SM2A312 or _
24 t0 240V ac 0.3 amps max., 2-wire SM2A31. prefix <1.7 mA. off-state leakage current
2410 240V &c 2-wire SM2A30 prefix | <1.7 mA. off-state |eakage current
$183, S18A,
20 to 250V ac 3-wire andef S18R <50 microamps off-state |eakage current
prefixes
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Table B-16. Sensors Powered by 110/120V ac (continued)

Voltage Wiring
'T:md!lld Rating Configuration ngggrs Notes
amily (50/60H2) (e/m = electromechanical relay)
Q85 Series
Wiring chamber
SPDT E/M relay, Models with
2410 240V & 3 amps max., 5-wire Q85VR3 prefix | Modelswith -T9 suffix feature
8 selectable output timing modes
SPDT E/M relay, Ultrasonic proximity - switched output;
5 amps max., 5-wire SUA925QD electromechanical output relay
105 to 130V ac
Solid-state analog voltage ; ity
Source or current Snk, 4-wire SUA923QD Ultrasonic proximity - analog output
Sonic Ultrasonic proximity - switched output
OMNI-BEAM ™ Power block:
) SPDT E/M relay, Used with OSBU sensor heads
SN 5 amps max., 5-wire OPBA5QD
74 /;5 10510 130V ac Electromechanical output relay
h\\\‘ )d Isolated analog,
L~ 4-wire or S-wire OPBA3 0to +10V dc analog output
) (two outputs)
MAXI-AMP™ CD3RA Used with SP12 Series preamplified
CD5RA’ modulated remote sensors;
electromechanical output relay
SPDT E/M relay, CM3RA, Used with modul ated remote sensors;
5 amps max., S-wire CM5RA electromechanical output relay
Used with SP100 series miniature
gsggﬁ modulated remote sensors,
105 to 130V ac electromechanica output relay
CD3A, Usad with SP12 Series preamplified modulated
CD5A remote sensors, solid-state outputsfor ac or dc
SPST solid-state relay . )
30V dc, 50 mA maximum CM3A, Used with modulated remote sensors;
or 250V ac, 750 mA maximum CM5A solid-state outputs for ac or dc
CR3A Used with SP100 series miniature
CREA’ modulated remote sensors, solid-state
outputs for ac or dc
MICRO-AMP®
Wiring chassis for MICRO-AMP amplifier
105 to 130V ac SPDT E/M relay, MPS-15 modules and remote modulated sensors;

5 amps max., 5-wire

electromechanical output relay
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Sensor Selection Category C - Electrical Considerations

Table B-17. Sensors Powered by 220/240V ac

Voltage Wiring
Fggrﬂﬁd Rating Configuration Ntﬂrgggrls Notes
y (50/60H2) (e/m = electromechanical relay)
OMNI-BEAM ™ SPST solid-state relay, Power block: Separate diagnostic alarm output (5th wire)
21010250V & 1/2 amp max., 4-wire OoPBB2 D.A.T.A. light system
SPDT E/M relay, Power block: Used with OEM OMNI-BEAM sensor heads
Wi ’ Electromechanical output rel
2410 250V ac 5 amp max., 5-wire OPEJ5 p! &y
. Wi Power block: . ; ;
4- or 5-wire analog OPBBR3 Analog output 0-10Vdc, direct or inverse
SPST solid-state relay, Power block: Used with 3- & 4-wire scanner blocks and
210t0 250V ac SPST solid-state relay, Power block: Used with 2-wire scanner blocks and
3/4 amp max., 2-wire 2PBB logic modules
210 to 250V ac SPST solid-state relay, 0.1 Power block: Used with 3- & 4-wire scanner blocks and
amp max., 3- or 4-wire PBBT logic modules; switches ac or dc loads
SPST opticaly isolated solid- . Used with 3- & 4-wire scanner blocks and logic
210to 250V ac state relay, 0.05 amp max., Power block: modules; switches |ow-voltage dc circuitry
4-wire PBBO (sink or source)
SPST solid-state relay, Power block: Used with any MAXI-BEAM sensor head;
- ® ! ;
MAXI-BEAM 21010250V | 34'amp max., 3- or 4-wire RPBB <0.1 mA. off-state leakage current
210 to 250V SPST solid-state relay, Power block: Used with any MAXI-BEAM sensor head;
0 a 3/4 amp max., 2-wire R2PBB <1.7 mA. off-state leakage current
Electromechanical relay Power block: | sed with any MAXI-BEAM sensor head:
5 amps max., 4-wire ’ RPBR (SPST) electromechanical output relay
12 to 250V ac ’ RPBR2 (SPDT)
Optically-isolated solid-state Power block: .
rgl ay, 1)(/)0 mamax., 4-wire RPBU (SPST) Solid-state output relay
VALU-BEAM® SPST solid-state relay, SM2A912 or
24 t0 250V ac 1/2 amp max., 2-wire SM2A91 prefix <1.7 mA. off-state |leakage current
TN
>
{ SPDT E/M relay, SMB915 or _
[ﬁ 21010 250V & 5 amps max., 5-wire SMBO5 prefix | Electromechanical output relay
=
i SMA990 or Built-in 6-digit LCD totalizing counter
10 to 250V ac 2-wire SMAQ9 prefix (no output)
MINI-BEAM®
SPST solid-state relay, SM2A312 or ~
2410 240V ac 0.3 ATps max,, 2-wire SM2A31 prefix <1.7 mA. off-state leakage current
SM30 Series
24 t0 240V ac 2-wire SM2A30 prefix <1.7 mA. off-state leakage current
o S183, S18A,
e 20to 250V ac 3-wire and S18R <50 microamps off-state |eakage current
& prefixes
N
Q85 Series
A Wiring chamber
> SPDT E/M relay, Models with
\\>§‘>/ 2410 240V & 0.3 amps max., 5-wire Q85VR3 prefix | Modelswith -T9 suffix feature
U 9 8 selectable output timing functions
"N
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Table B-17. Sensor s Powered by 220/240V ac (continued)

Voltage Wiring
I:I):r:rﬂtjl;t Rating Configuration N':J/Imoggr < Notes
(50/60Hz) (e/m = electromechanical relay)
ULTRABEAM™ SPDT E/M relay, SUB925QD Ultrasonic proximity - switched output;
5 amps max., 5-wire electromechanical output relay
210to 260V ac
Solid-state analog voltage ; TR
source or current Sink, 4-wire SUB923QD Ultrasonic proximity - analog output
CD3RB Used with SP12 Series preamplified
CD5RE modulated remote sensors;
electromechanical output relay
SPDT E/M relay, CM3RB, Used with modulated remote sensors;
5 amps max., 5-wire CM5RB electromechanical output relay
CR3RB, Used with SP100 series mjniature
CR5RB modulated remote sensors;
21010 250V ac electromechanical output relay
CD3A, Used with SP12 Series preamplified modulated
CD5A remote sensors; solid-state outputs for ac or dc
SPST solid-state relay ; .
; CM3A Used with modul ated remote sensors,
30V dc, 50 mA maximum ! : !
or 250V ac, 750 mA maximum CMbBA solid-state outputs for ac or dc
CR3A Used with SP100 series miniature
CRS. A' modulated remote sensors; solid-state
outputs for ac or dc
MICRO-AMP®
- Wiring chassis for MICRO-AMP amplifier
%@ 210 to 250V ac 52';'32 nE/a'::l r5d_ \% e MPS-15-230 modules and remote modulated sensors;
K W P " electromechanical output relay




Sensor Selection Category C - Electrical Consider ations

Table B-18. Sensors Powered by L ow Voltage dc

Product Voltage Wiring Model Notes
Family Range Configuration Numbers
OMNI-BEAM ™ 10to 30V dc SPST solid-state relay, Power block: Separate diagnostic alarm output (4th wire)
- @ <80mA .1 amp max., 3-wire OPBT2 Bi-Moda ™ (sinking or sourcing) output
i 24to0 36V dc SPDT E/M relay, Power block: Used with OEM OMNI-BEAM sensor
4 @ < 50mA 5 amp max., 5-wire OPEJ5 heads; electromechanical output relay
I 15to 30V dc 4- or 5-wire analog PO"OVngPng: Analog output 0-10V dc, direct or inverse
100 30V dc SPST solid-state relay, gﬁgﬁe{sﬂgﬁ'ﬁ Used with 3- & 4-wire scanner blocks and
@ <75mA .25 amp max., 3-wire PBP (Sourci n%) logic modules
10t0 30V dc SPDT solid-state relay, Power block: IUSE.’d Witg ? & 4-wire scanner blocks and
@< 75mA .25 amp max., 3-wire PBT2 ogic modules, -
complementary sinking outputs
44t S Power blocks: . .
050V dc SPST solid-state relay, PBT48 (sinking) | USed with 3- & 4-wire scanner blocks and
@ <75mA .25 amp max., 3-wire PBP48 (sourcing) | |0gic modules
MAXI-BEAM® | 15 10.30v de DPST solid-state rel :
@ <20mA £S5 amgr)) Imax g—(/vi?g' PO"E%S%QCK' Bi-polar (sourcing and sinking) outputs
Electromechanical relay, E%Vé% bls%:é_?; Used with any MAXI-BEAM sensor head;
5 amps max., 4-wire RPBRZ((SPD1)') electromechanical relay output
12 to 30V dc
@ <40mA
Optically-isolated solid-state Power block: ;
relay, 100 mamax., 4-wire RPBU (SPST) Solid-state output relay
- ® .
VALU-BEAM 1%2§8mc DZPSS-gmsgI 'rﬂaffatgf,\,dl?é' Sl%/ll\g?lpzrgf:x Bi-polar (sourcing and sinking) outputs
12t0 28V dc SPDT E/M relay, SMW915 or .
@ <50mA 5 amps max., 5-wire SM W95 prefix Electromechanical output relay
—
E 12 to 115V dc 2-wire SMA990 or Built-in 6-digit LCD totalizing counter
@ <20mA SMA99 prefix | (no output)
MINI-BEAM®
o | STy | MOPG | oo rongand s cups
ECONO-BEAM ™
10to 30V dc id- . . N
@ <20mA (I)D ESSZ\msggcrlngxates‘r?v?r/e SE%S:k)Zre?‘:x Bi-polar (sourcing and sinking) outputs
SM512 Series
1((32;22&\{1,30 SPDT solid-state relay, Sl\slll\gﬁ)zre?‘:x Complementary sinking outputs

.25 amp max., 3-wire
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Table B-18. Sensors Powered by L ow Voltage dc (continued)

Wiring
Product Voltage : : M odel
Family Range Configuration Numbers Notes
(e/m = electromechanical relay)
THIN-PAK QJ8
Series
10to 30V dc SPST solid-state relay _ Four output versions, with choice of:
i Q@8 prefix Sourcing or sinking and
@ < 25mA .15 amp max., 3-wire Light. or dark-operate
S18 Series Complementary NPN sinking outputs:
(an EZ-BEAM sensor) S18SN6 one normally open, one normally closed.
. i Normally closed output may be wired as
SPDT solid-state relay, prefix iy p &y
10t030V dc | .15ampmax., 3- or 4-wire low-gain alarm output.
@ <25mA not Complementary PNP sourcing outputs:
(see notes) S18SP6 one normally open, one normally closed.
prefix Normally closed output may be wired as
low-gain aarm output.
SM 30 Series
QZV?
{ > id-
S 10@t2 gg\rggc Szpss-ra% Lﬂ;#i_ﬁ%’ SM 30 prefix Bi-Modal ™ (sinking or sourcing) output
(per pair)
C30 Series
. Four output versions, with choice of:
10to 30V dc SPST solid-state relay . - L
i) C3d prefix Sourcing or sinking and
@ < 30mA .15 amp max., 3-wire Light- or dark-operate
Q19 Series Complementary NPN sinking outputs:
195N6 one normally open, one normally closed.
Qprefi X Normally closed output may be wired as
N 10t0 30V dc SPDT solid-state relay, |ow-gain alarm outpt.
‘f @ < 25mA .15 amp max., 3- or 4-wire
Complementary PNP sourcing outputs:
(see notes) Q19SP6 one normally open, one normally closed.
prefix Normally closed output may be wired as
low-gain alarm output.
Wiring chamber
12 to 240V dc SPDT E/M relay, Q85VR3 ) )
(2 watts max.) 3 amp max., 30V dc max., prefix Models with -T9 suffix feature
5-wire 8 selectable output timing functions
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Sensor Selection Category B - Sensor Package

Table B-18. Sensors Powered by L ow Voltage dc (continued)

Wiring
FI’:V Or?#ld \éeogqagee Configuration an?(tj)grls Notes
amily 9 (e/m = electromechanical relay)
ULTRABEAM ™
L@
Solid-state analog voltage . -
/)@ g E’ggc\)/m(i\c source or current S'nk’ SLJ923QD Ultrasonic prOXImIty - ana 0og Output
L 4-wire
OMNI BEAM ™ Solid-state analog sonaor hend
o t%\fj%V @ 4\1%?3%;8%&]\5\%% with Ultrasonic proximity - dual analog outputs
OPBT3
(two outputs) power block
OSBUSR
SPDT solid-state relay, sensor head Bi-Modal™ | t
1(5@t283(()) mc -1 amp maximum, with S Inki r?g or s%%??:?nznﬁpf%’s
3- or 4-wire OPBT2U
power block
CD3RA Used with SP12 Series preamplified
CD5RA’ modulated remote sensors;
electromechanical output relay
SPDT E/M relay, CM3RA, Used with modul ated remote sensors;
5 amps max., 5-wire CM5RA electromechanical output relay
CR3RA Used with SP100 Series miniature
12t0 28V dc CRERA’ modul ated remote sensors;
@ < 70mA electromechanical output relay
CD3A, Used with SP12 Series preamplified modul ated
CD5A remote sensors; Solid-state outputs for ac or dc
30%3?1- %%ig{ASt ?‘;Z;?In?yum CM3A, Used with modul ated remote sensors;
or 250V 2c, 750 mA maximum CM5A solid-state outputs for ac or dc
CR3A Used with SP100 series miniature
CR5A’ modulated remote sensors; solid-state
outputs for ac or dc
MICRO-AMP®
10to 30V dc SPDT solid-state relay, MAS3-4 - sink Used with remote modulated sensors;
@ < 20mA .15 amps max., 3-wire MA3-4P - SoUfGe complementary outputs
1010 30V dc SPDT solid-state relay MA3 - sink Used with SP100 Series miniature
@ < 20mA 15 amps max., 3wi A modul ated remote sensors,
' MAZ3P - source complementary outputs
5V de Buffered CMOS outputs Used with SP100 Series miniature
u Ul modul ated remote sensors;
@ <20mA for 5V dc interface MPC3

complementary outputs
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2. Sensor interface

Thereareafew general questionsthat must beanswered duringthe
sensor sel ection processthat concerninterfacing of thesensor toits
load. The load may be an eectro-mechanical device (eg. a
solenoid, clutch, brake, contactor, etc.), or it may beaninput to a
circuit (e.g. acounter, programmable logic controller, electronic
speed control, Banner logic module, etc.).

First, it must be determined whether the interface is analog or
digital (switched). Examples of devices that require an analog
signal from a sensor include: meters, data recorders, speed con-
trols, and anal og inputs to programmable logic controllers.

Switched outputsaretypical of most sensing situations, including:
presence/absence, go/no-go, limit control, and counting applica
tions. There are two basic types of contacts for switched sensor
outputs. electro-mechanical (hard) and solid-state contacts.
Both types of contacts have their advantages and disadvantages
(see Table C-1).

Solid-statecontactsaredesignedtoswitchacvoltageor dcvoltage,
but usually not both. However, afew solid-state contact designs
will switcheither acor dcloads. Someself-contained sensorswith
solid-stateoutput aredesigned for two-wireoperation (see Section
C). Two-wiredesignisnecessary for someapplications,including
those where existing mechanical limit switches are to be directly
replaced with asensor. Also, two-wireac sensorshelp minimize
mis-connection of the sensor into acircuit, sincethey are usualy
not polarity-sensitive and connect without regard to wire color or
connector pin number. However, two-wire sensors carry with
them a few application warnings that are outlined in Section C.

The following tables indicate which sensor families offer analog
outputs and which offer switched outputs. In addition, Tables C-
2 through C-5 in the "Interfacing” section list specific model
numbers of power blocks, sensors, and amplifiers, plus detailed
comparative specifications for the output contacts.

Table B-19. Sensorswith Analog Output
Sensor Operating Output: Output:
Family Sensor Type Voltage Voltage Source | Current Sink Comments
Analog Offersall photoelectric
OMNI-BEAM™ sensing modes (except retro)
Modular. self 210to 250V ac by selection of sensor head.
pSouciodh or 0to+10V dc NOTE: opposed sensing is
sensor head 105t0 gr:sov ac and No accomplished using glass
and 1510 30V de fiber optics.
power block (depending on +10to OV dc Dual sourcing outputs
power block) (useable simultaneously).
Non-interactive NULL and
SPAN contrals.
Ultrasonic proximity sensing
210t0 260V ac mode.
or
One-piece, 105 to 130V ac Both voltage source or
self-contained or 010 +10V dc 010 20mA current sink outputs in same
18to 30V dc unit.
(depending on .
mode! used) Programmable for positive
or negative slope.
Sonic
OMNI-BEAM™
210to 250V ac g
Modular, self or 0to+10V dc Ultrasonic proximity sensing
contained: 10510 130V &c No mode.
scanner block 151 %E)V & or _
& power block (depending on +10t0 0V de Dual sourcing outputs.
power block)
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Sensor Selection Category C - Electrical Consider ations

Table B-20. Sensorswith Electromechanical Output Relay*

Product

Sensor

Sensor

Contact

. ) ) . Comments
Family Type Operating Voltage Configuration +See Teble C-2 for relay spexifications
OMNI-BEAM ™ . .
o Modular, All photoelectric sensing modes.
- ined: 24 to 250V ac
gsgfﬂgged' or SPDT Designed for OEM use.
2410 36V dc
i arc])sv er block Sensor head accepts optional timing
i p logic modules
MULTI-BEAM® . .
P Modular, Power blocks with electromechanical relay
self-contained: SPST or SPDT | work with 2-wire scanner blocks and logic
S%axgr%% ock, 1050 130V ac modules.
) (depending on
and power block) P@vgr bl oc.k models are 2PBR and 2PBR2.
logic module Timing logic may be added.
Modular, Power blocks with electromechanical relay
sdf-contaned 121030V dc SPSTorSPDT | \york with all MAXI-BEAM sensor heads.
?dsor 1210 %OV ac (depending on Power block models are RPBR and RPBR2.
power block power block) Timing logic may be added.
VALU-BEAM®
P Oneni 12 to 28V ac or dc,
o ne piece, 90 to 130V ac, or i ;
F ?ﬁ% self-contained 210 10 250V ac SPDT Models for all photoel ectric sensing modes.
“nlg (depending on sensor
model)
Q85 Series '
Opposed, short and long range diffuse, and
S One piece, 2410 240V ac polarized retroreflective modes.
~NS i : or SPDT Wiring chamber
m self-contained 12 t0 240V dc . . N .
\Q\‘L ) Optiona selectable output timing logic.
ULTRA-BEAM™
AN
h /’//7 One piece, 13%201 gg})/vacag ' SPDT Ultrasonic proximity sensor.
(2 self-contained (depending on sensor Long range (2 to 20 feet)
L P model)
Sonic
OMNI-BEAM ™
PN Ultrasonic proximity sensing with adjustable
N One piece, ranging.
C\ 7 @ af-contaned 105to0 130V ac SPDT
\M/j/' Programmable for high/low limit logic.
|
-4
MAXI-AMP™
< 12 to 28V dc (al models) o .
S Component plus 105 to 130V ac or Amplifier modules (e.g. CM3RA) contain
system 210to 250V ac SPDT power supply and output relay. Nowiring
H (depending on amplifier chassisis required.
Sl ? model)
MICRO-AMP® i - iri
- 105 t0 130V ac or Eﬁag;s on MPS-15 or MPS-15-230 wiring
e Comgtgq]ent 21010 260V ac SPDT
f\\l;m%// & (depending on chassis Amplifier modules (e.g. MA3-4) stand alone as
model dc powered units with solid-state output relay.
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Table B-21. Sensorswith Solid-state Output Relay*

Sen Sen Sensor (iontact c C%pntact_
sor sor : Configuration onfiguration
Family Type Operating for acLoads | for dcLoads Comments
Voltage (ac models) (dc models)
OMNI-BEAM ™ SpST Bi-Modal ™ Separate output for alarm function of
Modular, 210to 250V ac, SPST, D.A.T.A. system.
self-contained: | 105t0 130V &c, sourcing or Sensor head accepts optional timin
sensor head or 10to 30V dc L(i/ag;lfr?pto sinking logic module. PSP g
and (depending on .
power block power block) 3wire Loadsupto Sensor heads for al photoelectric
0.1 amp; 3-wire | sensing modes.
_ ®
MULTI-BEAM Modular, %g Eg %ggx ?Cab SPST SgrgrnSF;?T Power block models also available
< self-contained: 221028V ac, | sinki r?g for ac input with dc output.
scanner block, 11 to 13V ac, Loads up to i imi i
power block, 44 to 52V dc,or 3/4 amp (goe\‘,)v?dkl){] OgC%q Timing logic may be added.
and 10to 30V dc Scanner blocks for all photoelectric
logic module (depending on 2, 3, or 4-wire Loads up to sensing modes.
power block) .25 amp; 3-wire
Modular, 21010 250V ac, SPST Bi-polar OPST, 1}
self-contained: 105 to 130V ac. oo unt souSE(r:]llzg]gand Timing logic module may be added.
oads up to
o head or 10 to 30V dc 34 an?p Sensor heads for @l photoelectric
Sgwer block (dg\?v%rndtlylnc?clgy Loads up to sensing modes.
P 2,3, or 4-wire | -25amp; 3-wire
VALU-BEAM® .
e SPST Bi-polar DPST,
< > One piece, 24to 250V ac or sourcing and _ .
‘ ) 10 to 30V dc Loads up to sinking Models for all photoelectric sensing
1% self-contained 12 amp modes.
N (depending on Loads up to
sensor model) 2-wire .25 amp; 3-wire
MINI-BEAM® Bi-polar DPST,
2410 240V ac or SPST sourcing and Miniature self-contained.
One piece, 10to 30V dc Loads up to sinking
self-contained _ 0.3amp Models for all photoelectric
(depending on Loads up to sensing modes
sensor model) . 0.15 amp;
2-wire 3-wire
ECONO-BEAM ™ Bi-polar DPST,
_ sourcing and Designed for OEM applications.
One piece, 1010 30V dc N/A sinking
self-contained Models for al photoelectric sensing
Loads up to modes
0.15 amp; )
3-wire
SM512 Series SPDT
e (Corgﬂﬁﬂg?tar Y | Thin (1/2inch wide) metal housing.
ne piece,
self-contained 1010 30V dc N/A All photoelectric sensing modes
Loadsupto | ayailable.
.25 amp;
3-wire
SM30 Series Bi-Modal™ | 30mm threaded VALOX® or metal
SPST SPST
D0 barrel
; 10to 30V dc sourcing or
s;oerl]fe gcl)ﬁ(t:;’ned and Loads up to sinking Opposed mode only
- 2
2410 240V &ac 1/2 amp Loadsup to _ '
2-wire .25 amp; NEMA 6P; designed for demanding
4-wire environments

*See Tables C-4, C-4, and C-5 for relay specifications.
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Table B-21. Sensorswith Solid-state Output Relay (continued)*
Prod Sen Sensor c (‘?ontact c Cfpntact_
roduct sor f onfiguration onfiguration
Family Type Operating for acLoads | for dcLoads Comments
Voltage (ac models) (dc models)
THIN-PAK Q@8
Series SPST 8-mm deep metal housing
One piece, Loads up to iff I
oIf-contained 10to 30V dc N/A oo arrrw)p; Opp?sed and dl. use m?d§ on y
3wire Choice of sourcing or sinking, light-
or dark-operate
S18 Series
(an EZ-BEAM sensor) 20to 250V ac SPST 18 mm threaded barrel
One piece or L oads p o . E%DDT . DC models: Choose NPN sinking or
) oads up to i
alf-contained 10 to 30V 3amp 055 an?p; PNP sourcing complementary outputs
(depending upon ] 3- or 4-wire Normally closed output may be wired
model) 3-wire as low-gain alarm output
one b ;PST 30 mm threaded LEXAN® barrel
ne piece, Loads up to
self-contained 1010 30V dc N/A 0.15 amp; Choice of sourcing or sinking, light-
3-wire or dark-operate
SPDT Miniature self-contained
One piece L oads up o DC models: ChooseI NPN sinking or
J N/A PNP sourcing complementary outputs
self-contained 10to 30V de 0.15 amp g comp youtp
) Normally-closed output may be wired
3- or 4-wire as low-gain alarm output
121028V dc SPST SPST
(al models) plus
Component 105 to 130V ac or Loads up to Loadsupto | ModelsCD3A, CD3B, CD5A,
System 210 6 250V 20 3/4 amp 50 mA CD5B, CM3A, CM3B, CM5A,
(depending on and CM5B with solid-state output
e amplifier model) 3- or 4-wire 3- or 4-wire
MICRO-AMP? Bi-polar DPST, | ginking outputs: models MA3 and
P Component sourcingand | pmA3-4.
= system 10 to 30V dc N/A sinking
f\\\fm Loads up to Sourcing outputs: models MA3P and
.25 amp; 3-wire | MA3-4P.
- Two analo
UL -SSZR?:A\SErllzeAs M outputs; 9 Ultrasonic proximity sensor
(ultrasonic; analog . 18to 30V dc, 0to+10V dc
- Ultrasonic, i ini . .
output) S g? piece, . 105to (1)r30V &, None somgr(c):(l)ngh(r;]n:gg)um Sinking and sourcing analog outputs
(h -contain 010 20mA de
L7 21010 260V ac sinking Output selectable for positive or
\\%‘7/ (4V dcmaximum | negative slope
- voltage drop)
Sonic -
OMNI-BEAM ™ | Sitrasonic: 10t0 30V dc, Two analog
(ultrasonic; analog self-contained: 105 to 130V &c, sourcing outputs: | Ultrasonic proximity sensor
output)
(Sr%sgé head or None 0 t?lgranX) d¢ | Two sourcing analog outputs
OSBUSR) 21010 250V ac +10to OV dc i al block
and analog (depending on (10mA) Requires analog power bloc
power block power block)

*See Tables C-3, C-4, and C-5for relay specifications.
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3. Sensor Switching Speed

Whenever small parts are sensed and/or when sensing events
occur at high speed, theresponsetimesof thel oad and of thesensor
require close examination. The sensor must have aresponsetime
that isfast enough to react to the sensing event. Theload hasits
ownresponsetimespecification. Theresponseof theload must be
fast enough to follow the output of the sensor.

Electromechanical loads (solenoids, contactors, etc.) generaly
have slower response as compared to solid-state |oads (program-
mable logic controllers, counters, etc.). Also, ac loads generally
have slower response than dc loads. Even the ac inputs of solid-
state circuits, like PLCs, are dower to respond than dc inputs
because ac loads require up to one-half cycle of ac current before
they turn "off". At 60Hz, thisdelay isup to 8.3 milliseconds. As
aresult, adcinterfaceisusualy preferred in applications such as
high-speed counting, where the repetition rate ("rep rate") of the
sensor output isvery fast.

Therearesensingapplicationswherethereprateiss ow, butwhere
each sensing event occurs very quickly. An example is a die
protection application, where a part must be sensed as it exits a
press a high speed, but where there is a relatively long time
between g ected parts. If, inapplicationslikethese, theduration of
the sensor’ s output signal istoo short for the load to react, aone-
shot timer may be added in the sensor or between the sensor and
the load to stretch the duration of the sensor’ s output.

The discussion of required sensor response time at the end of
Section A explains how a response time requirement is deter-
mined. It aso suggests a few ways to ease the response time
requirement for asensor and itsload. There are, however, many
high-speed counting and i nspection applicationsthat demand very
fast sensor response.

Ultrasonic proximity sensors cannot be used for high speed

response requirements. Ultrasonic proximity mode sensors re-
quire time to "listen” for the echo of their emitted signal. This

4. Sensor Diagnostic Feedback

amount of time can range from about 25 milliseconds up to about
one-half second. Also, sensors with electromechanical output
relays cannot be used for high speed switching. Electromechani-
cal relaysrequiresevera millisecondsto energizeand (especialy)
to de-energize, in addition to the actua sensor response time.
Finaly, ac loads are usualy not involved in very high speed
sensing applications, due to their dower response (see above).
Sensors used for very high speed requirementsaretypically those
with solid-state interfaces to dc loads.

The speed of response of a modulated photoelectric sensor is
limited by its frequency of modulation. Modulation frequencies
range from about 2kHz to about 30kHz, depending on the sensor
design. Thereisadirect trade-off of fast sensor responsetimefor
sensing range (excessgain). If an LED ispulsed lessoften, it can
be pulsed with a higher current, thereby producing more light
energy.

A modulated receiver is designed to recognize several pulses of
light beforeit respondsto itsemitter. Demodulation schemescan
account for receiver reponse times of several hundred microsec-
onds, even at modulation frequencies of 30kHz. When required
responsetimes are faster than about 300 microseconds (0.3 milli-
seconds), we need to consider non-modulated schemes. With a
high sensing contrast ratio, non-modulated remote sensors (e.g.
model LP510CV) working with modified non-modul ated ampli-
fiers(e.g. model B3-4MVHS) areabletorespondtosensing events
as short as 50 microseconds (0.05 milliseconds).

Non-modulated amplifiers with very fast response times are
susceptible to false response from quick ambient light changes
(suchasfromacroom lighting) and fromelectrical "noise” pulses.
The required sensor response time should be eased, whenever
possible, to permit the use of amodulated system and to increase
the"noise" immunity of thesensing system (see" Required Sensor
Response Time" in Section A). Table B-22 liststhefastest of the
modulated sensors and component systems.

Increasingly sophisticated automationiscreating afrequent requirement for sensor self- diagnostics. With computers, microprocessors,
and programmable logic controllersintegrating all aspects of automated manufacturing

and material handling, a sensor that is able to provide an early warning of impending

sensing problems can prevent expensive downtime.

TheOMNI-BEAM'sD.A.T.A. (Display and TroubleAlert) isasensor self-diagnostics

system that monitors all of the following sensing parameters:
Condensation or moisture inside the sensor
Operating temperature
Supply voltage

Whenever any of these sensing parameters goes beyond its predefined limit, the sensor’ s
dedicated alarm output changes state to signal the system controller or operations
personnel that sensing conditions have become marginal. LEDSs built into the sensor
identify the problem cause (seeFigure B.52). Thetrendisfor anincreaseinrequirements
for sensor self-diagnostics. The OMNI-BEAM s the first sensor design to provide

complete sensor self-diagnostics.

Output (load) demand
Gain setting
Sensing contrast

Figure B.52. The OMNI-BEAM's
D.AT.A™ light system flashes an
early war ning of an impending sensing
problem.
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Table B-22. Sensorsfor High-speed Sensing Requirements

"on" & " off"

MAXI-BEAM®

&

RSBLV, RSBLVAG .
RSBD, RSBDSR....

.. Diffuse.........

Self-contained Sensing
Sensor Family Models Mode R_e;ponse NOTES
(milliseconds)
OMNI-BEAM™ | OSBE & OSBR ....coovvvveererereiinnreees OPPOSEd ..o 2
5~ OSBD ..ot DIiffuse ...ooeeeeeeceeeeee 2 Use a.dc nower block
I OSBF, OSBFV .o Glass fiber OptiC........oo..... 2 (6. modd OPBT2)
N OSBFP ..o Plastic fiber optic .......cccveuenene 2
L OSBFAC ..o AC-coupled, glass fiber optic. 1
MULTI-BEAM® | SBE & SBR1 ..coeovvvevevereeesrnenenn. Long-range opposed ............... 1 Use adc power block
‘ SBED & SBRDL1......cccoevirinieiienns Short-range opposed ............... 1 (e.g. model PBT)
SBLV, SBLV1, SBLVAGL............. Retroreflective
SBD1, SBDL ..o Diffuse............... These scanner blocks may be
SBC1, SBCV1, SBCVGL1................ Convergent .......ccoceeeresenennens ordered modified for 0.3
SBEF & SBRF1 ...cccooovveeiriecnenns Opposed glass fiber optic ....... 1 millisecond response. Add
SBF1, SBFV1, SBFVGL ................. Glassfiber optiC.....ccceervennnee 1 suffix "MHS" to model number.
RSBE & RSBR......cccvoeiiiiiinee OPPOSED ... 0.3 Use dc power block

(e.g. model RPBT)

RSBC, RSBCV ..o Convergent Sensor heads may be
Glassfiber optiC........cccvvvvvnnene. 0.3 programmed for slower
Glassfiber opticC......c.ccovvvvvneee. 1 response times (except models
Plastic fiber optic.................... 1 RSBFV and RSBFP)
MINI-BEAM® SM31E & SM3IR ....ccccevvrirreirinn Short-range opposed................ 1
SM31EL & SM31RL ...ccceeveverenene Long-range opposed ............... 1
SM312LV, SM312LVAG .....cccceueee Retroreflective ........ccooeveeennne 1
SM312D, SM312DB7Z ...........cco...... Diffuse ...coviirrceci, 1 All models may be ordered
SM312W ..o Divergent .....ccccoceeeeeeenenenenens 1 modified for 0.3 millisecond
SM312CV, SM312CV2 ......ccouueee. ConNVergent .......ccecevereneennene. 1 response. Add suffix "MHS'
SM312CVG ..o .... Convergent . .1 to model number.
SM312C, SM312C2 .. .... Convergent ......... .1
SM312F, SM312FV ....coceiririeene Glassfiber optiC......cccceovreeueneee 1
SMBI2FP ..o Plastic fiber optic ......ccccveveeene 1
SM512 Series | SM51EB & SM5IRB ....oooocere OPPOSE oo 1 g’c'\"cﬁil‘i‘d%r?{& usedwith an
SM53E & SM53R ..... .... Opposed ....... (see note) - s y
SM512LB, SM502A . i —— 1 The amplifi freggéﬁg't?ﬁet_he
SM512DB .....ccccoviirieiciine v DIFfUSE o 1 ) .
SM512C1, SM512CV1 ... o Convergent .o 1 Bo-6 or & milllsecond response,
SM512DBCV .....cccccevvvvernnne. ... Precise-focus convergent ........ 1 Outout bulse time det ESponse.
SMB12LBFO ..o Glass fiber optiC..........oo.......... 1 ULpUL PUiSe time determines

the "off" response time.

THIN-PAK Q@8

SO6J-QW8 and EO6Q-QB8-ANGX

-AN models: NPN, light operate

(or -RN6X, -AP6X, or -RP6X) ....... OppPOSEd ......cveverereieicieieie 1 -RN models: NP, dark operate
NO5-Q@8-AN7 -AP models: PNP, light operate
(or -RN7,-AP7, or -RP7) ............... Diffuse ... 1 -RP models; PNP, dark operate

Thedual-LED indicator system on S18 and Q19 Seriessensor s, while not ascomprehensiveasthe D.A.T.A. system just described,
provides extremely useful indications of sensing conditions beyond what is available on most other sensors. Two LED indicators
(yellow and green), indicate as follows:

GREEN glowing steadily = power to the sensor is"on"

GREEN flashing (dc models only) = sensor output is overloaded

YELLOW glowing steadily (dc models) = normally open sensor output is “on"

YELLOW glowing steadily (ac models) = the sensor is seeing its own modulated light source

Y ELLOW flashing = marginal excessgain (lessthan 1.5x) in thelight condition; flashing Y ELLOW coincideswith the "on"
state of the alarm output (dc models only).

These sensors are idedl for use in demanding environments. Q19 sensors are rated NEMA 6; S18s are rated NEMA 6P.
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Table B-22. Sensorsfor High-speed Sensing Requirements (continued)

"on" & " off"

Component Models Sensing
Systems Mode Response NOTES
(milliseconds)
Q19SN6L P, Q19SP6LP. .................. Polarized retroreflective ......... 1
Q19SN6D, Q19SP6D .......ccevvveene DiffuSe ..oveveeereeeiresiece e 1 -SN6 models: NPN (sinking)
QI19SN6DL, Q19SP6DL ................. (D11 1V 1
Q196E and -SP6 models; PNP (sourcing)
QI19SN6R or Q19SP6R ................. (07070105 o [ 1
C30J Series
C30ANTL, C3BRNTL, ) -AN models: NPN, light operate
C30AP7L and C3@RP7L .............. Retroreflective ..o, 1 -RN models: NPN, dark operate
C3@ANTD, C30RNTD, -AP models: PNP, light operate
C30APTD, and C3@RPT7D ............ DIiffuse ...ooeveeeieeeeee 1 -RP models: PNP, dark operate
- ™
MAXI-AMP CM3A e e 0.3 Amplifiers also programmable
for 2 or 10 millisecond
CM3B..oovevveceeend, 0.3 response.
(Remote sensors for all
(o] Y 1=7- N sensing modes) | (see note) Response of CM5A and CM5B
is determined by the
CMBB .o, (see note) programmed timing function.
MICRO-AMP? MA3,MA3P o] o 1
MAS3-4, MA3-4P..... e FAmAte CONEAF) beeeeeeees 1 o
o~ (SP100 Series remote sensors) MPC3 response time is
= MPC3 .o, L (see note) adjustable from about 0.5
to 10 milliseconds
; MASA e SP100FF ..o 2
MPC3A ..o SP100FF ..o 15
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Sensor Sdlection Category D - Environmental Consder ations

1) Temperature

Theoperatingtemperaturerangeof any self-contained sensor or of
any remote amplifier or logic module is determined by the tem-
peraturerangeof itselectronic circuit components. Thenarrowest
temperature range for any type of sensor is 0 to +50°C (+32 to
+122°F). Thistemperaturerangeistypical of remote amplifiers,
remotelogicmodules, ultrasonicsensors, and afew salf-contained
photoelectric sensors (see Table B-23).

Remote photoel ectric sensors have higher operating temperature
maximums because they contain only optoelements, which are
usually rated for -40 to +100°C (-40 to +212°F). However, the
practical operating temperature maximum for aremote photoel ec-
tric sensor is often limited by the type of insulation used on the
connecting cable.

Glass fiberoptic assemblies must be used to "pipe" photoelectric
sensing energy into and out of sensing areas where ambient
temperaturesare below -40°C (F) or above 100°C (212°F). Fiber
optic assembliesthat are used beyond these temperatures must be
constructed using metal sheathing (vs. plasticsheathing- seeTable
B-23). Glass fiber optic assemblies that use standard flexible
stainless steel armored sheath arerated for usein-140to +249°C
(-220 to +480°F) environments.

The high temperature limit of thistype of fiber optic assembly is
determined by the epoxy used to terminate the glassbundlein the
endtips. Anoptically-clear epoxy iswickedintothefirst 1/2inch
of the bundle at each termination. Thiskeepsthe bundlerigid to
allow optical polishing of thefiber ends. (Thequality of theoptical
polishing of the bundle ends is the most important factor in
determining the efficiency of aglass fiber optic assembly.)

Fiber optic assemblies that use stainless stedl sheathing may be
used upto 600°F if aspecial epoxy isused toterminatethe sensing
end. Thisoption isavailable by designating "M600" as a model
number suffix. Thespecial epoxy addssignificant timetothefiber
optic manufacturing process, and asaresult, its use increasesthe
cost of afiber optic assembly.

Fiber optic assembliesthat have straight metal sensing ends (e.g.
those with threads or ferrules) may be built without epoxy in the
sensing end. In these specially-made fiber optic assemblies, the
bundleiskept rigid during and after polishing by using a shrink-
fit ring at the sensing end. This metal ring is heated while the
bundle is carefully inserted. The ring shrinks as it cools, and
compressesthebundle. Thebundle, withthering attached, isthen
press-fitinto aferruleor athreaded stainlesssted endtip. Finally,
theendtipiscarefully polished. Thistype of fiber optic assembly
israted at 900°F and is ordered by adding the suffix "M 900" to a
model number. The Banner product catalog indicates those
models which may be modified for 900°F operation.

Plastic fiber optics are not a choice for temperature extremes.
Temperatures below -30°C (-20°F) cause embrittlement of the
plastic materials, but will not cause transmission loss. Tempera-
turesabove+70°C (+158°F) will causeboth transmissionlossand
fiber shrinkage.

Table B-23. Operating Temperature Range
of Sensorsand Modules
Self-contained Sensors ~ Operating Temperature
Range
OMNI-BEAM ..o, -40to +70°C (-40 to +158°F)
MULTI-BEAM ....ccoovvvirienen. -40 to +70°C (-40 to +158°F)
(except LSI10E & LSIOR)........ 0to +50°C (+32 to +122°F)
MAXI-BEAM ....ccooovvvvieiine. -40to +70°C (-40 to +158°F)
VALU-BEAM (912 Series) ..... -20t0 +70°C (-4 to +158°F)
(915 and 990 Series) ...... 0t0 +50°C (+32 to +122°F)
MINI-BEAM ....ccccoveveeree, -20to +70°C (-4 to +158°F)
ECONO-BEAM .....cccceeveneeee. 0to +50°C (+32 to +122°F)
S18 SErES ..o -40to +70°C (-40 to +158°F)
SM 500 SEfi€s ......ovveeerreeenneeen -40 to +70°C (-40 to +158°F)
SM 30 Series .......oorveererrerernnenn -40 to +70°C (-40 to +158°F)
THIN-PAK Q@8 Series .......... 0to +50°C (+32 to +122°F)
Q1O SEES oo -20to +55°C (-5 to +131°F)
C30SEES v 0to +50°C (+32 to +122°F)
Q85 SEfiES ..o -25t0 +55°C (-13 to +131°F)
BEAM-ARRAY Systems ........ -20t0 +50°C (-4 to +122°F)
Sonic OMNI-BEAM ................ 0to +50°C (+32 to +122°F)
ULTRA-BEAM .....cccovvvenen. 0to +50°C (+32 to +122°F)
OPTO-TOUCH ....ccoeeveieens -20to +50°C (-4 to +122°F)
Operating Temperature
Remote Sensors Range
SP12 SEES...eovereeeeeeserennene -40 to +70°C (-40 to +158°F)
SP100 SEri€S....vveeveeeeerereereenn. 010 +70°C (+32 to +158°F)
SP300 SEES....ovvvverereeiennnene, -40 to +80°C (-40 to +176°F)
(except SP300EL & SP300RL) -40to +100°C (-40to +212°F)
SP1000 SEES ..vooveeeereeeereenn. -40 to +80°C (-40 to +176°F)
LR/PT Series ......oovwvvvecesrnnee. -40 to +100°C (-40 to +212°F)
(except LR/PT300) ... -40 to +80°C (-40 to +176°F)
LP SEries. ..covveveieseicesienne -40 to +80°C (-40 to +176°F)
Remote Amplifiers Operating Temperature
& Logic Modules Range
MAXI-AMP ..., 0to +50°C (+32 to +122°F)
MICRO-AMP. ..o, 0to +70°C (+32 to +158°F)
PIUGLOGIC ...covveeireiccee 0to +50°C (+32 to +122°F)
Fiber Optic Operating Temperature
Assemblies Range
Plastic fiber optic assemblies -30to +70°C (-20 to +158°F)
Glassfiber optic assemblies
(standard w/stainless steel sheath). -140 to +249°C (-220 to +480°F)
(standard w/PVC sheath) .............. -40 to +105°C (-40 to +220°F)
("M600" special €poXy) ....c.evnnes -140 to +315°C (-220 to +600°F)
("M900" special - No €POXY) ......... -140 to +480°C (-220 to +900°F)
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2) Moisture

Much of thecircuitry containedin sensorsand sensing systemscan
be affected by even small amountsof moisture. Thisisespecialy
true of amplifier and timing circuits. Moisture can cause changes
in circuit impedance that may result in symptoms ranging from a
dlight changein sensing performanceto catastrophic failure of the
circuit. For thisreason, it becomes very important to protect any
sensing circuitry that is placed directly in moist environments.
This is best accomplished by epoxy encapsulation of sensing
components that contain circuitry.

Most Banner sensorsare epoxy encapsul ated. Exceptionsinclude
OMNI-BEAM sensor heads (OMNI-BEAM power blocks are
epoxy potted), C3@ Series, and Q85 Series sensors. Component
MICRO-AMP amplifier and logic modul esare al so epoxy encap-
sulated. However, dl other component amplifier and logic mod-
ulesarenat potted, and are not suitablefor mounting outside of an
additional enclosurewhen used in amoist environment. NOTE:
Model BENC-4isaNEMA 4X rated enclosurethat isdesigned to
house one or two MAXI-AMP modules or other control device.

StandardsPublication#250 of theNational Electrical Manufactur-
ersAssociation (NEMA) establishesguidelinesfor specifying the
degree of sealing offered by any particular electrical enclosure
design. These ratings may be applied to the housings of sensors
and component modules to predict their relative resistance to
infiltration of dirt, dust, moisture, and corrosive agents (see Table
13 in Section F, "Data Reference"). In the case of moisture,
NEMA standards make referenceto degrees of relative exposure,
suchas: "falingliquid, light splash, heavy splash, and hosedown".

NEMA 6 designsrepresent thebest seal sagainst moisture, and are
able to resist occasional (NEMA 6) or prolonged (NEMA 6P)
submersion. NEMA 4 and NEMA 6 designsare abletowithstand
pressure hosedowns (e.g. thosetypical in car washes). However,
theNEMA testsdo not takeinto account theel evated temperatures
(195 to 212°F) of solutions used to wash equipment in food
processing applications. The thermal shock to sensors that is
produced by ahigh temperature spray (especialy inarefrigerated
food process) can chalenge many NEMA 4 gasketing designs.
Sensor selectionfor thesetypesof hosedown environmentsshould
always include evaluation of sensors with NEMA 6P sealing,
whichisoffered by the SM30, SP12, Q85, and S18 Seriesand by
fiber optics.

Moisture can form inside a sensor or component module from
condensation of the water vapor that is contained within an air
space. Condensation occurs whenever theair iscooled below its

dew point or whenever theair becomessaturated withwater vapor.
Condensation can form within a perfectly-seal ed sensor housing.
Condensation ismost preva ent in photoel ectric sensorswhere an
air spaceexistshetween thelensand the optoel ement(s), or in self-
contained sensors that have awiring chamber.

Sensorsthat are used for outdoor applications are prone to prob-
lems caused by condensation whenever the air isnear saturation.
A quick risein air temperature outside of the sensor (e.g during
morning hours) can preci pitatewater vapor insidethesensor. This
isalsoacommon problemwhen sensorsarehit with hightempera-
ture water spray, as routinely occurs in food processing applica-
tions.

Oneway to minimize condensationinthesesituationsistoviolate
the seal of the sensor. This might be accomplished by smply
drillingaholefromtheouts deof thesensor intotheair space. This
will dlow faster equalization of outside to inside temperature,
minimizing condensation potential. Of course, the hole should be
drilled at alocation or at an angle that will not invite direct entry
of water.

Internal condensation can be eliminated completely by using un-
lensed fiber optics (with the sensor mounted in adry location) or
by using an epoxy-encapsulated photoelectric sensor with her-
metically sealed lenses. These include most opposed mode
remote sensors, plus opposed mode modelswithin the ECONO-
BEAM and SM512 Series of self-contained sensors. There are
also diffuse, divergent, and convergent mode sensors that have
hermetically sealed optics. However, these sensing modes are
usually not recommended for use in areas with the potential for
fog, mist, or splash.

Another major problem resultsfrom attenuation of sensing energy
from moisture on the lens of aphotoel ectric emitter or receiver or
on the transducer of an ultrasonic sensor. Fog on the surface of a
lens (from condensation) can severely attenuate light energy. A
droplet of liquid onasmall lenscan send alight beaminthewrong
direction. Moisture on the face of an ultrasonic transducer will
dampen its movement. Whenever these conditions cannot be
avoided, the best chance for reliable operation is with the sensor
that offersthe highest excessgain. Thisusually dictatesthe need
for opposed mode photoelectric sensors. When conditions are
severe, consider the SMA30SEL and SM30SRL opposed sensor
pair for general andlongrangeuse. For short rangesensingwhere
"burn through" power is needed, consider the opposed pair
models SP12SEL and SP12SRL.
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3) Corrosive agents

All materialsthat arecommonly usedto house sensorsand sensing
components are vulnerable to one or more types of corrosive
agents. Table 15 in the Data Reference section indicatesrelative
degrees of resistance that each housing materia has to general
categoriesof potentially corrosive materials. Corrosive materials
are grouped into the general categories of: solvents, acids, alkalis
(bases), and sunlight/weathering. Sunlight contributesultraviolet
radiation (UV), which weakens some materials. Other damaging
effectsof weatheringincludecorrosionduetoindustria pollutants
that aredissolved in rain water and the effects of hot/cold cycling.

Within each group of corrosive agents there may be particular
compounds that very rapidly attack a housing material. For
example, isopropyl acohol contacting the surface of a molded
acrylic lens releases stresses within the lens, quickly resulting in
hundreds of micro-cracks. Some of these specific warnings are
noted in Table 15.

Table15indicatesthat glasslensesarefar superiortoacryliclenses
intermsof chemical resistance, yet most sensor lensesareacrylic.
There are severa reasons for standardizing on plastic lenses.
Molded acrylic lenses are less expensive than glass lenses.
(Acrylic lenses can, nevertheless, be highly consistent in their
optical geometry.) Also, it iseasier to mold complex shapes to
facilitate lens mounting or special optical response. In addition,
glasslenses are generaly not alowed in food processing sensing
applications. Where the properties of glass are required, the
MULTI-BEAM offers an upper cover, model UC-LG, that pro-
videsaplane glasswindow (e.g. aflashlight lens) to protect most
model swith acryliclensesfrom attack by solvents, acids, or stong
bases. Also, the acrylic lenses used on many Banner sensorsare
replaceable.

For particularly corrosive environments, glassfiber optic assem-
blies offer exceptional resistance to attack. Standard fiber optic
assemblies offer the choice between stainless steel armored cable
or PVC jacket. The grade of stainless sted that is used for the

4) Dirt, Dust, Fog

Dirt, dust, smoke, or foginthe sensing path plusdirt, dust, fog, oil,
grease, or soot build-up on the face of a sensor can al contribute
toattenuation of thelight energy availablefor sensing. Itisinthese
very dirty sensing environments that inductive metal proximity
detectors become afirst choice. An inductive metal proximity
sensor can ignore buildup of contaminants on its sensing face
unless the buildup contains metal, as might be the casein a
machine tool monitoring application. There are many sensing
applications, though, wherethetargetisnot metal and/or wherethe
sensing distanceistoo grest to use an inductive proximity sensor.

Ultrasonic sensors offer afixed amount of sensing energy. Prox-
imity mode ultrasonic sensors depend on receiving an echo of an
emitted signal. The echo can be quickly dampened by contami-
nants on the transducer or in the sensing path. This leaves

Sensor Selection Category D - Environmental Considerations

sheathing (#302) has good to excellent resistance to attack by
solvents and alkalis, but the epoxy that is used to terminate the
bundlesisattacked by many solvents. Use of special M900 fiber
assemblies (built without epoxy; see "Temperature”, previous
page) isrecommended for areaswherethe sensing tip(s) will bein
direct contact with any industrial solvent.

Standardfiber opticassemblieswith PV Cjacketsprovideexcel lent
resistance to the caustic bases typicaly used in hose washdown
solutionsfoundinfood processing applications. Special fiber optic
assemblieswith Teflon® sheathing are an excellent choicefor acid
environments; however, it isimportant to protect the sensing tip
from direct contact with concentrated acids. The polyethylene
jacket of plasticfiberopticshasexcellent resistanceto acidsbut the
jacket isthin, and prolonged contact may result inmigration of the
acid (or any corrosive material) through the jacket to the acrylic
fiber. Testsamplesof plasticfiber opticcablematerial areavailable
for evaluation from your Banner sales engineer.

The SM 30 Seriesisalso designed to stand up to corrosive sensing
environments. Itisavailablein either astainless steel housing or
amolded VALOX®housing. Stainless stedl isthe best choicefor
all applicationsexcept thoseinvaolving contactwithacids. VALOX®
offers good to excellent resistance to al acids. The SM30 Series
also offersvery high excess gain to penetrate mist, dirt or dust, or
fogging of itsacrylic lensdueto chemical attack. Thelensof the
SM30 Seriesisfactory replacesble.

Acidsand bases are rarely encountered at full concentration, and
are usually acomponent of awater-based solution that contactsa
sensing deviceby way of splash or vapor. Theconcentration of an
acidor baseisimportant to cons der when estimating theresistance
of a sensor housing material to attack. Table B-14 lists the
materialsused inthe construction of each family of self-contained
sensor. You can call upon your Banner sales engineer for assis-
tance in researching the resistance of these materias to the
corrosive agents present in your particular sensing environment.

photoel ectric sensors asthe only cost-effective non-contact sens-
ing choice.

In environments where contamination is particularly thick, close
attention must be given to excess gain data for any sensor under
consideration. Very highexcessgainisavailableonly from some
opposed mode sensors. Excess gain of opposed mode sensorsis
inversely proportional tothesquareof thesensingrange. Atclose
range, excess gains of several thousand times are common, as
indicated in Table B-24.

Ingeneral, themoreexcessgainthat isavail ablefromasensor pair,
the more reliable the sensing system will be in a dirt-filled
environment. Theonly warningisthat thetarget that istointerrupt
thebeam must be opagueto light. Opposed pairswith excessgain
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above 1,000x will survive in extremely dirty areas, but may also
begin to penetrate paper, thin cardboard, and materials of similar
density.

The greatest amount of "burn-through" (penetrating) ability is
offered by high power opposed mode sensors with asmall effec-

5) Air Turbulence

The sensing signal or the echo of an ultrasonic proximity sensor
can literally be blown off course by wind that crosses the sensing
path. Air flow aong an ultrasonic proximity sensing axis can
causeinstability of responsethat isespecially noticeablein analog
measurement applications. For these reasons, use of ultrasonic
sensors in outdoor applicationsis not recommended.

Air turbulence caused by heating of air (i.e. upward convection
currents) can cause severe scattering of photoelectric (aswell as

tivebeam (i. e. small lenses). Largelensesyield longer range, but
also spread theavailable sensing energy over alarger area. A 1/8-
inch diameter beam with very high burn-through power may be
created by removingthelensblocksfroman SM51EB6/SM51RB6
opposed mode pair. Thispair will function reliably in extremely
dirty conditions at up to about one foot range (see Table B-24).

ultrasonic) sensing energy. Sensing material flowing through a
hest treating oven isan example of an application where convec-
tive air turbulence is encountered. In these situations, only
opposed mode sensors with very high excess gain should be
considered (TableB-24). Whenfiber opticsarerequired, consider
the addition of a lens on the sensing end tip of the emitter and
receiver fiber optic assembliesto maximizeexcessgain (see Table
B-7 and Figure B.16).

Table B-24

Sensorswith Very High Optical Energy for usein Areas of Dirt, Dust, or Fog

Sensor Family M|n|mum Guaranteed Excess Gain at (Range): Models Notes
6 inches 1 foot 10 feet
D.A.T.A. self-diagnostic system
OMNI-BEAM ™ 40,000x 10,000% 100x OSBE & OSBR with alarm output. 10-element
signal strength indicator.
2,000,000x 500,000% 5,000x SBEX & SBRX1 Highest excess gain available
90,000x 22,500x 225x SBE & SBR1 Very fast (1ms) response
MULTI-BEAM®
40,000x 10,000x 100x SBEV & SBRX1 Visible (red) sensing beam
90,000x 22,500x 225x SBE & 2SBR1 2-wire hookup
Excess gain figures are with
MAXI-BEAM® 360,000x 90,000x 900x RSBE & RSBR sensors programmed for 10
millisecond response
SMAO9LE & Visible tracer beam
SM91R or SM2A91R | Solid-state output
VALU-BEAM® 160,000x 40,000x 400x SMAOIE & -
SMWO5R. SMIA95R Visible tracer beam
or SMB95R | Electromechanical relay output
SM3I1EL & SM31RL, .
MINI-BEAM® 40,000 10,000 100x SMABIEL & fipertues are avallanle
SM2A31RL
Very small effective beam for highest
SM512 Series 10,000x 2,500x 25x Sg/ll\/? élfs g g‘ avallable penetrating power (remove
lensblocksfor best penetration)
SMAS30SEL & SM30SRL
. or SM2A30SRL . . .
SM 30 Series 2,000,000x 500,000x 5,000x SMASOPEL & SVI30PRL Highest excess gain available
or SM2A30PRL
. SP12SEL & SP12SRL, 12-mm threaded barrel design
SP12 Series 160,000x 40,000x 400x SP1PEL & Sp1opRL. | Usewith MAXI-AMP CD Series
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6) Vibration and Shock

Vibration isgenerally regarded asan oscill ating force, whereasshock referstoatransient forceof short duration. Thedifferencebetween
these two potentialy destructive forces can be blurred in some situations. For example, acycling punch press caninduce aforceto a
sensing component at apredictablefrequency, but such pressstrokesare generally regarded as producers of shock because of the short
time duration of eachimpulse. In contrast, amotor running the press flywheel might produce destructive vibration that could affect a
sensing component that is bolted to the press frame.

Vibration and shock can be expressed interms of variationsin displacement, velocity, or acceleration withtime. Accelerationisused
most frequently toindicatetheshock toleranceof sensing components, sincethedestructiveforceisequal totheweight of thecomponent

times its acceleration:

F = WG

destructive
where:

W = weight of the sensing component

G = themaximum acceleration in gravity units, that is, the maximum acceleration of the sensing component dueto an
impulse divided by the acceleration due to gravity.

From this basic relationship, it follows that alightweight sensing
component will survivemore"Gs" of acceleration from shock or
vibration than will aheavy sensing component. This means that
the best sensor choice for areas of shock and vibration isa glass
fiber opticassembly. Themajority of aglassfiber opticassembly’s
weightisinthesheathing. Thesheathistypically constructedfrom
a flexible stainless steel conduit or spira wire that naturally
dampensmuch of any induced shock. Thedelicatepartsof aglass
fiber optic assembly arethe optical glassfibersthemselves, which
individually present very little mass. The second best choice for
sensing in areas of shock or vibration is a plastic fiber optic
assembly. Itsoveral low massisaplastic fiber optic assembly’s
main advantagein the presence of heavy shock or vibration. Fiber
optics, in general, are able to survive hundreds of Gs of accelera-
tion.

The next best category of sen-
sorsfor shock resistanceisthe
SP100 Series remote sensors,
followed by the rest of the re-
mote sensors (the smaller the
better).

The most fragile element of
any photoelectric sensor isits
LED or phototransistor. Within
eachoptodevicethereisoneor
more "bond wires" that con-
nect the active element(s) to
thelead wires of the device (Figure B.53). Thebond wireitself is
very low in mass, but the two components that each bond wire
connectstogether may moverelativeto each other when subjected
to enough mechanical shock, causing thedelicate el ectrical bonds
to fracture or shear. Most of the opto devices that are used in
industrial photoelectric sensors are rated for up to 15 Gs.

FigureB.53.
Optoelectronic device.

Following remote sensors, one-piece self-contained sensorsare a
good choice for areas of shock or vibration. Most tolerant of
vibration are those which have epoxy-encapsul ated circuitry. For
the reason explained above, the smallest and lightest-weight
modelsarebest. Unpotted one-piece self-contained sensors, such
as C3@ and Q85 Series sensors, may fail from fractured circuit
connections whenever shock levels exceed 10G, or when the
vibration frequency is at resonance (see explanation, next page).

Modular self-contained sensors usually should not be mounted
directlyinareasof heavy shock or vibration. However, theMAXI-
BEAMP®isabletowithstand forcesupto 10 Gs, duetothefact that
all of its components (except for the wiring base) are epoxy
encapsulated, plus the fact that al of the components are bolted
together.

Even if the components of a modular self-contained sensor bolt
together, theheavy vibrationthat istypical of vibratory feeder bowl

Table B-25.
Sensor Shock and Vibration Resistance
(best to worst*)

Shock or Vibration

Sensing Component Tolerance

Fiber optic assemblies:
Glass fiber optics
Plastic fiber optics

(more than)
100G

Remote Sensors:
SP100 Series
LR/PT Series

LP Series

SP12 Series
SP300 Series

15G
(limited by
opto device)

One-piece self-contained sensors:
Q19 Series
QU8 Series
ECONO-BEAM
MINI-BEAM
S18 Series
SM512 Series
SM30 Series
VALU-BEAM
C30 Series
Q85 Series
ULTRA-BEAM

10G

Modular self-contained sensors:
MAXI-BEAM 10G (shock only)

*NOTE: Sensing components not listed should be isolated
from heavy vibration or shock.
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equipment, sawmill equipment, and similar sensing environments
cancausesurprisefailures. Every sensor or sensing component has
its own unique natural frequency, the frequency at which reso-
nance occurs. Atresonance, asensing component under vibration
will, itself, vibrate at its highest amplitude. If the vibration (or a
component of complex vibration) happens to coincide with the
natural frequency of amodul ar self-contai ned sensor, itispossibile
that the sensor could disassembleitself.

MAXI-AMP™ component amplifier modules are not recom-
mended for mounting without isolation in areas of high vibration
or shock. MICRO-AMP® modules, on the other hand, are epoxy
encapsulated and are usualy suitable for mounting directly to a
machineframeif they areproperly boltedtoan RS-8wiring socket.

7) Hazardous Environments

Thetermhazar dousenvironment isused heretodescribeasensing
location where combustible materials are present in dangerous
quantities. In these environments, sensing equipment must be
installed using special measures to avoid sources of ignition.
Hazardous environments are defined and classified by severa
agencies and codes, including the IEC (International
Electrotechnical Commission), and in the U.S.A. by the NEC
(National Electrical Code). Table12intheDataReferencesection
a the back of this book outlines the NEC classifications for
hazardous areas. Data Reference Table 14 correlates a NEMA
standard to each hazardous location classification.

To avoid asource of ignition, sensorsthat are used inside hazard-
ousareasmay betreatedin several ways. Therearethreecommon
approaches to sensor use. One way is to "pipe" photoelectric
sensing light into and out of the hazardous area using fiber optics.
Thisisusually costly, because very longfiber optic assembliesare
neededinmost sensing situations. Also, longfiber opticrunsresult
invery little sensing energy, making their useimpractical in many
applications.

The biggest obstacleto using glassfiber opticsisthe difficulty of
sealing around the fiber bundle at the barrier between the hazard-
ous and safe environments. Left unsealed, it is theoretically
possible for a spark that originates in the safe area to propagate
along thefiber opticassembly andinto theexplosiveenvironment.
As a result, plastic fiber optic assemblies are usualy the only
practical type for carrying sensing energy into and out of a
hazardous area.

Another way to accomplish sensing in hazardous aressisto place
(or build) a standard sensor into an explosion-proof enclosure
(Figure B.54). An explosion-proof enclosure can withstand the
pressure devel oped during an internal explosion and prevent the
transmission of theexplosionto theatmospherethat surroundsthe
enclosure. Thissolution is aways expensive, and places limita-
tionsonthetypesof sensorsthat may beused. Also, thewiringthat
supplies power to and transmits data from the sensor must be

Again, asageneral rule, whenever itisknown that asensor will be
subjected to high levels of shock or vibration, fiber optics are
usually a safe choice. But remember that, athough they can
withstand hundreds of Gs of force from shock or vibration, glass
fibers cannot tolerate repeated flexing. Toleranceto flexingisa
strong point for plastic fiber optic assemblies, especialy for those
that are pre-coiled.

treated specialy so that aspark originating in the safe area cannot
follow along the cable into the hazardous environment.

A third way to
accomplish
sensing in haz-
ardousenviron-
ments is to
limit the elec-
trical energy
that can enter
the hazardous
environmentby
selecting sen-
sors that re-
quire very low
levelsof energy
for operation,
andasobylim-
itingtheenergy
that can enter
the hazardous
areadueto any fault condition. A sensing system that meetsthis
criteriaisreferredtoasintrinsicallysafe. Intrinsically-safesensors
are specialy designed to require less than a specified maximum
current and voltage, and to exhibit |essthan aspecified maximum
capacitance and inductance. Intrinsically-safe sensors must carry
agency certification.

Figure B.54. Standard photoelectric
sensor inside an explosion-proof housing.

Energy limitingisprovided by asafety barrier. Most barriersuse
zener diodesthat limit voltage by shunting current to ground. The
barrier protectsagainst several fault conditionsthat could produce
a spark, including shorting of the wires in the hazardous area,
breaking of thewiresinthehazardousarea, grounding of thewires
in the hazardous area, and failure of the power supply in the safe
area. Intrinsically-safe barriers must also carry agency certifica-
tion.
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The SM1912 Series VALU-BEAM® sen- Table B-26. Sensorsfor Usein Hazardous Environments:
,Sotr$ afgalfferge? by Fa“itr?ry 'Vs't”t“f"a,las Intrinsically-safe Sensors for Use with Safety Barriers
intrinsically safefor useinthemost volatile
areas. This includes NEC Division 1, : Photoelectric Sensor
Classesl, I1,and 111, groupsA,B,C,D,E, F, Sensor Family Sensing Mode Range M odel
and G (see Table 12 in the Data Reference SMI91EOD &
Section). SM1912 Series sensors are also o Opposed 200 feet SMI 91§QD
certified for use, without safety barriers, in VALU-BEA M
Division 2 locations. SMI912 Seriessen- | SM1912 Series Opposed 10 fest SWISIESROD &
sorshaveoptical performanceand features Q
comparableto standard VALU-BEAM Opposed SMI91EFQD &
sensors (see Table B-26). fiber optic (see catalog) SMI91RFQD
Useof SM1912 seriessensorsinDivision 1 Retroreflective 30 feet SM1912LVQD
locationsrequirestheuseof safety barriers.
Installation may be made using either a Retroreflective
single barrier (2-wire hookup) or two bar- (anti-glare) 15 feet SMI912LVAGRD
riers(or onedoublebarrier, 3-wirehookup). _
Inthe 2-wire configuration, the sensor will Diffuse 15 inches SM1912DSRQD
act as a current sink, drawing less than
10mA in the OFF state and more than : ;

i d 30 inch SM1912DQD
20mA in the ON state (Figure B.55). A Diffuse nenes °
current sensor  is used to convert this Visible Focus at
current change to a logic level switch. Convergent Ay SM1912CVQD
MAXI-AMP™ model CI3RC isacurrent
ﬁ?]ls?/rowgggl gqtga; :g \%vev;r:g t;y eitlrg\rg Glassfiber optic | (seecatalog) SMI1912FQD
chanical SPDT relay, plus adc solid-state L .
contact as output switches (Figure B.56). Plastic fiber optic (see catalog) SM1912FPQD

An SMI1912 Seriessensor may also be configuredina3-
wiremodefor directly switchingaloadupto 15milliamps.
The 3-wire mode requires two safety barriers (Figure
B.57). Notethat, inthe 3-wirehookup, the positiveload
barrier is in series with the load. This results in an
apparent saturation voltage of the output that is higher
than the sensor output and is equal to the current multi-
plied by the voltage drop across the barrier.

Barriersareclassified aseither "positiveinput” or "nega-
tive input". SMI912 sensors require positive input
barriers. When selecting abarrier, itisalsoimportant to
consider the barrier’s resistance. The SM1912 sensor
must have at least 10 volts across the brown and blue
wires for operation. The formulathat determines how
much barrier resistanceisalowed is:

=40 (Supply voltage - 10 volts).

RBarrier

Figure B.55. SM1912 Series 2-wire hookup.

- Safe area J_ Hazardous area

NOTE: Barrier is required for Division 2 Black
applications (30V dc max.)

2-WIRE HOOKUP

(1 barrier required) (
<10 mA (OFF state) 2

220 mA (ON state)
Safety barrier
In Out
4+ »—— Current Sensor O \
- N % Brown

Operating

Voltage: INPUT: Connection to control room
18 to 30V dc equipment should not use or
25 mAdc generate more than 250V ac.

- @ Blue

Earth ground
(less than 1 Busbar

Positive

ohm)

'— Bottom view of sensor
(colors shown are for
mating cable MBCC-
312)

Inthe 2-wire configuration thisamount of maximum resistance must include the resistance dueto the current sensing device,
so the barrier resistancemust befurther reduced by theresistance of the current sensor. For assi stancewhen selecting abarrier, contact

your Banner sales engineer.

The CI3RC current sensing moduleisavailablewith aproperly sized safety barrier in akit which a so includesabusbar, modul e socket,
and DIN rail mounting track. Model CIBK-1 includes one barrier. Model CIBK-2 includes two barriers for applications where an
auxiliary sensor is used or where an opposed emitter/receiver pair is used (Figures B.56 and B.58).
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RELAY OUTPUT
5 AMP CONTACTS

105 1o 130V ac

AC

SUPPLY 210 l; 250V ac

{

N A

2-WIRE H P

(1 BARRIER REQUIRED
FOR EACH INPUT)

ONE BARRIER KIT = MODEL CIBK-1
TWO BARRIER KIT = MODEL CIBK2

> |P—HF @
E =E
~[@ C@D
=® cisre &

@

44— SAFE AREA
BARRIERS NOT REQUIRED FOR

@_

Figure B.56. Hookup of SM1912 Series sensorsto a Banner model CI3RC current amplifier module.

HAZARDOUS AREA

r~——--- JBLACK |
___r.__,P/l/
=N H

INHIBIT (GATING) SENSOR
{if used)

(less thantohm) =

ov. 2
(30 VDC MAX.) | I
| INTRINSIC SAFE ! bR
N~ BARRIER,~louty i | )
Femm TR AR A AL = {2 O
INPUTS: ! ! S VWV VST BROWN 2N~ T3
g : | POS suPPLY | b
<10 MA. (OFF STATE) I Eats et
220 MA. (ON STATE) |
|
|
| cofINHBTINPUT. . ______ ! INTRINSIC SAFE
Py YT IN BARRIER ~|oU1]
| coMMoN BROW
Bl POS. SUPPLY
| & OPTO-COUPLER
=] OUTPUT: 20mA max.
Py (&) BLE
—l &
) EARTH BUSBAR
GROUND

BOTTOM VIEW OF
SENSOR

(colors shown are for mating
cable model MBCC-312)

Intrinsically-safe sensors offer many advantages over explo-

sion-proof sensing design, including:

1) Significant reduction in costs of hardware and

installation;

2) Ease of sensor installation and alignment (sensors can be

adjusted with power applied);

3) Suitahility for all Classes, Groups, and Divisions of

hazardous locations (see Table 12);
4) Explosions are prevented, not simply contained;

5) No shock hazards exist because circuits are low
voltage and very low current;

6) Intrinsic safety approach is recognized internationaly.

Safe area

Figure B.57. SM1912 Series 3-wire hookup.

Hazardous area

NOTE: Barriers are not required for

Division 2 applications (30V dc max.) Satety barrer |
3-WIRE HOOKUP O ~AAAA Biack
{2 barriers required) Positive load
NOTE: For 2-barrier operation, 3
maximum voltage/combined current x o
of both barriers is not o exceed - A
30V 0c/100 mA or 19V de/350 mA, Z
Safety barrier
Y Out
* O Brown
Operatin: it Bottom view of sensor
Votage: 4 INPUT: Connection to control room |___PeSitve supPly {colors shown are for
1810 30V do equipment shouid nol use or mating cable MBCC-312)
25 mA do generate more than 250V ac.
B @ Biye
Earth ground
(less than 1 ohm) Busbar

The SM1912 Series offers exceptionally high optical perfor-
mance. |t isthe best choicefor sensing in hazardous environments.

105 to 130V ac

Note: for 220/240V ac Input,
888 CP12C instructions or
Banner product catalog.

RELAY OUTPUT
5 AMP CONTACTS

105 to 130V ac

AC
suppLY 210 to 250V ac

/@
o G

Figure B.58. Hookup of SM1912 Series emitter-receiver pair.

X BARRIERS NOT REQUIRED FOR DIV, 2
TWO BARRIER KIT = MODEL CIBK-2 (80 VOO MAX.) |
SAFE AREA "l HazamDous AREa  EMITTER
+V output (see load curve) 5
2 @ @2 /G\ BLUE ["| Emitter models:
J sMia1EQD,
L ™~ 3
@ @l COMMON A ! ~ 1 SMI91ESROD,
CP12C @) - SMIBTEFQD
— INTRINSIC SAFE 3
~ ow ol @ IN BARRER _ |OUT o
or su| ule e | —
@ ad @2 BROWN 2o_73
D= POS. SUPPLY
INPUT: | BLACK
)4 10 MA. (OFF STATE) i
» 1@ ® 220 MA. (ONSTATE) 1y mmgéf E 5 »
e — o |heuT O o Receiver models:
COMMON ROWN 2 a3 sg SMI91RQD,
@@ had POS. SUPPLY SMI91RSRQD,
< SMI91RFQD
~[@ C | OPTOCOUPLER
o|® ©| OUTPUT: 20mA max.
BLUE
CI3RC 2 D

-

EARTH GROUND
(less than 1Q)

BOTTOM VIEW OF SENSOR
(colers shown are for mating
cable model MBCC-312)
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8) Vacuum Feedthroughs

Banner vacuum fiber optic feedthroughs allow photoel ectric sensing in vacuum
chambers. Thesefeedthroughsallow both emitted and recieved light through one
flange, thereby reducing the size and cost of each sensing point. See Figure B.60.

A photoel ectric sensor isinstalled in the ambient environment and is connected to
the feedthrough either directly or viafiber optic cables. Figure B.60 showsdirect
connection, the method which resultsin the least amount of sensing energy loss.
The feedthrough mounts to a bulkhead flange, and fiber optics connect (via
setscrews) totheother side of thefeedthroughinsidethevacuum chamber. Banner
vacuum feedthroughs (examples, Figure B.59) are constructed from a modified
Varian Conflat® flange, and use solid-glass feedthrough media. Two types are
available, based on sealing ability. High vacuum models, for use in vacuum
environments to 107 torr, use a Teflon® o-ring seal and are available in either

Sensor Selection Category D - Environmental Consider ations

Figure B.59.

Vacuum feedthroughs
shown with sensor fittings
attached.

stainlessstedl or aluminum. Ultra-highvacuum
models, which use acopper gasket seal and are

availablein stainlesssteel only, may beusedin
vacuum environmentsto 10 torr. Operating
temperature range of all feedthroughsis-60 to
+180°C (-76 to +356°F).

VFT-2.7xx model s offer maximum fiber optic
sensing range by accomodating .156" fiber
optic bundles. VFT-1.3xx models use fibers
with up to .125" bundle size. The fibers used
with vacuum feedthroughs are specially modi-
fied for use in vacuum environments. Special
fiber optic cabl es, constructed without epoxy to
prevent outgassing, are available. Mounting

Model VFT-2.7

Figure B.60. A vacuum feedthrough sensing sytem in place.

Vacuum Feedthrough
Fiber optic m]:t
Sensor ]

Bulkhead

Ambient Vacuum Atmosphere

NOTE: Fiber optic assembly must

Flange Chamber Wall have model suffix "MVF".

boltsare supplied. Sensor fittings (for mount-

ing the sensor directly to thefeedthrough) and fiber adaptors (for connecting fiber opticsto the ambient side of thefeedthrough) are sold

Separately.

Banner OMNI-BEAM, MAXI-BEAM, MULTI-BEAM, and VALU-BEAM sensors mount directly to VFT-2.7xx model s via sensor
fittings. VFT-1.3xx models mount directly (viafittings) to MINI-BEAM sensors.

9) Electrical Noise

Electrical noiseis acatch-all term that includes the interference
caused by both EMI (el ectromagneticinterference) and RFI (radio
frequency interference). Common sources of continuous EMI
includelightingfixturesandlighting controls, motors, and genera-
tors. The most common source of intermittent EMI isthe arcing
produced by contacts of electromechanical relays or contactors
that switch inductive or large resistiveloads. EMI emissionsare
distributed uniformly acrossthe radio frequency spectrum. Their
presenceisrecognized (between stationson an AM bandradio) as
a"buzzing" or "frying" noise (from a continuous source) or as a
loud "popping" noise (from an intermittent source).

Continuous RFI interference is commonly caused by computers
anddataterminals. I ntermittent RFI sourcesincludestepper motor
controls and two-way radio systems. RFI most often occurs at a
specific frequency or within arelatively narrow band of frequen-
cies(athough devicessuch asstepper motor controlsand comput-
ers can produce many strong spurious emissions throughout the
radio frequency spectrum). Asaresult, oneelectronicinstrument
may be radically affected by the presence of RFI, while another
similar instrument in the same area may appear completely im-
mune.

TheBanner BEAM TRACKER™ isdesignedtorespondtoahigh
level of emission that fallsanywherewithinthe (LF, HF, VHF, or
UHF) RF spectrum. This makes the BEAM TRACKER a
valuable tool for locating any strong source of RFI or EMI. The
BEAM TRACKER includes asignal strength measurement cir-
cuit that flashesanindicating LED at aratethat is proportional to
the strength of the noise source. Intermittent noise sources will
light the LED for the duration of each emission burst. RFI may be
tracked by movingthe BEAM TRACKER inall directions, while
observing the indicating LED. EMI is readily coupled to and
conducted along cables, so the source of EMI emission is often
discovered by tracking aong wireways. It is normd in these
situationsfor theinterference to aternately rise and fall along the
length of along cable or wireway.

When noise is present in levels that begin to affect electronic
circuitsincluding sensorsand/or their loads, it isbest to locatethe
source of thenoiseand take stepsto minimizetheemission. Some
commonly-encountered noise sources and cures are discussed in
Section E , "Troubleshooting”. However, there are some very
potent sourcesof EMI and/or RFI, such asarcweldersor inductive
heaters, that cannot be controlled; and, instead, require careful
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sensor selection, sensor mounting, and sensor wiring to avoid the
effects of the interference.

Airborne RFI decreasesinintensity by thesquare of thedistance
moved away fromthesource. When sensing needsto beperformed
near aknownnoisesource, fiber opticsarealways thebest choice.
Either glass or plastic fiber assemblies may be used to "pipe"
sensing light energy into and out of highnoiseareas. If glassfiber
opticsare used, thefirst choiceisan assembly with an insulating
sheathing material to avoid the possibility of conducting noise
back to the photoel ectric sensor.

All Banner sensors and remote amplifiers are designed for high
noise immunity. However, there are some designs that are
inherently more immune than others. There are three general
comparison statements that hold true under most circumstances.

Firgt, photoelectric sensors have higher noise immunity than
ultrasonicsensors. Ultrasonicreceiversmust amplify muchlower-
level signal sascompared to photoel ectrics(microvoltvs. millivolt
level). It follows that the gain of an ultrasonic sensor is usually
higher than that of a photoelectric sensor. For this reason alone,
an ultrasonic sensor is more likely to amplify unwanted signals.
However, ultrasonic proximity sensors have relatively sow re-
sponsetimes (25 milliseconds and up), and so are very unlikely to
give afase output from short pulses of intermittent noise.

Second, with the exception of model SP12 preamplified remote
sensors, self-contained sensors are less susceptible to noise com-
pared with component systems. Remote sensors of acomponent
system send the received signa along a cable to their amplifier.
These signalsare generally very small (typically millivolt levels)
and must be highly amplified. The sensor cable can act as an
antenna, and pick up some portion of the noise and routeit to the
amplifier.

In order to minimize noise pickup, itisvery important to routethe
cables of remote sensorsaway from power-carrying wires, and to
keep sensor leadsasshort aspossible. With theexception of SP12
Series receivers, remote receiver cables aways require a shield
(drain) wire, connected to ground at theamplifier, to minimizethe
possibility of noise coupling into the receiver lead wires. Wire
routing requirements for SP12 Series sensors are much less
stringent.  These sensors gain exceptional noise immunity by
amplifying the light signal before sending it down the line to a
component amplifier (MAXI-AMP CD Series) which further
amplifiesthe signal.

Third, it is generally true that self-contained sensors containing
both the emitter and the receiver (i.e. retroreflective, proximity,
and fiberoptic mode sensors) are more immune to noise as com-
pared to self-contained opposed mode pairs. Thisis because an
emitter and receiver together in the same circuit can be synchro-
nized, resulting in arelatively narrow band of frequency response
for therecelver amplifier. A self-contained receiver (only) that is
designed to work with any emitter within its sensor family group
must have a wider frequency response. For this reason, sdlf-
contained recelversarelessableto discriminate against unwanted
signals.

Thereisonedefiniteexceptiontothisrule. TheSM30 Seriesbarrel
sensor receiver is specially engineered to discriminate against
noise. An SM 30 emitter/receiver pair will demonstrate asgood or

Table B-27.
Ranking of Sensor Typesby Relative Electrical Noise
I mmunity (highest to lowest noise immunity)

Plasticfiber opticsor glassfiber opticswithinsulating sheath
Glassfiber opticswith metal sheath
SM 30 Series self-contained photoel ectric sensors

*Self-contained photoelectric sensors with emitter and re-
ceiver inthe same housing (retroreflective, proximity, and fiber
optic mode models)

*SP12 Series preamplified remote sensors

*Separateemitter and receiver (opposed mode) self-contained
SeNnsors

**Ultrasonic sensors
*Remotephotoelectricsensor s(except SP12 Series; seeabove)

*Note: add ON-DELAY timer for increased immunity to intermittent
noise.

**Note: ultrasonic sensors have good to excellent immunity to
intermittent noise.

better noise immunity compared with a self-contained sensor
where both the emitter and receiver are together in the same unit.
Another exception is the SM51EB6/SM51RB6 emitter/receiver
pair, which uses"sync" wiresthat connect together externally to
lock the pair on acommon freguency.

When it is known that strong intermittent interference must be
dealt with, and when fast responseis not arequirement, it isgood
insurance to select a sensor or component system that allowsthe
additionof anON-DELAY timer (seeSectionD). A small amount
of ON-DELAY time (e.g. 0.1 second) can prevent false sensor
outputsthat aretriggered by short burstsof intermittent noise. For
this same reason, sensorswith long response times, such asthose
with an electromechanical output relay, may be preferable over
those with fast response in areas with intermittent noise pulses.
OMNI-BEAM, MULTI-BEAM, MAXI-BEAM, and the Q85
Seriesall offer ON-DELAY timers, asdo the component amplifi-
ersof theMAXI-AMPfamily. Ontheother hand, ussONE-SHOT
andOFF-DELAY (only) timerswith cautioninareasof highnoise,
because they are triggered by any false sensor response that is
longer than the specified amplifier response time.

Therearea sosituationswhereasensor will operatenormally until
itismountedin placeonamachine. Improperly grounded el ectric
motors and generators are notorious for generating EMI that can
be coupled to a machine frame. An earth ground connected
directly to the motor frame is the usual cure. However, when
grounding isimpractical or when the noise source is not control-
lable, sensors may need to be insulated from the machine frame.
When the sensor housing is plastic, noise may be reaching the
sensor'samplifier through capacitive coupling. Whenthisoccurs,
insulating shims or standoffs may be required to increase the
spacing between the sensor and the machine frame.

Again, the best way to deal with electrical noiseis to locate the
source of the noise and take steps to minimize the emissions.
However, whenever high noise levels are an accepted environ-
mental factor, then selection of a sensor with sufficient noise
immunity becomes an important consideration. Table B-27 lists
sensor typesby their rel ative noiseimmunity (highestimmunity to
lowest immunity).
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Sensor Selection Category E - Sensor Cost
1) Sensng Mode

Sensor Selection Category E - Sensor Cost

Ultrasonic sensors are among the most expensive industrial presence sensing devices.
The high cost per sensor isdue largely to the cost of the transducer and to the cost of the Figure B.61. Relative cost

circuitry required for sensing. However, for long-range reflective sensing or for linear comparison of sensing modes
analog distance measurement, ultrasonic proximity sensors are a very cost-effective

alternative to laser or microwave sensing devices. Sensing Mode:

10 T Ultrasonic Proximity

Fiber optic assemblies represent cost in addition to actual sensor cost. Glass fiber optic
assembliesaresignificantly moreexpensivethan plasticfiber opticassemblies. Specially-
manufactured glass fiber optic assemblies can add considerable expense to a sensing °
system. However, multiple-channel fiber opticsthat require only one sensor for severa s 1 GlassFiber optic
sensing locations(seeMultiple Sensor L ogic, Section D) can actually savesensing system 8
cost. Inaddition, fiber optics are the solution to many otherwise difficult or impossible %
sensing requirements (see pages B-17 through B-19 in Category A - Sensing Mode). g 7

'E 1 Plastic Fiber optic
The opposed mode is the next most expensive sensing mode, due to the need for two % .
sensing units. The cost associated with the installation of two units (versus one) isalso 3
an important consideration, especialy in systems that require multiple sensing points. g * | opposed

@)
Diffuse, divergent, and retroreflective sensors all have the same cost within most sensor é .
families. However, retroreflective sensors require a retro target that adds a small © 1 FixedField Proximity
additional cost per sensing point. More important, a retroreflective sensing system + Convergent Beam Proximity
requires additional expense for installation of the target. Convergent beam and fixed- s
field proximity modesensorsareusually moreexpensivethanretro sensorsbecause of the | Retroreflective
additional costs associated with their optical systems. 2
Figure B.61 ranks the relative cost of the sensing modes. Of course, there are many 1+ Diffuse and Divergent Proximity

exceptions to the comparisons shown. This ranking is the relative cost averaged from

seven sensor product groups. The glass fiber optic assembly price used for this

comparison was the average cost of the four most popular bifurcated assembliesand the
four most popular individual glassfiber optic pairs. Theaveragecost of astandard plastic Figure B.62. Relative cost

fiber assembly (or pair) wasaso used. NOTE: The numbers(1to 10) alongthescalein comparison of sensor families
Figure B.61 are not multiplicative factors; they represent only a relative ranking.

10 1 OMNI-BEAM™
2) Sensor Supply Voltage | MAXI-BEAM®
Sensorsand component sensing systemsthat arepowered by low voltagedc averageabout ® MAXI-AMP™
10 percent lessin cost than those powered by 120V ac. Of course, this savingsisonly ~
possibleif dcpower isaready availableinthesystem. Also, 220/240V ac sensorsaverage ¢ T MULTI-BEAM®
about 5 percent morein cost than 120V ac models.

7

- SM512 Series

3) Sensor Family

Itisno surprisethat sensor designs offering the most features are al so the most expensive

6 + MICRO-AMP®
- E Series OMNI-BEAM

Relative Cost (lowest to highest

(see Figure B.62). This relative cost comparison between sensor families assumes a - Q85 Series
diffuseproximity modesensor withbasic ON/OFFoperation (i.e. notiminglogic). Figure

B.62 also reflects the higher costs that are associated with component sensing systems 4 :\";',LNL'J?EEQXAM@@)
(MAXI-AMP™ and MICRO-AMP®). NOTE: Thenumbers(1to10) alongthethescale - Q19 Series

in Figure B.62 are not multipicitive factors; they represent only a relative ranking. » 1 Q@8 THIN-PAK ™

2 + ECONO-BEAM™

1 1518 Series, C30 Series
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Glossary of Sensing Terms

ac-coupled amplifier

ac-coupledamplifiersmay sometimesbeusedreliably inclosedifferential sensing applications, sincethey amplify only quick signal
changes and ignore slow signal changes. Asaresult, very small changesin light level can be highly amplified. The output of ac-
coupled amplifiersis a one-shot pulse. (See also "dc-coupled amplifier".)

Inphotoel ectricsensing, ac-coupled amplifiersaremost often used toamplify theanal og signal fromanon-modul ated remotesensor,
such asmodel FO2BG. However, ac-coupled amplifiers may a so be used with specially-designed modulated sensorswhich have
ananaog output, likemodel SM53R. OMNI-BEAM sensor model OSBFA C isan example of aself-contained sensor with abuilt-
in ac-coupled amplifier.

Use of ac-coupled amplifiers should be avoided, except when they are the only solution to a close differential sensing situation.
Because ac-coupled amplifiers are sensitive to very small signa changes, they may respond to unwanted conditions like sensor
vibration or electrical "noise".

AID™

"AID" (Alignment Indicating Device, US patent #4356393) isan exclusive Banner built-in featurethat permitsoptimum alignment
and continuousmonitoring of aphotoel ectric sensing system. TheAlD systemlightsanindicator LED whenever thereceiver "sees'
its modulated light source.

In addition, alow frequency pulserateis superimposed on theindicator LED. Asalignment isimproved, the pulse rateincreases,
indicating increased excess gain. Optimum sensor alignment is indicated by the fastest pul se rate.

The AID feature also signals when maintenance is needed. Whenever the pulserateis slow, the lenses should be cleaned and/or
the alignment checked. Table E-1 identifies those sensors and amplifiersthat feature AID™,

alignment
Positioning of a sensor so that the maximum amount of the emitted energy reaches the recelve sensing element (below).

Opposed Mode Alignment Retror eflective M ode Alignment Proximity (Diffuse) Mode Alignment
Opposed Mode Alignment: Move Emitter or Retroreflective Mode Alignment: Diffuse Mode Alignment:
Receiver Up-Down, Left-Right, and Rotate Move Target Up-Down, Left-Right Rotate Up-Down, Left-Right

Retro Target

Emitted light
Up

Right
Left

Down

Object
Received light

Rotate up-down

Down

alternate action (see" flip-flop")

alternating current (ac)
A sinusoidal current rated at a given frequency, usually 50Hz or 60Hz.

ambient
The environmenta conditonsin asensing area (e.g. - temperature, light level, humidity, air speed).

ambient light receiver

A non-modulated photoel ectric receiver that is used to detect differencesin ambient light level (using sunlight or incandescent,
fluorescent, infrared, or laser light sources). Used for outdoor lighting control, sensing of hot objects (infrared), and for someindoor
applications using existing factory lighting. MULTI-BEAM scanner block model SBAR1 isagood example of an ambient light
receiver.
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ampere (amp)

A unit of measurement of electric current. One volt across one
ohm of resistance causesacurrent flow of oneamp. Oneampere
isequal to 6.28 x 10" electrons passing a point in one second.

analog output

A sensor output that variesover arangeof voltage (or current) and
isproportional to somesensing parameter (asopposedtoadigital
output). The output of an anal og photoel ectric sensor is propor-
tional to the strength of the received light signal (e.g.- OMNI-
BEAM analog sensors). The output of an analog ultrasonic
proximity sensor isproportional tothedistancefromthe sensor to
the object that isreturning the sound echo (e.g.- ULTRA-BEAM
923 Series sensors).

AND logic

A logic function in which al of two or more defined input
conditions must exist simultaneously before aload is ener-
gized (A and B and C = output).

Analog Output

Increasing current or voltage

Sensor Output

|
l
|
| |
]
|

Sensing Variable: ——»

Photoelectric: Increase (or decrease) in received light level
or-
Ultrasonic: Movement of object toward (or away from) sensor

Examplesof "AND" Logic
A. Using Sensor Outputsin Series

L1 L2
V supply

a8 [o8
e — PO e
arﬂ{aﬁwoo

[ [

B. Using" AND" Gate Logic Module

i e

7 6 @ NO Normally open
8 MA4G 5 @ we & Normally closed
1 |4-input AND | 4 | — 4 ++10t030Vde
2 | 9ate module |3

ﬁ_.dc common

angle of acceptance

The included angle of thefield of view of asensor. See" field of view" .

anode
A positive electrode of adevice. See" diode" .

anti-glarefilter

A lens attachment consisting of apair of polarizing filtersthat are oriented so that planes of polarization are at 90° to one another.
Used to enable a photoel ectric receiver to "see" only light of the desired polarization (from its modul ated emitter), while blocking
unwanted light. Used with retroreflective sensors for minimizing "proxing" effects from shiny objects.

artificial load

A resistor connected in parallel with aload to lower the load’ s effective resistance. Usually encountered when interfacing 2-wire
sensors to high-impedance inputsin order to lower the off-state voltage at the input.

aperture

Thesizeof alensopening. A mechanical part attachedto alens
used to restrict the size of alensopening. Aperturesare used to
limit the amount of light reaching a photoelectric receiver.
Aperturesareusedin opposed photoel ectric sensing to shapethe
size of the effective beam to match the profile of the object to be
sensed (e.g. a"line" or dit-type apertureis used on thereceiver
and/or emitter to sense small diameter wire or thread).

attenuation

L essening of sensing energy caused by environmental elements
such asdirt, dust, moisture, or other contaminantsinthe sensing
area

Aperture

( _— Aperture assembly
(i -

— Aperture assembly

77>, Receiver
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B Series

Banner’soriginal product line of non-modulated solid-state amplifier and logic modules. Features aluminum construc-
tion with relay-style octal basefor plug-in operation with Banner MRB or BRB control chassis. B Seriesmodulesoffer complete
selection of timing logic functions. Inputs are derived from non-modul ated remote photoel ectric sensors, contact closures, or any
dc self-contained sensor or sensing system with NPN (sinking) output.

background suppression (see" fixed-field sensing mode")

barrier (see"intrinsic safety barrier")

beam-break (see” opposed sensing mode")

beam pattern

A two-dimensional graph of asensor’ sresponse. (Beam patternsareassumed to havethe
same shapein al sensing planes.) Beam patterns are plotted for perfectly clean sensing
conditions, optimum angular sensor alignment, and the sensitivity (gain) setting for the
specified range. Beam patternsareincluded aspart of the description of each sensor. The
dimensions of the plot are typical, and should not be considered exact specifications.
Beam pattern information and assumptionsare dightly different for each sensing mode.
Beam patterns are helpful in predicting the performance of the sensor.

BEAM TRACKER™

A portable hand-held sensor that provides a means for trou-
bleshooting any modulated photoelectric system. It is used to
check the functioning of amodulated emitter and/or receiver, to
locatethe center of sensing beamsduring alignment, and to track ~— To cniter
down sources of severe EMI and RFI "noise". (Photo above,
right.)

Bifurcated Fiber Optic

Sensing

bifurcated fiber (optic) v end 1
A fiber optic assembly that isbranched to combine emitted light

with received light in the same assembly. Bifurcated fibersare
usedfor diffuse (divergent) modeproximity sensing, or they may

be equipped with alensfor use in the retroreflective mode.

Bi-Modal ™ output Bipoiar Outpt

An exclusive Banner output circuit design that offers either sinking L v
(NPN) or sourcing (PNP) output, depending upon the polarity with @ *
which the two dc supply leads are connected. Used in Banner OMNI-

BEAM™ dc power blocks & SM30 sensors. Sensing [~ Current Sourcing
] Circuit ouT Output

bipolar output

Thedual output configuration of adc sensing device, where one output T Current Sinking

switch isasinking device (NPN transistor) and the other output switch

is a sourcing device (PNP transistor). The solid-state equivalent of a ﬂf—) dc common

DPST relay (for most loads).

burn-through

Describestheahility of high-powered modul ated opposed modesensorsto " see” through
paper, thin cardboard, opaque plastics, and materias of similar optical density. Burn- MAXI-AM P
through may be used to advantage in some sensing situations, such as when looking C SERIES Modules
through an opaque walled container (like acereal box) to sensethe presence or absence
of product inside.

C Series

An dternate name for the MAXI-AMP family of stand-alone photoelectric sensor
control modules and power supplies. MAXI-AMP modules combine power supply,
photoel ectric amplifier (some models), timing logic (some models), and output switch-
ing device into asingle compact plug-in module. (Photo at right.)
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capacitive sensor
Capacitive proximity sensors are triggered by achangein the surrounding

dielectric. Thetransducer of acapacitive sensor is configured to act asthe Capacitive Sensor

plate of a capacitor. The dielectric property of any object present in the

sensing fieldincreasesthe capacitance of thetransducer circuit and, inturn, Liquid lovel detection through
changesthefrequency of an oscillator circuit. A detector circuit sensesthis lass or plastic
change in frequency, and signals the output to change state.

cathode

A negative electrode of adevice. See" diode".

CCD array

CCD = Charge Coupled Device. A sdlf-scanning imaging device arrayed
so that the electrical charge at the output of one semiconductor element
providestheinput tothenext. The CCD array isused asthe sensing element
of CCTV and inspection cameras.

CENELEC
Acronymfor theEuropean Committeefor Electrotechnical Standardization. Responsiblefor thedevel opment of standardscovering
dimensional and operating characteristics of control components.

closedifferential sensing

Sensing situationswith low optical contrast (lessthan 3to 1). Includesmost color registration sensing applications. Also, breaking
of alarge effectivebeamwith asmall profile, asin gjected part detection or thread break detection. Closedifferential sensing often
requires the use of an ac-coupled amplifier.

CMQOS
CMOS = Complementary Metal Oxide Semiconductor (device). Highly efficient semiconductors used in custom monolithic
photoel ectric circuit designs.

collimation
Optical collimation is the process by which alens converts a divergent beam into aparallel beam of light.

complementary output

Thedual output configuration of asensing device, where one output isnormally open and the other isnormally closed. Anexample
isaSPDT form 1C relay contact. Solid-state complementary outputs are offered in SM512, Q19, and S18 Series sensors and
MICRO-AMP modules.

Complementary Outputs Complementary Outputs
Using Electromechanical SPDT Relay Contacts Using Solid-state Device

—®
RELAY SWITCH

Normally Closed (N.C.) @————

Closed (N.C.
_L; Normally Closed (N.C.) Norn'cn)ally Closed
. tput
# Sensing e
Common .——-_ Common Circuit

Normally Open
QOutput
Normally Open (N.O.) ‘——l— T—. Normally Open (N.O.) ved

JAN AN

* 5 @ dc common

component system
A systeminwhich sensorsare remote from power supply, amplifier, logic device, and output switching device. MAXI-AMPCD,
CM, or CR Series modules used with modulated remote sensors comprise component systems.

contact bounce
Occurson the closure of amechanical contact pair. When the contact pair closes, the contacts make and break several timesbefore
astable closed condition is established. Contact bounce is not a characteristic of solid-state switch contacts.
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continuous scanning
A mode of scan control inlight-curtain type systemsin which each scan through abeam array isfollowed automatically by another
scan, and so on, for aslong as aclock signd ispresent. Used inthe BEAM-ARRAY Measuring Light Curtain system.

contrast (optical)
Theratio of theamount of light falling on thereceiver in the"light" state as compared to the "dark™ state. Contrast isalso referred
to as the "light-to-dark-ratio" as expressed by the equation:

Contrast = Light level at receiver ( light condition) = Excessgain (light condition)
Light level at receiver (dark condition) Excessgain (dark condition)
Optimizing the contrast in any sensing situation will increase the reliability of the sensing system.

control end
Referstotheend of afiber optic assembly that attachestothe photoel ectric sensor. Anindividual fiber opticassembly hasonecontrol
end; abifurcated fiber hastwo. See" fiber optic".

conventional current (flow)
The concept of current flow from positive to negative. Convergent Beam Sensing M ode

conver gent beam sensing mode

A specia variation of diffuse mode photoelectric proximity
sensing which uses additional optics to create a small, intense,
andwell-definedimageat afixed distancefromthefront surface
of the sensor lens. Convergent beam sensing isthefirst choice
for photoelectric sensing of transparent materials that remain
within the sensor’s depth-of-field. Also called "fixed-focus

proximity mode". / Object

corner-cubereflector
Also called acorner-cubeprism. A prism having threemutually

perpendicular surfaces and a hypotenuse face. Light entering

through the hypotenuse face is reflected by the three surfaces and emerges back through
thehypotenuseface paralel totheentering beam. Thelight beamisreturnedtoitssource.
May also be constructed from three first-surface mirrors. Corner-cube geometry isused
for retroreflective materials. See" retroreflector”.

crosstalk (electrical)

Electrical crosstalk occurs in modulated photoelectric component systems when the
modulated emitter signal (whichisahigh-current pulsed signal) couplesdirectly ontothe
receiver leadwires. Thisresultsina”lock-on" condition of theamplifier (i.e. theamplifier
recognizesalight condition regardlessof the sensor’ sstatus). Crosstalk isusually aresult
of improper splicing of additional remote sensor lead length. In component systems,
remote sensors require separate shielded cables for emitter and receiver lead extension,
evenif the original cable length contained wiresfor both the emitter and the receiver.

crosstalk (optical)

Optical crosstalk occurs when a photoelectric receiver responds to light from an adjacent emitter. This is often an
unwanted situation. |f crosstalk cannot be resolved by repositioning of sensors, it can often be eiminated using sensor
multiplexing, as with the MP-8 multiplexer module.

crosstalk (acoustical)

Acoustical crosstalk occurswhen an ultrasonic sensor respondsto the signal from an adjacent ultrasonic sensor. If crosstalk cannot
beresolved by repositioning of the sensors, it can often be minimized by installing baffles between the sensors and/or wave guides
(i.e. extension tubes) ahead of the transducers.

CHA
Abbreviation for Canadian Standards Association. A testing agency analogousto Underwriters Laboratories, Inc.

(UL) inthe United States. A product that is"CSA certified" has been type-tested and approved by the Canadian
Standards A ssociation as meeting electrical and safety codes. Seelogo et right. <s p ®
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current trip point amplifier
An amplifier that converts the current output signal of analog
sensing devices to a trip point switch. An example is model

Current Sinking Output

to +Vde

to dc common

CI3RC which converts the current loop output of SMI1912-

Seriesintrinsically safe sensorsto adigital (switched) output. +Vde —~ T
q H Qutput LOAD

current sinking output _ NN

The output of adc devicethat switches ground (dc common) to ) —Lcommon

aload. Theload is connected between the output of the device \_ wicnng soment

and the positive side of the power supply. The switching
component isusually an open collector NPN transistor, withiits
emitter tied to the negative side of the supply voltage.

current sourcing output
Theoutput of adc devicethat switchespositivedctoaload. The W %_‘_—
+Vde

(NPN transistor)

Current Sourcing Output

to +Vdc

N

1 to dc common

load is connected between the output of the device and the l(
ground (dc common) side of the power supply. The switching Output
component is usually an open collector PNP transistor, with its - f d
emitter tied to the positive side of the supply voltage. 3 “omman
curtain of light (see" light curtain®) PP ansson

dark operate mode (D.O. or D/O)

Theinitiation of aphotoel ectric sensor’ s output (or of timing logic) when the receiver
goes sufficiently dark. Most photoelectric sensors (or sensing systems) can be
programmed for either dark operate or light operate.

DATA™

Dataand TroubleAlert system, anexclusive (U.S. patent 4965548) Banner sensingaid
system consisting of an LED array which indicates light signal strength and sensor
output state, and warnstheoperator of marginal sensing or failure conditionsincluding:
too high or too low gain setting, inadequate sensing contrast, too low voltage, too high
internal temperature, excessi vemoistureins desensor, and overloaded output. Usedon
Banner standard OMNI-BEAM ™ photoel ectric sensors (as seen in photo at right).

dc-coupled amplifier

Anamplifier inwhich all signal changes, slow or fast, are amplified. Theamplifier's
sensitivity control is actualy a threshold adjustment, setting the point (in received
signal intensity) at which the output will change statefrom "off" to"on". Seealso" ac-
coupled amplifier”.

delayed one-shot (delayed one-shot logic)
Timing logic in which an input signal initiates an adjustable delay period, at
the end of which the output pulsesfor an adjustable pulse ("hold") time. The

"DELAYED ONE-SHOT" Logic

input signal may beeither momentary or maintained. Nofurther action occurs [P (o D o

until theinput signal isremovedandthenreapplied, at whichtimethesequence OUTPUT [ m
begins again. An auxiliary inhibit signal (e.g. from an inspection sensor) j

during the delay period will cancel the output pulse. Useful for inspection/ INPUT B s

rejection control applications. Seealso " on-delayed one shot” .

demodulate (demodulator) (see" modulation")
depth-of-field

Therange of distancewithinwhich asensor hasresponse. Used
to define the response pattern of proximity-mode sensors, espe-
cially ultrasonic and photoel ectric convergent beam and fixed-
field mode sensors. See " conver gent beam sensing mode” . _
Object
diffuse senang mode

A photoel ectric proximity sensing modein which light fromthe
emitter strikesasurface of an object at somearbitrary angleand
isdetected when thereceiver captures somesmall percentage of
the diffused light. Also called the "direct reflection mode" or
simply the photoel ectric "proximity mode".

Received light

Emitted light

Diffuse Sensing Mode
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digital output

A sensor output that existsin only one of two states: "on™ or "off". The output of most sensors and sensing systemsisdigital.

DIN standard
Abbreviation for “Deutsches Institut fur Normung”. A collection of German Digital Output
industry standards that are recognized throughout the world. A digital” .
gital" sensor supplies an output
. that exists in only one of two states:
diode O~ os O
A two-layer semiconductor that alows current to flow in only one direction. O

direct current (dc)

A current that flowsonly in onedirection through acircuit. May or may not have
adc ripple component. DC sourcesthat are unfiltered should be referred to as "OFF"
full-wave or half-wave rectified ac.

direct scan mode (see" opposed sensing mode") Diode (symbol)
disable Anode
L1 +

To prevent an output from occurring, despite theinput signal status. _
See " inhibit" . caode | N

divergent sensng mode
A variation of thediffuse photoel ectric sensing modein which theemitted beam and thereceiver’ sfield of view areboth very wide.
Divergent mode sensors have very forgiving alignment requirements, but have shorter sensing range as compared to diffuse mode
sensors of the same basic design. Divergent sensors are particularly useful for
sensing transparent or transl ucent material sor for sensing objectswithirregular
surfaces (e.g. webs with "flutter"). They are also used to reflectively sense
objects with very small profiles, like smal diameter thread or wire, at close
range.

Diver gent
Sensing Mode

Examples of divergent sensors include MINI-BEAM model SM312W and
remote sensor model LP400WB. All unlensed hifurcated fiber optics are
divergent. Thedivergent modeissometimescalled the"widebeam diffuse (or
proximity) mode".

DPDT relay

Abbreviation for "Double-Pole Double-Throw". A relay with two sets
of single-pole double-throw form 1C contactsthat are operated simulta-
neously by asingle action. See" SPDT relay".

effective beam

The "working" part of a photoelectric beam. The portion of a
beam that must be completely interrupted in order for an object
tobereliably sensed. Nottobeconfusedwiththeactual radiation
pattern of the emitter, or with the field of view of the receiver. e Range ﬁ

electromechanical relay I
Conventional switching relays consisting of "hard" contacts e -
(metal-to-metal), switched to opened or closed position by :mmw
applying voltageto an electromagnetic coil. Canbeconstructed Emitter
toreliably switchloadswhich demand much higher power levels
than can be switched by most solid-state relays. Limited by
relatively slow switching speeds and finite mechanical life.

Effective Beam

Radiation Pattern

_ o T~
/11777
e

Receiver

Field of View

electromagnetic interference (EM1)

Electrical "noise" which may interfere with proper operation of sensors, programmablelogic controllers, counters, datarecorders,
and other sensitive electronic equipment. Common sources of EMI includelighting fixturesand controls, motors, generators, and
contactors. EMI emissionsaredistributed evenly acrosstheradiofrequency spectrum. Emissionsarereadily conducted along cables,
s0 EMI sources can often be found by following along wireways with a portable radio or with model BT-1 BEAM TRACKER.

G-8



emitter (photodectric)
1. The sensor containing the light source in an opposed mode photoel ectric sensing pair (see" opposed sensing mode").
2. Thelight emitting device within any photoel ectric sensor (e.g. LED, incandescent bulb, laser diode, etc.).

enable

Toalow anoutput to occur inresponsetoaninput signal. Synonomouswith"interrogate” when used to describethegating function
in an inspection scheme. See" inspection logic" .

excessgain
A measurement of the amount of light energy falling on the receiver of asensing system over and above the minimum amount of
light required to just operate the sensor’s amplifier. In equation form:

EXCESS GAIN = Light energy falling on receiver
Amplifier threshold

Excess gain is a specification of every photoelectric sensor. It is plotted versus sensing distance. Excessgain valuesare used in
the sensor selection process to predict the reliability of a photoelectric sensor in aknown sensing environment.

Excess Gain Guidelines
OPERATING ENVIRONMENT EXCESS GAIN REQUIRED
Cleanair. No dirt buildup on lenses or reflectors 15
Slightly dirty. Slight buildup of lint, paper, dust, moisture, or film on lenses or reflectors,
lenses cleaned regularly 5
Moderately dirty. Obvious contamination of lenses and reflector, but not obscured;
Lenses cleaned occasiondly or when necessary 10
Very dirty. Heavy contamination of lenses; fog, mist, or dust.
Minimal cleaning of lenses. 50 or more
Factory Mutual Research (FM)
Tests and approves products for use in hazardous areas.
Seelogo at right.
Approved

false pulse protection
Circuitry designed to disablethe output of asensor or sensing system until the power supply circuit hastimeto stabilize at the proper
voltage level. Typically 100 - 300 milliseconds (thistime is always specified).

FET (Field Effect Transistor)

Bilateral FETs are semiconductors used as the output switch of
some sensing devices for their ability to switch either ac or dc, Banner Glassand Plastic Fiber Optics
their low on-state voltage drop, and their low off-state leskage
current. Nottolerant of inrush current, typical of inductiveloads.

fiber optics

Transparent fibers of glass or plastic used for conducting and
guiding light energy. Used in photoelectrics as"light pipes' to
conduct sensing light into and out of a sensing area.

Glassfiber optic assembliesconsist of a"bundle” of small (about
.002" diameter), discrete, glass optica fibers housed within a
flexible sheath. Glass fiber optics are able to withstand hostile
sensing environments. Plasticfiber opticassembliesaremadeup
of either one or two acrylic monofilaments in a flexible sheath.
Plastic fiber optics comprise the smallest group of photoelectric sensors. Fidd of View

Therearetwo basic stylesof fiber optic assemblies: individual andbifurcated. Individual fiber ) Field of View
opticassembliesguidelight fromanemitter toasensinglocation, or toareceiver fromasensing a 7 /
[/

location. Bifurcated fibers use half of their fiber areato transmit light and the other half to )
receive light. See" individual fiber" and " bifurcated fiber" . (Photo above.) T

field of view
Refers to the area of response of a photoel ectric sensor (receiver).
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fixed-fiedld sensing mode

A photodlectric proximity sensing mode with response that is

similar to a diffuse sensor, but with a defined range limit. The Fixed-field Sensing

amount of reflected light received by each of two optoelementsis Object Object
compared. Anobject isrecognized aslong asthe amount of light Lenses A B
reaching receiver R, isequal to or greater thantheamount seen by ’-\ —‘

R,. The sensor’s output switches as soon as the amount of light Emitter @

at R, becomes greater thanat R, .

fl | p‘ﬂ Op ) ) ) ) ) Receiver m ]\EITESEZ;: Fixed Sensing Field
An dectronic circuit with two stable states (Hi and Low, Onand s —
Off, etc.). Thecircuit remainsinoneof thestatesuntil application e SRR S

of anexternal signal causesit to changeto the opposite state. See Object is sensed if amount of light at R, is > the amount of light at R;
timing diagram below.

In sensing logic schemes, aflip-flop isafunction that switchesaload from "off" to "on" and back again with each sequential input.
Also known as "alternate action logic”, "ratchet logic", or "divide-by-two logic". Used to split production linesinto two lanes.

fluorescence
Theemission by amaterid of light radiation at alonger wavel ength asaresult of the absorption of some other radiation of shorter
wavelengths. For example, the emission of visiblelight asaresult of excitation by ultraviolet light.

gain adjustment (see" sensitivity adjustment")

gate "FLIP-FLOP" Logic

1. A combinational logic circuit having one or more input channels.

2. Used as shorthand for “interrogate’. See" inspection logic" . ourpuT NN NEEN NN
glassfibers NeUT L W W W m
Single glass optical fibers are small strands (typically .002 inch diameter) of

glasswith an outer cladding of glass of adifferent index of refraction (used to

contain light energy asit is conducted along the fiber’ slength).

Glassfiber assembliesare constructed of abundleof individual glassfibers, contained and protected by ashesth (typically aflexible
armored cable). See" fiber optics'.

ground
Anoftenmisused term. Inpower distribution systemsit refersto earth ground. Itisimportant at high power levelsmainly for safety
reasons.

Within amanufacturing plant, it generally refersto conduit or machine frame ground.

Inelectronic systems, it refersto the el ectronic chassis or enclosure ground or to dc common (voltage referenceto the negative side
of adc power supply).

hermetic seal
Anair-tight seal. In photoelectrics, thelensassemblies of some sensorshave hermetic seal sto excludetheentrance of air and water
behind the lens, thereby preventing fogging of the inner surface of the lens.

Hertz (H2)
The international unit of frequency, equal to one cycle per second. Named after the German physicist Heinrich Rudolph Hertz.

holding current

1) A specification of aload, especialy an electromechanical load. The current that is drawn by aload whileit isenergized. Also
called "sealed current” of aload. See"inrush current”.

2) The current necessary to maintain athyristor in the "on" state.

hysteress, switching

Meaning "to lag behind". An electronic design consideration for sensors such that the operate point (received light level, etc.) is
not the same as the release point of the sensor output. This differentia prevents the output of a sensor or sensing system from
"buzzing" or "chattering” when asigna at or near the threshold level is detected.
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IEC
The International Electrotechnical Commission, headquartered in Geneva, Switzerland. This organization writes and distributes
recommended safety and performance standards for electrical products and components. See" IP rating”.

impedance
The opposition in an electric circuit to the flow of aternating current (ac) at agiven frequency. Impedance consists of resistance,
inductive reactance, and capacitive reactance. It ismeasured in ohms.

individual fiber (optic)

A fiber optic assembly having one control end and one sensing
end. Used for piping photoelectric light from an emitter to the
sensing Iocati_on or from thesensing Iocati.on back to areceiver.
ooy sdiinpatintheoppossiersigmiale MG |y o o TR - —

the specular reflection or mechanical convergent mode. ~ To emitier Sensing

or receiver end tip

Individual Fiber Optic

inductance
The property of an electric circuit whereby an electromotive force (emf) isinduced in it by a change of current initself or in a
neighboring circuit. When a current changing at the rate of one ampere per second induces avoltage of 1 valt, the inductance of
thecircuitis 1 henry.

inductiveload
Electrical devices generally made of wire that is coiled to create a magnetic field to, in turn, produce mechanical work when
energized. Examples of inductive loads include motors, solenoids, and relays.

Inductiveloadsexhibitinrush of current when energized that can be many timesthe steady state holding current. When
de-energized, the magnetic field collapses, generating a high voltage transient. This transient can cause arcing across
mechanical switching contacts or can cause damage to solid-state contacts. See " transient" .

inductive proximity sensor

Sensorswith an oscillator and coil which radiate an el ectromag-
netic field that induces eddy currents on the surface of metallic
objects approaching the sensor face. The eddy currentsdampen
theoscillator energy. Thisenergy lossissensedasavoltagedrop,
which causesachangein the sensor’ soutput state. Often called
simply a"proximity sensor".

infrared (IR)

Light with wavelengths generally greater than 800 nanometers
(8000 Angstroms). Invisible to the eye and safe to most
photographicfilms. Infrared LEDsused asthe emitter sourcein
photoelectric sensors offer the highest amount of excess gain.
See"LED".

inhibit
Insensinglogic schemes, aninhibit signal (e.g. from aninspection sensor) cancel satiming function and/or output. See" inspection
logic".

Metal target

Inductive Proximity Sensor

input
1. Thesignal (voltage or current) applied to a circuit to cause the output of that circuit to change state.
2. Theterminals, jack, or receptacle provided for reception of the input signal.

input voltage
Thepower sourcerequired by anelectric or el ectronic device(e.g. aself-contained sensor) inorder for thedeviceto operate properly.

inrush current
Theinitial surge of current through aload when power isfirst applied. Animportant specification to consider whenever evaluating
aninterface. Inrush current to an inductive load (solenoid, contactor, etc.) is up to ten times the holding current.
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ingpection logic

A logic scheme used in high-speed inspection applications that
generally uses two sensors as inputs. One sensor, caled the
"product sensor" senses the product’s presence and "interro-

"INSPECTION LOGIC" Hookup
Product

gates' the "inspection sensor”. If theinspection sensor "sees' a Sensor
good product, it "inhibits' theinspectionlogicfromrejecting the Qutput if Data g
product. is Present

. . . . N7 6
The output of the inspection logic can be a pulse to reject or a Output if Data J%§ Lﬂﬁgﬁ 5 Interrogate
latch to divert. The output might also be used astheinput to a S Absent T Inspection (5[ Y
shift register for downstream reject control. Module model 7| Module  3775" Data E
LIM-2 provides programmable parameters for various inspec- Inspection
tion logic schemes. Sensor
interrogate

In sensing logic schemes, an interrogate signal (e.g. from a product sensor) allows the information from one or more other inputs
(e.g. aningpectionsensor) toberecognized by theinspectionor control logic. Alsocalled"gate" or "enable”. See" inspectionlogic” .

intrinsic safety

A design technique applied to electrical equipment (e.g. sensors and switches) and wiring for hazardouslocations. Thetechnique
involves limiting electrical and thermal energy to alevel below that required to ignite a specific hazardous atmosphere. Intrinsic
safety design often eliminates the requirement for expensive and awkward expl osion-proof enclosures.

intrinsic safety barrier

A protectivecomponent designed tolimit thevoltageand currentinahazardousarea. Thebarrier functionsoutsideof thehazardous
location to divert abnormal energy to ground. A barrier that is used in conjunction with an SM1912 Series sensor and
a CI3RC control module makes a complete intrinsically-safe sensing system.

inverter (circuit)
A circuit whose output is always in the opposite state (or phase) from theinput. Also called a"NOT" circuit.

IPrating
A rating system established by |EC Publications 144 and 529 which defines the suitability of sensor and sensor system enclosures
for various environments. Similar to NEMA ratings for enclosures.

kilohm (k)
One thousand ohms. 1kQ = 1,000Q2

laser

An active electron device that converts input power into a narrow, intense _
beam of coherent visibleor infrared light. Theinput power excitesthe atoms "LATCHING" Logic
of an optical resonator to a higher energy level, and the resonator forces the
excited atomstoradiatein phase. Termderived from"Light Amplification by DC-Coupled Latch
Stimulated Emission of Radiation”.

. I e
laser diode ouTruT l H ] ‘

A laser employing a forward-biased semiconductor junction as the active SET BN .
medium. Also called "diode laser" or "semiconductor laser". | ‘ |

latch (latching logic) RESET __ mmm W W

A logic function in which aninput signa (e.g. from asensor) locks"on" the
output. The output remains"on™ until asignal isapplied to asecond input to

reset the latch. AC-Coupled Latch

Theoutput of a"dclatch” will immediately latch " on" againif theinput signal OUTPUT I |

is present when the reset signal isremoved. Thereset signal of an "ac latch” ‘ ‘ l

will cancel the output, even if the input signa remains when the reset is INPUT

removed. Theoutputwill not re-latchuntil thereset signal isremoved andthen |
theinput signal is removed and then reapplied. INHIBIT = m m
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leakage current

Thesmall amount of (undesirable) current that isinherent in solid-state switcheswhen they arein the " off" state. Most commonly
encountered with 2-wire sensors that require leakage current in order to remain powered in the "off" state. High leakage current
valuesarea soinherentin sometriac switches. Becomesimportant if theresultant "of f" statevoltage acrosstheload being switched
istoo highfor theload to de-energize. (The"off" statevoltageacrosstheload isequal totheleakage current of theswitch multiplied
by the resistance of the load.)

LED (Light Emitting Diode)

A semiconductor that emitsasmall amount of light

when current flowsthroughitintheforward direc- Wavelengths of Commonly-used Light Emitting Diodes (L EDs)
tion. In Banner photoelectric sensors, LEDs are
used both as emitters for sensing beams and as 1k soomn

n AI Dll ). ana. w.]wrs u% Vis' ble rw, Vis' ble 00nin 300nm S500nm 600nm 700nm | 800nm  900nm lDIOTO;m
green, or infrared (invisible) LEDs.

3um
visual indicatorsof aignment or output status (see “xaavs ’-— Vi —pfe—VISIHLE —sle—NiaR »j« MID.INERARED J‘M INFRAREO—>
1

Visible Green Visible Red Infrarcd
LEDs LEDs LEDs

lens

The optical component of a photoel ectric sensor
that collimatesor focuses emitted light raysand/or
focuses incident light rays upon the receiver optoelement.

light curtain (light screen)

Anarray of photoel ectric sensing beams configured to sense obj ects passing anywhere through an area (sensing plane). Somelight
curtains process the data from the array to measure the profile of the object or track its movement within the array. "Safety light
curtains' are used to detect personnel who move into an unsafe area of amachine.

light operate mode (L.O. or L/O)
The program modefor aphotoel ectric sensor in which the output energizes (or the timing logic begins) when the receiver becomes
sufficiently light.

limit timer

Also cdled a"time-limited on-off" function. A timing logic function where
the output follows the input ("on-off" operation). However, an input signal "LIMIT TIMER" Logic
thatislonger thantheadjustable"LIMIT" timewill turntheoutput “of f". This Hold
function is useful for conserving energy during times of machine inactivity.

linear output ‘ | ‘ l
Refersto the output of an anal og sensor that hasa"straight-line" relationship INPUT

to a sensing parameter (e.g. sensing distance). A linear output is
characteristic of analog ultrasonic sensors.

line-scan camera

A camerawhose light-sensing element consistsof alinear array of photodiodes, providing ahigh degree of resolution for precision
measurement in one dimension. Also provides an economical means of detecting the presence or size (or feature or defect) of an
object anywhere within awide area of scan.

linevoltage
The normal in-plant power line supply voltage which isusually 120 or 220/240V ac.

load

A genera term for adevice (or acircuit) that draws power when switched by another device (or circuit).

logic high
The higher of two voltage levelsin adigitd circuit.

logic level

Referstothe state of aninput to or an output from adigital circuit (not applicableto analog circuits). Itisawaysat oneof only two
possible voltages: "low" being a voltage usually less than 2 volts measured with respect to ground; and "high" being a
voltage of some nominal level, usualy within 2 volts of the positive supply.
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logic low
The lower of two voltage levelsin adigita circuit.

logic module

A sensing system accessory that interpretsone or moreinput signals (e.g. from sensors, limit switches, or other ogic modules) and
modifies and/or combines those input signals for control of aprocess. A logic module is sometimes an integral part of a sensor
assembly, asin OMNI-BEAM, MULTI-BEAM, MAXI-BEAM, and Q85 Series sensors with timing logic modules.

M Series

Banner's origina product line of solid-state modulated photoelectric amplifier modules. Features aluminum construction with
relay-styleoctal basefor plug-in operation with Banner MRB control chassis. M Seriesmodulesoffer complete sel ection of timing
logic functions. Inputs are derived from Banner’ sline of modulated remote sensors. M Series modules have been superseded by
the MAXI-AMP CM Series of stand aone modulated amplifier modules.

mechanical convergence

A less precise form of convergent sensing as compared to the
optical convergent beam sensing mode. 1n mechanical conver- M echanical Convergence
gence, an emitter and a receiver are smply angled toward a
common point, ahead of the sensor(s). This approach to
reflective sensing resultsin more efficient use of light energy as
compared to diffuse mode sensing, and agreater depth-of-field
than realized with true optical convergence. Sensor model
SE612C isan example of mechanical convergent design. Me-
chanical convergencemay also becustomizedfor anapplication
by mounting theemitter and receiver of an opposed sensing pair
to mechanically converge at the desired distance. Depth-of-
fieldiscontrolled by adjusting theanglebetweentheemitter and
the receiver.

megohm (meg)
One million ohms. 1megQ = 1,000,000Q2

"MHS'

A model number suffix designating M odified for High Speed. Most often used to increase the response of modulated dc sensors
with design response speed of 1 millisecond to 300 microseconds (0.3 millisecond). When this modification is made to most
modulated amplifiersthereis aloss of available gain of about 50 percent.

microsecond

One millionth of asecond. 1 microsecond = 0.000001 second or 0.001 millisecond. Abbreviated: Us
millisecond

One thousandth of asecond. 1 millisecond = 0.001 second or 1000 microseconds. Abbreviated: ms
modulation

In photoel ectrics, modulation of an LED simply meansto turn it on and off at a high frequency (typically severa kilohertz). The
secret of amodul ated photoel ectric sensor’ ssuperior performanceisthat the sensor’ s phototransistor and amplifier aretuned tothe
frequency of modulation. Only the modulated light isamplified, and all other light which reachesthereceiver isignored. Thisis
analogousto aradio receiver which tunes solidly to one station, while ignoring all of the other radio wavesthat are present in the
room. Infact, amodulated sensor’ sLED ismost oftenreferredto asthetransmitter or emitter anditsphototransistor asthereceiver.

MOV (metal oxidevaristor)

A component designed to protect solid-state output devices and other sensitive electronic equipment from damaging effects of
transient voltage spikes. When voltage spikes occur acrossan MOV, itsimpedance changesfrom very high to very low, clamping
the transient voltage to aprotective level. The excess energy of the high voltage pulseis absorbed by the MOV (or conducted to
ground). MOVsarerated by their clamping voltage and by their peak pulse current capacity.

multiplexing

A schemeinwhichan electronic control circuit interrogates each sensor of an array in sequence. "True" photoel ectric multiplexing
enables each modul ated emitter only during thetimethat it samplesthe output of the associated receiver. Inthisway, the chance
of false response of any receiver to the wrong light source is eliminated. Model MP-8 is an example of a "true" photoelectric
multiplexer.
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nanometer (nm)

Unit of length used to specify the wavelength of light energy. 1 nm = 0.000000001 meter (10° meter). 1 nm =10 Angstroms. 1
nm =.001 microns. Sometypica wavelengths. red LEDs are 650 nm, green LEDsare 560 nm, infrared LEDs are 880 or 940 nm.
See"LED".

NEMA
National Electrical Manufacturers Association. NEMA standards are used to specify suitability of sensor and sensing system
enclosures for various sensing environments.

NEMA 1 Indoor use Protects against accidental contact by personnel & falling dirt

NEMA 2 Indoor use Protects against falling dirt & liquid & light splash

NEMA 3 Outdoor use Protects against rain, sleet, snow, dirt, & dust

NEMA 3S Outdoor use Protects against rain, sleet, snow, dirt, dust & ice buildup

NEMA 4 In- or outdoor Protects against dirt, dust, hosedown (and heavy splash)

NEMA 4X In- or outdoor Protects against dirt, dust, hosedown, & corrosion

NEMA 6 In- or outdoor Protects against dirt, dust, hosedown, & occasional submersion

NEMA 6P In- or outdoor Protects against dirt, dust, hosedown, & prolonged submersion

NEMA 7 Indoor use For usein areas of explosive gases or vapors or combustible dust

NEMA 9 Indoor use For use in areas of atmospheres containing combustible dust

NEMA 12 Indoor use Protects against dirt, dust, light splash, & ail or coolant seepage

NEMA 13 Indoor use Protects against dirt, dust, light splash, & oil or coolant spray
noise (electrical)

Term used to collectively describe undesirable energy that may cause fa se response of sensing system logic or may be falsely
recognized as a received signal by a sensor amplifier. Includes EMI (electromagnetic interference) and RFI (radio frequency
interference).

Common sources of EMI are lighting fixtures and controls, motors, generators, and contactors. EMI is readily coupled to and
conducted along wireways.

RFI generators include in-plant two-way radios, stepper motor controls, computers, and CRTs. RFI occurs most often within a
narrow band of frequencies. Asaresult, oneelectronicinstrument may beradically affected by presence of RF interference, while
another similar instrument in the same areamay appear completely immune.

Not all sources of noise are continuous. For example, an arcing relay may emit aburst of EMI and RFI when its contacts open.
The Banner model BT-1 BEAM TRACKER isavaluable tool used in tracking the source of interfering noise.

NPN output

A transistor available asan output switch in most dc sensorsand logic modules. Usually configured with its collector open andits
emitter connected to ground (dc common). Inthisconfiguration, aload isconnected between the output (collector) and the positive
of thedc supply. Thisoutput configurationisalsocalleda”sinking" output. See” cur rent sinkingoutput” .

Isolated NPN transi stors are sometimes of fered as output switches, and can be used to either sink or source Collector
current to acircuit input. The drawing at the right shows the electronic symbol for an NPN transistor.

NPSthread

"NPS" isused as shorthand for "NPSM" which designates thread form according to the American National
Standard Straight Pipe Thread for Free-fitting Mechanical Joints (ANSI B, ). Thisthread formissimilar to
themorewidely recognized ANSI Standard Taper Pipe Thread (NPT), except that thread diametersremain
constant along thelength of thethreads. NPSM threadsare popular for electrical conduit assemblieswherethereisno requirement
for sealing against internal pressure.

Base

null

This term is used in analog sensing and control to desribe the minimum
voltage (or current) in an analog output range. Analog sensors have an
adjustment for setting the null value.

off delay (off delay logic) OFF-DELLY bode
Timing logic in which the output energizes immmediately when an input e e a—
signal isreceived, and remainsenergized aslong astheinput signal ispresent.

Theoff-delay timing beginsat thetrailing edgeof theinput signal, keeping the ’ ‘

output energized. If anew input signal isreceived during theoff-del ay timing, INPUT _ =

thetimer isreset, and the off-delay period beginsagain at thetrailing edge of
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the new input signal. Off-delay timers allow sensing controls to ignore intermittent signal losses in tracking or flow control

applications.

ohm

Unit of measurement for resistance and impedance. Theresistance through which acurrent of oneamperewill flow when onevolt

isapplied.
Ohm’slaw

E=1xR. Current (1) isdirectly proportiona to voltage (E) and inversely proportional to total resistance (R) of acircuit.

on delay (on delay logic)

Timinglogicinwhichtiming beginsat theleading edge of aninput signal, but
the output is energized only after the preset on-delay time has elapsed. The
output ceasesimmediately at thetrailing edge of theinput signal. If theinput
signal isnot present for theon-delay timeperiod, no output occurs. If theinput
signal is removed momentarily and the reestablished, the on-delay timing
startsover againfromthebeginning. Usedto allow sensing controlstoignore
short interruptionsof thelight beam, such asthe normal flow of products past
asensor infill-level or flow control applications.

on-delayed one-shot (logic)

Timing logic which combines on delay and one-shot timing into a single
function. Theinput signal must be present for at |east thetime of theon-delay
in order for atimed one-shot pulseto occur. (Contrast thisto "delayed one-
shot" timing logic, where atimed one-shot pulse occursfor any input signal,
momentary or maintained.) No subsequent output can occur until theinputis
removed and then reapplied, a which time the delay period begins again.
Useful for jam detection applications.

on-demand scanning (seeaso " continuous scanning")

A mode of scan control in light-curtain type systems in which each scan
through a beam array is individualy initiated when required. Used in the
BEAM-ARRAY Measuring Light Curtain system.

one-shot (one-shot logic)

Timing logic in which atimed output pulse begins at the leading edge of an
inputsigna . Thepulseisawaysof thesameduration, regardlessof thelength
of the input signal. The output cannot reenergize until the input signal is
removed and thenreapplied. A one-shot timer isuseful for initiating acontrol
functionkeyedtothepassing of either theleading or trailing edge of aproduct.
Itisalsousedinon-the-fly" inspectionapplications(see" insgpectionlogic").
Also called "single-shot logic", "pulsetimer”, or "pulse stretcher”.

on/off delay (on/off delay logic)

Timing logic which combines on delay and off delay timing into a single
function. On/off delay logicisoften used in jam and void control, high/low
level control, and edgeguiding applications.

opagque
A term used to describe a material that blocks the passage of light energy.
"Opacity" isthe relative ability of amaterial to obstruct the passage of light.

open-collector

A term used to describe the NPN or PNP output of a dc device, where the
collector of theoutput transi stor isnot connected to any other part of theoutput
circuit (except through a diode for protection). Analogous to a SPST relay
contact. See” NPN" and" PNP".

"ON-DELAY" Logic

Delay

INNUT Bl 2 N =

OUTPUT I

"ON-DELAYED ONE-SHOT" Logic

Delay Delay Hold

OUTPUT [‘ 777777777 - r(—)‘;)l

INPUT

"ONE-SHOT" Logic
Pulse Pulse

OUTPUT I WEEN

INPUT I [

"ON/OFF DELAY" Logic

Delay Hold

OUTPUT ‘ ‘

INPUT
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opposed sensing mode

A photoel ectric sensing modein which the emitter and receiver are positioned
opposite each other so that the light from the emitter shines directly at the
receiver. Anobject then breaksthelight beam that i sisestablished betweenthe
two. Opposed sensing will aways result in the most reliable photoelectric
sensing system, aslong astheitem to be detected is opaqueto light. Opposed
sensing isthe most efficient photoel ectric sensing mode and of fersthe highest
level of optical energy to overcomelens contamination, sensor misalignment,
or long scanning ranges. Also often referred to as "direct scanning” and
sometimes called the "beam-break™ mode.

eiver
(" =

optical coupler (optical isolator)
A solid-state photoel ectric devicecombining alight-emitting diode (L ED) and
aphototransistor inasingle package, so that when power isappliedtothe LED,

Opposed Sensing Mode

thephototransistor conducts. Thisistheequivalent of asolid-staterelay contact

(SPST normally open) except that normally only currents of afew milliamps
can flow through the phototransistor. The advantage of thistype of coupling
is total electrical isolation of the output from the input. Since the input and
output communicate only by light, the main use is to interface two systems

without the use of interconnecting lines. The result is exceptional noise Input %

immunity. Optical couplers are of great benefit when interfacing systems
which include programmable logic controllers, computers, microprocessors, ®)
and instrumentation equipment.

Optical Coupler

Output

OR logic
A logic function in which the presence of any of two or more defined input conditions L1
will causealoadtoenergize(A or Bor C=output). Usually created by wiringall outputs
in parale to aload.

output
1. Thesection of asensor or control circuit that energizesand/or de-energizestheattached

V supply

"OR" Logic

L2

load (or input).
2. The useful energy delivered by acircuit or device.

parallel operation
Referstotheinterconnection of two or more output devices (e.g. several sensor outputs)
inparalel toasingleinput or load. See" OR logic" .

passive pullup (see" pullup resistor")

photocell
A resistivephotosensitivedeviceinwhichtheresi stancevariesininverseproportiontotheamount of incident
light. The most common light-sensitive materials used are cadmium sulfide and cadmium selenide. Such
devices are characterized by resistances of from 1000 ohms to 1 megohm, response speed of several
milliseconds, and color response roughly equivalent to that of the human eye. Also called "photoresistor”.
(See electronic symbol at right.)

photodiode

A semiconductor diodein which the reverse current varieswith illumination. Characterized by linearity of
itsoutput over several magnitudesof lightintensity, very fast responsetime, andwiderangeof col or response.
(See electronic symbol at right.)

photoelectric sensor
A devicewhichdetectsavisibleor invisiblebeam of light and respondstoachangeinreceivedlightintensity.

phototransistor

A photojunction device in which current flow is directly proportional to the amount of incident light. The
phototransistor is characterized by impedances of from 1000 ohms to 1 megohm in most low level DC
circuits. Responsetimesareinversely proportional to incident light, but moderately high light levelsyield
response well under 1 millisecond. Color response is poor to greens and blues but good to reds and near
infrareds. Phototransistors are well matched spectrally to infrared LEDs. (See symbol at right.)

Photocell

Photodiode
~ +
NS A
A

Phototransistor

Sa +
A
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pixel

Contraction of "picture element”. Anindividual element in adigitized image array.
plastic fiber optics(see"fiber optics')

plug logic
A family of Banner octal-base plug-inlogic modules. They operate onlow voltage dc, and accept inputsfrom sensorsand devices
with NPN transi stor (current sinking or isolated) or hard contact closure outputs. Popular Plug Logic modulesinclude: model BN2-

2 dual NAND gate, model LIM-2 logic inspection module, and model LSR64 shift register.
PNP output

A transistor available asan output switch in most dc sensors. Usually configured with itscollector open and Collector
itsemitter connected to the positive of the sensor supply voltage. In thisconfiguration, aload is connected
betweentheoutput (collector) and ground (dccommon). Thisoutput configurationisalsocalleda'sourcing”
output. See" current sourcing output". Thedrawing at the right shows the electronic symbol for aPNP
transistor.

Base

polarized light

Light which has all component waves in the same direction of
displacement. Natural lightismadeup of waveshaving avariety Polarized Light
of displacements. Photoelectric sensors with polarizing filters
emit and detect only light waves of aspecific polarization, while
rejecting unwanted light of other polarizations. Also, various
materials "bend" light waves (alter polarization) by known
amounts. This may be used to advantage to photoelectrically

detect certain materials while ignoring others. Emitted light is
linearly polarized

polarizing filter

A filter that polarizes light passing through it. It is possible to
fabricate sheets of plastic or gelatin that contain birefringent
crystals so oriented asto pass only polarized light. Also called
"anti-glarefilters' when used on retroreflective mode sensors.

power block

The component of amodular self-contained sensor (e.g. OMNI-BEAM, MULTI-BEAM, or MAXI-BEAM) that provides
the power to runthe sensor and al so providesthe output circuitry tointerfacewith the external load or circuit being controlled. See
"scanner block" and " sensor head" .

Filter

programmablelogic controller (PLC)

A control device, usually used in industria control applications, that employs the hardware architecture of a computer and relay
ladder diagram language. Inputsto PL Cscan originatefrom many sourcesincluding sensorsand the outputs of other logic devices.
Banner sensors and logic devices are all designed for ease of interfacing to PLCs. Also called "programmable controller".

proximity sensing mode
Direct sensing of an object by its presencein front of asensor. For example, an object issensed when its surface reflects a sound
wave back to an ultrasonic proximity sensor. Also see™ diffuse mode (photoelectric) sensing” .

proxing

Inretroreflective sensing, "proxing” isused to describe undesirabl e reflection of the sensing beam directly back from an object that
issupposed to break the beam. When sufficient light is reflected from the object back to the sensor, the sensor thinksit is seeing
the retroreflective target, and the object may pass undetected. This is a common problem encountered when attempting to
retroreflectively sense highly reflective objects. There are anumber of curesfor proxing, including use of anti-glare (polarizing)
filters, angling of the retroreflective sensor and its target, and substitution of opposed mode sensors.
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pullup resstor

A resistor connected to the output of a device to hold that output
voltage higher than the input transition level of adigital circuit. Pullup Resistor
Usually a resistor connected between the output of a current Where,
sinking (NPN) device and the positive supply voltage of alogic Sensorwith 1o *Y® +Va = Sensor Supply Voltage,
Sinking Output +VB = Logic Circuit Supply Voltage
gate. 9-up +VAZ +V8
pulse modulated (see " modulation™) v U ve | Logic Circuit
Pullup——e-3 R%quirin% a
Output npuf urren
pulse stretcher (see one-shot™) o = = | Souree
§lLeommon | _L lcommon | atits Input
PVC (polyvinyl chloride) \ g ommen
A member of thevinyl plasticresinfamily, withmany applications, {NPN transistor)
including jacketing of wire and fiberoptic cables. Characterized
by itshigh degree of flexibility and good chemical resistance. Hookup of a current sinking output to alogic input requiring
acurrent source, using a pullup resistor.

QD (quick disconnect)
A cableattachment scheme used on some Banner sensors, in which amale connector in the base of the sensor mateswith thefemale
connector of an industrial-grade cable. The QD featureis standard on ULTRA-BEAM ultrasonic sensorsand on VALU-BEAM
SMI1912 Seriesintrinsically-safe sensors. A built-in QD connector isavailable asan option on other sensors. A QD fitting canalso
beinstalled inthewiring base of any OMNI-BEAM, MULTI-BEAM, MAXI-BEAM, or Q85 Seriessensor. Thisfeature
isindicated by theletters"Q" or "QD" in the model number suffix.

radiation pattern (see" effective beam")

radio frequency interference (RFI)

Interference caused by electromagnetic radiation at radio frequenciesto sensorsor to other sensitive electronic circuitry. RFI may
originate from radio control equipment, stepper motor controls, CRTs, computers, walkie-talkies, public service communications,
commercia broadcast stations, or avariety of other sources. RFI occursmost often at aspecific frequency or within aspecificrange
of frequencies. Asaresult, one electronic instrument may beradically affected by the presence of RF interference, while another
similar instrument in the same area may apppear completely immune.

Inreferenceto photoel ectric sensing, the usual effect of RFI isthe generation of false signalsand the random "triggering"
of equipment or processes that are controlled by the sensors. Usual curative measuresinclude proper shielding and grounding of
the affected device and a so of the source, if it can belocated. The Banner model BT-1 BEAM TRACKER isan invauableaid
for tracking down sources of RFI and EMI, and allows the tracking of RFI across open aress.

range (sensing range)

The specified maximum operating distance of a sensor or sensing system:
Opposed sensing mode: the distance from the emitter to the receiver
Retr or eflective sensing mode: the distance from the sensor to the retro target
Proximity sensing modes: the distance from the sensor to the object being sensed

ranging (see" sensing window" )

rate sensor

Timinglogicinwhich overspeed or underspeed conditionsare sensed by acircuit that continuously monitorsand cal cul atesthetime
between input signal's, and comparesthat timewith apreset reference. 1n Banner rate sensinglogic theoutput dropsout if the preset
rate is not met (underspeed) or is exceeded (overspeed).

receiver
The transducer element that responds to the sensing energy. Also the name for the half of an opposed pair of photoelectric or
ultrasonic sensors that receives the sensing energy from the emitter.
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reflectivity (relative)

A measure of the efficiency of any material surface asareflector

of light, ascomparedtoaK odak whitetest cardwhichisarbitrarily RELATIVE REFLECTIVITY TABLE
rated at 90% reflectivity. Relativereflectivity isof great impor- Material Reflectivity (%)  Excess Gain Required
tance in photoel ectric proximity modes (diffuse, divergent, con- t*égtdak Xth' te a0 )
vergent, and fixed-field), where the more reflective an object is, aa °
the easier it isto sense. White paper 80% 11
. Masking tape 75% 12
gel o dflave ggn mode") Beer foam 70% L3
9 Clear Plastic* 40% 23
. Rough wood pallet
refraction (clean) 20% 45
The "bending" of light rays as they pass through the boundary
) ; Y : , ; Black 4% 225
from amedium having one refractive index into a medium with & nmpre_ne ’
adifferent refractiveindex. For example, asfrom air into water Eﬁrﬁjﬂﬂﬁiﬂ;&* 140% 06
or from air into glass or plastic. Stair;lﬁssteel
. . microfinish 400% 0.2
registration mark Black anodized
A mark printed on amateria using a color that provides optical auminum® 50% 18
contrast tothematerial color. Themark issensed asit movespast L .
; . - *NOTE: For materials with shiny or glossy surfaces, the reflectivit
a photoelectric color sensor. Registration marks are used for figure represents the maximum | i_gh% restsalrn, With the sensor beam
cutoff control as in a wrapping or bagging operation, or for exactly perpendicular to the material surface

product positioning as in atube end crimping process.

relay

A switching device, operated by variationsin the conditions of one circuit, which servesto make or break one or more connections
inthe same or another circuit. May be mechanical, asin the common el ectromechanical relay having an electromagnetic coil and
metal contacts. Or, may be solid-state, in which switching is accomplished by a solid-state element such asatransistor or SCR.
Relays are used as output switching devices for sensors and control modules, and serveto interface the sensor or module
to the circuit under control.

remote sensor

The remote photoelectric sensor of a component system contains only the optical elements. The circuitry for system power,
amplification, logic, and output switchingareal l located at acentral location, typically inacontrol cabinet. Asaresult, remotesensors
aregeneraly thesmallest and themost tolerant of hostile sensing environments. Remote sensorsincludethosewhich are used with
the Banner MAXI-AMP & MICRO-AMP modules.

rep rate (scan rate)

In photoel ectrics, thisterm is used to describe the time taken to interrogate each optoelement in ascanned array of receivers (e.g.
for aline-scan camera, amultiplexed array of emittersand receivers, or alight curtain). Itisthetimefrom thestart of onecomplete
scan until the start of the next scan. The rep rate is one parameter that determines the system response speed. In general, higher
light level isrequired for faster rep rates.

repeat-cycletimer (repeat cycler)

Timinglogicinwhichaninput signa beginsadelay period, duringwhichthere

isnooutput. If thesigna remains, thedelay periodisfollowed by ahold period, "REPEAT CYCLER" Logic
during which the output isenergized. If theinput signal remains after thefirst

hold period, anew delay periodisstarted, followed by thehold period, etc. This Delay Hold Delay Hold Delay Told
sequence continues indefinitely until the output signal is removed. One OUTPUT m mm =

applicationisin edgeguide and other guidance control applicationswhereitis
desireable to pulse the correction mechanism to avoid overcorrection that
might occur with a continuous output.

INPUT I

repeatability
A measure of the repeat accuracy of a sensor and/or timer and/or control mechanism (e.g. motor, brake, solenoid, etc.). Usualy
expressed as a distance or time.

resistan.c.e . . S . Resistor (symbol)
Theoppositiontotheflow of electric current. That property of amateria whichimpedeselectrica
current and resultsin the dissi pation of power intheform of heat. Resistanceismeasuredinohms.  AMW——
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resolution

In presence sensing: the smallest part profile dimension that will be reliably sensed.
In position sensing applications. the smallest increment of distance that can be repeatably sensed.
I nline-scanning: theproj ected distancebetweentwoadjacent pixels, i.e. thesizeof thefiel d-of -view divided by thenumber of pixels

inthe CCD array.
response time (response speed)

The time required for the output of a sensor or sensing system to respond to a change of the input signal (e.g. a sensing event).
Responsetime of asensor becomes extremely important when detecting small objectsmoving at high speed. Narrow gaps between
adjacent objects also must be considered when verifying that sensor response is fast enough for an application.

Required Sensor Response Time =
Apparent object (gap) size as it passes the sensor

Velocity of the object asit passes the sensor

retrigger able (one shot)

One of two types of one-shot timinglogic. Theoutput pulseof aretriggerable
one-shot is restarted with the reoccurrence of every input. The output will
remain "on" aslong asthe time between consecutive inputsis shorter than the
one-shot pulsetime.

A non-retriggerableone-shot timer must compl eteitsoutput pul sebeforeit will
recognize any new input signals. Sometimes they offer an advantage in
indexing or registration control applications where multiple input signals are
possible during the advance of the product.

retror eflective sensng mode

Also called the "reflex" mode, or simply the "retro” mode. A retroreflective
photoel ectric sensor contains both the emitter and receiver. A light beamis
established between the sensor and a specia retroreflective target. As in
opposed sensing, an object is sensed when it interrupts this beam.

"RETRIGGERABLE ONE-SHOT"
Logic
Hold

Pulse Pulse

"llllll‘—"
ouTPUT NN S

L Ll

INeUT B BN BN W NN

"NON-RETRIGGERABLE ONE-SHOT"

Logic

Retro is the most popular mode for conveyor applications where the
objectsarelarge (boxes, cartons, etc.), where the sensing environment
isrelatively clean, and where scanning ranges aretypically afew feet.
Retroisa sousedfor codereading applications. Automatic storageand
retrieval systemsand automatic conveyor routing systemsuseretrore-
flective code plates to identify locations and/or products.

retroreflector

A reflector used in retroreflective sensing to return the emitted light
directly back to the sensor. The most efficient type have corner-cube
geometry (see " corner-cubereflector"). Reflective tapes use glass
beads or smaller, less efficient corner-cubes. (Photo at right, below.)

reversepolarity protection

Refersto the design feature of Banner dc sensorswhich protectsthem

from damage due to accidental reverse wiring to the power supply.
Sensors without reverse polarity protection may be destroyed by
accidental wrong-polarity connections.

ripple
An ac voltage component on the output of adc power supply. Usually

expressed as a percentage of the supply voltage. Ripple may be
suppressed ("smoothed") with capecitor filtering. Most dc-only
devicesrequire less than about 10% ripple for reliable operation.

satur ation voltage
The voltage drop appearing across aswitching transistor or SCR that
isfully turned "on". See" voltagedrop"”.
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scanner block

The modular component of Banner MULTI-BEAM sensors that
contains the optoelements plus all of the emitter and/or receiver
circuitry. The scanner block housing accommodates the other two
modules: the power block and thelogic module. Thescanner block is
supplied with alensed upper cover and alower cover that provides
access to the wiring chamber. (Photo at right.)

sensor head (sensor block)

Themodular component of Banner OMNI-BEAM andMAXI-BEAM
sensors that contains the optoelements, emitter and/or receiver cir-
cuitry, and lenses. The sensor head attaches to the power block with
four bolts, and interconnects to the rest of the sensor circuitry with a
wireless connector. INMAXI-BEAMS, the scanner head isrotatable
around the vertical center axisin four 90° increments. See MAXI-
BEAM exploded view, below right.

SCR (glicon controlled rectifier)
Alsoknownasa'reverseblockingtriodethyristor”. A semiconductor
device used as the output relay in many ac sensors and modules. It
normally acts as an open circuit, but switches rapidly to aconducting
state when an appropriate gate signal is applied.

self-contained sensor

A sensor that contains the sensing element, amplifier, power supply,
and output switch in a single package. Examples include Banner
MULTI-BEAM, MAXI-BEAM, OMNI-BEAM, VALU-BEAM,
MINI-BEAM, ECONO-BEAM, and ULTRA-BEAM sensor fami-
lies. (Seephoto, below.)

sengitivity adjustment

An adjustment made to a sensor’'s amplifier that determines the
sensor’s ability to discriminate between different levels of received
sensing energy (e.g. between two light level sreaching aphotoel ectric
receiver). The adjustment control is usually a potentiometer located
either on the sensor (if self-contained) or on a remote amplifier.
Sometimes called the "gain adjustment”.

sensing end

Termused to describethe end of any fiber optic cableat which sensing
takes place (i.e. the end at which objects to be sensed are located).
Sensing ends are manufactured in many mounting styles, and the
sensing endsof glassfiber opticassembliesmay beshapedtomatchthe
profile of the object to be sensed. See" bifurcated fiber" or " indi-
vidual fiber" .

sensing window

Exploded view, MULTI-BEAM Sensor

Upper Cover (lens) Scanner Block
(supplied with

Logic Module Housing
Scanner Block)

v /

-

Power
LIGHT/DARK Block
Lower. Covgr Operate Select Wiring
(supplied with Terminas

Scanner Block) Logic Timing Adjustment

EXPLODED VIEW (MAXI-BEAM SENSOR)

Sensitivity LED/AID™
Control \ / Indicator

Rotatable
Sensor Head

— Programming
Ring

— Optiona
Logic Module

——— Programming
Ring for Logic

RWB4
Power Block — Wiring
Base
Output OFF —
LED
Output ON
LED - T Conduit
Quick Disconnect (optional) Entrance

Glassfiber optics: the sizeand shapeof thefiber optic bundleasit isterminated onthe sensing end. Sensing windowsmay beround,
rectangular or other shapes. A single bundle of glass fiber optics may terminate in several sensing windows.

(continued on next page)
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Anaog sensing: therangeof distance over which the sensor will recognize an object and produce an output. Thenear and far limits
of the sensing window are set by the null and span controls, respectively. Sensing within awindow isaso called "ranging".

seriesoperation
Referstotheinterconnection of two or moreoutput devices(e.g. several sensor
outputs) in seriesto asingleload. See” AND logic".

Shift regig:er "SHIFT REGISTER" Logic
A logic schemethat indexes ("clocks") data aong a specified route (through A Bac
"registers’) and outputs that data at a programmed point. Shift registers are OUTPUT __ — .
used aslogicin sensing systemsto coordinatetheinspection of aproduct at one DATA 1 [ |! | | l

location and to alow the resultant action (if any) to take place at alocation crock LA N EAN '. 2 '. BEEnE
downstream inthe process. Theclock signal isusually generated by asecond (Shift length set to 5)

input that i stied to the mechanical movement of thetransport mechanism (e.g. &
asignal generated by acam or asprocket onaconveyor drive, index whed, etc.).

ghort circuit protection
Theability of asolid-state output device or circuit to endure operation in ashorted condition indefinitely or for adefined period of
time with no damage.

showering arc (test)

NEMA test standard 1CS1-109. A severetest for theimmunity of anelectroniccircuit (e.g. aself- contained sensor) toEMI. Consists
of acalibrated arc drawn acrossapair of open contacts. Thetest stand hasa 100 foot multi-conductor cablethat hastwo of itswires
connected to the arcing contacts. The power and/or output circuits of the device under test are connected to other wireswithin the
same 100 foot cable to simulate the noise coupling that occurs within wireways of machine systems.

single-shot (see" one-shot")

sinking output (see"current sinking output" ) Skew Angle

SJIT (cable) In Diffuse and Convergent Sensing:
UL designation for heavy-duty portable power cord with oil-
resistant thermoplastic jacket. Conductors are stranded with indi-
vidual color-coded rubber insulation. SJT cableis rated for 300
volts, 60 to 105°C. Banner model MBCC-312, MBCC-412, and
MBCC-512 are examples of SIT-type cable.

skew angle

An alignment technique used in diffuse, retroreflective and conver-
gent mode sensing to increase the optical contrast ratio. In diffuse
and convergent sensing, itisdoneto reducebackground reflections.
The sensor is angled so that its beam strikes the background at an
angle other than 90 degrees (i.e. straight on).

In retroreflective sensing, skewing the sensor is done to reduce the
amount of light reflected directly back from the object that is

Convergent
Point

Convergent
Multi—Beam

Rotate

supposed to break the beam established between the sensor and its In Retroreflective Sensing:
retro target.
Boxes with shiny -\ Retro target
SMD (surface mount device) TER N e
Surface mount devices are flat, rectangular, leadless discrete elec- conveyor~ \ /" reater than 10°
tronic components that are much smaller than equivalent compo- T \j U L

nents with lead wires. Their small size significantly reduces the
overall size of circuitry and electronic assemblies. Their leadless

Flow

design and consistent geometry alows robotic placement of the -
componentsonto aPC board. They attach to one side of pre-solder e e e f’jw e e
masked PC boards by heating the entire board assembly and Retroreflective /' \

reflowing the solder. Most state-of-the-art sensors make use of sensor preected

SMD technology.

snubber

A seriescombination of aresistor and acapacitor (R-C network) used to limit the maximum rate of rise of avoltage. Snubbersare
connected acrossthe contactsof el ectromechanical relaysthat switchalargeresistiveload or any inductiveload, to suppresscontact
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arcing. Snubbersare used across solid-state relay contactsto help prevent false turn-on of the switch by voltagetransients. Also
called a"snubber network™.

solid-staterelay (see"relay")
SOUr cing output (see” current sourcing output™)

Span

This term is used in analog sensing and control to describe the maximum
voltage (or current) in an analog output range. Analog sensors have an Specular Sensing Mode
adjustment for setting the span value. @

specular sensing mode (specular reflection)

A photoel ectric sensing mode where an emitter and areceiver are mounted at
equal and opposite angles from the perpendicular to a highly reflective
(mirror-like) surface. Thedistancefrom the shiny surfaceto the sensorsmust
remain constant. The specular sensing mode is useful in some applications

7]
whereit isnecessary to differentiate between ashiny and adull surface. Itis 3 R
particularly useful for detecting the presence of materialswhich do not offer

enough height differential from their background to be recognized by a
convergent mode sensor. A common exampleissensing cloth (diffuse) ona
steel sewing machine table (shiny).

SPDT
Abbreviation for "Single Pole Double Throw". Refers to a switch or an
electromechanical relay having one set of form 1C contacts. One contact is SPDT

open when the other is closed (complementary switching).

RELAY SWITCH

g)s‘r Normally Closed (N.C.) .—*" Normally Closed (N.C.}
et

Abbreviation for "Single Pole Single Throw". Refersto aswitch or arelay comnon @———4 C cammon

contact (electromechanical or solid-state) with a single contact that is either somaty opon 100y @] T

normally open or normally closed.

threshold (of a photoelectric amplifier)

The value of voltage in adc-coupled photoel ectric amplifier that causesthe output of the sensor or sensing system to change state.
Thisvoltagelevel isdirectly related to the amount of light that isincident on the photoelectric receiver. Thethresholdisthevalue
of received signal representing an excess gain of 1x. The sensitivity control (where oneisavailable) adjuststhe threshold voltage
level.

® Normally Open (N.O)

through-beam sensing mode (see " opposed sensing mode")

tracer beam
A visiblered beam availablewith many Banner modulated infrared emitters, used asan alignment aid. Thetracer beamisinactive,
in that it does not supply any of the sensing energy. The sensing energy is supplied by an invisible infrared beam.

Thetracer beam is used during alignment to mechanically align the emitter to thereceiver. A retroreflective target istemporarily
attached to the lens of the receiver, and the tracer beam is sighted on the target from behind the emitter. Theretro target
is then removed and fine alignment is made using the AID signd strength indicator. The tracer beam is also used asa " power-
on" indicator for the emitter. Tracer beams are afeature of MAXI-BEAM and VALU-BEAM infrared emitters.

transducer
A devicethat convertsenergy of oneformintoanother form. Thesensingelement Transient Suppression
of anon-contact presence sensor that convertsachangeinincident sensing energy L L
(e.g. light, sound, etc.) into a proportional electrical quantity such as voltage or e vagee ———+]
current.
Inductive

) CR Load
transent |
A very short duration pulse of voltage (or current) that is many times larger in |
magnitudethanthesupply voltage. Transientsareusually caused by theoperation
of aheavy resistiveload or of any sizeinductiveload like motors, contactors, and o
solenoids.
Voltagetransientscan causefa seactuation of fast el ectroniccircuitssuch assolid- For best results, install transient suppressors
statecounters, one-shot timers, and latching outputs. Theproblemsresultingfrom directly across offending loads.

transientsaredealt with by careful shielding and grounding of remote sensor lead
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wires, by physical separation of signal wiresfrom power wiresin wireways, and by installing transient suppressors directly across
offending loads.

tranducent
Term used to describe materia sthat havethe property of reflecting apart and
transmitting a part of incident radiation.

2-wir e Sensor

2-Wir e sensor L1
A sensor designed to wirein serieswith itsload, exactly like alimit switch.
A 2-wire sensor remains powered when theload is " off" by
aresidua "leakage current" that flows through the load.

UL
A third-party organization which tests a manufacturer's
productsfor compliancewith appropriate Standards, el ectri- Loff = <1.7mA

cal and/or safety codes. Compliance is indicated by their
listing mark on the product. Seelogos at right. g;cogniz o @——«

ultrasonic N
Sound energy at frequenciesjust above the range of human ®
hearing, above about 20 kHz. The use of ultrasound is of
advantage in many sensing applications because of its ahility to detect objects without regard to their reflectivity or tranducency
to light. Banner ULTRA-BEAM sensors are ultrasonic sensors.

L2
Vac

9 Two-wire AC
Sensor

UL Listed:

upper cover
Theremovable component of aphotoel ectric sensor that includesthelensing. Upper coversarereplaceableand, in somecases, are
interchangeable for changes of sensing mode and/or sensing range.

UV (ultraviolet)

Invisible short wavelength light energy that liesimmediately beyond the violet end of the color spectrum between approximately
100and 380nm. Somematerials"fluoresce” and producelight of visiblewavelengthswhenexcited by UV energy. Thisre-radiation
of visible light can be detected by a"UV sensor”. See" LED".

VALOX®

A family of thermoplastic polyester materials manufactured by Generd Electric Company. Noted for its toughness, mechanical
stability, and excellent insulating properties. Used for the housing material of many Banner products, including MULTI-BEAM,
MAXI-BEAM, VALU-BEAM, MINI-BEAM, ULTRA-BEAM, and MICRO-AMP.

voltage

The term used most often in place of "electromotive force", "potentia”, "potentia difference”, or "voltage drop" to designate the
electric pressure that exists between two points and is capable of producing aflow of current when a closed circuit is connected
between the two points.

voltagedrop

The voltage that occurs across a solid-state device when its output is driving aload, or the voltage that exists across each element
of aseriescircuit. Themagnitudeof thevoltagedropisdependent uponthecircuit demand of theload. Alsoreferredtoas” saturation
voltage'.

window (see" sensing window" ) Zener Diode (symbol)
zener diode - 11 T
A PN junction diode used as a voltage regulator because of its uniform breakdown L |
characteristic when reverse biased. See the electronic symbol at theright.
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TABLE 1. Unitsfor Photoelectric Specifications

UNIT SYMBOL PHY SICAL QUANTITY
ac volts V ac electrical potential -- alternating current
ampere A electrical current
dc volts V dc electrical potential -- direct current
degrees Celsius °C temperature (see Table 9)
degrees Fahrenheit °F temperature (see Table 9)

Hertz Hz frequency

[umene Im light energy

lux Ix illumination (Im/mg)
meter m length

microamp HA electrical current (10¢ A)
microsecond s time (106s)

milliamp mA electrical current (103 A)
millimeter mm length (103 m)
millisecond ms time (103¢9)

nanometer nm length (light wavelength)
ohm Q electrical resistance
second S time

volt \ electrical potential
volt-amp VA power

watt W power

*1 lumen = 0.001496 watt of monochromatic light at a wavelength of 546nm.

TABLE 2. Unit Prefixes

EQUIVALENT | PREFIX | SYMBOL | ‘giiRucqion”
1 000 000 000 000 tera T 102
1 000 000 000 giga G 10°
1 000000 mega M 106
1000 kilo k 10°
100 hecto h 102
10 deka da 10
0.1 deci d 10!
0.01 centl c 102
0.001 milli m 103
0.000 001 micro V8 10
0.000 000 001 nano n 107
0.000 000 000 001 pico p 1012
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TABLE 3. English-Metric Conversion

Inch Inch o Inch Inch .- Inch Inch -
Fraction Decimal | Millimeter Fraction Decimal | Millimeter Fraction Decimal | Millimeter
.0039 01 9/32 2812 7,144 21/32 6562 16,669
.0079 0,22 19/64 2969 7,541 6693 17
.0118 0,3 5/16 .3125 7,938 43/64 .6719 17,066
1/64 0156 0,397 3150 8 11/16 6875 17,462
0157 04 21/64 3281 8,334 45/64 7031 17,859
.0197 05 11/32 3438 8,731 7087 18
.0236 0,6 3543 9 23/32 7188 18,256
0276 0,7 23/64 .3594 9,128 47/64 7344 18,653
1/32 0312 0,794 3/8 375 9,525 7480 19
0315 08 25/64 .3906 9,922 3/4 750 19,050
.0354 0,9 3937 10 49/64 7656 19,447
.0394 1 13/32 4062 10,319 25/32 7812 19,844
3/64 .0469 1,191 27/64 4219 10,716 7874 20
1/16 0625 1,588 4331 11 51/64 7969 20,241
5/64 0781 1,984 7/16 4375 11,112 13/16 8125 20,638
0787 2 29/64 4531 11,509 .8268 21
3/32 .0938 2,381 15/32 4688 11,906 53/64 8281 21,034
7/64 1094 2,778 4724 12 27132 8438 21,431
1181 3 31/64 4844 12,303 55/64 .8594 21,828
18 125 3,175 1/2 500 12,700 8661 22
9/64 1406 3,572 5118 13 7/8 875 22,225
5/32 1562 3,969 33/64 5156 13,097 57/64 .8906 22,622
1575 4 17/32 5312 13,494 9055 23
11/64 1719 4,366 35/64 5469 13,891 29/32 9062 23,019
3/16 1875 4,762 5512 14 50/64 9219 23,416
.1968 5 9/16 5625 14,288 15/16 9375 23,812
13/64 2031 5,159 37/64 5781 14,684 9449 24
7/32 2188 5,556 5905 15 61/64 9531 24,209
15/64 2344 5,953 19/32 5938 15,081 31/32 9688 24,606
2362 6 39/64 .6094 15,478 9842 25
14 250 6,350 5/8 625 15,875 63/64 9844 25,003
17/64 2656 6,747 .6299 16 1" 1.000 25,400
2756 7 41/64 .6406 16,272
To convert millimeters to inches, multiply by 0.0394. To convert inches to millimeters, multiply by 25.4
TABLE 4. Drill Sizesfor Sensor Mounting Hardware
Thread Size Tap Drill Clearance Drill Thread Size Tap Drill Clearance Drill
#2-56 #50 (0.0700") #42(0.0935") M2,5x 0,45 2,05mm (0.0807") 2,9mm (0.1142")
#4-40 #43 (0.0890") #31(0.1200") or #46 (0.0810") or #32 (0.1160")
#o-32 #36 (0.1065°) 725 (0.14957 M3x 0,5 2,50mm (0.0984") 3,4mm (0.1339")
o X U, , . K A
#6-40 #33(01130") | #25(01495") or #39 (0.0995") or #29 (0.1360")
#8-32 #29 (0.1360") #16 (0.1770")
#10-24 #25 (0.1495") #7 (0.2010") M4 x 0,7 3,30mm (0.129?") 4,5mm (0.177"2")
0.5 421 (0.1580) #7(0.2010°) or #29 (0.1360") #15 (0.1800")
1/4"-20 #7 (0.2010") #H (0.2660") M6 x 0,75 5,00mm (0.1969") 6,6mm (0.2598")
5/16"-24 # (0.2720") #Q (0.33207) or #8 (0.1990") or #G (0.2610")
3832 | 1U32(03438") | 25/64" (0.3906") M18x 1 15,5mm (0.6102") 20,0mm (0.7874")
7/16"-20 25/64" (0.3906") | 15/32" (0.4687") or 39/64" (0.6094") or 51/64" (0.7969")
1/2"-14NPSM | 23/32" (0.7188") | 55/64" (0.8594") M30x 15 26,5mm (1.0433") 33,0mm (1.2992")
1230 15/32" (0.4688") | 17/32'(0.5312") or 1-3/64" (1.0469") or 1-5/16" (1.3125")
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TABLE 5. Velocity Conversion

1 2
feet/minute meters/ inches/ millimeters | jnches/second ~ millimeters’ | seconds/inch seconds/
minute minute minute second millimeter
5 ,152 6 152,4 .10 2,540 10.0 394
1 ,305 12 304,8 .20 5,080 5.0 197
2 ,610 24 609,6 40 10,16 2.50 .098
3 914 36 9144 .60 15,24 1.67 .0656
4 1,22 48 1219,2 .80 20,32 1.25 .0492
5 1,52 60 1524,0 1.0 25,40 1.00 .0394
6 1,83 72 1828,8 1.2 30,48 .833 .0328
7 2,13 84 2133,6 14 35,56 714 .0281
8 2,44 96 2438,4 1.6 40,64 .625 .0246
9 2,74 108 2743,2 1.8 45,72 .555 .0219
10 3,05 120 3048,0 2.0 50,8 .500 .0197
11 3,35 132 3352,8 2.2 55,88 455 .0179
12 3,66 144 3657,6 24 60,96 A17 .0164
13 3,96 156 3962,4 2.6 66,04 .385 .0151
14 4,27 168 4267,2 2.8 71,12 357 .0141
15 4,57 180 4572,0 3.0 76,20 .333 .0131
16 4,88 192 4876,8 3.2 81,28 313 .0123
17 5,18 204 5181,6 34 86,36 294 .0116
18 5,49 216 5486,4 3.6 91,44 .278 .0109
19 579 228 5791,2 3.8 96,52 .263 .0104
20 6,10 240 6096,0 4.0 101,6 .250 .00984
21 6,40 252 6400,8 4.2 106,7 .238 .00937
22 6,71 264 6705,6 4.4 111,8 227 .00895
23 7,01 276 7010,4 4.6 116,8 217 .00856
24 7,31 288 7315,2 4.8 121,9 .208 .00820
25 7,62 300 7620,0 5.0 127,0 .200 .00787
30 9,14 360 9144,0 6.0 152,4 167 .00656
40 12,19 480 12192 8.0 203,2 125 .00492
50 15,24 600 15240 10 254,0 .100 .00394
60 18,29 720 18288 12 304,8 .083 .00328
70 21,34 840 21336 14 355,6 .071 .00281
80 24,38 960 24384 16 406,4 .063 .00246
90 27,43 1080 27432 18 457,2 .056 .00219
100 30,48 1200 30480 20 508,0 .050 .00197
125 38,10 1500 38100 25 635,0 .040 .00157
150 45,72 1800 45720 30 762,0 .033 .00131
175 53,34 2100 53340 35 889,0 .029 .00112
200 60,96 2400 60960 40 1016 .025 .00098
225 68,58 2700 68580 45 1143 .022 .00087
250 76,20 3000 76200 50 1270 .020 .00079
275 83,82 3300 83820 55 1397 .018 .00072
300 91,44 3600 91440 60 1524 .016 .00066
325 99,06 3900 99060 65 1651 .015 .00061
350 106,7 4200 106680 70 1778 .014 .00056
375 114,3 4500 114300 75 1905 .013 .00052
400 121,9 4800 121920 80 2032 .012 .00049
450 137,2 5400 137160 20 2286 .011 .00044
500 152,4 6000 152400 100 2540 .010 .00039
600 182,9 7200 182880 120 3048 .0083 .00033
700 2134 8400 213360 140 3556 .0071 .00028
800 243,8 9600 243840 160 4064 .0063 .00025
900 274,3 10800 274320 180 4572 .0055 .00022
1000 304,8 12000 304800 200 5080 .0050 .000197
1250 381,0 15000 381000 250 6350 .0040 .000157
1665 507,5 19980 507492 333 8458 .0030 .000118
2500 762,0 30000 762000 500 12700 .0020 .000079
5000 1524 60000 1524000 1000 25400 .0010 .000039




TABLE 6. Velocity Conversion Factors

mile
(imperial)

“To:
NG miles/ feet/ inches/ meters/ | centimeters/ feet/ inches/ meters/ millimeters/
: Frbm‘ hour minute minute minute minute second second second second
1 g‘(}}f}/ 1.0 88 1056 26.822 2682.24 1.4667 17.60 0.4470 447.0
1 foot/ 1.1364x107 1.0 12.0 0.3048 30.48 1.6667x102 20.000 5.08x10° 5.08
minute
1 inch/ 9.470x10* | 8.333x10°? 1.0 2.540x107 2.54 1.3888x10° | 1.6666x102 | 4.23x10* 0.0423
minute
1 gﬁfﬁé 3.7282x10% | 3.281 39.372 1.0 100.0 5.468x102 0.6562 1.667x10 16.667
centi-
1 meter/ |[32782x10¢| 3.281x102 | 03937 0.01 1.0 5.468x10% | 6.5616x10° | 1.667x10* 0.1667
minute
] foot/ 0.6818 60 720 18.29 1829 1.0 12 0.3048 304.8
second
] inch/ | 56818x10% 5 60 1.524 152.4 8.333x102 1.0 2.540x10° 25.40
second
] meter/ 22369 196.85 2362.2 60.0 6000.0 3.281 39372 1.0 1000
second
milli-
1 meter/ |22369x10°| 0.1969 23622 6.0x10 6.000 32812107 | 3.937x10? 1x10° 1.0
second
TABLE 7. Length Conversion Factors
: TO: Ang-
! i milli- centi- kilo- miles
o strxms meters meters inches feet yards meters meters (imperial)
From:
1&“)8“"0111 1.0 1.0x107 1.0x10°* | 3.937x10°% 3.2808x10°|1.0936x101°| 1.0x10° 1.0x1013 6.2137x10°1¢
1?3‘3;“"-‘" 1.0x107 1.0 0.1 0.0394 | 3.2808x10 | 1.0936x107 | 1.0x10°3 1.0x10¢ | 62137x107
1 fcelr:lt)imeter 1.0x10° 10.0 1.0 0.3937 0.0328 0.0109 0.01 1.0x10°5 | 6.2137x10°
1 }:‘lf)h 2.54x10° 254 254 1.0 0.0833 0.0278 0.0254 254x10° | 1.5783x10°
1 {gtf)’t 3.048x10° | 304.8 30.48 120 1.0 03333 03048 | 3.048x10 | 1.8939x10°*
1 35;1 9.144x10° 914.4 91.44 36.0 3.0 1.0 09144 9.144x10* | 5.6818x10*
1 g::)‘ef 1.0x10% 1.0x10° 100.0 39.3701 3.2808 1.0936 1.0 1.0x10° | 62137x10*
1‘&',;’1')““" 10x10t* | 1.0x10° | 1.0x10° | 3.937x10*| 3.2808x10° | 1.0936x10° | 1.0x10° 1.0 0.6214
1.6093x10" | 1.6093x10° | 1.6093x10° | 6.336x10*| 5.280x10° 1.760x10° | 1.6093x10° 1.6093 1.0
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TABLE 8. Temperature Conversion: °C <— °F

CELSIUS° | FAHRENHEIT® || CELSIUS°| FAHRENHEIT® || CELSIUS°| FAHRENHEIT®
-62 -80 0.0 32 222 72
-57 -70 0.6 33 22.8 73
-51 -60 1.1 34 233 74
-46 -50 1.7 35 239 75
-40 40 2.2 36 244 76
-34 -30 2.8 37 250 77
-29 -20 33 38 25.6 78
-23 -10 39 39 26.1 79
-17.8 0 44 40 26.7 80
-17.2 1 5.0 41 272 81
-16.7 2 5.6 42 278 82
-16.1 3 6.1 43 28.3 83
-15.6 4 6.7 44 28.9 84
-15.0 5 7.2 45 294 85
-14.4 6 7.8 46 30.0 86
-13.9 7 8.3 47 30.6 87
-133 8 8.9 48 31.1 88
-12.8 9 94 49 31.7 89
-12.2 10 10.0 50 322 90
-11.7 11 10.6 51 32.8 91
-11.1 12 11.1 52 333 92
-10.6 13 11.7 53 33.9 93
-10.0 14 12.2 54 344 94
94 15 12.8 55 35.0 95
-8.9 16 133 56 35.6 96
-8.3 17 139 57 36.1 97
-7.8 18 144 58 36.7 98
-12 19 15.0 59 372 99
-6.7 20 15.6 60 37.8 100
-6.1 21 16.1 61 43 110
-5.6 22 16.7 62 49 120
-5.0 23 17.2 63 54 130
44 24 17.8 64 60 140
-39 25 18.3 65 66 150
33 26 18.9 66 71 160
-2.8 27 194 67 77 170
2.2 28 20.0 68 82 180
-1.7 29 20.6 69 88 190
-1.1 30 21.1 70 93 200
-0.6 31 21.7 71 100 212

NOTE: For temperatures not
given inthe table, 5se the conver- Temperature ;g;ti;; F:Z:;gg To Convert
sion information at the right. Scale Point Point Scales:
°F
(Fahrenheit) 212°F 32°F °C = (°F-32) x 5/9
°C
(Celsius or 100°C 0°C °F=("Cx9/5)+32
Centigrade)
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TABLE 9. Trigonometric Functionsand Formulas

Degrees sin cos tan cot sec csc
0 0.0000 1.0000 0.0000 [ ----- 1.0000 | - 90
1 0174 9998 0175 57.290 1.0002 | 57.299 89
2 0349 9994 0349 28.636 1.0006 28.654 88
3 0523 9986 0524 19.081 1.0014 19.107 87
4 0698 9976 20699 14.301 1.0024 14.336 86
5 0872 9962 0875 11.430 1.0038 11474 85
6 1045 9945 1051 9.5144 1.0055 9.5668 84
7 1219 9925 1228 8.1443 1.0075 8.2055 83
8 1392 9903 .1405 7.1154 1.0098 7.1853 82
9 1564 9877 1584 63138 1.0125 6.3924 81
10 1736 9848 1763 5.6713 1.0154 | 5.7588 80
11 1908 9816 1944 5.1446 1.0187 5.2408 79
12 2079 9781 2126 4.7046 1.0223 | 4.8097 78
13 2250 9744 2309 43315 1.0263 | 4.4454 77
14 2419 9703 2493 4.0108 1.0306 | 4.1336 76
15 2588 9659 2679 3.7320 1.0353 3.8637 75
16 2756 9613 2867 3.4874 1.0403 3.6280 74
17 2924 9563 3057 3.2708 1.0457 3.4203 73
i8 3090 9511 3249 3.0777 1.0515 3.2361 72
19 3256 9455 3443 2.9042 1.0576 | 3.0715 71
20 3420 9397 3640 2.7475 1.0642 | 29238 70
21 3584 9336 3839 2.6051 1.0711 2.7904 69
22 3746 9272 4040 2.4751 1.0785 2.6695 68
23 .3907 9205 4245 2.3558 1.0864 | 2.5593 67
24 4067 9135 4452 2.2460 1.0946 | 2.4586 66
25 4226 9063 4663 2.1445 1.1034 | 2.3662 65
26 4384 .8988 4877 2.0503 1.1126 2.2812 64
27 4540 .8910 .5095 1.9626 1.1223 22027 63
28 4695 .8829 5317 1.8807 1.1326 | 2.1300 62
29 4848 .8746 5543 1.8040 1.1434 | 2.0627 61
30 .5000 .8660 5774 1.7320 1.1547 2.0000 60
31 5150 8572 .6009 1.6643 1.1666 1.9416 59
32 5299 .8580 .6249 1.6003 1.1792 1.8871 58
33 .5446 .8387 6494 1.5399 1.1924 1.8361 57
34 5592 .8290 6745 1.4826 1.2062 1.7883 56
35 5736 8192 .7002 1.4281 1.2208 1.7434 55
36 5878 8090 7265 13764 1.2361 1.7013 54
37 6018 7986 7536 1.3270 1.2521 1.6616 53
38 6157 7880 7813 1.2799 1.2690 1.6243 52
39 6293 1771 .8098 1.2349 1.2868 1.5890 51
40 .6428 7660 .8391 1.1918 1.3054 1.5557 50
41 6561 7547 .8693 1.1504 1.3250 1.5242 49
42 6691 7431 9004 1.1106 1.3456 1.4945 48
43 .6820 7314 9325 1.0724 1.3673 1.4663 47
44 6947 7193 9567 1.0355 1.3902 1.4396 46
45 7071 7071 1.0000 1.0000 14142 14142 45
cos sin cot tan csc sec Degrees

Trigonometric Formulas for Distance or Angle Calculation

L~
Z
Y
g [
X
Given@ andX: Y=Xtan9 Z=Xsecp
Given@@andY: X=Ycot@ Z=Ycsc®

Relationships:

sin@ = Y/Z
cos @ =X/Z
tan @ = Y/X
csc@ =Z/Y =1/sin@
sec@ =Z/X =1/cos @
cot @ =X/Y = 1/tan @

Given @ and Z:
Given X and Y:

X=Zcos®
Z=VX2+Y?

Y=Zsin@®
@ = arctan (Y/X)
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Basic Electrical Formulas

Ohm's Law describes the relationship between voltage, resis-
tance, and current in electrical circuits. Asstated by Ohm's Law,
the current in the figure below is directly proportional to the
applied voltage and inversely proportional to the resistance of
the circuit. This relationship, in the form of an equation, is
written as follows:

I=E
R

where I is the current (in amperes), E is the electromotive force
(in volts), and R is the resistance (in ohms). It follows that:

E=IxR and R=E
I
Ohm's Law Circuit: R (ohms)
— "\
_—
+ | (amperes)
E —_
(volts) ——

As an example, if R=100 ohms and E=10 volts, then the current
in the circuit is equal to:

I=1

(-

or 1/10 amp, or 100 milliamps.

8

TABLE 10. Resistor Color Codes

Color Digit  Multiplier = Tolerance
black 0 1 +1%
brown 1 10 2%
red 2 100 3%
orange 3 1000 +4%
yellow 4 10000

green 5 100000

blue 6 1000000

violet 7 10000000

gray 8 100000000

white 9

gold 0.1 +5%
silver 0.01 +10%
no color +20%

IR

allco]

\/ PR E R };
(volts) {(ohms)

E (amps) | (watts) 2

R R

'\/P
R El

Electrical power may also be quantified in terms of a simple
equation. Power is the rate of doing work, and is measured in
units called watts. Watts are equal to voltage x current. DC
power equations relate power (in watts), current (in amperes),
and resistance (in ohms), as follows:

P=I)xR

P=ExI P=E?

R

Asanexample, if R=1000 ohms and E = 10 volts, the power used
in the circuit is:

P= E?*= 100 = 1/10 watt = 100 milliwatts
R 1000

The colored bands on the bodies of resistors denote their value
(in ohms), and their tolerance (in +%). With the resistor
positioned as shown below, the first two color bands are digits,
the nextis the multiplier, and the next (if present) is the tolerance.

As an example, a resistor color-coded YELLOW-VIOLET-
BROWN-GOLD would be 47 x 10, +5% tolerance or: 470 ohms
(£5% tolerance).

Precision resistors usually have their values stamped on the
resistor body. Some film-type resistors may have three signifi-
cant figures and, therefore, use five color bands (including 3 digit
bands and 1 multiplier band).

DIGIT 1 J T

DIGIT 2

TOLERANCE
MULTIPLIER




TABLE 11. COPPER WIRE INFORMATION

Solid Wire Diameter ApDroximate Approximate
American Wireor StrandeglpWireDiameterl Resistance per 100
AWG Brown and Sharpe Gage feet (30 meters)?
inches millimeters inches millimeters ohms
0000 4601 11,687 522 13,26 .0050
000 4097 10,406 464 11,79 .0060
00 .3648 9,266 414 10,52 .0080
0 .3249 8,252 .368 9,35 .010
1 .2893 7,348 .328 8,33 012
2 2576 6,543 292 7.42 .016
3 2294 5,827 .020
4 2043 5,189 232 5,89 .025
5 1819 4,620 030
6 1620 4,115 .184 4,67 .040
7 1443 3,665 .050
8 .1285 3,264 147 3,73 .060
9 1144 2,906 .080
10 .1019 2,588 116 2,95 .10
1 .0907 2,304 13
12 .0808 2,052 .095 2,41 .16
13 .0720 1,829 .20
14 .0641 1,628 073 1,85 25
15 0571 1,450 32
16 .0508 1,290 .059 1,50 40
17 .0453 1,151 .50
18 .0403 1,024 .048 1,22 64
19 .0359 0,912 .80
20 .0320 0,813 .036 0,91 1.0
21 .0285 0,724 13
22 .0253 0,643 .030 0,76 16
23 .0226 0,574 20
24 .0201 0,511 024 0,61 2.6
25 .0179 0,455 3.2
26 .0159 0,404 .020 0,51 41
27 .0142 0,361 018 0,46 5.2
28 .0126 0,320 .015 0,38 6.5
29 .0113 0,287 8.2
30 .0100 0,254 012 0,30 10
31 .00892 0,227 13
32 .00795 0,202 .008 0,20 16
33 .00708 0,180 20
34 .00630 0,160 .007 0,18 26
35 .00561 0,142 33
36 .00500 0,127 .006 0,15 42
37 .00445 0,113 52
38 .00396 0,101 66
39 .00353 0,090 83
40 .00314 0,080 105
4 .00280 0,071 130
42 00249 0,063 170
43 00222 0,056 210
44 .00198 0,050 270
45 .00176 0,045 330
46 .00157 0,040 420

NOTE 1: Exact diameter is dependent upon the wire gage used for the strands.

Diameter listed represents the most common wire type for each AWG.

NOTE 2: Resistance values assume the resisitivity of solid copper wire.
Stranding and/or copper alloy increase the resistance values.
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TABLE 13: Enclosure Standards for Nonhazardous Locations

Enclosure Standards for Nonhazardous Locations
Provides protection against:
TANDARD g 2| 2|2 |axl z |z%
—_ e |95%Z s | 2= |y e [ = 2w |l=w s g
NEMA Intended | 231 5 122 2 12218218 | 5|5, |55122|%2) 2.
(IEC)* Use E= | £ |24 T |E=|38plc.| 2 |8E|52|8e|S¢E g e
3B | = |82 E | EH|[ 8% |58 o |=9|=E|3€|EE| 88
<8 [ £ |RE| 2z o= (2L (28| 2 |68 |8&|0R | &3]0
NEMA 1
(IP10) Indoor Yes | Yes
Ngx?)z Indoor Yes | Yes Yes
NEMA 3 Outdoor Y
(IP54) es | Yes| Yes| Yes| Yes Yes
NEMA 38
(IP54) Outdoor Yes | Yes| Yes | Yes | Yes Yes | Yes
NEMA 4 Indoor or
(IP56) Outdoor Yes | Yes| Yes | Yes | Yes | Yes| Yes
NEMA 4X Indoor or
(IP56) Outdoor Yes | Yes| Yes | Yes | Yes | Yes| Yes Yes
NEMA 6 Indoor or
(IP67) Outdoor Yes | Yes| Yes | Yes | Yes | Yes| Yes Yes
NEMA 6P Indoor or
(IP67) Outdoor Yes | Yes| Yes | Yes| Yes| Yes| Yes Yes| Yes| Yes
NEMA 12
(IP52) Indoor Yes | Yes | Yes Yes Yes
NEMA 13 Indoor
(IP54) Yes | Yes | Yes Yes Yes| Yes

*The IEC equivalents listed in this column are approximate: NEMA types meet or exceed the test requirements for the associated IEC classifications.

TABLE 14: NEMA Ratings of Banner Sensors

Banner NEMA Ratings

Sensor Family ™ 2 3 35 4 | aX 6 6p | 12 | 13
OMNI-BEAM™
(Standard, E Series, X X X X X X X
Analog, Sonic, PHOTOBUS)
MULTI-BEAM® X X X X X X
MAXI-BEAM® X X X X X X X
VALU-BEAM®
MINLBEAM® X X X X X X X X
ECONO-BEAM™ X X X X X X
Q08 & C3O Series X X X X X X X
SM512 Series X X X X X X X X
Q19 Series X X X X X X X X X
SM30, Q85, & S18 Series X X X X X X X X X X
BEAM-ARRAY™ X X X X X X X
OPTO-TOUCH™ X X X X X X X
SP12 Series X X X X X X X X X X




TABLE 15. Relative Chemical Resstance of Sensor Housing M aterialsand L enses

F-12

OUETIE RESISTANCE TO:
WHERE D i
MATERIAL USE Industrial DilteAcids | Concentrated | Dilute Caustic | COReEnirated | 1% Sodi | suniight and
Solvents Acids Alkalis Alkalis Steam Weathering
MULTI-BEAM, MAXIl-
BEAM, OMNI-BEAM*,
VALU-BEAM, MINI- Attargécli%y'
VAL OX® EME%A éesriliipf%hi%og‘ acetone, MEK, | EXCELLENT GOOD POOR POOR POOR GOOD
BEAM, OPTO-TOUCH, and methylene
Polyester MICRO-AMP, SP100 chloride
Series, SP320D, LR/PT300
tkod b
Attacl y:
L exan® ECONO-BEAM? acetone, MEK
Polycarbonate C3Q Series and methylene GOOD FAIR POOR POOR POOR GOOD
chloride
NORYL® FAIR
Polyphenylene MAXI-AMP Ailtecked by: GOOD FAIR EXCELLENT GOOD GOOD EXCELLENT
oxide (PPO) hydrocarbons®
Delrin® LR/PT200, 250,
o L4, L16, L16F GOOD FAIR POOR FAIR POOR FAIR GOOD
Acet AP400 apertures
Epoxy-coated
zinc- SM512 Series,
aluminum THIN-PAK GOOD GOOD FAIR GOOD FAIR FAIR EXCELLENT
dloy
Anodized LR/PT400, LF’4OOW_B,
aJSmilnzum 000, L6 L1eAL | EXCELLENT FAIR POOR GOOD FAIR FAIR GOOD
BEAM-ARRAY
SP12 & SM30 Series;
Stainl edl SM512 series cover plate;
alnless st Glass fiberoptics with '’ EXCELLENT FAIR POOR EXCELLENT GOOD GOOD GOOD
Special sensors”
PVC "GI ass fiberoptics with Attack'ioﬁ lbs:
(Polyvinyl- P"inmodel number | acetone, MEK, GOOD FAIR EXCELLENT | EXCELLENT | EXCELLENT GOOD
chloride) suffix and methylene
chloride
FAIR
Polyethylene | Jacketforalplasic | Altackedby: | gy ep) ) ENT | EXCELLENT GOOD GOOD GOOD POOR
fiberoptics chlorinati
hydrocarbons®
POOR
Attecked by:
CVACgIgc@ Quoand Q85 Series | PR MEG . | GooD POOR GOOD GOOD GOOD FAIR
some chlorinated
hydrocarbons
LENS Industrial 5 . c ) ) Concentr ated 10% Sodium )
ilute Acids oncentrated Dilute Caustic Caust! Hydroxidein Sunlight and
MATERIAL WHERE USED Solvents Acids Alkalis A?Emilg ys'te’;'m : Weathering
All remote sensors except
LP400WB, SP12s, and
specials; ECONO-BEAMs
except SE612CV and LV;
Glass® B MuCI BEAM | EXCELLENT GOOD FAIR EXCELLENT GOOD GOOD | EXCELLENT
SBC Series; all thread-on
lens assys. (e.g.- L9, L16,
etc); Glass fiberoptics
OMNI-BEAM, MULTI-
) BEAM (e><cep§ SBCs);
Acrylic | M N BEAM POOR FAIR POOR GOOD FAIR FAIR GOOD
ECONO-BEAM 612CV/LV,
SM30s, BEAM-ARRAY
OPTO-TOUCH A Fﬂaﬁ b
- , tt :
Polysulfone | S THIN-PAK ey FAIR POOR FAIR POOR POOR POOR
hydrocarbons®
Lexan® S18 Series POOR
Polycarbonate C30 Series (see Lexan®, above) GOOD FAIR POOR POOR POOR GOOD
KEY TO PERFORMANCE NOTES:
. i ®
. Per cent retention NOTE 1. The control access cover of the OMNI-BEAM is Lexan® polycarbonate.
Rating of strength Degree of attack NOTE 2: ECONO-BEAM models SE612CV, F, FP, and LV have VALOX® housings.
] NOTE 3: Chlorinated hydrocarbons include Freon, methylene chloride, trichlorethane, and
Excellent 85 to 100% Slight (or no) attack trichloroethylene.
Good 75 to 84% Moderate attack NOTE 4: Speciasinclude LR/PT400SS and L 16FSS.
. . . NOTE 5: Plastic lens covers are available for some sensors to meet FDA requirements.
Fair 9 . .
a 50to 74% S'\é?ttég?ggl %ts(‘:'r‘ﬁén%r NOTE 6: Glass covers are available for some sensors to protect the acrylic lens.
corrosion VALOX®, Lexan®, NORYL®, and Cycolac® are registered trademarks of General Electric Co.
. €g
Poor <50% Severe degradation o )
Delrin® is aregistered trademark of Dupont Co.




Section E: Troubleshooting

By recognizing just afew different symptoms of sensing problem behavior, the task of troubleshooting the majority of photoelectric
(or ultrasonic) sensing system problems becomeseasy. Only threetoolsare needed for most troubleshooting procedures (Figure E.1):

1) VOM (volt-ohm milliameter or "multimeter"). The choice between a digital- or analog-meter VOM is a matter of personal
preference. The useof an analog meter may be beneficial in some situations, such as set-up and/or troubleshooting of sensorswith
analog outputs. Thisisbecauseadigital VOM requires asecond or two to update its readout each time the measurement changes.

2) The Banner BEAM-TRACKER™ is very useful for photoelectric sensor dignment and for a quick check of emitter and/or
receiver function. The BEAM-TRACKER hasareceiver with wide-band frequency response, which alowsit to track-down most
strong sources of radio frequency interference (RFI) plus the rf component of EMI "noise”.

3) Sdlf-contained sensors and component amplifiers have small potentiometers for sensitivity and timing adjustments. Most
adjustmentsuserugged (yet small) 15-turn, clutched potentiometerswith slotted brasselements. A small flat-blade screwdriver is
needed for adjustments. The Banner screwdriver is sized to work for al adjustments. (Contact your Banner field sales engineer

to obtain Banner screwdrivers.)

In addition to these troubleshooting tools, an oscilloscope is useful (and
sometimes required) for diagnosing timing-related problems, such as sensor
and/or load response time shortcomings, where the relationship between
sensing events and resultant load switching typically involves timing in the
millisecond or the microsecond range.

How to Spot Problem Symptoms:

Most problem symptomsare described by observing the rel ationship between
a sensing event and the resultant sensor output. The sensor’s alignment
indicator is used to observe the sensor’ s response to a sensing event (Figure
E.2, page E-6). Theload statusis observed (directly) to determine the action
of the sensor’ s outpuit.

Some sensors and component amplifiers also include an indicator for output
status, whichisuseful for supplying anadditional clueinany problemanalysis
(FigureE.3, page E-6). Sensorswith output statusindicatorsinclude: OMNI-
BEAMs, MAXI-BEAMs, Q85s, and MAXI-AMP component amplifiers.

Figure E.1. Sensor troubleshooting requires
only afew simpletools.

Many photoelectric sensors include a signal strength measurement indication. Signa strength measurement is very useful when
analyzing problems that relate to margina alignment or sensing contrast (light vs. dark). OMNI-BEAM photoelectric sensors
(excluding E Series) haveaten-element LED signal strength meter (seethediscussionson"ExcessGain™ and " Contrast” in Section A).
OMNI-BEAM sensors also output an alarm signal when sensing conditions become marginal.

Many other sensors have Banner's "Alignment Indicating Device' (AID™) feature. The AID feature is a patented design that
superimposesal ow-frequency pulserateontheaignment indicator LED. Asaignmentisimproved, thepul serateincreases, indicating
increased excessgain. Thesensor isadjusted sothat theindicator LED is"off" inthedark condition andisflashing at thefastest possible
rateinthelight condition. The AlD featureal so signal swhen maintenanceisneeded. Whenever thepul serateisslow, thesensor’ slenses

should be cleaned and the alignment checked.

(text continued on page E-6)
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Table E-1. Indicator Systemsused for Sensor Alignment and Troubleshooting

sensed

. i ™ Separate
Product Famil Alignment AID :
y Models Indicator System | Output Notes:
Indicator
: Iso has 10-element signal strength
OMNI-BEAM ™ . Labled "SENSE": lights Also has 9 J
OSB Series N No Yes indicator; alarm output for marginal
when light is sensed sensing conditions
(in light operate); or Ogt Cindicetor labled
i when dark is sensed utput indicator
OSE Series (in dark operate) No Yes "L OAD"
Sonic 'I'_‘?gllgdGET PRESENT": No Yes Statusof output indicator isignored
OMNI-BEAM lights when objectissehsed when using analog power block
Anal 0g M o_vi ng—dc_)t output array N v Moving-dot output indicator;
OMNI-BEAM | indicates signal strength 0 e 0-10V dc output (direct or inverse)
; ; ; Models SBAR1, SBAR1GH, &
MULTI-BEAM® SB and 2SB L|ggetxsjwhen||ght|s Yes No SBARIGHF do not have AID
Series sen system
3GA Series Lightswhen light is No No
edgeguide system | sensed
; Goes "off" when all
hsr}to Cﬁf{:ﬁ beams are aligned No No
9 (and unblocked)
. A Dual output status LEDsin
Al Lightswhen light s Yes Yes | power block, labled
"OUTPUT ON" and
"OUTPUT OFF"
SM912 & Lightswhen light is
SMI Series | sensed ves No
915 Series, Lightswhen light is
990 Series | sensed No No
Sl . : . " =
a0 ; Lightswhen light is sensed Alignment indicator doublesasout-
SM(ZZ'_A‘V?&% ice)n% (light operate); or when dark No No put indicator (comes"on" when out-
is sensed (dark operate) put is energized)
MINI-BEAM® SM312 Series Lights when light is v
(dc models) sensed es No
SM2A312 Series | Lights when light is sensed Alignment indicator doubles as out-
(2-wire ac (light operate); or when dark No No putindicator (comes"on" whenout-
models) is sensed (dark operate) put is energized)
ECONO-BEAM™
All I;ggzwhenlightis No No
QD8 Series
I Lights when light is sensed Alignment indicator doublesas out-
A (light operate); or when dark No No put indicator (comes"on" when out-
is sensed (dark operate) put is energized)
All Lights when light is No No LED flashes to indicate

marginal excess gain condition
(less than 1.5x)
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Table E-1. Indicator Systemsused for Sensor Alignment and Troubleshooting (continued)

. Alignment AID™ | Separate
Product Family Models . Output Notes:
Indicator System I ndicator
SM512 Series
Lightswhen light is
Al ey e No No
SM30 Series SM 30 Series Lightswhen light is No No
(dc models) sensed
SM2A30 Series Lights when light is sensed Alignment indicator doublesasout-
(2-wire ac (light operate); or when dark No No putindicator (comes"on" when out-
models) is sensed (dark operate) put is energized)
S18 Series AC models
I Lights when light i sed LED flashes to indicate
7\% Ighiswhen Tignt 1s sen No No marginal excess gain condition
. DC models (less than 1.5x)
Lightswhen light is
Al ey e itd Yes Yes
Lightswhen light is sensed
All (light operate); or when dark No No
is sensed (dark operate)
Lights when all beams
All are established No No
(unblocked)
ULTRA-BEAM™ . . . Alignment indicator pulses at arate
N 923 Series Lights when power is No No proportional to the level of the ana-
N (analog models) | applied log output; output indicator islabled
[\ ~ "LOAD OUT".
‘ : 925 Series Lightswhen object is
(relay output) sensed No No
CM Series Labled "SIGNAL IN";
. lights when light Yes Yes
CR Series is sensed
MICRO-AMP®
PR Labled "SIGNAL IN";
e MA3 and lights when light Yes No
< MA3-4 is sensed




Table E-2: Troubleshooting - Self-contained Sensors and Component Systems

Symptom Probable Cause Analysis& Correction
1. Sensitivity control is set too low 23
2. Sensor lenses are obscured or broken 15, 16, 26
3. Loose power supply connection 2
4. Wrong sensor supply voltage or faulty power supply 19
5. Component systems:
a. shorted emitter or receiver cable 2
Alignment indicator never comes b. failure of amplifier 1
"on", and output never switchesthe ! . .
load. c. failed emitter or receiver 12
6. Overloaded output - short circuit protection is activated* 7
7. Failure of self-contained sensor (or of one or more
(SeeNote 1, next page) modules of amodular self-contained sensor) Sa, 11
8. Receiver saturation from intense ambient light 25
9. OPPOSED mode: emitter and receiver are misaligned 28, 29a
10. RETRO mode:
a. retro target outside sensor's field of view 28, 290
b. retro target is obscured or broken 17
* applies to dc sensors and component . . .
amagﬁﬂ erswith solid-state Outplﬁ)t switch 11. PROXIMITY modes: object to be sensed is outside the 28 29¢
and short-circuit protection. sensor's field of view '
12. FIBER OPTIC modes: broken fibers 18
Aolll,]g?r&?? tob?gbﬁ%resng//vei{cﬁﬂrgs 1 Brok_en align_ment indicator LED (sensor will continueto | 14
correctly. otherwise function normally)
1. Crosstalk from adjacent sensors 24
2. Receiver saturation from constant EMI or RFI source 4,27
3. Failure of sensor (or of component amplifier module) 11
4. Overloaded output - short circuit protection is activated* 7
5. Wrong sensor supply voltage or faulty power supply 1,9
Alignment indicator isalways"on", | 6. Component systems: false response of component
and output never switchesload amplifier to electrical crosstalk (i.e.- cross coupling of 10
emitter signal to receiver along remote sensor lead wires)
7. OPPOSED mode:
(See Note 1, next page) a. sensing energy is penetrating material ("burn-through") | 22, 23, 29a
b. object is transparent and beam is never broken 22, 2%
8. RETROREFLECTIVE mode:
a. shiny object is reflecting light (beam is never broken) 22,23, 29
b. object is transparent and beam is never broken 22,23, 29
9. PROXIMITY modes:
a. background object is returning emitted light signal 22,23, 29c
+ sopliestod g " b. optica crosstalk from broken lens (high power models) | 16
ama‘p’,ﬁf'iﬁsﬂvifhiﬂ?ﬁf;;”e OCStg]lfto g,\,eﬂch c. optical crosstalk from moisture on lens (high power 26
and short-circuit protection. models)
10. FIBER OPTIC modes: 18

a. broken fibersin bifurcated glass fiber optic assembly




Table E-2: Troubleshooting - Self-contained Sensors and Component Systems (continued)

Symptom Probable Cause Analysis& Correction

1. DC sensors: faulty power supply 9

2. Optical crosstalk from adjacent sensors 24
Alignment indicator and/or output - ;
operate erratically: one may or may 3. Falsereturn of emitted signals 29a, 29b, 29¢
not follow the action of the other. 4. False response to intermittent EMI or RFI 3,4,27

5. Component systems: false response of component

amplifier to electrical crosstalk (i.e.- cross coupling of 10

emitter signal to receiver along remote sensor lead wires)

1. Sensors or component amplifiers with solid-state output

relay:

. - a. output of sensor or amplifier has failed (shorted 5a, 11
Alignment indicator follows the P _p (_ ) ) &
sensing action normally, but output b. leakage current of solid-state output device too high 6
isenergized all of the time. c. saturation voltage of solid-state output devicetoo high| 8

2. Sensors or component amplifiers with electromechanical
output relay: output relay has failed 13
1. Failure of sensor or component amplifier module 5a, 5b, 11
A||gnment indicatOI’ fOI IOWS the 2. Loose Wiring connection 2
sensing action normally, but output
either: 3. Response time of sensor or component amplifier 19
. module too slow
1) never energizesload, or
2) 0n|y sometimes energ|zes load 4. Response time of load too slow 19
5. Mistimed sensor interrogation 20,21

Sensor or amplifier sensitivity can-
not be set to sense the difference

1. Sensing contrast istoo low

22, 29a, 29b, 29¢

2. False response of component amplifier module to

between LIGHT and DARK condi- electrical crosstalk between remote emitter and receiver 10

tions. Sensitivity seemstobeeither | cables

too high or too low. 3. Power supply voltage istoo low 1,9

Sensing system works only when | 1. Marginal aignment 29a, 29b, 29¢
the sensor or the amplifier is set at

very high sensitivity 2. Marginal application 28

Note 1: Status of the alignment indicator isreversed for the following models:

LSI0R

Standard sensor models with model suffix "NC"
OMNI-BEAM sensors programmed for DARK operate
VALU-BEAM SM2A912 Series sensors programmed for DARK operate

MINI-BEAM SM2A312 Series sensors programmed for DARK operate

Q@8 Series DARK operate models
SM2A30 Series DARK operate models
C30 Series DARK operate models




(continued from page E-1)

Figure E.2. A sensor'salignment indicator provides
an important clue for solving sensing problems.

Figure E.3. In addition to an alignment indicator,
some sensor s and component amplifiers have
indicatorsfor output status.

The AID featureisfound on most sensors within the following product
families: MULTI-BEAM, MAXI-BEAM, plus MAXI-AMP and MI-
CRO-AMP component amplifiers. The AID feature is aso offered on
Q85 Series sensors, dc 912 Series VALU-BEAM (including intrinsi-
cally-safemodels), and dc MINI-BEAM sensors. Table E-1 onpagesE-
2 and E-3liststhetype of indicator system used for each product family.

Tackling the Problem

This troubleshooting section explains, in general terms, the most com-
mon causes of sensing problems, and discusseshow toidentify and deal
with them. These causesinclude:

a) Wiring and/or interface problems, including straightfor-
ward causes likewrong connections and i ntermittent connections, plus
more subtle problems, such as the incompatibility of a load with a
particular sensor output.

b.) Sensingcomponent failuresincludinginfant mortality andfailures
due to environmental factors.

¢.) Timing problems such as sensor and/or load response time short-
comings or mis-timed sensor interrogations.

d.) Marginal sensing conditionssuchaslow sensing contrast or sensor
misalignment.

TableE-2 (pagesE-4and E-5) listsproblem symptomsinthefirst column.
The"ProbableCause" columnmay beusedto hel pnarrow thereasonsfor
the particular sensing problem. For each probable cause, a reference
number is indicated which leads to a more detailed explanation of the
problem and a discussion of possible corrective measures.
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Troubleshooting References:

Analysis and Corrections

The troubleshooting reference information given below is keyed to the reference numbers given in the Analysis & Correction
column of the Troubleshooting Table (Table E-2, pages E-4 and E-5).

A.Wiring and Interface Problems
1. Supply Voltage

A check of the supply voltage to the sensor (or component
amplifier) isagoodfirst stepin any problem analysis. Thewrong
sensor supply voltage can result in severa problem symptoms
ranging from an apparent decrease in switching hysteresis to
catastrophic failure of the sensor and/or the load. The operating
range of input voltagefor the sensing devicein useisfound onthe
label of thedevice, in the datasheet packed with thedevice, inthe
Banner product catalog, or in Tables B-15 through B-18 or the
reference hookup drawings in this handbook.

AC Supplies: Most ac voltage level problems result from local-
izedlineor isolationtransformer failure. Thevoltageinthecircuit
will typically drop; often to one-half of the proper supply voltage
level. 2-wireac sensorsaremost likely tonot functionat all onlow
voltage. Thiscondition isnot damaging. However, low voltage
appliedto4-wireac sensorsand component amplifiers(thosewith
transformer inputs) is likely to cause the sensor’'s output to
oscillate. Thiscondition may simply cause the load to "chatter".
However, if the voltage level to theload is also too low, the load
may draw excessive current that can damage the load and/or the
sensor’ s output device (see#5a, "Failed Output™).

When the supply voltage to an ac sensor or component amplifier
moduleistoo high, there will usually be no apparent operational
symptom until one or more sensor components fail. However,
before and after a catastrophic failure occurs, the sensor (or
component amplifier) may feel very warmor evenhot tothetouch.
If the load shares the sensor’s supply voltage, it too may exhibit
unusual behavior before the sensor fails. Thisfallure mode aso
occurs with high voltage applied to a dc sensor.

DC Supplies: Most dc power supply problemsresult from the dc
supply failing to deliver enough current for the total sensing
systemor enough puredc (i.e. - theac component or "ripple" istoo
high). See#9, "Faulty DC Power Sources", for moreinformation.

Low voltagetoadc sensing deviceislikely toresultinan apparent
loss of switching hysteresis. This would be apparent in low
contrast applicationswhenit suddenly becomesdifficult orimpos-
sibletofind astable setting for the sensitivity (also see#22, "Low
Sensing Contrast").

2. Bad Connections

When erratic behavior or intermittent failurescannot beidentified
as being optical or electrical in nature, it is aways possible that
there is an intermittent connection somewhere in the sensing
system. A thorough inspection of the wiring will sometimes
identify the fault. UseaVOM set to alow resistance scale (or a
continuity tester) to check the continuity of al point-to-point
wiring. The most common problems occur in connectors, relay
sockets, or wheretheinsulation of awireextendsunder aconnector

screw terminal.  Inareasof high vibration or in highly corrosive
environments, al connector pins of plug-in modules should be
inspected for signs of wear or corrosion (oxidation).

Inremote (component) sensor systems, shorted sensor wiring may
cause problems.  Shorted emitter or receiver wiring causes the
system to act as if the receiver is always "seeing dark”: the
amplifier's alignment indicator LED never comes on, and the
output never changes state.

3. Improper Grounds

Occasionally, a sensor will operate correctly until it is bolted to
a machine frame. It will then behave erratically, either giving
randomfase"light" outputsor lockingoninthe"light" state. This

isanindicationthat themachineisnot properly grounded, and that
the point on the machine where the sensor is mounted is at a
different potential than the earth ground to which the sensor




power supply isconnected. Inthesecases, thebest solutionisto
run a#16 ga wire (minimum size) from this point on the machine
directly tothe earth ground location. Theworst offender isoftena
motor, in which current is leaking from the armature to the
motor frame and then to the entire machine. This can be
corrected by running aground wiredirectly from the motor frame
to agood earth ground.

The ground wire of metal-cased dc sensors, including the shield
wireof remotesensorsinmetal housings, will connect themachine

frame to the common of the sensor’ s dc power supply, when the
sensor ismounted directly to the machineframe. In severe cases,
wherethevoltageonthemachineframeisgreater than afew volts,
the dc power supply may perform erratically or even suffer
damage. Thesensing devicesmay also bedamaged if thelevel of
acvoltageonthemachineframeishighenough. Itisnormally easy
to measure these faulty "ground loops' by connecting an ac
voltmeter between earth ground and various points on the ma
chine. Any potential greater than afew volts indicates a ground
loop, and should be corrected.

4. Voltage Surges, Spikes, and DV/dt

Inductive loads such as relays, solenoids, and motors can some-
times affect the performance of photoel ectric sensors and compo-
nent amplifiers. When a solenoid is energized, for example, an
electromagnetic fiel d expandsaround the solenoid coil. Whenthe
solenoid is de-energized the field collapses, creating a large
voltage surge (transient) which attempts to maintain current flow
in the circuit. Thistransient (also caled an "inductive kick" or
"spike") is both an instantaneous noise source and a potential
source of damage to instruments (including amplifiers and sen-
sors) that are connected to the same electricd circuit.

If of sufficient amplitude, such electrical noise can cause "false
triggering” of theload. Falsetriggering may often be prevented by
adjustment of the sensor or amplifier's SENSITIVITY control,
which influences the system'’s response to noise as well asto the
receivedlightsignal. If thissettingisreducedtojust abovethepoint
where the system operates reliably, interfering signals can some-
timesbemadetofall sofar below theamplifier threshold that they
arenolonger abletooperatetheoutput and arenolonger aproblem.

"DV/dt" is an electronic term that describes the rate at which a
voltagetransient ("spike") risesandfalls. Itisnormally expressed
in "volts per microsecond", and is of some concern when using

sensors having thyristors (SCRs). Thisis because if atransient
rises at arate in excess of therating of the thyristor, the thyristor
will beturned onfor 1/2 cycleof thesinewave. A single"transient
turn-on event” will not normally damage a thyristor, but if it
happenscontinually it canleadtofailure. Most thyristor (ac sensor
output) circuits have a great ded of protection against DV/dit,
including capacitive snubber circuits and clamping suppressors.

If an ac sensor output presents this "one-cycle" behavior, itisan
indication that someother load isgenerating high-level transients.
The best solution isto identify the offending load and suppress it
withaclamping deviceand/or asnubber (seeFigue C.7). Itisless
effectiveto placethe suppressor acrossthe sensor output, sinceall
Banner ac solid-state outputs include built-in suppression net-
works; but if the offending load cannot be identified, this latter
approach may help.

The contacts of electromechanica relays do not have built-in
suppression networks. When sensors or component amplifiers
with electromechanical relay outputs are used to switch inductive
loadsor largeresistiveloads, someform of arc suppression device
must be added to the switching circuit. For information on arc
suppression techniques, see Section C, "Interfacing”.

5. Sensorsand Component Amplifierswith Outputsthat Switch AC: Shorted L oad and Overload

a) Failed Output

Output transi stors and thyristors (SCRs) nearly awaysfail dueto
excessive heat inside the device, caused by excess current flow.
The most common cause of excess current isashort circuit of the
load, where the current is limited only by the resistance (imped-
ance) of the power source. Thistype of damageis most likely to
occur in ac circuits, where the external power source may be
capable of delivering tens or hundreds of amperes of current.

In such situations, damage occurs within just afew milliseconds.
Evenasinglestrand (of astranded wire) that momentarily brushes
against another terminal, resultinginashort circuit of theload, can
destroy the output switching semiconductor.  Pinched wires
inside a conduit are another potential source of short circuits.
Certain loads such as motors and solenoids can sometimes cause

short circuits if aloose or bare wire inside the load touches the
metal frameof theload. Thissituationcanbeparticularly difficult
to identify in motors, where a wire on the armature may brush
against themotor frame only whenthearmatureisrotating at high
speed, and the short is not detectable when the armatureis at rest.

It is also possible for an output semiconductor to fail due to an
overload condition in which excess current flowsfor some period
of time. ACloadsaremost troublesomebecauseof thehighinrush
currentsthat occur whiletheinductance of theload isbuilding up.
An ac load may be rated at an acceptable current level, including
theinrush current, but may still causefailuresif itisbeingrecycled
rapidly. Thisisbecausethe average current, including theinrush,
isinexcessof theoutput rating. If high cycleratesareanticipated,
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it is best to assume that the inrush current must be within the
continuous current rating of the output.

Output semiconductors can fail either in the shorted or the open
condition, but are most likely to fail shorted. It is frequently
possible to identify a shorted output by measuring the resistance
acrossthe output using aVOM set to alow resistance scale (Rx1
or Rx100). Thismeasurement must bedonewiththepower off and
theload disconnected. Any reading of |essthanabout 10,0000hms
indicatesashorted output. Measurements should betakenin both
polarities, and if either shows a low resistance the output is
probably blown.

| dentification of an open output isusually not possibleinthefield,
but can be determined by the factory.

In Banner modular sensors(OMNI-BEAM, MULTI-BEAM, and
MAXI-BEAM), sensor block, power block, and logic modules
may be separately replaced. The Banner model LMT plug-intest
module allows in-the-field identification of damaged MULTI-
BEAM sensor head, power block, and logic modules. In trou-
bleshooting situations where the output never switches but the
alignment indicator LED doesfollow the sensing action, thefault
ismost likely with the power block module. Inthesesituations, if
alogic moduleisin use, check to ensure that aprogrammed logic
delay isnot causing the sensor to just appesar to be inoperative.

Section E - Troubleshooting: Wiring & Interface Problems

If theaignment LED isawayson or always off, and the sensor's
output never switches, thefault may bewith either the sensor block
or thepower block (or logic module, if used). If theoutput switch
of the sensing device is an electromechanical relay contact, that
contact is likely to survive the high current surge caused by a
shorted load if the ac circuit is protected by a fuse or a circuit
bresker. However, some amount of contact damage can be
expected with each incident, leading to eventua contact failure.

b) Half-wave ac Output

Inrare cases, it is possible for athyristor (SCR) to fail in amode
whereit is shorted or open to one half-cycle of the ac sine wave,
but not tothealternatehalf-cycle. Whenthisoccurs, theequivalent
of adcvoltageisapplied totheload. With highly inductiveloads,
this can cause further damage, including overheating of the load.
A VOM connected across the load will read some intermediate
voltage(either acor dc), e.g. 60voltsforal20voaltload. Thismay
occur in either the energized or de-energized state. If such a
situation is encountered, remove the sensor immediately to pre-
vent damage to the load.

Thisproblem can occur in ac sensorswiththyristor (SCR) outputs,
MAXI-AMP moduleswith solid-state outputs, and in component
systems using aBTR-1A asthe interface device.

6. Leakage Current (See Table C-4)

The lower the off-state leakage current specification for a sensor
or component amplifier, the lower the potential for interfacing
problems. The off-state leakage current is significant only for 2-
wireacsensors. Thel.7 milliampleakageof 2-wireac sensorscan
be too high for some solid-state input circuits, like those of some
PLCs (programmable logic controllers). Thisis especidly true
when several 2-wireac sensorsarewired in parallel to acommon
input (leakage current is additive). Excessive leakage current is
evident by the PLC input locking "on" (i.e. once energized, the
input will not switch "off" until power is removed).

Theeffect of leakage current can bemeasured withaVOM (onan
ac range) connected between the PLC input and PLC common
(neutral), with the sensor powered and in its "off" dtate. If the
measured voltage is greater than the PLC manufacturer’ s specifi-
cation for the "highest input voltage that will not energize the
input", anartificial load resistor must be installed across the
PLC input (in parallel with the 2-wiresensor). A resistor value
of 5KQ (at S5wattsor larger) isusualy sufficient. Leakagecurrent
is rarely a problem when interfacing to an electromechanical
(inductive) load.

7. Sensorsand Component Amplifierswith Solid-state Outputsthat Switch DC:
Short Circuit and Overload Protection Circuitry

Many self-contained dc sensors and component amplifiers have
short-circuit protected outputs that disablethe output transistor in
the event of ashort or an overload (see Table C-3). When these
sensorsare used to run incandescent light bulbs, thereisaninrush
current to the cold filament of at least 10 times the steady-state
current. Thisinrush cantrigger the short-circuit protection, which
turnsoff theoutput transistor. Whentheoutput automatically tries
to energize again (afew milliseconds|later) theinrush again turns
it off. This causesthe output to appear not to energize.

This same phenomenon occurs when there is a capacitor placed
directly acrosstheload. Theinrush current (to charge the capaci-
tor) triggersthe short protection, and if the capacitor dischargesat
all duringthetimethat theoutputiswaitingtotry toenergizeagain,
the process recurs.

Both problems can usually be solved by installing a resistor in
series with the output. This reduces the current that can be
delivered to the load, but is usually acceptable. Typical resistor
valuesrange from 10 to 100 ohms. Banner's applications depart-
ment can recommend avalue if the load is defined.
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8. Sensorsand Component Amplifierswith Solid-state Outputsthat Switch DC:

Saturation Voltage (See Tables C-3 and C-5)

The lower the output saturation voltage specification for asensor
or component amplifier, the lower the potential for interfacing
problems. In some cases, especiadly with dc self-contained
sensors, theoutput saturation voltagein theenergized statemay be
ashighas1to2volts. Thisisacceptablefor most loads, but may
not below enoughtoenergize TTL level inputsor thebase-emitter

junction of an NPN transistor. Saturation voltageiseasily deter-
mined by measuring the energized voltage at the output with
respect to the negative of the supply (dc common): if it is higher
than the known threshold voltage of theload, contact the factory
forinformation about possiblemodificationstoeither thesensor or
the externd circuit.

9. Faulty DC Power Sources

There are three common problems of power supplies that can
cause erratic operation of their associated sensors and/or compo-
nent amplifiers.

Thepower supply may not becapableof supplyingthecurrent
required at the voltage required. This situation may easily be
evaluated in the passive state by measuring the voltage acrossthe
power supply output with all loads energized to verify that it (the
voltage) iswithin the required limits of the sensor (or component
amplifier in remote systems) in use. However, be aware that in
some cases certain loads that operate for only avery short "one-
shot" time can pull the supply voltage down so quickly that the
pulldown will not register on avoltmeter. If in doubt, either use
an oscilloscopeto monitor the voltage or disconnect theload(s) in
questiontodeterminewhether the" unloaded" sensor thenoperates

properly.

The power supply in use may not adequately filter the dc
voltageafterithasbeenrectified. Most dcsensorsrequirelessthan
10% maximum ripple. This problem seldom occurs with regu-
lated power supplies, but is frequent when a user has created his
own power supply using atransformer and bridgerectifier but has
not included adequatefiltering. 1f it isnot known whether or not
filtering is adequate, it can do no harm to install 500 or more
microfaradsacrossthe power source (usean el ectrolytic capacitor
and observe proper polarity).

Useof adropping resistor may render existing power supply
filteringineffective. Sometimesauser will attempt to reducethe
level of asupply voltage (for example, from24V dcto 15V dc) by
using a dropping resistor in series with a sensor. Filtering is no
longer effective, and the resultant voltage depends upon the
current draw of thesensor, which canvary fromoneunittoanother.
In rare cases this approach can be effective, but first consult
Banner's applications department.

A " switching-type" dc power supply may causeinterference.
Photoel ectric sensors that are powered by a switching dc power
supply may exhibit a"lock-on" condition of their amplifier and
output, dueto high-frequency interferencethat isgenerated by the
supply itself. Thefrequency of theinterfering signal isaffected by
how heavily the supply isloaded. If the frequency of the supply
coincides with the frequency of the sensor’ s tuned amplifier, the
sensor will behave asiif it isreceiving alight signal.

Thisproblemoccursmost oftenwhen using photoel ectric opposed
mode emitters and receivers (with the exception of the SM30
Series). Thisis because opposed mode receivers are electrically
separate from their emitters, which requiresthat the bandwidth of
thereceiver circuit berelatively large. Although the small size of
a switching-type dc power supply is an attractive convenience,
they are never recommended for powering sensing systems.

A dc power supply may fail. Therearesevera dc power supply
failure modes, usually caused by overloading of the supply.
Failure symptomsinclude: low voltage output, high voltage out-
put, and loss of rectification (i.e. high ac voltage component).

Low voltagetoadc sensing deviceislikely toresultinan apparent
loss of switching hysteresis. This would be apparent in low
contrast applicationswhenit suddenly becomesdifficult orimpos-
sibleto find a stable setting for the sensitivity.

When the supply voltageto adc sensor or component amplifieris
too high, there will usually be no apparent operational symptom
until one or more sensor components fail. However, before and
after a catastrophic failure occurs, the sensor (or component
amplifier) may feel very warmor even hot tothetouch. If theload
shares the sensor's supply voltage, it too may exhibit unusual
behavior before the sensor fails.

Reverse polarity protection. Many dc sensing devices are
equipped with circuitry that causesthe deviceto shut downif itis
connected backwards to the dc supply.
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Section E - Troubleshooting: Wiring & Interface Problems

10. Remote Sensorsand Component Amplifiers: Component Amplifier Response

to Electrical Crosstalk

A photoelectric component amplifier may "lock on" or behave
erratically dueto"electrical crosstalk" betweentheremoteemitter
and receiver leads. To check for electrical crosstalk, block the
opposed mode receiver with an opaque object, or make sure that
the proximity or retroreflective sensor isnot seeing any reflecting
objects (including background). 1f the amplifier still locks "on",
crosstalk is present between the emitter and receiver leads.

When electrical crosstalk occurs, it is usualy at high amplifier
sengitivity settingsin remote sensor systemswherethereisinsuf-
ficient separation or shielding between emitter and receiver wir-
ing. Thewiresactlikeradioantennas, withsignalsfromtheemitter
wiring being radiated tothereceiver wiring, eventhoughthewires
may not betouching. Thelonger theleads, themore chancethere
isthat electrical crosstalk will occur. The following precautions
should be observed:

1) Theshield (drain) wire of each shielded cable must be
securely connected to the designated termina at the
amplifier end only.

2) When splicing, never combine emitter and receiver wiresin
one common cable (even if that cableis shielded).

3) Avoidrunning remotesensor cableinlengthsinexcessof the
maximum length specified for the amplifier in use.

4) Avoid running remote sensor cables in wireways with
power- carrying conductors.

5) Avoid running remote sensor cables through areas of
extremed ectrical interference(e.g. areasof inductiveor arc
welding, etc.).

These same precautions will reduce the sensing system's suscep-
tibility to EMI and RFI (see troubleshooting references # 27 and
#4) . Notethat aconstant EMI or RFI source can mimictheeffects
of electrical crosstalk.

Electrical crosstalk can reduce the apparent contrast in asensing
application whenitissufficiently strongtolock theamplifier "on"
inwhat would otherwise bethe"of f" state. Inapplicationshaving
adequateoptical contrast, thissituationisevidenced by aninability
tofind asengitivity setting that enablestheamplifier to both switch
on and switch off when it should.

If lock-on does not occur when the receiver is blocked with an
opaque object but does occur during operation, then the emitter
is "burning through" the object (opposed mode, see trouble-
shooting references#22 and 29a), or isreflecting off abackground
object (proximity and retroreflective modes; see references# 22,
#29b, and #29c).

B: Senang Component Failures

11. Infant Mortality

Inadtatistically small percentage of cases, a component will fall
inacircuit for noother reasonthan"infant mortality”. Thisismost
likely to occur inthefirst few weeksof operation, butisnot limited
to that time. When no other explanation seems plausible, the
defective sensor should be returned to the factory for a failure
analysis.

Most component failures are catastrophic, and easily discovered.
It ispossible, however, for acomponent to fail intermittently. In
thesecases, itisvery important to describethe sensor'sbehavior to
thefactory sothat thedevice can bethermally cycledinan attempt
torecreatethefault. Itispossiblefor theemitter LED tofail inaself-
contained sensor, but such afailureisneither morenor lesslikely
thanisthefailure of any other electronic component. LED failure
isnot normally a user-caused failure, but rather is due to "infant
mortality" of the LED itself.

12. Failed Remote Emitter or Receiver

Remote emitters and receivers may fail dueto "infant mortality"
(troubleshooting reference#11) orimproper hookup (follow hookup
instructions closely). Remote emitters are the most prone to be
damaged by improper hookup. The most common damaging
mistake involves connection of the negative (green) wire to dc
common instead of to the negative of the LED oscillator circuit.

Remote emitters and receivers may be checked asfollows:

1) Anundamaged emitter LED will show highresistancewhen
measured in one direction (polarity) using a VOM, and lower
resistance in the opposite direction (polarity). A shorted LED
showslittle or no resistancein both directions. A "blown" (open)
LED showsinfiniteresistancein both polarities. Setthe VOM to
alow resistance (Rx1, Rx10, or Rx100) scale when measuring.
Disconnect the emitter from all external circuitry before measur-
ing itsresistance.
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2) Receiver phototransistors (and amplifier semiconductors)
can alsofail either "open" or "shorted". They are most likely to
fail shorted. Itispossibletoidentify ashorted phototransistor by
mesasuring itsresistancewithaVOM set to alow resistance scale.
Measureresistanceinbothdirections(polarities), withthereceiver
disconnected from all external circuitry. A reading of lessthan
10,000 ohmsin either direction indicates a shorted outpui.

A shorted output semiconductor can usually be identified in the
sameway. ldentification of an"open" output, however, isusualy
not possible in the field, but can be done at the factory.

If both the emitter and receiver of aremote sensing system check
out "okay" and the system till does not operate, the problemisin
theamplifier or in theinterconnecting wiring between the sensors
and the amplifier or between the amplifier and itsload.

13. Failed Electromechanical Output Relay

Electromechanical relayshaveafiniteservicelife(seeTableC-2).
Thisisone of several important considerationswhen specifying a
sensor or component amplifier with an electromechanical output
relay (see Table C-1).

An electromechanical relay may fail in either an open or aclosed
mode. Inan open mode, anormally open contact never conducts.
This is often caused by an "open" relay coil, and is sometimes
caused by abroken contact or ajammed armature.

Inaclosed failuremode, anormally open contact remains perma-
nently conducting. This may be caused by contacts "welding"
themselves together when switching too much power, and is
sometimes caused by ajammed armature.

If the load being switched by an electromechanical relay contact
only energizes sometimes, the problem may be "burnt" contacts.
Overload of the relay contacts, and/or arcing between them, can
cause carbon depositsand pitting onthecontact surfaces. Thiscan
result in intermittent load switching. Any inductive load or large
resistive load requires some means of arc suppression. For
information on arc suppression techniques, see Section C, "Inter-
facing” .

If electromechanical relay contacts are used to switch logic-level
signals, it is important to check the relay’s specification for
minimum voltage and current. Many relays are not designed to
reliably conduct low current levels (see Table C-2).

14. Broken Alignment LED

It is possible for the dignment indicator LED to fail without
affecting the operation of the amplifier output. It isusualy not

necessary to replace the amplifier or sensor unlesstheindicator is
required for the application.

15. LensCorrosion

SomeBanner sensors(including most Banner remote sensors) use
ahermetically sealed glass lens for both the emitter and receiver
(see page B-76). Upon close inspection, a metal flange may be
seen around the perimeter of thelens. Thisflangeformsthe sedl,
and in some casesiselectrically conductive. If the sensor isused

inan environment wherethereisagreat deal of moisture contain-
ing free ions (such as salt water) the metal can corrode due to
electrolysis. Inextreme cases, the corrosion can obscurethelens,
and even destroy it. If this Situation becomes apparent, an
accessory lens cover should be used.

16. Discolored or Cracked L enses

Theacryliclensused on somesensors(seetable B-14) hasalower
melting point than the case, and is therefore the first indicator of
excessivetemperatures. |f thereisadiscolorationor warping of the
lens, the sensor should be removed immediately from the applica
tion, since the temperature is far in excess of the operating
temperature of the electronics. Inthese cases, fiber opticsarethe

only alternative.

Some solvents attack acrylic lenses. For example, isopropyl
alcohol, when it contacts an acrylic lens, will rel ease stresses that
quickly result in hundreds of micro-cracks. See Table 15inthe
Data Reference section for more information.

17. Retro Target Obscured or Broken

If aretroreflectivetargetisobsured or broken, it cannot efficiently
return light to a retroreflective mode sensor. A broken target
should be replaced. A retro target should be kept clean for best
results. Use only mild detergents to clean aretro target. Avoid

solutions containing alcohol for cleaning retro targets that have
acrylic lenses. Also, the scan path to a target should be free of
objectsthat might partialy block or reflect the beam.
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18. Broken Fiber optics

Occasionaly abifurcated glass fiber will cause a sensor to "lock
on" at very high sensitivity settings, especially when used on the
more powerful sensors. This is an indication that some of the
individual fibersinthecombined bundlearebroken. Lightisbeing
"piped" down the bundle, where it leaks out of the broken fibers
and is reflected off the other end of the breaks and back to the
receiver. The only solution to this problem is to reduce the
sengitivity tothepoint wherethisreflected light nolonger actuates
the receiver. In applications where this phenomenon becomes
troublesome, it is best to replace the bifurcated fiber with two
individua fibersmounted parall€l to each other and lookinginthe
samedirection. Broken fiberswill then have no effect, except to
reduce the signal by the percentage of fibersthat are broken (this
is seldom more than afew percent).

Themost common causeof glassfiber optic breakageiscontinued
flexing of thefiber bundle. While glassfiber opticscanwithstand
very high levels of shock and vibration, the individua strands

Section E - Troubleshooting: Sensing Component Failures

cannot withstand continual rubbing against one another. A few
hundred cyclesof significant flexing may cause breakage of some
strands, and the bundle will begin to deteriorate until it no longer
has enough light transmission for the application.

Itispossibleto"see" the broken strands by holding oneend of the
fiber bundle (either individual or bifurcated) up to a bright light
while examining the opposite end with a magnifying glass. Bro-
kenfiberswill appear asdark spots scattered among the otherwise
bright fiber strands at the end of the bundle. It isnot unusual for
about 10 percent of the strandsto be broken. If more are broken,
itisawarning of potential sensor failure.

Thisproblem of broken glassfiber strandscan beavoided by using
plastic fiberoptic assembliesin applicationswhere environmental
conditionsallow. They withstand flexing much better, and coiled
models are available for use on reciprocating mechanisms.

C. Sensgng Timing Problems
19. Response Time

Theresponsetime of most Banner sensorsand component ampli-
fiersisindependent of signal strength, and iswithin the specifica-
tion shown for the device. If an application worksat slow speeds
but not at high speeds, it is probably due to the signal becoming
faster than theresponsetime. Theproblem could bewitheither the
light signal or the dark signal. The specification appliesto both,
independently. If itisnot possibletouseafaster sensor, itmay help
to identify whether itisthe"light" signal or the "dark" signal that

is too "fast". It may then be possible to redirect or shape the
effectivebeamsothatitisbroken (or established) for alonger time.

Also, if load responseistoo d ow, thesensing event (and thesignal
totheload fromthe sensor) may "comeand go" beforetheload can
respond. It may benecessary to use"one-shot” logicto artificialy
lengthen the signal to the load, thereby giving it adequate timeto

respond.

20. Interrogation Timing

Inmany inspectionschemes, thelogicis"interrogated” (or "gated")
momentarily toallow theinspection sensor to"look™ at theproduct
only at the proper time. If ONE-SHOT or DELAY logicisused,
logictiming settingsmay becritical, and will haveto bereadjusted

for variousproduct speeds. Itisalwaysbesttodesigninterrogation
systems so that the interrogate "window" is a function of the
mechanical references in the process rather than of time (see
Section D, "Sensing Logic").

21. Behavior on Power-up

Most sensors have a 0.1 to 0.3 second delay upon power-up that
prevents the possiblity of a false output during the time that the
supply voltageisrisingtoitsfina value. For example, without the
power-updelay period, asensor inthedark operatemodewith OFF
delay timing logic might "think" that it wasin the dark state just
prior to application of power. Asaresult, the OFF delay timer
might falsely hold the output energized for one time period.

A power-up delay usualy precludesthe possibility of interrogat-
ing asensor by powering it only during theinterrogation window.
Sensors requiring that their output be gated should be powered
continually. Gating should be accomplished by combining the
sensor’s output with the gate signal, using a logic module (dc
sensors) or series hookup (4-wire ac sensors and sensors with
electromechanica output relays).
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D. Marginal Sensing Conditions

22. Low Sensing Contrast

One of the most common causes of intermittent sensor operation
is alack of contrast between the "light" and "dark" conditions.
Lack of contrast is usually manifested by a situation where the
sensor or amplifier "hangsup”, ineither thelight or dark condition,
or (incounting applications) wherecountsaremissed or excessive.
Thesethingshappen whenthe SENSITIVITY isset upjust onthe
vergeof operation. Whenthesensing event occurs, thesensor sees
the change, but cannot overcome the hysteresis of the operating
point. Thebest solutionisto reconfigurethe sensing setup (sensor
position, background type and location, sensing angle, etc.) or to
choose a different sensing mode that can provide more contrast.
(Seediscussion of contrast in Section A, "Sensing Theory™.)

In retroreflective sensing mode applications, low sensing contrast
results from the following causes:

1) Excessgainistoo low (sensor hangs-up inthe "dark” state).
Low excessgainisoften aresult of theretro target size being too
small to return enough incident light to theretro sensor. Also, the
reflecting efficiency of retro materials varies. Retro materialsin
the Banner product catalog are assigned a reflectivity factor to
indicate their relative efficiency. Low excess gain aso results
from objects(likeguiderails, supports, etc.) located inthe sensing
path that partially block the effective beam.

2) Contrast istoo low when not enough light is blocked as the
item to be sensed passesthrough the beam (sensor hangs-upinthe
"light" state). Thisresults when:

a) an object is smaller than the effective beam (Fig. A.24),
b) the material to be sensed istoo transparent to reliably

break the retro beam,

¢) an object with ashiny surface (when viewed straight-on)
returns as much or more light to the sensor as doesthe retro-
reflectivetarget. Thebest approach to solving this"proxing"
problem depends on the particular situation. For morein-
formation, see#29b, "Retroreflective Alignment".

In proximity mode applications, low contrastismost often caused
by areflection from some background or foreground object, other
thantheonetobedetected. Sensingangle, backgroundreflectivity
and/or color, and background distance should be adjusted to
provide maximum sensing contrast.

Some control over the effects of background reflections may be
gained withtheuseof convergent beam sensors. Fixed-field mode
photoel ectric and proximity mode ultrasonic sensors offer excel-
lent rejection of backgroundreflections, wherethey can beapplied.

Inopposed modeapplications, asin"retro”, theproblemisusualy
either low excess gain or an attempt to sense an object that is not
sufficiently opaguetothesensing beam. Also,inopposed sensing,
the effective beam of the sensor pair may betoo largeto sensethe
object. Inthese cases, light "leaks" around the object, activating
the receiver even when the object isin "sensing position” (see
figure A.20).

For more information on maximizing contrast in each sensing
mode, see troubleshooting reference #29.

23. Sendtivity Control Improperly Set

Most photoelectric self-contained sensors and al component
amplifiershavesensitivity (GAIN) adjustment controls. Sensitiv-
ity controls alow electrica attenuation of the excess gain in
sensing situations where enough light signal is returned to the
sensor in the dark conditon to satisfy the amplifier. Excessgain
may bereduced inthose sensorswith no sensitivity adjustment (or
in any sensor) by intentional misalignment or (in the opposed
mode) by the addition of apertures.

Thesensitivity should alwaysbeincreasedtothehighest point that
still allowsthesensor toreliably switchinthedark conditon. If the
sensitivity is set too low, the sensor’ s output might never change
state because the light condition might never be recognized.
Conversdly, if the sensitivity is set too high, the sensor’s output
might never change state because the sensor (or component
amplifier) might never recognize the "dark™ condition.

If thesengitivity isdifficulttoset (i.e. itiseither toohighor toolow),
the cause may be one or more of the following:

1) the sensing contrast istoo low (see #22, above);
2) the sensor supply voltage is out of range (see#1, above);

3) the sensor or component amplifier is responding to optical
"crosstalk” (see #24, below);

4) the sensor or component amplifier isresponding to external
"noise" (see# 4, above and #27, below);

5) the component amplifier is responding to "cable crosstalk”
between its remote emitter and receiver (see#10, above);

6) thereceiver is"saturated" by intense ambient light (see #25,
below).
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24. Optical (or Acoustical) Crosstalk

OPTICAL CROSSTALK

It isalways possiblefor modulated L ED photoel ectric controlsto
interact in an undesirableway, even when the emitter and receiver
circuits are synchronized (phase locked). The most common
crosstalk problem, however, occurs with opposed (beam-break-
ing) self-contained emitters and receivers, since they are seldom
synchronized. This meansthat any emitter of a particular model
type will energize any receiver of a compatible model type (see
Figure A.38).

Inaddition, an opposed modereceiver may beaffected by anearby
retroreflective or proximity mode sensor if the light from that
sensor isnot prevented from reaching the self-contained receiver.
Except in the case of Banner SM 30 Series emitter/receiver pairs
(which offer a choice of two modulation frequencies), it is not
normally practical to operate receiversat different frequenciesas
is possible with radio transmissions.

When the emitter and receiver circuitry are housed in a single
package, asin self-contained retroreflective, proximity, and most
fiberoptic sensors, the emitter and receiver are generally
synchronized. Thismeansthat thereceiver is"gated" tolook for
asignal only during thetimethat the emitter isactually sendinga
signal. Thistendsto statistically reducethepossibility that sensors
will interact, but it is still possible that occasionally the
frequencies of two sensors will drift in and out of synchro-
nization. In thisevent, if the optical fields of view of two
sensors overlap, a false or missed actuation could occur.

Theprobability that synchronized sensorsmight interact isgreater
at very high excess gain levels, because at high excess gainsthe
received signal tendsto becomeamuchlonger-duration pul se, and
thus has a greater likelihood of being present during the "gate
window". Fast-response sensors have amuch greater possibility
of interacting than do slower-response sensors because the duty
cycle of the emitted pulses is much greater. For minimum

Section E - Troubleshooting: Marginal Sensing Conditions

probability of crosstalk, use sensorswith adow (e.g. 10 millisec-
ond) responsetime, and adjust sensor sensitivity for theminimum
practical excessgain.

The possibility of optical crosstalk in arrays of multiple self-
contained sensors can be eliminated by the use of multiplexing.
Multiplexing is a scheme in which each receiver in a multiple-
sensor array is, in turn, alowed to look for a signal from its
corresponding emitter only while that emitter is operating. For
such applications, investigate the Banner model MP8 mulltiplexer
module. Other Banner products (MULTI-BEAM light screens
and BEAM-ARRAY System light curtains) use multiple multi-
plexed emittersin one emitter housing along with multiple multi-
plexed receiversin asingle receiver housing.

Another type of optical crosstalk may be caused in high-power
proximity or retroreflective sensorsby abroken or cracked lensor
by moistureon oneor both sidesof thelens. Thesensor seesitsown
light reflected back fromthelensand "lockson" inthe"light” state.

ACOUSTICAL CROSSTALK

Acoustical crosstalk in ultrasonic sensors is analogous to optical
crosstalk in photoel ectric sensors. The symptoms of the problem
are the same. The usud solution to acoustical crosstalk (in
situations where interfering sensors cannot be reoriented to posi-
tionsthat do not interfere) istheuse of baffles. Thebaffleisplaced
between the sensor being interfered with and theinterfering sound
signal. When placing baffles, make sure that they are out of
sensing range so that they do not themselves become the cause of
unwanted reflections. Thebest bafflesare made of sound absorb-
ing material such as polyfoam. Sound reflecting materials also
work, but more care must be taken in their placement.

25. Ambient Light Saturation

Most modulated LED sensors are assumed to be completely
immune to ambient light. Thisistruein the sensethat it isvery
unlikely that ambientlight will ever causethesensor toerroneoudy
sensea’light” condition. Thereisfor eachmodel, however, alevel
of light that will cause the sensor to become "blind" to any signal
(much the sameashumanvision). At theseextremelight levels,
the sensor will appear to seeacontinuous"dark” signal. Thismost

commonly occurs when the sensor is outdoors, and is looking
within afew angular degrees of the sun. The only solution isto
shield the lens, as much as possible, from direct sunlight.

Whenever possible, anglethe sensor (receiver of an opposed pair)
just afew degreesdownward (toward the ground) to the eliminate
the possibility of it "seeing" any direct sunlight.
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26. MoistureonthelLens

Moisture (and frost or ice) onthelensof aphotoel ectric sensor can
severely scatter and block the incoming and/or outgoing beam to
the point where the sensor will seem to always "see" the dark
condition. Moisture on the lens of a high-powered diffuse,
divergent, convergent, or retroreflective sensor will sometimes
provide areturn path for the emitted light, causing the sensor to
lock-on in the light condition.

If theapplicationinvolveswidetemperatureswingsthat will cause
moisture to condense on sensing equipment, use a sensor with a
hermetically seadled lens whenever possible. Otherwise, use
sensorswith very high excessgain, such as SM 30 Series opposed
mode sensors. Keeping the surrounding air in motion can help
prevent condensation.

27. Radio Frequency Interference (RFI)

RFI (Radio Freguency Interference) can energizemodulated LED
sensors if the intensity of the interference is high enough. The
frequenciesare normally so high that they render the synchroniz-
ing circuitsuseless. RFI ismost troublesomewhenitisgenerated
by walkie-talkies, high-current welders, or RF welding equip-
ment. RFI can also be caused by some computer peripherals, such
asterminals, but this problemisbecoming lessseveredueto FCC
suppression requirements.

If the source of theinterferenceis not apparent, it may belocated
by usingaBEAM-TRACKER inthereceivemode. Theindicator
LED on the BEAM-TRACKER flashes at arate that is propor-
tional to RFI strength. Thebest cure for RFI isto treat its source
by connecting a good earth ground (water pipe ground) to its
shielding or meta housing (if either exist). When this is not
possible, the sensors should be shielded from the RFI.

For self-contained sensors, the best protection against RFI is to
insulate the sensor from the environment by essentially "wrap-
ping" it in a conductor. Copper is best, but aluminum or steel is
usually sufficient. Wrap theentire sensor, leaving an opening just
large enough for the sensing beam to exit and enter. Thiswrap
must then be connected to a good earth ground.

In remote (component) systems, emitter and receiver wiring must
also be shielded. Emitter and receiver wiring should be run in
separate shielded cables. Inseverecases, it might alsohelptorun
shielded wire to the load, and from the sensing system's power
supply. All shields (drains) should be connected to ground only
at the amplifier end of the cabling.

Long response time sensors generally are less susceptible to RFI
than are the faster units. Also, the lower the sensitivity (gain)
control setting, the greater the immunity.

28. Unit-to-unit Variations, Marginal Sensor Performance, Marginal Applications

Banner's published sensor range specifications are conservative.
The range and performance specifications for al Banner devices
are minimums. Due to manufacturing tolerances, the actual
performance of aquantity of unitsfollowsastandard distribution
curve: most unitswill outperform the minimum specifications by
a substantial amount.  Sensors on the "powerful” end of the
distribution curve will work well considerably beyond their pub-
lished maximum range, but should not be used routinely inthis
manner. Thebest procedureisto contact thefield salesengineer
if an application seemsto requirethat the sengitivity be set higher
than about 75% of maximum and a large quantity of sensorsis
pending. Thiswill prevent the possibility of problems resulting
from decisions based only on the performance of one or two
sensorsthat may have comefromtheextremely " powerful" end of
the distribution curve.

Typicaly, when sensors and component amplifiers are used
beyond their upper limits of specified performance, they will

operate only with the sensitivity set at or near maximum, and will
operateinconsistently or erratically. Evensmall accumulationsof
dirt on the sensor lens or airborne contamination (dust, haze, fog,
etc.) can cause such sensing applicationstofail. Sucha situation
indicatesthat the sensing applicationitselfismarginal. Switchto
amore powerful sensor or reconfigure the application to physi-
cally move the sensor well within its range.

In opposed fiberoptic mode applications, addition of lenses to
unlensed fibers may help to increase sensing power. In the
retroreflective mode, it often hel psto increase the size of theretro
target. In the proximity sensing modes, it is often of benefit to
change the sensing angle to take better advantage of the object's
reflective surfaces.

Marginal operation may simply indicate a basic alignment prob-
lem: seesections#29a, 29b, and 29¢. Seealsoreferences#26, 15,
and 16.
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29. Sensor Alignment

Troubleshooting reference #29 refers to sensor alignment procedures, which begin on the next page.
Alignment proceduresare given for three photoelectric sensing modes:

Opposed: pages E-18 and E-19

Retroreflective: pages E-19 and E-20

Proximity (including Diffuse, Convergent, and Divergent): page E-21

Before beginning an alignment procedure, read the information in the box (below) to familiarize yourself with the alignment
indicator system in the sensor you are working with.

Also, Section A of thismanual (Sensing Theory) presents valuable background information, much of which relatesdirectly to
sensor alignment. We recommend that you read Section A before beginning an alignment procedure.

Notes about the Alignment I ndicator (refer to Table E-1)

A. Some sdlf-contained sensor s have alignment indicator sthat follow the output status. They come" on”
whenever the output isenergized.

These sensors include:
OMNI-BEAM sensors
MINI-BEAM 2-wire ac sensors

When these sensorsare being aligned inthe dark operate mode, the alignment indicator will go "off" whenthereceiver isdetecting
itsmodulated light. Consequently, referencesinthefollowing alignment proceduresto thealignment indicator coming "on" should
instead read "off" (and vice-versa) for these sensors under dark operate conditions.

VALU-BEAM 2-wire ac sensors
SM30 Series 2-wire ac sensors

QU8 Series

B. Mogt self-contained sensorsand component amplifiersinclude a signal strength measurement system.

Signal strength measurement isvery useful during the alignment process. Thefollowing aignment proceduresinclude stepsfor
the use of asignal strength measurement system (when available).

OMNI-BEAM photoel ectric sensors(except the E Series) havea10-element LED signal strength meter (see Section A andthenote
below). Many other sensorshavethe " Alignment Indicating Device" (AID™) feature (see page E-1). Thefollowing sensorshave
the AID system:

MULTI-BEAM sensors (except 3GA edgeguide system and L S10 series light curtains)
MAXI-BEAM sensors

VALU-BEAM SM912 Series (dc models) and SM1912 Series (intrinsically-safe models)
MINI-BEAM SM312 Series (dc models)

MAXI-AMP component amplifier modules

MICRO-AMP component amplifier modules

Q85 Series Sensors

Notes about the alignment of sandard OMNI-BEAM Sensors
featuringthe D.A.T.A.™ sgnal strength indicator system

Standard OMNI-BEAM sensor s (OSB Series) have both an
output status indicator and Banner's exclusve D.A.T.A.™
signal strength indicator system.

These sensors may be easily aligned by using only the output
status indicator in the manner described in the aignment
procedures on the following pages.

However, standard OMNI-BEAM sensors may be aligned
moreprecisely usingtheD.A.T.A. LED signa strengthindica-
tor system. The D.A.T.A. systemisa10-element LED array:
thestronger thereceived modulatedlight signal, themoreL EDs

inthearray will belit. Inthefollowing alignment procedures,
the position of the OMNI-BEAM sensor should be adjusted to
light the maximum possible number of LEDsinthe D.A.T.A.
array. Note: During alignment, reduce or increase sensitivity,
asmay berequired, tobringthearray indicationintoa" comfort-
able" working range.

Another use for the D.A.T.A. indicator system isin the mea
surement of excess gain and contrast in specific sensing appli-
cations. SeepagesA-17 through A-21 of thismanual for more
information.
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29a. OppOS@d M Ode SenSOI’ AI | gn ment (See also pages A-6 and A-7)

Opposed mode sensor pairsareused at sensing rangesof fromonly
inches(or less) upto 300 feet or more. Atrangesinsideafew feet,
the enormous power of opposed mode modulated LED sensors
makesaignment smple. However, even at short range, it may be
important to optimize alignment, especialy if high excessgainis
needed to "burn" through dirt, dust, steam, etc. Asthese sensors
are used at ranges approaching their specified far range limits,
excessgal nismuchdecreased, andtheneedfor accuratealignment
becomes highly important.

Short range alignment procedure:

The best way to accurately align areceiver to its emitter at short
rangeisto drastically reduce the strength of thelight signal. This
is easily accomplished by placing a diffuser, such as a sheet of
paper or light-colored masking tape, in front of the emitter and/or
receiver lens. Thesignal may bebereducedinsmaller increments
by adjusting the sensitivity (GAIN) control downward (counter-
clockwise adjustment). A Banner screwdriver is sized to fit al
sensitivity adjustments. Note, however, that some self-contained
sensors do not have a sensitivity adjustment, including ECONO-
BEAM and SM 30, C30, S18, and Q08 Series sensors.

For short-range alignment of opposed sensors.

1) Beginwiththeemitter mounted securely inplace. Atrangesup
to afew feet, the receiver may simply be mounted using line-of-
sightalignment. At distancesbeyondafew feet, locateandloosely
mount the receiver opposite the emitter, leaving a means for
movement. Banner offers avariety of 2- and 3-axis adjustment
mounting brackets for use with opposed sensors. See the Banner
product catalog for bracket information.

2) If sensingisto occur at an exact location, tie or tape astring to
theemitter at the center of itslensand extend it to the center of the
receiver lensto make certain that the center of the beam intersects
the sensing poaint.

Before going further, check the " Notes" in the box on
page E-17.

3) Refertothehookupinformationfor thesensorsinusetodouble-
check the hookup, and apply power to the emitter and the receiver
(or componentamplifier). Thealignmentindicator shouldbe"on".

4) Placeadiffusing material (paper, tape, etc.) infront of the lens
of the emitter and/or receiver and/or decrease the sensitivity
(GAIN) adjustment (counterclockwise rotation). Reduce the
signal enough to cause the alignment indicator LED to just
go "off". Now move thereceiver up-down-right-left (including
angular rotation) to find the center of the areawhere theindicator
comeshack"on" (FigureE.3). Thislocatesthecenter of thebeam,
where the excess gain is the highest. Secure the receiver in this
position.

For sensors (or component amplifiers) with a signal strength
indicator system:

Attenuate the signal by using a diffusing material and/or by
reducing the receiver’ s sensitivity so that theindicator displaysa
low signal level (e.g. adlow pulserate on the AID indicator, or 1

to4LEDslitintheOMNI-BEAM D.A.T.A.systemarray). Move
thereceiver up-down-left-right (include angular rotation) totry to
increasethesignal strength. Reducesensitivity again, if necessary,
to bring the signal indication back into a comfortable working
range. Securethereceiver inthe position wherethesignal isthe
strongest.

5) Removeany diffusing material and increasethe sengitivity to
maximum (clockwise adjustment).

6) Placethe object to be detected at the sensing position. If the
receiver alignment LED goes "off", alignment is complete.

NOTE: If thereceiver alignment LED does not go "off" when the
object isin place at the sensing position, the reason may be
one or both of the following:

Flooding: A portion of the effective beam may be passing around
oneor both sidesof the object to be sensed. Check the profilethat
the object presents to the beam and compareit against the size of
the effective beam (Figure A.20). Install apertures, if needed.
Also, move the object back and forth to locate the center of the
beam, and re-position the sensors if necessary.

"Burn-through": If the object to be sensed isnon-metallic and is
thin, there may be too much light energy for the object to com-
pletely block. With the object in place in the sensing position,
decrease the sendtivity adjustment (CCW rotation) until the
alignment indicator LED goes"off". Remove the object, and
verify that the indicator LED comes "on" solidly. If thisfails,
consider anaternatesensing schemethat will offer greater sensing
contrast (e.g. the ultrasonic proximity mode).

L ong range alignment procedure:

When long scanning distances are needed, the requirement for
accurate alignment becomes much more important. It is very
difficult to align opposed sensors at a separation of fifty feet or
more after they have been permanently mounted. It is easier to
mount theemitter andinstall along extension cord onthereceiver.
With the receiver pointed at the emitter, Slowly walk back to the
receiver mounting location, while moving the receiver up-down-
left-right (including angular rotation) to track the center of the
emitted beam. Atlong scanning distances, accurateangul ar sensor
alignment is even more important than vertical or horizontal
placement.

Alternately, the receiver mounting point may be determined by
walking backward from the emitter with the Banner BEAM-
TRACKER™, model BT-1 (see page E-1). TheBEAM-TRACKER
isabattery operated handhel d devicewhichwill sensethe beam of
any modulated emitter with approximately the same sensitivity as
theequivalent receiver. TheBEAM-TRACKERincludesBanner’s
Alignment Indicating Device (AID) circuitry. Once the best
receiver position hasbeen determined, thereceiver may be perma:
nently mounted, and fine adjustment may be made using the
receiver’s own alignment indicator.
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Aligning a visible emitter:

MAXI-BEAM, VALU-BEAM, MULTI-BEAM (model SBEV),
Q85, and Q19 emitters use a visible red light that can simplify
alignment to thereceiver. If aretroreflectivetarget istemporarily
placed directly in front of the receiver lens, the emitter can be
aligned by sighting the visibleimage on the target. Sight toward
the receiver from behind the emitter, looking past the top of the
emitter (Figure E.4). Move the emitter up-down-left-right (in-
clude angular rotation) until thevisibleredimage (returned by the
retroreflective target) is seen. Remove the retroreflective target
and adjust thereceiver’ spositionfor optimumalignment, usingthe
alignment indicator.

Final Adjustmentsand Checkout:

Secure al mounting hardware. Compl ete the wiring by connect-
ing the load to the output circuit of the recelver. Refer to the
hookup information for the receiver in use (see the data sheet
packed with thereceiver, or the Hookup Referenceinformationin
Section C of thismanual).

Section E: Troubleshooting - Opposed mode sensor alignment

Check the operation of theload by alternately placing an object
at the sensing position and then removing it. Theload and the
receiver alignment indicator LED should "follow" the action.
Adjust timing logic (if any) as required.

FigureE.4. Useof aretroreflectivetarget to align an
opposed mode sensor pair.

Q\Target

SBEV SBRX1

29b. Retroreflective Mode Sensor Alignment  (seeaiso pagesA-8 and A-9)

Retroreflective mode photoelectric sensing is ideal for many
applications for which opposed mode sensing would be the first
choice, but where sensing is possible from only one side of the
process.

Retroreflective sensors work with special target materias that
reflect the emitted light beam back to the sensor. The efficiency
of thesetargets(and thereforethe sensing range) dependsuponthe
size and reflectivity of the target. Size is important because, at
ranges beyond a few feet, the retro target may not intercept the
complete beam. At extended ranges, a 3" diameter target will
intercept ninetimesasmuch light aswill a1" diameter target (the
arearatio isthe square of the diameter ratio). The 1" target will,
therefore, require nine times the excess gain required for the 3"
target. At close range, however, both targets may work equally
well. Recommended reflectorsavailablefrom Banner arelistedin
the box below.

Reflectivity is a function of target construction. Most plastic
targets are made up of small, highly efficient corner-cube reflec-

tors. Most reflectivetape, ontheother hand, usesglassbeadsor
smaller, lessreflective corner cubes. Thelisting of retroreflec-
tivematerialsgiven below isinorder of reflectivity, with model
BRT-3 being the best. See the Banner product cataog for
additional information.

Successful retorefl ective sensing depends upon adequate opti-
cal contrast between the dark (beambroken) stateand thelight
(beam unbroken) state. Retroreflective sensing, therefore,
works best with objects of low reflectivity. Highly reflective
materials such as polished metal, mirrors, etc., may bedifficult
to sensebecausethey canreflect asmuchor nearly asmuchlight
back to the sensor asdoestheretroreflectivetarget. Thiseffect,
known as"proxing", can sometimes be overcome by sensing at
a"skew angle" to the object's reflective surface (see drawing,
next page). Use of apolarizing filter and corner-cube reflector
may aso help minimize proxing. At the other extreme, trans-
parent objects are difficult to sense retroreflectively because
they may not sufficiently interrupt the sensor's light beam.

Retroreflective Target Materials

Retroreflectivesensorsrequirespecial retrorefl ectivetargetsfor proper
operation. The reflector models listed below are recommended. For
information on the complete line of Banner retroreflective materials,
see the Banner product catal og.

BRT-3 3" dia round corner-cube reflector with central mounting hole
BRT-15 15" dia round corner-cube reflector with mounting flange
BRT-1 1" dia. round corner-cube reflector with mounting flange
BRT-L Linear target, 0.75"H x 6.5"W, with adhesive backing

BRT-THG High-grade micro corner-cube tape, squares and sheets,
various widths and lengths, adhesive backing

Reflective tape, 1" wide, various lengths, adhesive backing

High-temperature reflective tape, 1" wide, various lengths,
adhesive backing

BRT-T
BRT-THT
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Alignment procedure:

1) Begin with the retroreflective sensor at the desired distance
from the retroreflective target and at the approximate position at
whichitwill bemounted. Banner offersavariety of 2- and 3-axis
mounting brackets for use with many of its retroreflective mode
sensors. Refer to the Banner product catal og for bracket informa-
tion. Direct the sensor at the target. Retroreflective targets are
forgiving of beam anglein that they do not beginto lose effective-
nessuntil they aremorethan 15 degreesoff of perpendicular tothe
beam axis. An object placed at the"sensing position” should pass
through the "core" of the sensor'slight beam. Remove the object
from the sensing position before continuing.

Before going further, check the " Notes" in the box on
page E-17.

2) Refer tothehookupinformationfor thesensor in usetodouble-
check the hookup, and apply power to the sensor (or component
amplifier). Theaignment indicator LED should now be"on".

3) If thetarget position isfixed, move the sensor up-down-left-
right to locate the boundaries of the "movement zone" within
which thealignment indicator remainslit. If thesensor positionis
fixed, move the target up-down-left-right to define the zone. If
necessary (and where possible), reduce the sensing system sensi-
tivity to "narrow" the zone and repeat the sensor (or target)
movement to locate the center. Secure the sensor and/or target at
the center of the alignment indicator "on" zone.

For sensors (or component amplifiers) with a signal strength
indicator system:

Reduce the sensitivity control to yield a"countable" pulse rate of
the AID system LED indicator, or 1-4 LEDs lit in the OMNI-
BEAM D.A.T.A.systemarray. Movethe sensor up-down-left-
right totry toincrease the signal strength. Reduce sensitiv-
ity again, if necessary, to bring the signal indication back into a
comfortable working range. Secure the sensor in the position
wherethe signa isthe strongest.

4) Incresse the sensor's sensitivity to maximum by rotating the
control to its clockwise end of rotation.

Final Adjustmentsand Checkout:

Secure al mounting hardware. Complete the wiring by connect-
ingtheloadtotheoutput circuit of the sensor. Refer tothe hookup
informationfor thesensor in use(seethedatasheet packed withthe
sensor, or the Hookup Referenceinformation in Section C of this
manual).

Check the operation of theload by aternately placing an objectin
the sensing position and then removing it. The load and the
alignment indicator LED should "follow" the action. Adjust
timing logic (if any) asrequired.

If the sensor alignment LED does not go "off" when the object is
placedinthesensing position, see" Alignment tips. retroreflective
proxing" (above, right).

Alignment tips.
retroreflective” proxing"

If the sensor cannot be adjusted so that the alignment
indicator LED goesfrom™ on" to" off" when theobjectis
placed in sensing position, " proxing” may be occurring.
The optical contrast of the sensing application is reduced
becausethe sensor isreactingtolight reflected of f theobject's
reflecting surfaces.

If theobject hasflat sides, mount thesensor andtheretrotarget
so that the light beam encounters the object's reflecting
surface at an angle (see drawing below). The angle may be
vertical or horizontal or both (incorporating both angles may
be necessary when attempting to sense shiny radiused ob-
jects, seebelow). Skew anglesof 10to 15 degreesareusualy
sufficient to eliminate unwanted reflections.

[ k\

Retroreflective target mounted
at angle, p o sensor lens

—* Emitted light

- .- Radiused
shiny objects
N ' N

S e
g A d . IO»
. Rotate right or left S \

Retroreflective sensor mounted at vertical
and horizontal angle to the direction of flow

If thedistancetotheretrotarget ismorethan afew feet,
try using a larger target (or a cluster of several targets) to
reflect morelight back to the sensor. If possible, substitute a
more efficient retroreflective material (i.e. a plastic corner-
cube reflector in place of reflective tape, etc.).

If theapplication allowsuse of avisiblelight sensor, try a
polarized model (model number suffix "LVAG"). These
sensorshlock thelight reflected from ashiny object by means
of aspecially-oriented polarizing filter in front of the sensor's
optoelement. The light from corner-cube reflectors is al-
lowed through. (Note: Y ou must use a corner-cube reflector
with thistype of sensor.)

Alignment tips: visiblelight alignment,
long-distance alignment

With visible light retroreflective sensors, it should be
possibleto visually "sight" the red sensing beam on theretro
target and then make final sensor and/or target position
adjustments using the LED indicator. Dimming the room
lightswill makethetask easier.

Atlongsensingdistances(over 15feet), "finding" thetarget
with the sensor beam may be difficult. Take asecond target
and walk backwards away from the sensor, always keeping
the target aligned to the beam (up-down-right-left target
movement; monitor the LED indicator). Whenyou reachthe
target'smounting surface, thecorrect target position or sensor
orientation changes will be obvious.
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Section E: Troubleshooting - Proximity mode sensor alignment

29c. Proximity Mode Sensor Alignment  (see aiso pagesA-9 through A-11)

"Proximity mode" is a general term which includes the diffuse,
convergent, divergent (wide angle diffuse), and fixed-field sens-
ingmodes. Thesemodesarevery useful for sensing any reflective
object or material.

Range and performance of proximity mode sensors are adways
specified using a white test card. Objects with less reflectivity
produce shorter sensing rangesor lessexcessgain at agivenrange.
Morereflective objectsyield longer rangesand moreexcessgain.
Size may aso be important: given two objects of the same
reflectivity, the large object may return more light to the sensor
than the smaller object.

Successful proximity modesensing dependsupon adequateoptical
contrast between theobject being sensed and thebackground. This
meansthat the grester the difference between light reflected from
the object and light reflected from the background, the more
reliable proximity mode sensing will be. Note: Nearby reflective
background objectsarelesssignificantindivergent diffusesensing
because the energy of these sensorsfallsoff rapidly with distance,
and in convergent sensing because the emitter and receiver are
focused at aspecific distance. Also, most background objectsmay
be totally ignored by using the fixed-field sensing mode.

Most problemsin proximity mode sensing arise because of back-
groundsthat return asmuch, or nearly asmuch, light to the sensor
asdoesthe object to be sensed. Ingeneral, thisproblemissolved
by using as dark a background as possible and by placing that
background asfar behind theobject aspossible. Thereisageneral
rule for proximity mode sensing which states that the object-to-
background distance should be at least three times the sensor-to-
object distance. Thisruleassumesthat the backgroundisno more
reflective than the object: see Application Cautions- diffuse mode

(page B-10).

Shiny materialsusually requireclosecontrol of thescanningangle
to maximize the amount of light actually returned to the sensor.
The sensor should be mounted so that the sensing beam isexactly
perpendicular to the surface of any shiny object (Figure A.31).

Alignment procedure:

1) Beginwiththesensor at thedesired distancefromtheobject and
at the approximate position a which it will be mounted. Banner
offers avariety of 2- and 3-axis mounting brackets for use with
many of itssensors. Refer totheBanner product catal og for bracket
information. Direct the sensor at thetarget object. Anobject
placed at the"sensing position” should passthroughthe"core" of
the sensor's light beam in the diffuse, divergent, and fixed-field
modes. Convergent mode sensing requires the object to pass
through the focus point of the sensor.

Before going further, check the " Notes" in the box on
page E-17.

2) Refer tothehookupinformationfor thesensor inusetodouble-
check the hookup, and apply power to the sensor (or component
amplifier). Thealignment indicator LED should now be "on".

3) Movethe sensor up-down-left-right (includerotation) tolocate
the center of the zone within which the LED remains"on". With
convergent sensors, include movement toward and away fromthe
object. If necessary (and wherepossible), reducethesensitivity to
"narrow" the zone, and repeat the sensor movement to locate the
center. When the center has been found, secure the sensor in
position.

For sensors (or component amplifiers) with a signal strength
indicator system:

Reduce the sensitivity control to yield a"countable" pulse rate of
the AID system LED indicator, or 1-4 LEDs lit in the OMNI-
BEAM D.A.T.A. system array). Adjust the sensor up-down-
right-left (with rotation) and (for convergent sensors) toward and
away from the object to try to increasethe signal strength. Secure
thesensor inthepositionwherethesignal isthestrongest. Reduce
sengitivity again, if necessary, to bring the signal indication back
into a comfortable working range.

4) Increase the sensor's sengitivity to maximum by rotating the
control to its clockwise end of rotation.

Final Adjustmentsand Checkout:

Secureall mounting hardware. Complete thewiring by connect-
ingtheloadtotheoutput circuit of the sensor. Refer tothe hookup
information for thesensor in use (seethedatasheet packed withthe
receiver, or the Hookup Referenceinformationin Section C of this
manual).

Check the operation of theload by aternately placing an objectin
front of thelensand then removingit. Theload and the alignment
indicator LED should "follow" theaction. Adjust timinglogic (if
any) as required.

If the sensor alignment LED does not go "off" when the object is
removed fromthe sensing position, see" Alignment tips: proximity
mode sensors' (below).

Alignment tips:
proximity mode sensors

If, after following the alignment procedure, the sensor's
alignment LED doesnot go" of f" whentheobjectisremoved
from the sensing position, consider one or more of the
following alternatives:

1) Move the sensor closer to the object (except in
convergent mode) and reduce the sensitivity setting.

2) Reduce background reflectivity by painting the
background with aflat black paint, cutting aholethroughit,
scuffing its surface, etc.

3) Ifthebackgroundsurfaceisshiny, tilt thesensor (or the
background surface) in any direction so that the sensing
beam is not perpendicular to the background surface.
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Section D: Sensng Logic

Sensing logic involves one or both of the following situations:

Multiplesensor hookup involvesasimpleinterconnection of two
or more sensorsto common load. The sensorsare wired together
so that theload will energize only when a defined combination of
simultaneous sensing conditions occurs.

Control logicisused to condition asensor output signal by way of
timing or counting, or to coordinate control of a process by
comparing multiplesensor outputs. Control logicisofferedinthe
form of add-on "logic modules’ to which sensors are wired as
inputs. Timing control may actualy be an integral part of some
sensors, including OMNI-BEAM, MULTI-BEAM, MAXI-
BEAM, and Q85 Series salf-contained sensors, plusMAXI-AMP
CD, CM and CR Series component amplifiers.

Multiple Sensor Hookup

The outputs of multiple sensors are often configured so that they
will operate acommon load only when a defined combination of
sensing eventsoccurs. Themost commonly used combinationsof
sensor outputs are defined by thelogicterms AND and OR. The
AND configuration refers to the situation where the load is
energized only when the outputs of all sensors in the group are
energized at the sametime. OR logic meansthat theload will be
energized whenever the output of any of the sensorsin the group
is energized.

As an example, consider an array of multiple opposed mode
sensors used to detect web flaws and faults such as holes, rips,
runout, or end-of-roll (FigureD.1). If light is detected at one or
more of the five receivers, the motor that feeds the web is shut
down.

Figure D.2 showsamultiple sensor hookup schemewhereall four
receivers are connected in parallel to acommon load. The load
iscontrol relay "CR2". Thereceiversaredl programmedfor light
operate. CR2 energizesto stop the motor if one or more of the

FigureD.2. Sensorsarewired in parallel for OR logic.
If any receiver "sees' the modulated light from the emitter,
CR2 energizesto shut off the motor.
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FigureD.1. Multiple opposed mode
sensorsarewired together ST
to detect web flaws. ) / ™.

o

Emitters — /[l

receivers"sees' light. Thisillustrateshow OR logiciscreated by
simply combining the output of al of the sensorsin parallel to a
common load.

A more common approach to this type of web control uses AND
logic. InFigureD.3, the outputs of all four sensorsare " chained"
together in a series connection. Also, al four receivers are
programmed for dark operate. The motor will run aslong asdll
four receivers (#1 and #2 and #3 and #4) "see" dark smultane-
oudly. If oneor more of the receivers detects light (indicating a
problem) the motor will stop and stay "off" until it is manually
restarted after the problem is corrected.

AND logic suggests a series hookup and OR logic suggests a
parallel hookup of sensor outputs. However, when dealing with
sensorswith solid-state outputs, series connection of outputsisnot
always possible.  Following is areview of the possibilities for
interconnection of multiple sensorsand of the switching logic that
results from each possible wiring scheme.
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a) Sensorswith Electromechanical Output Relay

With the exception of the application warningslisted in Table C-
1, themost straightforward sensor interconnection schemesusethe
contacts of electromechanical relays. Contacts are simply wired
inseriesfor AND logicorinparallel for OR logic. TableB-20lists
those sensors and component amplifiers that offer an electrome-
chanical output relay and Table C-2 listsrelay contact specifica
tions.

b) Sensorswith Solid-state Output Relay

4-wireac Sensors

4-wire ac sensors isolate the switching contact from the sensor
power circuit. As aresult of this design, the solid-state output
contactsof 4-wireac sensorsmay bewiredin seriesfor AND logic
orinparalel for OR logic, exactly like electromechanical "hard"
contacts.

When wiring 4-wire ac sensor solid-state output contactsin series
(see Figure C.26), there will be a voltage drop of about 3V ac
across each sensor output contact. The total voltage drop across
theserieswill bethesum of theindividual voltagedropsacrossthe
sensor outputs (i.e. 3V ac timesthe number of sensorsin series).
With most loads, 10 or more sensors may be wired together in
series before the voltage at the load becomes too low.

Whenwiring 4-wire ac sensor solid-state output contactstogether
in parallel to a common load for OR logic, the total off-state
leakage current through theload isthe sum of theleakage currents
of the individual sensor output circuits. However, the leakage
current for the output circuit of a4-wire ac sensor isawaysless
than 0.1 milliamp. As aresult, many 4-wire ac sensors may be
wired in parallel without need for an artificial load resistor.

Sensor families that offer 4-wire ac sensors include: OMNI-
BEAM, MULTI-BEAM, and MAXI-BEAM. MAXI-AMP
modules with the solid-state output option also offer an
isolated ac relay for 4-wire hookup (see Table C.4).

2-wireac Sensors
2-wireac sensors present somewiring challenges. Thefollowing
rules govern the interconnection of multiple 2-wire ac sensors:

1) Multiple 2-wire ac MULTI-BEAM or MAXI-BEAM sensors
cannot be wired together in series.

2) Multiple 2-wire ac VALU-BEAM, MINI-BEAM, or SM30
Series sensors can be wired together in series. However, thereis
asignificant voltagedrop (upto 10V ac) acrosseach sensor thatis
additive for the series combination. See the reference hookup
drawingsin Section C for more information.

3) Multiple 2-wire ac sensors (all families) can be wired together
inparallel. However, the leakage current for the parallel combi-
nation of sensorsisthesum of thel eakagecurrentsof theindividual
sensors. Thistota leakage may become high enough to prevent a
load from de-energizing. See the reference hookup drawingsin
Section C for specific information.

4) There are several application warnings for wiring of 2-wire ac
sensorsin seriesand/or parallel with "hard” contacts of switches,
contactors, or electromechanical relays. These precautions vary
between sensor families. See the hookup reference drawingsin

Figure D.3. Thesesensorsarewired in series.
If any receiver " sees' the modulated light from the emitter,
CR dropsout to shut off the motor.
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Section C for specific information.

Aside from the exceptions and precautions noted above, multiple
2-wire ac sensors may be wired together in seriesfor AND logic
orinparale for OR logic. FiguresD.2 and D.3 are examples of
how these wiring combinations might appear if 2-wire MINI-
BEAM sensors are used.

3-wiredc Sensors

All self-contained dc sensorswith asolid-state output usea3-wire
configuration. These dc sensors often have afourth wire, but this
fourth wire has a separate function such as a second separate
output. This means that outputs are not isolated from the input
power. Asaresult, 3-wire dc sensors cannot be wired in series.
However, parallel connection of multiple 3-wire dc sensors for
OR logic is straightforward.

AND logicispossiblewhenusing 3-wiredc sensorsby connecting
aMICRO-AMP model MA4G logic modul e between the sensors
andtheload. The current sinking (NPN) outputs of two, three, or
four sensors are connected to the individual inputs of the MA4G
AND gate (Figure D.4). Thenormally open output of the MA4G
will energize its load only when all of the sensor inputs are
energized (i.e. "low"), simultaneoudly. Unused inputsare simply
connected directly to dc common.

Whenthereisarequirement to AND the outputsof morethan four
3-wire dc sensors, more than one MA4G may be used. The

Figure D.4. Model MA4G combinesthe signals of up to
four current sinking (NPN) 3-wiredc sensor outputs for
AND logic.

INPUT ——» 7 M A 4G 6 N/O Normally open
neur — 8 | 4-input gate 5 @ NIC § Normally closed
T —» 1 module 4 » +1010 30V dc
wor — 2 | (RS8Socket) | 3 e common
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MAA4Gs may be "cascaded" together to accomodate as many
sensorsasnecessary. ThediscussiononControl Logic" explains
two additional multiple sensor logic functionsthat are possible by
using the MA4G logic module (see page D-12).

Another way to connect multiple 3-wiredc sensorsfor AND logic
isto connect themtogether inparallel toaninvertingdevice. The
inverter may beassimpleasarelay withanormally closed contact.
FigureD.5illustratesan examplewherethree sensorsmust s mul-
taneoudly detect an object before the load is energized. Here, a
DPDT relay with adc cail isinterposed between the sensors and
theload. Thesensorsare programmed for the oppositemode (i.e.
light operateversusdark operate) thanwould beusedfor OR logic.
Therelay de-energizesonly whenall of thesensorssimultaneously
detect an object. Thenormally closed contact of therelay isused
to energize the load.

In thisexample, therelay could be replaced with amulti-channel
inverter, like PLUG-LOGIC model BN2-2 (see page D-12).
Alternately, any number of 3-wire dc current sinking (NPN)
sensor outputs may be wired in parallel to the input of a logic
control module (e.g. MAXI-AMP CL Series) that has been pro-
grammed for dark operate. Inall of these approaches, theinput of
theinterposing logic devicerespondsto the simultaneousabsence
of al sensor inputs. Thisindicatesthat NOR logicisactually being
used to simulate an AND condition.

Figure D.5. Theload energizesonly when all beamsare
simultaneously interrupted (NOR logic).
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¢) Remote M odulated Sensors

Upto 3remotesensorsmay bewiredtogether intoasingleMAXI-
AMP modulated amplifier/logic module. The emitters wire
together in series. Thereceiverscanwiretogether only inparallel
(Figure D.6). Asaresult, the input circuit of the amplifier will
respond to modul ated light that isdetected by any of thereceivers.

Consequently, multiple remote modulated sensors produce OR
logicif theamplifierisprogrammed for light operate(i.e. if oneor
more remote receiver detects its modulated light, the amplifier
output will energize). Conversely, this combination results in
AND logicif theamplifierisprogrammedfor dark operate(i.e. the
amplifier output will energizeonly whenthelightisblocked toall
receivers simultaneoudly).

A dark-operated OR and a light-operated AND are not possible
with multiple remote modulated sensors. These logic modes
requireuse of one modul ated amplifier modul e per remote sensor,
withthe outputs of the amplifierscombined for therequiredlogic.

Section D - Sensing L ogic

Figure D.6. MAXI-AMP modulated amplifiersallow
wiring of up to threereceiversin parallel
(emitterswirein series).
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Multiple remote sensor logic is possible using either CM or CR
Series MAXI-AMP amplifier modules, but multiple sensor con-
nections are not possible to MICRO-AMP modulated amplifier
modules MA3 or MA3-4 or CD Series MAXI-AMP modules.

Itisimportant to remember that wiring multiple remote sensorsto
aMAXI-AMPmoduledecreasestheavail ableexcessgain of each
sensor. When two sensors are connected to one amplifier, the
excessgain (asindicated onthe excessgain curvefor the sensor in
use) is multiplied by a factor of /2. When three sensors are
connected, the excess gain is multiplied by afactor of 1/3.

d) Glass Fiber Optic Assemblies-

Individual Fiber Optic Assemblies

Individual glass fiber optic assemblies may be made with the
bundle split into multiple branches for sensing at more than one
location. Twoidentical assembliesareusedintheopposed sensing
mode. One assembly carries the emitted light to the sensing
locations. Theother assembly carriesthedetected light back tothe
receiver (Figure D.7).

Thereceiver issatisfied if it detectslight from one or more of the
sensinglocations. Soif thesensor isprogrammedfor light operate,
thelogicisthat of alight-operated OR (i.e. the sensor’ soutput will
energizeif theobject that blocksthebeamismissing at oneor more
of thesensinglocations). Conversely, if thesensor isprogrammed
for dark operate, the output will not energize until all of the beams
are blocked. Thisisdark-operated AND logic.

FigureD.7. Multi-branched individual fiber opticsare
used to sense " all partsin place”.

Two opposed multi-branched individual glass fiber optic assemblies
Fiber optic sensor

oo s (G- — E s
2 -
’:i e ~%mm‘ fikorasshanll i s v i um:ﬁ%}iﬁ»
Fo |1 P E}: iy, Jnmm%%
- %0\ am eon e B mw I

Sensor in light operate mode: Output energizes if object is missing at one or more sensing location.

Sensor in dark operate mode: Qutput energizes only when objects are present at all locations.




It is sometimes possible to distinguish between one and two
unblocked beams when using a pair of two-channel individual
opposed fibers. However, the sensing contrast in thissituation is
only 2-to-1 (at best). So, sensingvariablesmustremainvery stable
in order for thistype of application to be successful.

Bifurcated Fiber Optic Assemblies

Bifucated glass fiber optic assemblies may be made with the
bundlesthat connect to the emitter and thereceiver each split into
several randomly mixed sensing bundles, each with an equa
number of emitter and receiver fiber strands (Figure D.8).

Figure D.8. Multi-branched bifurcated fiber opticsare
used to sense part presence at any of several locations.

Multi-branched bifurcated glass fiber optic assembly

Fiber optic sensor

Sensor in light operate mode: Output energizes if object is present at
one or more sensing location.

Sensor in dark operate mode: Output energizes only when objects are
missing from all locations.

The sensing logic produced by a multi-branched bifurcated fiber
optic assembly is the same as for a pair of multi-branched indi-
vidual opposed fibers (see above). However, sincesensingwitha
bifurcated assembly is accomplished in a reflective (proximity)
mode (versus a beam-break mode), the conditions of object
present or absent are reversed. If the sensor is programmed for
light operate, the sensor’s output will energize if an object is
present a one or more of the sensing locations (light-operated
OR). If the sensor is programmed for dark operate, the sensor’s
output will not energize until objects are missing at al sensing
points, simultaneoudly (dark-operated AND).

When using adouble-bifurcated (two-channel) fiber optic assem-
bly, itissometimespossibleto adjust asensor’ sgaintodistinguish
between one and two objects present. However, the sensing
contrastinthissituationisonly 2-to-1 (at best). Sensing variables
must remain very stablein order for thistype of application to be
reliable.

Applying multi-branched fiber optics often results in significant
cost savings. The cost of one sensor per fiber optic sensing point
issaved. Also saved are the costs of multiple sensor wiring and
mounting. Furthermore, multi-branched fiber optic assemblies
usually contribute greatly toward aclean and neat sensor installa-
tion.

Summary

Interconnectionof multi plesensorsor gpplicationof multi-branched
fiber opticsare often smart waysto save sensing systemcost. Itis
important inthesensing system design stageto understand exactly
what sensing logic can (and cannot) result from any particular
sensor combination. Y our Banner field sales engineer can assist

you with the most cost-effective approach to your application
requirements.

Control Logic

Today, sensors used in an automated process are most likely to
supply information to acomputer or programmablelogic control-
ler (PLC) rather than performanactual control function. However,
wheninputsto acomputer or PLC are unavailable, the addition of
asimplecontrol logic function at the sensing location can become
an attractive (and often cost effective) alternative. Localized
sensing control logicisa so the smart approach in systemswhere
there are not enough control functionsto justify the expense of a
PLC, or wherelocalized control representsasignificant savingsin
wiring.

There are three types of sensing control logic:
1) Timing control,
2) Counting control, and
3) Multiple input coordination control logic.

All three types of sensing control logic are available as add-on
"logic modules' that wire between the sensor(s) and the load that
isto be controlled. These add-on modulesinclude MAXI-AMP,
MICRO-AMP, and PLUG-LOGIC modules. Timing control
functions are also available as options for some self-contained
sensors, including OMNI-BEAM, MULTI-BEAM, MAXI-
BEAM, and Q85 Series sensors.

On the following pages are descriptions of the most commonly
used control logic functions. Each function description indicates
which product families offer that logic function. For information
on any specificlogic module, refer to the Banner product catal og.
(You may locate the description of any module by using the
a phabetical product index at theback of thecatal og.) If youdonot
find thelogic function that isrequired for your application, please
contact your Banner sales engineer.

About the following
control logic descriptions...

TIMING DIAGRAMS: Theterm"input signal”, asused
in the following definitions, generally refersto a sensing
event. Thetiming diagramsdo not differentiate between
"high" and"low" input signals. All inputsand outputsare
indicated above a reference line to illustrate only their
timing relationship.

TIMING RANGES: The time ranges in the following
chartsarefor the standard (stocked) modelslisted. Other
time ranges may be possible with modification by special
order. Please contact your local Banner sales engineer or
the applications group at the factory for information on a
special timing range for your specific application.




ON Déeay

The ON delay isatiming control function that requires asensing
eventtolast for at least the ON delay time period beforethe output
will energize. Thetiming begins at the leading edge of an input
signd, but the output is energized only after the preset ON delay
timehaselapsed. If theinput signal isnot present for the ON delay
time period, no output occurs. If the input signal is removed
momentarily and reestablished, the ON delay timing starts over
again from the beginning.

An ON delay is used to allow sensing controls to ignore short
sensing events. For example, an ON delay may be used toignore
materia faling past afill-level sensor, or toignorethenormal flow
of products past a sensor in conveyor flow control applications.
Note: MAXI-AMP, MICRO-AMP, and OMNI-BEAM timing
logic modules are programmable to alow selection of thetiming
range that offers the greatest accuracy and setability in any
particular application. The product selection charts that follow
indicate the timing ranges supplied in each module.

Section D - Sensing Logic

OFF Delay

The OFF delay timing control function "holds' the output for a
preset time after the input signal is removed. The output is
energized immediately when an input signal is received, and
remainsenergized aslong astheinput signal ispresent. The OFF
delay timing beginsat thetrailing edge of theinput signal, keeping
the output energized. If anew input signal isreceived during the
OFF delay timing, the timer is reset, and the OFF delay period
begins again at the trailing edge of the new input signal.

AnOFF delay isusedtoallow sensing control stoignoreintermit-
tent signal losses. For example, an OFF delay is used in
edgeguiding applicationstoignorequick, temporary movements
of thematerial outsideof thedeadband. An OFF delay isalso used
in flow control applications to indicate ajam or empty reservoir
upstream, when no products are detected for a predetermined
length of time.

Delay Hold Hold
———
ON-DELAY OUTPUT ‘ OFE-DELAY OUTPUT —‘_‘—>
INPUT g~ SO INPUT _ -
Product . Pr .
Family Models Delay Time F;;Jrgﬁ(;/t Models Hold Time
! ! or ! ! or
CM5, & 0.1to 1.5 seconds CM5, & 0.1to 1.5 seconds
CR5 or CR5 or
Series 1 to 15 seconds Series 1 to 15 seconds
MICRO-AMP®? MICRO-AMP®
P MAS 0.01 to 1 second P MAS 0.01 to 1 second
L /,‘9’; or ,Z'/& /,9: or
\/Ifﬂ“l]/ 1 to 15 seconds < a 1 to 15 seconds
OMNI-BEAM ™ OMNI-BEAM ™
o 0.01 to 1 second o 0.01 to 1 second
LM5 or LM5 or
0.15 to 15 seconds 0.15 to 15 seconds
1
MULTI-BEAM® MULTI-BEAM®
LM5 or 0.15 to 15 seconds LM5 or 0.15 to 15 seconds
2LM5 2LM5
MAXI-BEAM® MAXI-BEAM®
RLM5 0.5 to 15 seconds RLM5 0.5 to 15 seconds
Models Models
with with
-T9 0.1to 5 seconds -T9 0.1to 5 seconds
suffix suffix
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Delay. Hold Pulse Pulse
ON and OFF outruT | ee————— ONE-SHOT OUTPUT NN W
DELAY | | |
INPUT INPUT N
Product Delay & Hold Product , Retrig-
Family Models Time Family Models Hold Time | gerable
- ™
MAXI-AM p™ CDS, CL5, 0.01 to 0.15 second MAXI-AMP 0,010 0.15 second
; CM5. & or =N CD5, CL5, or
cRE 0.1 to 1.5 seconds [ - CM5,8 | 0ltol5seconds | Yes
i or ol CR5 Series or
1es 1 to 15 seconds Sl 1 to 15 seconds
0.001 to 0.1 second
0.01 to 1 second or Yes
OLM5 or MA4-2 0.01 to 1 second or
0.15 to 15 seconds or No
1 to 15 seconds
0.01 to 1 second
OLM8 or Yes
LM5-14 0.15 to 15 seconds
or 0.151t0 15 seconds 0.001 to 0. 1 second
2LM5-14 : OLM8M1 or Yes
7 0.15 to 15 seconds
MULTI-BEAM® LM4-2
0.1to 1 second or
RLM5 0510 lgrseconds 2L M4-2 0.01 to 1 second Yes
LM4-2NR 0.01 to 1 second No
o Models 01105 3 MAXI-BEAM®
":\\;%?) with .1 to 5 seconds
L J*H -T9 suffix RLmg | OOttoOLscond 1oy
i 0.1to 1 second
ON and OFF Delay
ON and OFF delay timing control logic combines ON delay and . Moddls
OFF delay into asingle function. The ON delay and OFF delay F S with 0.1 to 5 seconds Yes
("hold") timesarei nde_p_endently adjustabl ev_vithi nthe(same)time L E T9 suffix
range selected or specified (except Q85 Series sensors). ON and d

OFF delay timing is often used in jam and void control, high/low
level control, and edgeguiding applications.

One-shot

A one-shot is atiming control function in which atimed output
pulse ("hold" time) begins at the leading edge of an input signal.
The pulseisawaysof exactly the sameduration, regardless of the
length of theinput signa. The output cannot reenergize until the
input signal is removed and then reapplied.

A one-shot timer is useful for initiating a control function that is
keyed to the passing

of either the leading
or thetrailing edge of

D.9 Retriggerable One-shot
aproduct. Inphotoe-

lectric sensing, the w Hold

choice between |ead- =l e
ing or trailing edgeis | outrur - E———————
madeby selectingbe | o b
tween light and dark

operate.

There are two types of one-shot timing control. The output of a
retriggerable one-shot is restarted with each reoccurrence of an
input. The output remains "on" as long as the time between
consecutive inputs is shorter than the one-shot "hold" time.

A non-retriggerableone-shot timer must compl eteitsoutput pul se
before it will recognize any new input signals. This sometimes
offers an advantage in indexing or registration control applica-
tions, wheremultipleinput signalsare possibleduring theadvance
of aproduct.

The output of any ac-
coupled amplifierisa
one-shotpulse. A one-
shot timer is also e e e
caleda"single-shot", 1 D
a "pulse timer", or a ‘ ‘ ‘
"pulse stretcher”.

D.10. Non-retriggerable
One-shot
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Delayed One-shot

A delayed one-shotistiming control logicinwhichaninput signal
initiates an adjustable delay period, at the end of which the output
pulses for an adjustable pulse ("hold") time. The input may be
either momentary or maintained. Nofurther action occursuntil the
input signal is removed and then reapplied, at which time the
sequence begins again. The delay and hold times are independ-
ently adjustablewithin the (same) timerange sel ected or specified
(except Q85 Series sensors).

A delayed one-shot isfrequently used to sense aproduct and then
act onthat product ashort timelater, whenitisclear of thesensing
location. For example, a delayed one-shot may be used with a
sensor that i sinspecting for open flapson cartonsmoving along on
aconveyor. The output pulse of the delayed one-shot is used to
divert cartons with open flaps after they have cleared the sensing
location.

MAXI-AMP modules have a second "auxiliary” input that is
particularly useful when delayed one-shot logic is used. In an
i nspection/rejection control scheme, the sensor(s) connectedtothe
primary input is used as the product sensor (Figure D.11). The
product sensor is also referred to as the "interrogate” or "gate”
sensor. Itsfunctionisto beginthedelay timer assoon asit detects

apassing product.

Section D - Sensing L ogic

FigureD.11. Use of delayed one-shot timing logic for
inspection/r e ection control.
GATE

(Interrogate)
Sensors

Detects products —

+15V dc

Brown

SE61

=1 @) o
L oof i Bi BI

w@ CLS5 Series @A‘ White +15V de ﬂ L (#LB:‘
o|@| Logic module @ o (#3) —

) Programmed for: @j -
= One-shot or ==
®(@)| Delayed one-shot @] 2| Whit =

Auxilia ite
BE, DATA

Inhibit ‘
Brown
+15V dc

(#3) Blue

NOTE: Black wires are not used L (#1)

o
(Inspection)
SM312 ) Detects rejects

An "inspection” sensor is connected to the auxiliary input.  If,
before the end of the delay period, the inspection sensor verifies
that the passing product isacceptable, it will output asignal tothe
auxilary input that will cancel thetiming and the subsequent output
pulse. If nosignal isreceived at theauxiliary input beforetheend
of the delay period, the module will output the one-shot pulseto
reject the product (Figure D.12a).

If the MAXI-AMP is programmed for one-shot logic (with no
delay time), this sameinspection scheme may beused. However,

the decision to accept or rgject the product is made at the exact
DELAYED ba, v r_a/*_ﬂ instant that the interrogate sensor detects the leading (or trailing)
ONE-SHOT OUTRUT | edge of the product. The signal from the inspection sensor must
B INPUT | overlapthetransition of theinput signal at theleading (or trailing)
edge of thepassing product in order to prevent the one-shot output
Product Delav & Hold from occurring. If no |nh|'b|t signd is present at the moment the
Family Models a-|¥i me product’s leading (or trailing) edge is detected, the module will
output a one-shot pulse to reject the product (Figure D.12b).
MAXI-AMP™ _ .
CD5, CL5, 0.01 to 0.15 second The one-shot pulse may be used to directly control a reject
< CM5, & or mechanism. However, the one-shot pulseis more often used asa
i S%rRS 01to 1-§rse°°nd5 data signal for logic that will track the product for rejection or
g €S 10 15 seconds diverting, downstream (see Shift Register Logic, page D-10).
OMNI-BEAM ™ .
OLMS 0.01 to(;l.rsecond FigureD.12a. Delayed One-shot (with auxiliary datainput)
0.15 to 15 seconds
it |
0.001 to 0.1 second repecton sensr rDelay+ Hold .‘ l< Delay)
OL M 8M 1 0.015 or Output - ‘
.015 to 1.5 seconds (Refect signal) ‘ ‘
_ ®
MULTI-BEAM e - -
LM8-1 0.15 to 15 seconds
FigureD.12b. One-shot (with auxiliary datainput)
Inhibit | |
MAXI_BEAM@ (Inspection sensor) Hold ‘ Hold
0.1to 1 second Sutput
RLMS or | | |
0.5to 15 seconds
Prannson




ON-delayed One-shot

An ON-delayed one-shot istiming logic that combines ON delay
and one-shot timing into asingle function. Theinput signal must
be present for at |east thetime of the ON delay in order for atimed
one-shot pulse to occur. (Contrast this to "delayed one-shot”
timing logic, where atimed one-shot pulse occurs for any input
signal, either momentary or maintained.)

Likeany one-shot logic, no subsequent output can occur until the
input is removed and then re-applied, at which time the delay
period begins again. The delay and pulse ("hold") times are
independently adjustablewithin the (same) timerange selected or
specified (except Q85 Series sensors). ON-delayed one-shot
timing control logicisusedinjam control applicationsfor gjection
of apart that remains at the sensor longer than the ON delay time.

ON- (Delay, Delay , Hold,
DELAYED outPUT 1 | o
ON E'S"' OT INPUT o == B
Product Delay & Hold
Family Models Time
MAXI-AMP™ | b5, cLs, | 00Lto 0.15 second
CMS, & 0.1to 1.5 seconds
CR5 or
Series 1 to 15 seconds
LMB8A 0.15 to 15 seconds
Models
with 0.1 to 5 seconds
-T9
suffix

REPEAT

Deéay Hold Delay Hold Delay Hold

CY C LE OUTPUT | 1 mE mm
TIMER INPUT ‘_;
Product Delay & Hold
Farnlly Models Time
MAXI-AMP™
. CD5, CL5, 0.01 to 0.15 second
Z> or
ﬁq C'gg’S& 0.1to 1.5 seconds
) or
SN Series 1 to 15 seconds
MULTI-BEAM®
LM8 0.15 to 15 seconds

Limit Timer

A limit timer provides a means of automatic shutdown during
periodsof inactivity. During periodsof normal activity, theoutput
followstheinput ("on-off" operation). However, aninput signal
that ispresent for longer than theadjustable hold” timewill cause
the output of the limit timer to turn "off". The sustained input is
generated by either part present or by part absent at the sensor by
selection of either light or dark operate.

Limit timers are used to operate |oads that must not run continu-
ousdly for long periodsof time, such asintermittent-duty solenoids
or conveyor motors. For example, alimit timer is used to run a
grocery checkout conveyor, dwaysbringingitems up to asensor,
which stopsthe motor. When the last item isremoved, the motor
timesout and stops. A limittimer isalsoknownasa"time-limited
on/off" or an "interval timer".

Repeat Cycle Timer

A repeat cycletimer or"repeat cycler” createsan oscill ating output
whenever aninputispresent. A delay period beginsat theleading
edge of the input, during which there is no output. If the input
signal remains, the delay period is followed by a"hold" period,
during which the output is energized. If theinput signal remains
after thefirst hold period, anew delay period is started, followed
by the hold period, etc. Thissequence continuesindefinitely until
the input signal is removed. Delay and hold times are indepen-
dently adjustable within the (same) time range that is selected or
specified (except Q85 Series sensors).

Therepeat cycler isused in guidance control when it isdesirable
to pulse or "jog" the correction mechanism to avoid over-correc-
tion that might occur with acontinuous output from, for example,
an OFF delay timer. A repeat cycler isalso usedin carton sealing
applicationsfor application of glueina"dot" or a"stripe" pattern.

Hold
LIMIT OUTPUT BN W N mmmm
TI M ER INPUT u_u_u_‘_
Product Limit Time
MAXI-AMP™ | o5 ¢15,|  0.01t00.15 second
or
Chcﬂgé& 0.1to 1.grseconds
Series 1 to 15 seconds
LM5T
0.15 to 15 seconds
2LM5T
Models
with
-T9 0.1 to 5 seconds
suffix
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Rate Sensor

"True" rate sensing control logic detectsoverspeed or underspeed
conditions with a timing circuit that continuoudly calculates the
time between adjacent input signals, and compares that "period"
with apreset reference. Thelight and dark operate programs of a
ratesensor modulearere-defined as" underspeed” and" overspeed”.
Underspeed detection results in the output of the module de-
energiziing when the sensed rate drops below the preset rate.
Similarly, overspeed detection resultsin the output of the module
de-energizing when the sensed rate exceeds the preset rate.

The time adjustment is used to set the period of the preset rate
(period = Urate). Standard time ranges are listed, but both types
of modulesareroutinely modified for faster or dower rate ranges.
A MULTI-BEAM sensor, using a model LM6-1 logic module,
represents the most economical rate sensing package available
anywhere. The LM6-1 a so includes a separate power-up inhibit
timer that overrides the circuit and energizes the output for an
adjustable time at startup.

A true rate sensor does not output nuisance pulses at |ow speeds,
which is symptomatic of retriggerable one shots. Rate sensing
logic is used for monitoring gear rotation, product flow, or any
other periodic event.

RATE ouput_ D
SENSOR T
(underspeed shown) ot AN N ENNEEN R W W
Product Period
Family Models T Rate
PLUG LOGIC
@ B6-1 005t01 | 60to1,200
{. ﬁ ¢ second pulses/min.
MULTI-BEAM®
LM6-1 005t01 | 60t01,200
second pulses/min.

Flip-flop

Flip-flop control logichassevera other names, including: "divisor
logic", "dternate-action logic", "ratchet logic", and "toggling
logic". A flip-flop control consists of a counter circuit that
energizes the output after a preset (or fixed) number of sensing
events, and de-energizes the output after an equal number of
subsequent sensing events. The output switches "on" and "off"
indefinitely, inthismanner, aslong asthelogic module continues
to receiveinputs. No timing function isinvolved.

Section D - Sensing L ogic

Flip-flop logic is used for grouping items into batches, or for
splitting itemsinto two linesin conveyor flow control. Flip-flop
logicisalso used to easeresponsetimerequirementsof computers
or programmable controllerswhen multiple count inputs occur at
aratethat might betoo high for thescantimeof aninputto"catch".

I BN e
FLIP-FLOP 2™
INPUT 11 o N = =N
Product -
Family Models Divide by:
PLUG LOGIC
& Programmable:
% BIC-99T
) 21099
LM2 2
LM10 10

Preset Counter

The preset counter is a popular PLUG LOGIC module. This
module counts sensing events and energizes its output when the
preset count is reached. The preset count is programmed with
thumbwheel switches. After the modul e acceptsthe programmed
number of counts, it immediately resets itself to accept the next
batch of counts. The output of the preset counter isan adjustable
one-shot pulse. Countsthat are input during the output pulse are
accepted for the next total.

Model BIC-99 is programmable from 2 to 99 counts. Model
BIC10K isprogrammableup to 9,999 counts. Preset countersare
used for many applicationsthat can be controlled by acount input,
including: filling, stacking, positioning, and cut-to-length contral.

Preset count = 5 Pulse Pulse Pulse
PRESET — |Pulse] | Pulss]  |Pulse)
COUNTER o
Input
Product
Family Models Preset Count
PLUG LOGIC Programmable:
BIC-99 21099
F5>
Nogi
* . Programmable:
2 BIC-10K 2109,999




Latch

A latching logic control module accepts two inputs. One input
latches the output "on". The output remains latched until the
second "reset" input drops it out. Latching logic is useful in
repetitive operationsto providemechanical control of theprocess,
without theinfluence of atiming adjustment. Mechanical control
is dependent upon the placement of the sensor(s).

Therearetwotypesof latchinglogic. A dclatch will immediately
latch "on" again if an input is present when the reset signd is
removed. An ac latch is also caled a "non-repesat latch”. The
output of anaclatchwill not re-energizeif aninputispresent when
thereset signal isremoved. Following areset, the output will re-
latch at theleading edge of thenext input. Anaclatchisuseful for
clutch/brake operation, like in cut-to-length or labeling applica
tions.

DC e g
LATCH \ |
mput L N 00
Ilzra??]ﬁ?/'[ Models Reset
MAXI-AMP™
CD5, CL5,
CM5, & .
CR5 Ground pin #9
Series
MAA4L Ground pin #1

Shift Register

Shift registers are used primarily with conveyor and indexing
tables to permit the inspection of an item at one location and to
allow the resultant action (if any) to take place at a location
downstream in the process. Unlike the delayed one-shot inspec-
tionscheme(seeFigureD.11), theshiftregister tracksanitemfrom
the inspection point to the diverting or rejection point using a
mechanical "clocked" reference, rather than atimed delay. This
makes control by a shift register independent of the speed of
production flow.

Thelogic of ashift register islike an electronic "bucket brigade”.
Information input to the shift register by aninspection sensor(s) is
caled "data'. Inspection data is placed into the shift register's
memory, anditis"clocked" aong for the programmed number of
"shift bits", at which point the shift register’ soutput is energized.

Asan example, Figure D.13 illustrates a system for sensing and
rejecting canswith high or crooked caps. Theopposed beam of the
inspection sensors is interupted only by high or crooked caps of
passing cans. Thisingpection information is entered as datato a
model LSR-64 shift register (Figure D.14). Clock pulses are
generated by asecond pair of opposed sensorsthat sensetheteeth
of atiming sprocket that isattached toadriveshaft of theconveyor.
Each clock pulse represents an equal increment of movement of
the can on the conveyor between the inspection point and the
rejection point (assuming thereisno slippageof thecan asit moves
along on the conveyor).

Theclock input istypically derived from asprocket or gear that is
coupled to arotating member of aconveyor drive, or fromacam
or contact closure in indexing (intermittent motion) applications.
Clock sensors may be photoel ectric or inductive (metal) proxim-
ity. Mechanical limitswitchesmay a sobeused, becausethel SR-
64 modul eisprogrammabl efor slow i nput responsewhi ch permits
it to ignore contact "bounce". The LSR-64 aso has an interna
adjustabletime-based oscillator that may be selected to supply the
clocking signal.

AC o
LATCH ™
mput L N 000
Product
MAXI-AMP™
CD5, CL5,
> CMS5, &
gl CR5 Ground pin #9
5 J{U Series
Swal#
MICRO-AMP®
MAA4L Ground pin #1

FigureD.13.

Canswith crooked or high caps are sensed by the
inspection sensor. Bad cansarerejected downstream
by a shift register module.

conveyor
direction

High cap
inspection emitter
Clock sensor

guide rail
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FigureD.14. The shift register module tracks each bad can
from the inspection to theregection point. A " clock"
sensor suppliesinformation on product movement.

NOTE: Inputs of the LSR64 accept the outputs of NPN
(current sinking) sensors or contact closures to
ground (dc common, Pin #4).

Clock re:
SE6!

+V dc

L

Output LSR-64 /510

Shift Register

™|~ o]~

Inspection receiver:
SM31R with
c AP31-100H aperture

Inspection emitter:

SM31E with

AP31-100H aperture
[]

FigureD.16. An "interrogate" sensor must be added for
missing cap detection.

—-..._ Missing cap

NOTE: A gap is required between cans Missing cap

il Interrogate
P receiver

Missing cap [)g\ -
inspection e ey S ]
emitter by — / -
" Interrogate
emitter /
guide rail

The LSR-64 is pro-
grammable for either D.15. Shift Register
of two output modes.
[tmay beprogrammed shitlengih =5 Pulse| |Pulse
for an adjustable one- Pulse L—J- L—J-
shot output pulse, cor- ount \ \

. atch - -
responding to each Output
dataentry. Thismode Data 1 1 ‘ ‘ ‘ ‘
isuseful for solenoid- L]
type or air-blast q'ec_ cock A A A R AR RARRNAER
tionmechanisms. The

other output modeisa
"latch". The output latches "on" whenever data has been shifted
thepreset number of bits. Theoutput unlatchesat theleading edge
of the next clock pulse for which there was no data entry. The
latching output mode is used for diverting strings or "trains" of
successiveitemsfor which dataisentered. FigureD.15illustrates
both output modes.

Inspection Logic

In Figure D.13 (page D-10), the inspection for ahigh or crooked
cap is straightforward: any time that the inspection beam is
interrupted, a defective product is present. If this inspection
application instead calls for detection of a missing cap (Figure
D.16), then a second piece of information is needed. This is
because amissing cap appears exactly the sameto the inspection
sensor as the absence of a can.

Inthisexample, asecond "product sensor" isused to "interrogate”
theinspection sensor. To interrogate or "gate" a sensor meansto
ask it to report what it senses, so that a decision can be made to
either accept or reject the item that is being examined. Logic
Inspection Module model LIM-2 offers a means of coordinating
the inspection information with an interrogate signal (Figure
D.17).

Thegateinput totheL1M-2 may begenerated by aproduct sensor,
asinthisexample, or it might be generated by acam or a control
relay contact, once per cycle (or index) of amachine.

The LIM-2 module is programmable in severa ways to control
product: rejection, routing, or assembly; or to inhibit a machine
function resulting from a defective, missing, or jammed part.

FigureD.17. TheLIM-2 module coordinatesinterrogation
and inspection inputsfor many types of control
applications.

NOTE: Inputs of the LIM-2 accept the outputs of I
NPN (current sinking) sensors or contact S
closures to ground (DC common, Pin #4).

0, i
} =|
e —
. =
L _
° [
25 GATE] N -
spection [4 — “
e 3 DATA whie -
-
dc common L
Missing ¢
SM3:

The gate signal establishes a"window" during which the LIM-2
looks for presence or absensce of "data' from the inspection
sensor(s). Thereisachoiceof twowindowing modes. Onemode
acceptsdataat any timeduringthegatewindow. Intheother mode,
theinterrogation of thedatainput occcursonly at theleading edge
of thegatewindow. Thisleading-edgeinterrogation can substitute
for the one shot inspection logic scheme, discussed above.

The LIM-2 hastwo outputs. One output energizesat theend of a
gate window during which there was data present. The second
output energizesat the end of agate window duringwhichno data
was present (see Figure D.18). Either output may be used alone,
or both may be used simultaneoudly.

Theoutputs may be programmed either asaone-shot or asalatch.
Theone-shot output isan adjustable pul sethat occursat the end of
the gate window. The one-shot pulse may be used to directly
control aregject mechanism, or to supply data to additional logic
suchasashift register oraPLC. Thelatching output energizes(or
de-energizes) at the end of the gate window, and remainsin that
state until the end of a subsequent gate window during which the
opposite data condition is sensed. The latching output mode is
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useful for engagement of adiverter mechanism, asin"train” logic
applications, or for inhibiting amachinefunction, asin*no can/no

fill" and die protection applications.

The LIM-2, like shift
registration, offers a
means of coordinat-
inginspectionand re-
jectioninputsand out-
puts, without the af-
fect of timevariables.
TheLIM-2creates,in-

D.18.
LIM-2, Latch output

oupur 2 I

Output 1

Data [ | | | ‘ [ | ‘ | |

Gate [ | [ | [ | [ | [ |

stead, a relationship
between inputs and
outputs that is con-
trolled, inmost cases,
by the relative me-

LIM-2, Pulse output

Pulse Pulse Pulse

Output 2 | | | | | ]

X Pulse
chanical pl acement ouput 1 ﬁ
of sensors.  Since ‘
most repetitive pro- e MR | .

cesses start and stop
and/orvaryinrate, this
type of mechanical
relationship isamost
alwayspreferred over relianceon oneor moretiming adjustments.

Gate || || | ||

AND Logic

TheMICRO-AMPmodel MA4G (seeFigure D.4) monitorsupto
four inputs and and switches its output only when al inputs are
simultaneously inthesamestate. TheM A4G may beprogrammed
to switch its output when all four inputs are "low" (AND logic),
when al four inputs are "high" (NOR logic), or when all four
inputsareeither smultaneoudly "low" or "high" (Exclusive NOR
or XNOR logic).

TheMA4G may beused asatwo, three, or four-input gate. Unused
inputs are simply tied "low" (to dc common) or left unconnected
("high").  The MA4G has complementary outputs, and any
number of modules may be cascaded for monitoring more than
four inputs. A basic four-input AND gate, model AG-4, isaso

offered in the PLUG LOGIC product line. AND gate logic
modulesare useful ininspection or positioning applicationswhen
checking for "al parts present".

Anti-bounce L ogic

PLUG LOGIC model AB-2 is designed for buffering of count
inputs. TheAB-2isusedwhen counting objectsthat areoccasion-
aly unstable as they pass a sensor, like cans or bottles on a
conveyor. The AB-2 requires two sensors that are mounted
adjacenttoeachother. TheAB-2 processestheinputsfromthetwo
sensorsand will producean output pulseto acounter only whenan
object has entered and then left the fields of both sensorsin the
proper direction. Objectsthat bounce dightly backwards or that
"dance" infront of the sensorswill not register morethan asingle
count.

Dual Channel Inverter

PLUG LOGICmode BN2-2 offerstwo separatechannel s, each of
which will combine two "high" inputs to switch its output "on".
The BN2-2 may be used to smply invert asigna from "high" to
"low" or vice-versa. Thisisoften necessary inmorecomplexlogic
systemsin order to inhibit or gate other sensors or logic modules.
Itstwo channelsmay a so beinterconnectedto create other logic
functions, including OR logic and complementary AND logic.

Notes Regarding Logic Module I nputs

The inputs of MAXI-AMP CL Series, MICRO-AMP logic, and
PLUG LOGIC modules accept the output of any device that will
provideacurrent pathtoground. Thisincludesthecurrent sinking
(NPN) outputs of dc sensors, plus the contact closures of sensors
or other devices with electromechanical output relays.

Also, the inputs and outputs of all logic modules are compatible.
Thisalowsnearly any logic sequence, no matter how complex, to
be created by using modules aslogic "building blocks'. Thereis,
of course, apointinthecomplexity of asensing systemwherelogic
control by aPLC is economicaly justified. Banner sensors are
designed for interfaceability to al types of PLCs, computers, and
other logic circuitry (see Section C).
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Section C: Interfacing

A key step in any sensor selection processisto analyzetheload to
which the sensor or sensing system will interface. Here, the term
"load" is used in a general sense to describe eectromechanical
devices (solenoids, clutches, brakes, contactors, etc.) and resistive
loads (lamps, heaters, etc.) in addition to solid-state circuit inputs
(counters, programmable logic controllers, Banner logic modules,
efc.).

Thefirst stepin analyzing asensor-to-load interfaceisto determine
whether theload requiresaswitched signal or ananalogsignal from
the sensor. In other words, is the sensing system to switch aload
"on" and "off" with adigital signal, or will the sensor provide a
meter or a control circuit with an analog signal?

The output of ananalog sensor (Figure C.1) variesover arange of voltage (or current) and is proportional to some sensing parameter.
Analog photoel ectric sensors, e.g. analog OMNI-BEAMS, producean output that varieswith received light intensity. Analog ultrasonic
sensors, like 923 SeriesUL TRA-BEA M, generate an output that varieswith thedistancefrom the sensor tothetarget. A digital output
has only two states: "on" or "off" (Figure C.2). The output of most sensors and sensing systemsisdigital.

FigureC.1 Analogoutput. FigureC.2 Digital output.
L)
&
S A "digi.tal". sensor supplies an output
5| r-———"- that exists in only one of two states:
5 I "ON" or "OFF",
&
EOS - = T l ||ON||
] | |
52 I I
Q
= » | |
Sensing Variable: ——
Photoelectric: Increase (or decrease) in received light level "OFF"
-or- -_— —
Ultrasonic: Movement of object toward (or away from) sensor

SWITCHED OUTPUTS

All sensorswith digital outputs have an output switch of one type or another, which interfaces the sensor to aload. An understanding
of the configuration and the capabilities of each type of switch isimportant inthe sensor selection process. Themajor divisoninswitch
typesis between electromechanical and solid-state.

Automated factories have adopted the programmable logic controller (PLC) to direct process control. Today’s sensor ismore likely
used to supply datato acomputer or controller than to perform an actual control funtion. For applications like these, the benefits of
solid-state relays, such as reliability and speed, become important (see Table C-1). Because of this, the output device of most self-
contained photoelectric controlsis asolid-state relay.

Electromechanical Relays (Table C-2)

An electromechanical relay is useful asthe output device of a self-contained sensor whenever the sensor provides direct control of a
load that draws more current than can be handled by any of the solid-state relays offered within the family of sensors being applied.
Thissituationis most common in control applicationswhere sensorsdirectly switch start, stop, and divert mechanisms such
as clutches, brakes and solenoids at (or adjacent to) the point of sensing.
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Figure C.3. Single-pole, double-throw (SPDT)
contacts (complementary switching).

RELAY SWITCH

Normally Closed (N.C.) Normally Closed (N.C.)
Common Common

Normally Open (N.O.) Normally Open (N.0.)

Electromechanica relays with one or more double-
throw contactsarevery useful ininterfacesthat require
complementary switching (e.g. SPDT relays, Figure
C.3). Also, electromechanical relaysareconvenient to
use when astring of sensor outputs are wired together
inseriesfor AND logic, asin"all partspresent” sensing
applications.  However, whenever multiple sensor
AND logicisrequired, thesystemisbest engineered by
first evaluating the options that are available using
sensors with solid-state outputs (see Multiple Sensor
Hookup, pages D-1 through D-3).

Electromechanica relays are often used smply be-
causethey areeasiest to understand. Wheninterfacing
toacircuit input that has unknown voltage and current
characterigtics, itiseasiest to usea"hard contact" for
switching. Electromechanical relays offer hard con-
tacts. However, not al eectromechanica relays are
designed to switch low-level signals, and the "un-
knowns' may still leadtointermittent trouble. Measur-
ing the voltage and current between the pointswherea
contact isto beconnected (e.g. withaVVOM) isan easy
way to define the input configuration.

Theproductslisted in Table C-2 have el ectromechani-
cal relays astheir output switches. The major differ-
ence between relay typesistheir ability to switch low
current level signals. The key to thisdifferenceisthe
relay contact material. Gold flashing onthe contactsof
theMAXI-AMPrelaysalowsredatively small signals
to be reliably conducted.

Gold flash is quickly burned off by arcing caused by
switching alargeload and/or an inductive load. Once
agold-flashed contact has been used to switch alarge
load or aninductiveload of any size, it cannot be used
to reliably switch alow-level signal.

TABLE C-1. Comparison of Electromechanical
and Solid-state Relays*

ELECTROMECHANICAL SOLID-STATE
RELAYS RELAYS
Contacts are forgiving to temporary (Contacts may be destroyed by

overload

Immune to false trips from electrical
"noise"

Positive audible switching

Little or no voltage drop across contact

No restrictions on series or parallel
connections

Contacts generate little or no heat

Relatively low cost for high-capacity
switching

overload; additional protection
circuitry isrequired)

(Sensitive to some forms of EMI
and/or RFI)

(Silent switching)

(On-state voltage drop across
contact)

(Some designs cannot be wired in
series; and some designs

have restrictions on

parallel connection)

(Contacts dissipate heat energy)

(High capacity switches are
expensive)

(Low capecity switches arerelatively
expensive: require gold-flashed
contacts)

(Speed is limited by mechanical
design)

(Mechanical life expectancy: contact
lifeislimited by demand of load)

(Typically require 50mA or moreto
energize)

(Contact arcing is common with
inductive and some capacitive and
resistive |oads)

(Contact "bounce" may cause erratic
operation with fast-reacting loads,
e.g.- electronic counters)

(Can only be sealed; hermetically
sealed relays are expensive)

Low capacity switches are
inexpensive

Fast switching speeds

Infinite life, high reliability

Require very little power to
energize

No contact arcing: contacts
produce little or no switching
"noise"

Positive switching: no contact
"bounce"

Can be encapsul ated; tolerant of
shock, vibration, and hostile
environments.

*NOTE: relative disadvantages are indicated by parentheses ( ).

TableC-2clearly suggeststhat therelay in VALU-BEAM 915 Seriessensorsandin MUL TI-BEAM powerblocksshould only be used

for loads that demand more current than can be handled by the solid-state equivalentsin each family. Theserelays should never be

used to switch low-level logic signals.

The silver-nickel aloy contacts of the relay inthe MAXI-BEAM, ULTRA-BEAM, OMNI-BEAM, Q85 Series, and MICRO-AMP
productsaresomewhat morereliablewithsmaller loads. Thesecontactsmay beused for somesolid-stateinterfaces. For example, these

relayswill reliably interfaceto a120Vac (or higher voltage) input of aPLC. Keepinmind that acontact of any electromechanical relay
should not be used for logic-level switching after it has been used to switch alarge load or any inductive load.

While silver alloy contact materials are resistant to oxidation, they are prone to sulfidation, which can increase contact resistance.
Contact arcing, if held to acontrolled level, can prevent the buildup of sulfidation on contacts and can actually help to extend useful

contact life.
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Section C - Interfacing

Table C-2. Sensorswith Electromechanical Output Relays
Banner Product Maximum Response Meclf]i?gmal
with Sensor Contact Contact Load Minimum | Time on/off Expectancy
Electromechanical | Operating Configura- Material (Resistive L oad (milli- (switching
Relay Voltage tion L oad) seconds) cycles, no load)
MULTI-BEAM SPST
2PBR Power Block
105-130Vac é@%’% s
MULTI-BEAM Silver oxide | 5A @ 250Vac
2PBR2 Power Block SPDT complex 250V ac max. 10.000.000
aloy 30V dc max. DR
12-28V ac/dc,
VALU-BEAM e | spoT 100mA
915 Series 210-250V ac @ 24 volts
(depending on
model)
105-130Vac,
OTB/LTB Optical | 219250V &, 7A @ 120Vac 100mA @
10-30V dc, SPDT 250V ac max. 50,000,000
Touch Button depending on 30V de max. 24 volts
model
_ 12-240V dc or 3A @ 250Vac 10mA @ 20 close
30V dc max.
MAXI-BEAM 12-30V dcor SpsT
RPBR Power Block | 12-250V ac
MAXI-BEAM 12-30V dc or 100mA
RPBR2 Power Block | 12-250V ac 5volts @
105-130V ac j‘l'vef nickel | 5A @ 120Vac
ULTRA-BEAM or 210-260V oy 250V ac max.
925 Series ac (depending 30V dc max. 10,000,000
on model) 10mA @
_ SPDT 24 volts
MICRO-AMP 105130V ac
hass or 210-250V
MPS-15 Chassis ac (depend| ng
on model)
E Series 24-36V dc or
OMNI-BEAM 24-250V ac
7A @ 120Vac
Sonic OMNI-BEAM | 105-130V ac 250V a6 max. Lom @ 50,000,000
30V dc max. volts
MAXI-AMP
12t0 28V dc (all .
CD, CL,CM, CP, | ponia ol Coldflashed |5A @250V ac | 11 10 close
& CR modelswith 105-130V ac or SPDT Cadmium 250V ac max. 2 volts 10 release 20,000,000
electromechanical | 210-250V ac oxide 24V dc max.
relay (varies w/model)

At voltage and current level sthat aretoo small to produce an arc, acapacitive
dischargeoccursbetween separating contactsthat may besufficient to prevent
sulfidation build-up on the contacts.  For large loads and inductive loads,
arcing should be controlled to prolong contact life.

For large resistive loads, where arcing occurs, a series resistor and capacitor
combination (R-C network) isplacedin parallel withthecontacts(FigureC.4).
When the contacts open, the capacitance shunts the voltage away from the
contacts. Theresistor preventsthe capacitor from dumping itscharge onto the
contacts when they close. The resistance limits capacitor current, but it also
reducesthe capacitor’ seffectiveness. Asaresult, anarc may till occur, but it
will be of short duration.

L1

CR

]

FigureC.4. R-C " Snubber".

€¢———— Vac/ddc ———»

Resistive
Load

L2
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Thefollowing formulas may be used for the approximate values of R and C:

R=_E oms  Where, x=(1+50) C=1? microfarads
10(1X) E 10
Where: E = Voltage across the contactswhen open | = Holding current of the load (amps).

Theresistor should be 1/2-watt or larger. Theworking voltage of the capacitor should exceed E. R-C networks, also called "snubbers’,
are available as single components. Paktron (Vienna, VA, U.SA.) offers a series of Quencharc® R-C networks which are sold by
electronic component dealers and distributors.

Wheninterfacingtoaninductiveload,
the best method of arc suppressionis Figure C.5. Clamping device for inductive loads: metal oxide varistor (MOV).
a clamping device such as a diode

(for dcloads) or varistor (for ac or dc L L2 L Le
|oads) connected in parallel WI'.[h e- -~ Vadde ————» e Vadde ————— ]
ther the contacts or the load (Figure et

. . nductive nductiv
C.5). Metd oxidevaristors(MOVs) CR Load R inductive

are manufactured by Genera Elec-

tric, Mepco, and others. Whenvolt- _{_t_@—“ ’—%/{ ' @
age spikes occur, the impedance of

theMQV changesfrom very highto
verylow, clampingthetransientvolt-
ageto aprOteCti velevel. Theexcess a. Installed Across Contacts b. Installed Across Load (Preferred)
energy of the high voltage pulse is
absorbed by the MOV. MOVsare
rated by their clamping voltage and
by their peak pulse current capacity. Figure C.6. Diode used for clamping in dc circuits with inductive loads.

MOV MOV

Diodes are generally used for arc
suppron_with low voltage dc + common 4+ common
loads. Thediodeisplaced acrossthe Vde Vde
inductiveload or acrossthe contacts .
with its cathode tied to the positive Mo - Mo

side(FigureC.6). A clampingdiode | /\
should be sized to handle the load % <:>_" /If (V:D
current and twicethesupply voltage. 5 :

M OVSfor | OW VOI t&e are ma’]UfGC- Zener diode Signal diode or zener diode
tured, but arelesscommonthanthose

for high voltage. A. Installed Across Contacts B. Installed Across Load (Preferred)

A high-current arc may be drawn at
voltagesbel ow theclamping point as
contacts open or bounce. Because of this, itisgood insurance to
also install an R-C network across contacts that switch an Figure C.7. Best method for arc suppression with

inductive loadtolimit low voltage arcing until theclamp turnson inductive loads: install a clamping deviceand an
(Figure C.7). R-C " snubber™.

Arcsuppression aso helpsminimize EMI (electromagneticinter- L L2
ference). Electromechanical relay contact arcing is a primary [ Vadde —————*
cause of falsetriggering of logic circuitry. When one-shot pulse nductive

or off-delay logic isused, it is particularly important to suppress CR Load

arcing of the relay in the MAXI-AMP module and in OMNI-

| _
BEAM, MAXI-BEAM, and MULTI-BEAM power blocks. /r d @
R C

Theseproductsaredesignedfor EMI noiseimmunity, but therelay
contacts are so closeto the amplifier and logic circuitry that false —
triggering from contact arcing is possible. Clamping Device




Section C - Interfacing

Solid-state Relays

The output switch of most self-contained sensorsisasolid-staterelay. Solid-state relaysare divided between those designed to switch
loadsthat operate on dc voltage and those designed to switch ac loads. There are afew solid-state relaysthat are able to switch either
ac or dc loads. (See MULTI-BEAM power blocks and MAXI-AMP modules with solid-state output option in the Banner product
catalog.)

All solid-staterelaysare SPST switches. Theoutput of asensor Figure C.8. Example of solid-state complementary
isusually programmablefor either normally open or normally output.

closed operation. When there is no timing logic involved,
programming of the sensor output switch is accomplished by @ +V
selecting the light operate or the dark operate sensing mode
(where selection is possible). Some dc sensors offer multiple Normally Closed
solid-stateoutputs. For example, SM512, S18, and Q19 Series Sensing Output
sensorsand MICRO-AM Pmodulesoffer two solid-state output Circuit
switches configured so that one is normally open and one is . N.O. NOF%%I% lgpen
normally closed. This arrangement, called a complemen-

tary output, isthe solid-state equivalent of an SPDT form
1C relay contact (Figure C.8). ‘ | @ dc common

A. Interfacing DC Sensorsto DC L oads (Table C-3)

DC sensors and dc component amplifiers use a transistor for
their output switch. There are three output configurations:

1) Open collector NPN - current sinking,

2) Open collector PNP - current sourcing,

3) Isolated NPN - current sinking or sourcing.

Most simpleresistive and electromechanical dcloadswill interfaceto any of these three configurations. However, theinputs of logic
circuitry dictate the requirement for either a sinking or a sourcing input device. To determine the input requirement for a
particular circuit, it may be helpful to investigate the following:
a) The specificationsfor theinput requirementsmay definealogic"1" andalogic"0". If alogic"1"isdefined asahigh voltage(i.e.
the sensor supply voltage), then a sensor with a sourcing output is usually required. If alow voltage (usually near zero
volts) isrequired foralogic"1", then asensor with asinking output isneeded for theinput. (A logic"1" may sometimesbecalled
alogic"TRUE".)

b) If aconnection diagram for the circuit shows a switch connected between the input and another connection point, find out what
the voltage is at the connection point, relative to the dc
common of thecircuit. Thiscan sometimes be discovered ) o
from a schematic diagram of the circuit, or it can be FigureC.9. Current sinking output.
measured with a dc voltmeter (eg. a VOM). If the
connection point measures positive with respect to dc

common, then a sensor with a sourcing output is usualy
required for theinput. If the connection point isin continu- / Wde » 0 +Vdc
ity with dc common of the circuit, then a sensor with a (o
sinking output device is needed for the circuit input. — K output NG
de » to dc common
. . * common
Current Sinking Outputs
Current sinking devices are those that switch ground (dc \f Switching

common of the sensor supply voltage) or -V toaload. Theload element
is connected between the output of the sensor and the positive
sideof the power supply (Figure C.9). Most dc sensorshaveat
least one current sinking output (Table C-3).

In the most straightforward interfaces, the sensor supply voltage isthe same asthe load supply voltage. A current sinking output can
alsobeusedtointerfaceto aload that operatesat al ower voltage than the sensor supply voltage. Theground (or -V) of the sensor supply
should betied to the ground of the load supply, so that both supplies have acommon voltage reference.

A current sinking output can drivetheinput to alogic circuit that requiresacurrent source with theaddition of apullupresistor (Figure
C.10a). Thisschemeinvertsthe actua input state. The"on" condition of the sensing system becomesthe "off" condition as seen by
thesolid-stateinput, and viceversa. Again, theground of the sensor supply should be commonto theground of thelogic circuit supply.
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Table C-3. Sensors Powered by DC Voltage with Solid-state Output Switches for DC L oads
i . On-state
DC Sensor O?grngzrng Output Switch ()(lfl-tf;gsss‘t’v(')tr():h Output Switch POverlo_ad Satulration
Configuration Capacit rotection Voltage
M odel Voltage g Type apacity (at signal levels)
OMNI-BEAM
OPBT, OPBTQD, &
OPBTQDH Q One NPN (sinking) or 100mA Ves “Lov
Power Blocks PNP (sourcing) '
. (Bi-Modal ™)
SM30 Series 10-30V de
MULTI-BEAM
PBT SPST
Power Block
250mA No
One NPN (sinking)
MULTI-BEAM
PBT48 44-52V dc <(_(I)__I§t/
Power Block compatible)
MULTI-BEAM
PBT2 No
Power Block 250mA
‘ (each output)
Two NPN (sinking);
SM512 Series SPOT oneN.O. al(‘ld one?\)l.C. <1Lov
(complementary) Yes
MICRO-AMP 10-30V de 150mA <05V
MA3 & MA3-4 (each output) (TTL compatible)
MULTI-BEAM
PBP
Power Block
SPST One PNP (sourcing) 250mA No
MULTI-BEAM
PBP4S 44-52V dc <1.0v
Power Block
MICRO-AMP Two PNP (sourcing); 150mA
MA3P and 10-30V dc SPDT oneN.O. and one N.C. (each output)
MA3-4P (complementary)
125mA
MULTI-BEAM -
LSI0R 12-24V de (each output)
MAXI-BEAM
RPBT
Power Block
250mA Yes <OV
OneNPN (sinking) plus |  (each output) (TTL
VALU-BEAM DPST one PNP (sourcing); compatible)
SM912 Series 10-30V de (bipolar)
MI NI-BEA_M
SM312 Series 150mA.
(each output)
ECONO-BEAM
SE612 Series
MAXI-AMP
CD, CL, CM, CR; .
models with 12-28V dc SPST Oneisolated NPN 50mA No <10V
solid-state output (sinking or sourcing)
option
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Section C - Interfacing

Table C-3. SensorsPowered by DC Voltage with Solid-state Output Switches for DC L oads (continued)
; On-state
DC Sensor Oﬁgrng?irn g Output Switch O(l'JI'tF;r:sS\sthl)gh Output Switch Overload S%tulrtation
. . i i Ooltage
M odel Voltage Configuration Type Capacity Protection (et Sqnal |geve|s)
C3@D Series
10-30V dc One NPN (sinking) <0.2v
. ST or PNP (sourcing) 150mA No (TTL compatible)
QJ8 Series
S18 Series
Two NPN (sinking) 150mA Y
10-30V dc SPDT or two PNP (each onl]tput) €s <1.0Vv
Q19 Series (sourcing); comple-
mentary

Connection of a current sinking output to 5 volt TTL (tran-
sistor-transistor logic) isan example of asensor-to-logic circuit
interface (Figure C.10b).  TTL inputs require that the current
sinking output "pull low" to within about 600 millivolts (0.6
volts) of dc common.

Thecurrent sinking outputsof somesensorsdo not saturatebel ow
about 1 volt. Thisis acceptable for most loads, but an on-state
saturation voltage of 1 volt is not low enough to energize TTL
inputs. Table C-3 lists the on-state saturation voltage for each
family of dc sensors specified at signal levels of load current.
When saturation voltage is specified at 0.5V dc or less, adirect
interfaceto TTL circuitsisusually possible. Sensor outputs that
saturate above 0.6V dc require use of an interposing relay, like
model OC-12, for interfacingto TTL (see Figure C.11).

If the sensor and theload do not sharethe same power supply, and
if acommon cannot be established between thetwo supplies, then
aninterfacedevicemust beadded between the sensor and theload.
Model OC-12isan optically-isolated solid-staterelay that isused
to interface adc sensor to adc logic circuit.  The OC-12 can be
used to source or sink upto 50 mA at up to 30V dcto acircuit. It
may berun by either asinking or asourcing sensor (FigureC.11).
TheOC-12ispackagedinastandard octal-plugrelay housing, and
may be conveniently wired by using amodel OS-8 octal socket.

ModelsPD-28 and PD-90 areinterface devicesused to switch dc
loadswhich demand more current than the dc sensing system can

Figure C.10a. Hookup of a current sinking output to
alogicinput requiring a current sour ce,
using a pullup resistor.

Where,

) +Va +ys  +Va = Sensor Supply Voltage,
Sensor with +VB = Logic Circuit Supply Voltage
Sinking Output
+VA>+Vs
+Vde | — Logic Circuit

+Vdc L
Pullp—s % Requiring a
Output Input Current
K ac dc Source
A~ Lcommon i common at its Input

Switching element
(NPN transistor)

Figure C.10b. Hookup of a current sinking output to
aTTL gate.

Where,
+Va = Sensor Supply Voltage

3 +Va
Sensor with
Sinking Output/l
+Vde

Vear < 0.6V dc TTL
Gate

+5V e

Output

K~ common
Switching element —_

{NPN transistor) -

To logic requiring a current source:

Sensor with
Sinking Output + + Where:
éi VA Ve +Va = Sensor Supply Voltage
T +VB = Logic Circuit Supply Voltage
+V dc T +Ve = <30V dc
I7] 6
5 (1

[ [l |~

’/ Output > )
ITTTITIANLY =
d il 0C-12

s comcmon —‘ :@ (0S-8 Socket) :T
g 1 — 40
E— I peah 3 ([J—> To Input of

To Sensor supply _ Logic Circuit
Negative (common)

Figure C.11. Optical coupler interfacing: dc sensor to dc logic circuit where voltageisolation isrequired.

J( +V dc ?
Output
ITTVINNIN dc 0C-12 m
common T (0S-8 Socket)

To logic requiring a current sink:

Sensor with

Sourcing Output To +V of Sensor

Supply Voltage

[o]

o

Blele]

=] [~

Lﬂ» To negative (dc com
mon) of Logic Circuit

To Sensor supply
Negative (common)

[\
W™

> To Input of
Logic Circuit




handle. Model PD-28 can operate loads up to 30V dc at 3/4 amp. Model PD-90 can switch loads up to 200V dc at 1/4 amp. These
solid-state relays may be run by either sinking or sourcing sensors. They are useful for meeting the current demands of fast-response
dc clutches, brakes, and large solenoids. PD-28 and PD-90 relays require that the ground of the sensor supply betied to the ground of
the load supply (Figure C.12).

Current Sourcing Outputs

Current sourcing output devicesare those that switch positivedcto aload. Theload isconnected between the output of the sensor and
the negative (common) side of the power supply (Figure C.13). The voltage that the sensor switchesto the load is the sensor supply
voltage. Asinall dcinterfaces, if at all possible, the negative of the sensor power supply should be common to the negative of theload
power supply.

Sourcing outputs are becoming increasingly important as more and more solid-state control s are designed to require sourcing devices
asinputs. Thedcversionsof theVALU-BEAM SM912 Series, MINI-BEAM SM 312 Series, ECONO-BEAM SE612 Series, and the
MAXI-BEAM sensor family al offer two output switches: one sinking and one sourcing. Thisarrangement, called abipolar output,
isthesolid-stateequivalent of aDPST relay for most loads (Figure C.14a). A bipolar output will satisfy theinput of amost any dclogic
circuit. The patented Bi-Modal ™ output design of
OMNI-BEAM dc power blocks and SM30 Series

sensorsal so satisfiesrequirementsfor either asinking Figure C.12. Hookup of PD28 and PD90 power driver relays.
or asourcing interface (Figure C.14b).

A bipolar output configuration usualy can be con- '
verted toacomplementary output with theaddition of Sensor with To +V of Sensor

either apullup or a pulldown resistor. To convert a - ' Supptly Yoo Sopply Voage
bipolar to acomplementary current sinking output, a j WV de * S
pulldown resistor isadded from thesourcing output to | (v 7T eoonor |G I PG 200 . 28
ground (Figure C.15). To convert abipolar output to commen [/ | ( %% (Ffi’?i@ To Negative (dc common)
a complementary current sourcing output, a pullup 1o Sensor sumply ‘ el L) of Load Supply Voltage
resistor is added from the sinking output to +V of the Negative (commor) @

load power supply. —

| solated Transistor Output

MAXI-AMP modules with solid-state relay option offer an NPN
transistor output switch that is isolated from the module supply Figure C.14a. Example of a solid-state bipolar output.
voltage. Itmay betreated likeapolarity-sensitive SPST contact for

either sourcing or sinking interfaces.  Its maximum current . @ Y,
switching capacity is50 mA. For thisreason, it may beinterfaced
directly only tologiccircuitinputs. Figure C.16 showsthegeneral A
wiringschemefor asourcingor sinkinginterfacetoaPLC. Itisalso Sensing IL Current
possible to wire the isolated transistor output of multiple MAXI- Circuit Sour%r;gpm
AMP modules together in series. (Most other dc sensors and @ L

. : E . Current Sinking
sensing systems havetheemitter of theoutput transistor tied to +V L Output
ortocommon. Asaresult, they cannot bewiredinserieswithother A
dc sensors. See 3-wire DC Sensors, pages D-2 and D-3). @ dec common

Figure C.14b. Example of solid-state Bi-Modal ™ output.

Figure C.13. Current sourcing output.
Current Sourcing (PNP) Configuration

Sourcing
Output 3oV
Current sense| "On”
and
» to+V dc Output select
| Vde = ewvde e {
Output @ Load circuit |Sinking "%
utpu b
TITIOIT) N J Ot b “:‘:
de * » to dc common | :
common :
NOTE: R It Iy wi
Switching element —/ fofvs?n’iiengeﬁmZﬁ%ﬁi‘iﬁ% e L Blue Brown
(PNP transistor) Load Output 10 to 30V dc

+ Supply voltage

(Common;
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Section C - Interfacing

Figure C.15. Conversion of a bipolar output to a FigureC.17. Powering a MAXI-AMP module with a
current sinking complementary output, using a dc voltage and switching an ac load.
pulldown resistor.

@

MAXI-AMP with Solid-state Relay Option
/\ 250V ac max.
3/4 amp max. +12 to 28V dc
Sensing 1L Current Sinking . o 14 |@ ioted @3 —
Circuit @ Output N.C. 2 - i® | L oupu @ L - (dc common)
L, «—— 1§ @ — ‘r @ 1 fe—
@ Current Sinking 71® @ [11]
1 Output N. O. —— E ‘ ==
/\ Pulldown resistor 8 @ @ &
(Rs-11Sockety | @[ 9
- dc common
Figure C.16. MAXI-AMP moduleswith isolated Figure C.18. Interfacing dc outputsto ac loadsusing
solid-state output: sourcing & sinking hookupsto PLC BTR-1A solid-staterelay.
Hookup for current sourcing:
Sensor with
Sinking Output
Logic Inputs Requiring +12t0 18V de
a Current Source
! +Vde 1amp max.
P 2 Output A 7] etRaa
o= K= 7 g o | 5 ,w
g | N 4 — 1 switch—L4
c S Z MAXI-AMP with Solid-state Relay Option LZ;;R?Z;“:_E?[ZH) — 2 (058 socket 3
t T 7 7 @ @ 3 +121
r s L= Isolated [ O
| g 5] ﬁ o | @2] W
dc + ﬁ @ y @ i‘i
dc com AC ( 'l @ E ‘ @ A
Supply —{ 8@ (D) [10]
Hookup shown is (Rs-115ocket) | @[ 9

typical for all inputs.
*NOTE: DC power is used as alternative to AC power input

Hookup for current sinking: . ) )
Figure C.19. Useof BTR-10triacto switch large

ac loads.
Logic Inputs Requiring
a Current Sink
1
p > ) +1010 30V do
r 3 Sensor with
o 1 Sinking Output
g. N 4
Pl 5 MAXI-AMP with Solid-state Relay Option 10 amps max. @ 120V ac
C U 6 +Vde § amps max. @ 240V ac
t T +121t
! —14|® wowed | @[ 3 j+—— Ouput =gy |[eTR10 1Y Lo
s, 5| ) NN & 2 ': AN
| Output ~(de cog“’m on |7 Triac 240V ac max.
do+ 16 @ i @] 1] e Swich
oo |—re [~ 71D ®[11] S—— ®) B ..
suply | — 8 |@ @10 Negativa (common)  — + N
Hookup shown is (Rs-11sockety | @[ 9

typical for all inputs.
*NOTE: DC power is used as alternative to AC power input

B. Interfacing DC Sensorsto AC L oads

MAXI-AMP modules with the solid-state output option offer a  sensor and 2120V ac PLC input. Note, however, that the BTR-

way topower themodulewithlow voltagedcand switchanacload 1A’ sinput will work only in 12to 18V dc systems (Figure C.18).

(Figure C.17). All other dc sensors and component amplifiers

require an externd interfacerelay to accomplish ac switching. Model BTR-10 isatriac that will switch loads up to 10 amps at
120V acor 5ampsat 240V ac. TheBTR-10hastoo much off-state

Loads up to 1 amp at up to 240V ac may be switched using the  leakage current to interface to logic circuits and other light loads.

model BTR-1A acoutputmodule. Itslow 0.1 mA off-stateleskage 1t shouldbeused onlyfor largel oadswith current demandinexcess

current makes it the ideal interface device to use between adc  of 1 amp (Figure C.19).




C. Interfacing AC Sensorsto AC L oads (Table C-4)

The output switch configuration of most ac sensors consists of an
SCR and bridge rectifier combination, protected from line tran- Figure C.20. Off-state leakage current of 2-wire
sentsby an MOV. Some designs also include an R-C snubber to Sensors.

prevent the SCR fromfal seswitching dueto quick voltagechanges
(av/dt). L1

Sensors that are designed to switch ac loads have one of three
wiring configurations:

2-wiredesign,

3-wiredesign, or

4-wiredesign.

2-wire Sensors
2-wiredesignspredominateamong self-contained ac sensors. The

simplicity of installation that isassociated with 2-wire sensorsisa The sensor remains powered when the load is "off"
blg advantage However. 2-wire sensors carry afew application by a residual current which flows through the load.
warnings.

A 2-wire sensor remains powered by aresidual current which
flows through the load when the load is "off" (Fig. C.20). This
residual current is called the sensor’s off-state |eakage current
(1) Theeffect of thisleakage current depends upon the charac-
teristicsof theload. Thevoltagethat appearsacrosstheloadinthe
off-stateisequal to theleakage current of the sensor multiplied by Vac
theresistance of theload: V =1 xR _, -

FigureC.21. 2-wire sensor with series contacts.

L1

Two-wire AC
If thisresultant off-statevoltageisl essthan theguaranteed turn-of f Sensor
voltage of the load, then the interface is direct. If the off-state
voltage causestheload to stay "on", an artificial load resistor must
be connected in parale with the load to lower the effective e
resistance of theload. Leakage current isadditive when multiple °

sensors are wired in parallel to asingle load.

Sensor receives power to operate after the last contact closes.
Theoff-star[eleakagecurrent of MULTI-BEAM 2-wiresensorsis This causes up to a 0.3 second delay before the load can energize
only Imilliamp. Themaximum|eakagecurrent of al other 2-wire
sensorsis 1.7 milliamps, whichistoo low to cause aproblemwith
most loads, including ac inputs to most PLCs.

Figure C.22. 2-wire sensor with parallel contacts.
MULTI-BEAM 2-wire powerblocks do not successfully wire

togetherinseries. Thisisalsotrueof MAXI-BEAM powerblocks. L

VALU-BEAM 2-wire sensors do wire together in series, as do Vac
MINI-BEAM and SM 3@ Series sensors, but thereisasignificant -
additive voltage drop (seereference hookup information on pages
C-27, -30, and -36).

| Two-wireAC
sensor

Also, when 2-wiresensorsarewiredinseriesor inparallel withthe
"hard" contacts of switchesor electromechanical relays, thedelay
timerequired by the sensor’ sfal se-pul se protection circuitry may
become an important factor. When wired with series contacts ]
(FigureC.21), the 2-wiresensor will receive power to operateonly
when &l of the contacts are closed. The false-pulse protection _ _
;.1 rcluai;ry wi t| ;(c;;tal,:se upto g t?]. 3 tseco?g ag?hayl bstdw%n thetime (that When the.contact opans, e load may dvap out for up 10,03 seconds. "
elast contact closes and thetime eload can energize (see
individual sensor specifications).

When a2-wiresensor iswiredin parallel with contacts (Figure C.22), theload will energizewhen any of the contactsclose or the sensor
output isenergized. When acontact is closed, it shuntsthe operating current away from the 2-wire sensor. Asaresult, whenever al
of the contacts open, the sensor’ s power-up delay may cause adrop-out of the load for up to 0.3 seconds.
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Section C - Interfacing

Table C-4.

Sensors Powered by AC Voltage with Solid-state Output Switches for AC Loads

AC Sensor
M odel

Sensor
Operating
Voltage

Output Switch
Configuration

Output Switch
Type

Output Switch Capacity

Load Voltage
Range

Maximum
Load Current

Off-state
L eakage
Current

OMNI-BEAM
OPBA2, OPBA2QD,
& OPBA2QDH
Power Blocks

105-130V ac

OMNI-BEAM
OPBB2, OPBB2QD,
& OPBB2QDH
Power Blocks

210-250V ac

S18 Series

20-250V ac

MULTI-BEAM
2PBA
Power Block

105-130V ac

MULTI-BEAM
2PBB
Power Block

210-250V ac

MULTI-BEAM
2PBD
Power Block

22-28V ac

MAXI-BEAM
R2PBA
Power Block

105-130V ac

MAXI-BEAM
R2PBB
Power Block

210-250V ac

VALU-BEAM
SM2A912 Series

24-250V ac

MINI-BEAM
SM2A312 Series

SM2A30 Series

24-240V ac

SPST

SCR plus
bridge rectifier

3- and 4-wire hookup

11-250V ac

11-250V ac

1/2 amp
7 amp inrush

<0.1mA

20-250V ac

300 mA
1lampinrush

<0.05mA

SCR plus
bridge rectifier

2-wire hookup

105-130V ac

210-250V ac

22-28V ac

105-130V ac

210-250V ac

3/4 amp
10 amp inrush

<1.0mA

24-250V ac

1/2 amp
4 amp inrush

24-240V ac

300mA
3ampinrush

500mA
4 amp inrush

<1.7mA

MULTI-BEAM
PBA
Power Block

MULTI-BEAM
PBAQ
Power Block*

MULTI-BEAM
3GA5-14
Edgeguide System

105-130V ac

MULTI-BEAM
PBB
Power Block

MULTI-BEAM
3GB5-14
Edgeguide System

210-250V ac

MULTI-BEAM
PBD
Power Block

22-28V ac

MULTI-BEAM
PBD-2
Power Block

11-13V ac

MAXI-BEAM
RPBA
Power Block

105-130V ac

MAXI-BEAM
RPBB
Power Block

210-250V ac

*Power block
PBAQ hasa
normally closed
output. Itisused
in applications
where aload must
be de-energized
for atimed pulse.

SPST

SCR plus
bridge rectifier

3- & 4-wire hookup

11-250V ac

Sensor power
and output
power must
sharea
common
neutral.

11-130V ac

11-250V ac

3/4 amp
10 amp inrush

MAXI-AMP

CD, CL,CM, CR
models with solid-
state output option

105-130V ac or
210-250V ac
(depending on
model)

SPST

Isolated SCR

11-250V ac

3/4 amp
10 amp inrush

<0.1mA
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3-wire Sensors

Three-wire ac sensors are powered directly from the ac line
(Figure C.23), and do not depend on leakage current through the
load for operation. The off-state leakage current of S18 Seriesac
sensors is only 50 microamps (.05 milliamps). Consequently,
interfacing to any acload or PL C input isalwaysdirect, and many
3-wire ac sensors may be connected in parallel to asingle PLC
input without problems.

However, aswith 3-wire dc sensors, it isnot practical to connect
3-wire ac sensorstogether in aseries configuration. Whenever a
series hookup of ac sensorsis required, 4-wire sensors should be
considered.

4-wire Sensors

OMNI-BEAM, MULTI-BEAM and MAXI-BEAM sensors
offer ac power blocks for 3 or 4-wire hookup. When the sensor
and theload share acommon voltage source, the power block can
be jumpered for 3-wire connection (Figure C.24). The output of
4-wire power blocksisisolated from the sensor’s power supply
circuitry. This alows the load to be powered from a different
voltage, aslong as both ac circuits share acommon neutra (Fig.
C.25).

Connection of 4-wire power blocks together in seriesis straight-
forward, with lessthan 3 volts of voltage drop per sensor (Figure
C.26). Off-state leakage current isvery low (lessthan 0.1 mA),
allowing many 4-wire sensor connectionsin parald to asingle
load or PLC input. Also, 4-wire sensors can be powered continu-
oudly, and there are no complications associated with load re-
sponsewhenthey are connectedin seriesor inparallel with "hard"
contacts.

D. Interfacing AC Sensorsto DC L oads (Table C-5)
MULTI-BEAM sensors offer 4-wire power blocksthat allow the

sensor to be powered by ac line voltage, and have its output
interfaceto adcload. Power block modelsPBAT and PBBT use
atransistor and bridge rectifier combination to switch dc loads.
Actually, the output switch hasthe ability to switch either adc or
anacload (FigureC.27). Theoutput switch hasacurrent handling
capacity of 100 mA, and no ability to handleinrush current. For
thisreason, PBAT and PBBT powerblocks are recommended for
interfacing to logic circuitry only. However, small inductive dc
loads, such as small electromechanical relays, can be switched
reliably.

Power block models PBO and PBOB have an optically-isolated
transistor switch. This switch is recommended for dc logic
interfacesonly. These power blocksallowtheMULTI-BEAM to
be powered by ac line voltage and to input to Banner logic
modules, like CL SeriesMAXI-AMPmodulesor LIM-2 or LSR-
64 Plug Logic modules (Figure C.28).

Model PBAM is a special-purpose power block designed to
drive dc annunciators, like low-voltage Sonalerts (Figure C.29,
page C-14). MULTI-BEAMsusing the PBAM power block are
most often used in doorway sensing applications.

MAXI-AM P moduleswith the solid-state output option providea
way to power thesensing systemwith aclinevoltage, andtoswitch
adc load with their isolated NPN output (see Figure C.16). This

Figure C.23. 3-wire ac sensor hookup.

BROWN

u

20 to 250V ac

L2

Figure C.24. 4-wire ac sensors. 3-wire hookup.

L1 L2

(Y Y|l 3&4-wire AC
Sensor

0

3-wire hookup: sensor and load share a common power

Figure C.25. 4-wire ac sensors. 4-wire hookup.

L ac neutral

L2

Y || 3&4-wire AC
Sensor

4-wire hookup: sensor and load are powered by different

Figure C.26. Connection of multiple 4-wire sensors
in series.

L

V ac

\
-
O

:
-
O

N A N A

(@] O @) ]

Solid-state Solid-state

AC Switch AC Switch

s HHa s e
W Gh o G
g @u ilE

Series connection of multiple 4-wire sensors is straight
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Section C - Interfacing

Table C-5.
Sensor s Powered by AC Voltage with Solid-state Output Switchesfor DC L oads
AC Sensor Osenso.r Output Switch Output Switch Output Switch Capacity
M odel perating Configuration Type Load Voltage Maximum
Voltage Range Load Current
MULTI-BEAM 10-200V dc,
PBAT 105-130V ac _ 10-140V ac
Power Block One transistor RI us
SPST bridge rectifier 100mA?
MULTI-BEAM 10-350V dc,
PBBT 210-250V ac 10-250V ac
Power Block
'\P/'B%T"BEAM 105-130V ac
Power Block One optically-isolated i}
SPST transistor 1-30V de 50mA
MULTI-BEAM
PBOB 210-250V ac
Power Block
MULTI-BEAM
PBAM 105-130V ac SPST Onetransistor® 8V dc (approx.) 8mA
Power Block
MAXI-AMP 105-130V ac
CD, CL,CM, CR or One isolated NPN )
models with solid- 210-250V ac SPST transistor A 1-30V de 50mA
state output option (depenglers)g on (sinking or sourcing)
mo

NOTE 1: Approximately 2 volts on-state voltage drop. Do not use to interface low voltage logic circuitslike TTL (use PBO or PBOB).
NOTE 2: No tolerance for inrush current: do not use for ac inductive |oads.
NOTE 3: Designed to interface with Sonalert type annunciators.

NOTE 4: Models without timing logic have an additional transistor output for logic-level interfaces (10mA maximum).

solid-state relay can switch loads of up to 50 mA at up to 30V dc.
It is no coincidence that the MAXI-AMP has been mentioned so
often in this section on interfacing. The MAXI-AMP alowsthe
sensing system to be powered by either ac or dc and also has an

output for either ac or dc. From the standpoint of interfacing, the
MAXI-AMP is the most versatile sensing system product ever

developed.

FigureC.27. MULTI-BEAM power block models
PBAT and PBBT: ac input, ac or dc output.

1
1
'
| ' .
PBAT (120V ac)

or PBBT (220/240V ac)

N
ransistor & bridge
rectifier switch

\
AN

MULTI-BEAM power block models PBAT and PBBT operate the
sensor with AC line voltage and switch either AC or DC loads.

MAXI-AMP
CL-series
Logic Module

FigureC.28. MULTI-BEAM power block models
PBO and PBOB: acinput, low voltage dc output.

Ly

Input.

= Inspection
D Module

7 6

5 22 EEE
D
3

Data

— dc common

MULTI-BEAM power block models PBO and PBOB operate the sensor
with AC line votage and interface to low-voltage DC logic inputs.

PBO (120V ac)
or PBOB (220/240V ac)
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L L
Figure C.29. ! Vac 2
MULTI-BEAM power block model PBAM: acinput,

output drivesdc sonalert.

Low Voltage
- Sonalert

MULTI-BEAM power block model PBAM operates the sensor
with AC line voltage and switches low-voltage DC annunciators.

ANALOG OUTPUTS

Sensorswith anal og outputsare useful inmany process control applicationswhereit isnecessary to monitor an object’ sposition or size
or translucency and to provide a control signal for another analog device such as a motor speed control. Standard analog
interfacesinvolve either avariablesourceof dcvoltagefrom theanal og sensor or control by the anal og sensor of the current flow from
an external voltage source. Sensorswith analog outputs are offered in three product families:

1) Photoelectric: OMNI-BEAM anaog sensors
2) Ultrasonic: ULTRA-BEAM 923 Series sensors
3) Ultrasonic: Sonic OMNI-BEAM sensor with analog output

OMNI-BEAM with Analog Output

OMNI-BEAM anaogsensorsprovideaOto+10volt or a+10toOvoltdcana og output, either directly orinversely related tothestrength
of thereceived light signal. When properly adjusted, these two outputs are mirror images of each other, with their output voltage plots
intersecting at 5 volts. Each sensor has multi-turn NULL and SPAN controlsto set the minumum and maximum limits of the sensor's
voltage sourcing outputs. A convenient 10-element moving-dot LED array givesavisua indication of relativelight signal changeand
power block voltage output to within the nearest valt.

Analog OMNI-BEAM sensorsareordered by specifying an OA SB Seriessensor head (diffuse, convergent, or plastic or glass
fiber optic) and an OPBA3, OPBB3, or OPBT3 power block (choice of ac or dc operation).

Figure C.30. Interfacing for OMNI-BEAM analog photoelectric sensors.

Hookup Information: OPBA3, OPBA3QD, OPBB3, Hookup Information: OPBT3 and OPBT3QD
OPBB3QD AC Input Analog Output Power Blocks DC Input Analog Output Power Blocks

OASB Series analog sensor head

OPBT3 or OPBT3QD (shown) power block

BLACK (Pin 1) Inverting output

BLUE (Pin 2)

WHITE (Pin 5)

Non-inverting output

6 Foot, 4 Conductor WHITE (Pin 4)

built-in cable (OPBA3, —
OPBB3); or optional
MBCC-512 Q.D. Cable
(used with OPBA3QD
and OPBB3QD)

6 Foot, 4 Conductor
built-in cable (OPBT3)
or optional N
MBCC-412 Q.D. Cable

Y
105 to 130V ac, 50/60Hz (OPBA3, OPBA3QD) (used with OPBT3QD)
21010 250V ac, 50/60Hz (OPBB3, OPBB3QD)
A\

Non-inverting output

BROWN (Pin 4) o BROWN (Pin 3)

NOTE: If both outputs are used simultaneously, the maximum total load may not exceed 10 mA.
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Section C - Interfacing

ULTRA-BEAM Ultrasonic Sensor with Analog Output
(Sensing range: 20 inchesto 20 feset)

The ULTRA-BEAM 923 Seriesisthe analog version of the long-range ULTRA-BEAM ultrasonic proximity sensor family. Three
models offer the choice of 120V ac, 220/240V ac, or 18 to 30V dc for sensor supply voltage. Each modd has dual outputsfor either
0to 10V dcsourcing or 0to 20 mA sinkinginterfaces. Theanal og output of the ULTRA-BEAM ishighly linear with changes
in distance from the sensor to the object, and can be programmed for either increase or decrease of the output level with increasing
distancetothetarget. NULL and SPAN adjustments permit asensing "window" to be established anywherewithin the sensor’ s20 foot
range. Thefollowing diagrams give interfacing information for the four sensor/load combinations (Figure C.31).

ULTRA-BEAM 923 Series Analog Ultrasonic Sensor Models

M odel*
SU923QD

*All models are equipped with QD (Quick Disconnect) fitting.

Qutput(s)

analog solid-state 0 to +10V voltage sourcing or 0 to 20 mA dc sinking
SUA923QD anaog solid-state 0 to +10V voltage sourcing or 0 to 20 mA dc sinking
SUB923QD anaog solid-state 0 to +10V voltage sourcing or 0 to 20 mA dc sinking

See page C-39 for hookup information on
switched output models.

Required supply voltage
18to 30V dc, 5VA

105 to 130V ac (50/60 Hz), 5VA
210 to 260V ac (50/60 Hz), 5VA

A
!

b,
%

e
%%

e
2,
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o
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S
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35
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QS
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>

4
£
&

292

MBCC-412
Cable

A. Hookup to Instruments
Requiring a 0 to +10V dc
Voltage Source (DC Input)

0-10V dc sourcing output: __+ | INSTRUMENT

(Black, pin #1) (LOAD) —‘
500Q minimum
Common: (Blue, pin #2) to dc common of

instrument and sensor power supplies

not used: (White, pin #4) /

+18-30V dc, 5VA: (Brown, pin #3); o

MBCC-512
Cable

from +V of sensor power supply

B. Hookup to Instruments
Requiring a 0 to +10V dc
Voltage Source (AC Input)

INSTRUMENT
(LOAD)

500Q minimum

0 -10V dc sourcing output:  +
(Black, pin #1)

4‘-

Common: (Yellow, pin #3) to
dc common of instrument

not used: White, pin #5) /

(Brown, pin #4)

AC power:
105-130V ac (Model SUA923QD) or

(Blue, pin #2) . # 210-260V ac (Model SUB923QD)

(50/60Hz, 5VA)

Figure C.31. Interfacing for ULTRA-BEAM 923 Series Sensors

C. Hookup to Instruments
Requiring a 0 to 20mA dc
Current Sink (DC Input)

+

0 -20mA dc sinking output: - | INSTRUMENT
(White, pin #4) (LOAD")

+
=" 10t0 30V dc

Common: (Blue, pin #2} to dc common of
instrument and sensor power supplies

*NOTE: Maximum load

not used: (Black, pin #1) / resistance o sV(suboly) -4
02

+18-30V dec, 5VA: (Brown, pin #3); o

from +V of sensor power supply

D. Hookup to Instruments
Requiring a 0 to 20mA dc
Current Sink (AC Input)

0 to 20mA de sinking -
output: (White, pin #5)

(LOAD) 10to 30V dc

INSTRUMENT _1-1
+

Common: (Yellow, pin #3) to dc
common of instrument power supply

not used: (Black, pin #1) /

- 210-260V ac (Model SUBS23QD)
(Blue, pin #2) (50/60Hz, 5VA)

Brown, pin #4,
( B ) }AC power: 105-130V ac (Model SUAS23QD) or
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Sonic OMNI-BEAM with Analog Output (Sensing range: 4 to 26 inches)

Sonic OMNI-BEAM sensorswith anal og output use the model OSBUSR sensor head along with one of the following power blocks:
model OPBT3 (for +10 to 30V dc supply), OPBA3 (for 105 to 130V ac supply), or OPBB3 (for 210 to 250V ac supply).

See page C-39 for hookup information on
switched output models.

All three power blocks provide two anal og sour cing solid-state outputs: 0to +10V dcand +10to 0V dc, withamaximum load of 10mA
for each output. Thischoice of outputs meansthat the sensor can be connected so that its output will either increase or decrease with
increasing distance to the target object. Both voltage sourcing outputs are highly linear, and are proportiona to the distance from the
sensor to the object being detected. NEAR and FAR adjustments allow a sensing "window" to be established anywhere within the

sensor's 4- to 26-inch range (see Figure B.19).

FigureC.32givesinterfacinginformationfor sonic OMNI-BEAM sensorswith analog output. Notethat thetwo ac power block models
have been combined into a single hookup drawing.  Available power blocks are listed below.

Sonic OMNI-BEAM Power Block M odels

Model Output(s)

OPBA3 analog solid-state voltage sourcing (2)
OPBA3QD analog solid-state voltage sourcing (2)
OPBB3 anal og solid-state voltage sourcing (2)
OPBB3QD anaog solid-state voltage sourcing (2)
OPBT3 analog solid-state voltage sourcing (2)
OPBT3QD andog solid-state voltage sourcing (2)

Required supply voltage

105 to 130V ac (50/60 Hz)
105 to 130V ac (50/60 Hz)
210to 250V ac (50/60 Hz)
210to 250V ac (50/60 Hz)
+15 to 30V dc, 100mA max.
+15 to 30V dc, 100mA max.

Cable Type

6-ft. 5-conductor PV C-covered cable
MBCC-512 cable required (see below)
6-ft. 5-conductor PV C-covered cable
MBCC-512 cable required (see below)
6-ft. 4-conductor PV C-covered cable
MBCC-412 cable required (see below)

Figure C.32. Interfacing for sonic OMNI-BEAM sensorswith analog output.

Hookup Information: OPBT3 and OPBT3QD
Analog Output Power Blocks

OSBUSR sensor head

OPBT3 or OPBT3QD (shown) power block

BLACK (Pin 1) 0 to +10V dc output

.
e -~ Load
N 10mA max.

)
7/
BLUE (Pin 2) T de

v
WHITE (Pin 4) N 10mA max.

s

+10 to OV dc output

MBCC—412

Cable BROWN (Pin 3) +15 to 30V dc

NOTE: If both outputs are used simultaneously, the maximum load per output may not exceed 10 mA.

Hookup Information: OPBA3, OPBA3QD, OPBB3,
OPBB3QD Analog Output Power Blocks

MBCC—512
Cable

OSBUSR sensor head

OPBA3, OPBA3QD, OPBB3, or OPBB3QD power block

BLACK (Pin 1) 0 to +10V dc output
+

N Load

N
YELLOW (Pin 3)T Output common

/k\ Load
WHITE (PIn §) T

+10 to OV dc output

BROWN (Pin 4)

105 to 130V ac, 50/60Hz (OPBA3 and OPBA3QD)
210 to 250V ac, 50/60Hz (OPBB3 and OPBB3QD)
BLUE (Pin 2)
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Section C - Interfacing: Sensor Hookup Diagrams

Sensor Hookup Diagrams

Pages C-18 through C-41 contain generalized hookup diagrams for common applications of Banner sensors. If you have
any guestionsabout sensor hookup withinyour particular application, contact your Banner sal esengineer or theapplications
department at the factory (612/544-3164) during normal working hours. Hookup information is organized as follows:

OMNI-BEAM DC Power Blocks...................... Cc-18  ECONO-BEAM Miniature DC Sensors .......... C-31
OMNI-BEAM AC Power BIOCKS..........ccc..... C-19 Q@8 Series Miniature DC Sensors.................... C-32
MULTI-BEAM DC Power BIOCKS oo C-20 Q19 SeriesS DC SENSOIS .....cveeereeierieirieesreneerenens C-33
MULTI-BEAM 4-wire AC Power Blocks........ C-21 SM512 Series SENSors........ccoeereerericicnnesienenns C-34
MULTI-BEAM 2-wire AC Power Blocks........ C-22 SM30 Series DC 30-mm Barrel Sensors.......... C-35
MAXI-BEAM DC Power BIOCKS .......c......e....... C-23  SM30 Series AC 30-mm Barrel Sensors .......... C-36
MAXI-BEAM 4-wire AC Power Blocks.......... C-24 S18 Series DC 18-mm Barrel Sensors.............. C-37
MAXI-BEAM 2-wire AC Power Blocks......... C-25 S18 Series AC 18-mm Barrel Sensors.............. C-37
VALU-BEAM SM912 Series DC Sensors....... C-26 C3@ Series DC SeNSOrS......ccoververereeieereseenenns C-38
VALU-BEAM SM2A912 Series AC Sensors.. C-27 QB85 Series SENSOIS ........cccveriricrerricee e C-38

VALU-BEAM 915 and 990 Series Sensors ..... C-28 ULTRA-BEAM 925 Series Ultrasonic Sensors C-39

VALU-BEAM SMI1912 Series Intrinsically Safe E Series OMNI-BEAM Sensors........cccceevveeenen. C-39
DC SENSOIS......ocvrviriiiiciie e C-28
Sonic OMNI-BEAM SeNnsors........cooeevrerrereenne C-39
MINI-BEAM SM312 Series DC Sensors......... C-29
MAXI-AMP Modulated Amplifiers.......c.......... C-40

MINI-BEAM SM2A312 Series AC Sensors.... C-30
MICRO-AMP Modulated Amplifiers ............... C-40
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OMNI-BEAM DC Power Blocks

See page C-14 for analog models and page C-39 for E Series models.

NOTE: output capacity is 100mA maximum,
each output.

Hookup to a Simple L oad
Sinking Outputs n

fa————— 10-30V dc ————=
The Bi-Modal output of
OMNI-BEAM dc power
blocks is configured for
current sinking (NPN) by
connecting the BROWN
supply wireto +V dc, and
the BLUE wire to dc
common.
Outputs sink 100mA maximum.

Hookup to a Simple L oad
Sour cing Outputs T

ft——————— 10-30V d¢ ———————]
The Bi-Modal output of
OMNI-BEAM dc power
blocks is configured for
current sourcing (PNP) by
connecting the BLUE supply
wireto +V dc, and the
BROWN wire to dc common.

Each output sources up to 100mA.

Hookup toa PLC requiring current sink

BROWN

Hookup shown is typical
for ail inpuis.

OMNI-BEAM dc power blocks
interface directly to any type of
programmable logic controller

or computer dc input.

BLACK
(SINKING OUTPUT)

WHITE, ALARM OUTPUT
(SINKING) B

BLUE
{common) L

—S~a ©wo-T

The current sinking
configuration (NPN) is
g«lo\Nn hae +10-30V dc

Hookup toa PLC requiring current source

Hookup shown is typical
for all inputs.

OMNI-BEAM dc power

H H BLACK

blocks interface directly to (SOURGING GUTFUT) ! .
any type of programmable S|k
logic controller s E g
: .
or computer dc input. BLUE oS B B b :
X BROWN |_det '

The current sourcing (commony L =

configuration (PNP) is +10-30V de
shown here.

Hookup to MAXI-AMP Logic
With its power supply wires connected for NPN operation, the Bi-M odal
output of anOMNI-BEAM connectsdirectly totheinput of Banner MAXI-
AMP CL Series logic modules. The MAXI-AMP, powered by an ac
voltage, offersadc sup-

ply with enough capac-

ity to power an OMNI-

BEAM sensor. The SROWN
OMNI-BEAMmayalso  Eff o B

beconnectedtotheaux- gl e oz -
iliary input of a CL5 O e b e QuTPuT
module. e 100 mA max.

Hookup to MICRO-AMP Logic
With its power supply wires con-
nected for NPN operation, the Bi-
Modal output of anOMNI-BEAM
connects directly to the input of
Banner MICRO-AMP logic-only
modules. The following modules
may be used:

MA4-2 One-shot
MA5 Delay

MA4G 4-input "AND"
MA4L Latch

WHITE

ALARM OQUTPUT
(SINKING)
100mA max.

Hookup in Parallel to a Common L oad

+ -
10-30V dc¢

Any number of OMNI-BEAM DC sensors may be wired in parallel to a
common load to create "LIGHT-OR" or "DARK-OR" |ogic.

Either the sinking (NPN) or the sourcing (PNP) Bi-M odal power supply
hookup may be used (sinking hookup is shown).

Series connection of dc OMNI-BEAM outputsis not possible.

Hookup of an Emitter

OMNI-BEAM emitter sen- + _
sor blocks (models OSBE e 10-30V de — &
and OSBEF) s|mply requi re SENSOR BLOCKS:

supply voltage to operate. &
Power blocks without out-

put circuitry are available
for poweringemitters. How-

POWER BLOCKS:
OPBTE

OPBTEQD
OPBTEQDH

ever, power blockswith out- BROWN BLUE

put circuitry may aso be

used to power emitters (the YHITE BLACK

power block's output cir- (NOT USED) (NOT USED)

cuitry goes unused).
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OMNI-BEAM AC Power Blocks

NOTE: output switching capacity
is /2 amp maximum.

Section C - Interfacing: Sensor Hookup Diagrams

See page C-14 for analog models and page C-39
for E Series models.

Hookup to a Simple L oad

OMNI-BEAM ac power blockshavetwo outputs. The
LOAD output is isolated and can switch up to 0.5
amps. TheALARM outputistiedinternally toac"hot"
and can switch up to 0.2 amps.

The ALARM output may either connect to the system
logic controller, or directly switch an alarm.

AC "hot AC neutral
Ly L2
a——— V ac B

0.5 amp max.

BLACK LOAD

0.2 amp mox.

AC Sensorsin Series

OMNI-BEAM acpower blocks
may bewired together in series
with each other for "AND"
logic.

The total voltage drop across
the serieswill bethe sum of the
individual voltagedropsacross
each power block (approxi-
mately 3 volts per block).

With most loads, 10 or more
power blocks may be wired in
series.

AC neutral

L2

Y ac
(88 power block specifications)

T LACK WHITEéZ

0.5 amp max.

LOAD]

BROWN YELLOW

faam
#2

0.2 omp max.

BLUE BLUE

YELLOW [ALAR
#

0.2 amp max.

AC Sensorsin Parallel

OMNI-BEAM ac power blocks may be
wiredtogether in parallel with each other.
This is most often done to obtain "OR"
logic (i.e. if an event occurs at either
sensor, the load is energized).

Thetotal off-stateleakagecurrent through
theload is the sum of the leakage current
of theindividual power blocks. Themaxi-
mum leakage current of OMNI-BEAM
power blocksisonly 100 microamps. As
aresult, installation of an artificial load
resistor in parallel with theload is neces-
sary only for large numbers of sensors
wired in parallel to alight load.

AC neutral
L b2

V ac
{ses power block spacificatlons)

BROWN

BLUE
WHITE__/|\ BLACK
YELLOW
#2 0.2 amp mox.
0.5 omp max.
WHITE BLACK

[ BrOWN /|\ BLUE

YELLOW

0.2 amp max.

¢ oautral
L

OMNI-BEAM ac power
blocksaredesignedtodirectly
interface to ac inputs of pro-
grammeable logic controllers.

BROWN J,l BLUE

Hookup to a Programmable L ogic Controller (PLC)

and Switches

AC "hot"
Ly

AC Sensor in Seriesand Parallel with Contacts

AC neutra

Ly

Inputs shown
are typical

WHITE BLACK

I1fthe ALARM outputsof mul-
tiple OMNI-BEAMSs are par-
aleled to a single input, then
sensor block programming
switch #2 must be in the "on"
position (for normally open WHITE

BLACK

YELLOW Input_1

Alarm 1

Input 2

V ac
(ses power block specifications)

CR

oo
nw-coz—
—~=o ©o=D

ALARM output). L

BLUE

7
KAlarm 2
YELLOW r’ _®

neutrat

|1
I

Hookup of Emitter
OMNI-BEAM emitter sensor

blocks (model OSBE) simply
requiresupply voltageto oper-
ate.

SENSOR BLOCKS:
0SBE

Power blocks without output
circuitry areavailablefor pow-

Vv ac
(see power block specifications}

POWER BLOCKS:
OFB,
OPBAEQD

QPBBE
QPBBEQD

ering emitters. However,
power blocks with output cir-
cuitry may also be used to
power emitters (output cir-
cuitry will go unused).

(NOT USED)

YELLOW

(NOT USED)

(NOT USED)

0.5 amp max.

YELLOW .
ALARM

I\
0.2 amp max.

Any number of "hard" contactsmay bewired in seriesor parallel with one
or more OMNI-BEAM ac sensors.  All models have less than 100
microamps (0.1 milliamp) of off-state |eakage current.

Theload (in this case, normally open relay "CR") is energized whenever
the"Start" button is closed whilethe OMNI-BEAM's output is energized.
"CR" remains energized until the "Stop" button is pressed (opened).
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Output capacity: 250mA
maximum, each output.

MULTI-BEAM 3-wire DC Power Blocks

Hookup to adc Relay or Solenoid
(using sinking output)

When using power blocks with current sinking
(NPN) outputs, simple loads connect between the

Hookup to adc Relay or Solenoid
(using sour cing output)

When using power blocks with current sourcing
(PNP) outputs, simple loads connect between the

Hookup to a Logic Gate

A logic zero (0 volts DC) is applied to the gate in-
put when the MULTI-BEAM output is energized.
When de-energized, alogic oneis applied.

power block  + - power block ; Thelogic -
output 10 to 30V dc: P.BT. PBT2 output v 10 to 30V dc: PBP T SUpply must be "Lés;;g\\slfprpel;lstm 'v =
(terml ne\l #3) 44 to 52V dc: PBT48 (terml nal #3) 44 tﬂudﬂiPBPIJB common to the V030V e ”
and — and MULTI- logc supply o 19
the plositive - .. (I?g r?]?rr&m;;)zr; . BE/;M supply . :?pésTTZC
&Jpp Yy PBT2 . neg 1ve. 3 4
(terminal #1). ratea | (o] Lo} reree mBRBe
B @ O O L & @T
%] 2 e 10 t0 30V dc——‘
o 0] + -
Hookup to a Programmable L ogic Controller (PLC) Hookup to a Programmable L ogic Controller (PLC)
reguiring a current sink requiring a current source
Use power blocks with NPN 1 p Use power blocks with PNP = 1 p
outputs to interface to PLCs 2 P outputstointerfacetoPL Csand 'v = 2 r
andother logicdevicesrequir- 3 e other logic devices requiring a .. 3 'y
ingacurrent sink at theinputs. 4 N 9. current source at the inputs. = 4 N 9.
Connect the output of the 5 E Connect theoutput of thepower o o 5 S
power block (terminal #3) to 6 c block (terminal #3) toany input PBP 6 c
o e e f e o || esmesimocnson | T iy
K/?ULTI-BEEAI\?DOVV; gupplj/} o R de com |r ggg\jve:'vsej:)plye(termi na-l #)to 1y (2 1 de com |r
f : o q @ = de+ h to q ﬁ = de+ '
(termina #2) to the negative 30V de the negative of the PLC power ~ 30vde =
of the PLC power supply. supply.

Hookup of a dc Emitter
MULTI-BEAM emitter-only scanner blocksuse
DC power block models PBT-1 or PBT48-1.
These power blocks connect directly acrossthe
DCsupply, asshown.

Parallel Hookup to a Common L oad

Any number of MULTI-BEAMs may be connected in parallel to one load to create "LIGHT-OR" (light operate
mode) or "DARK-OR" (dark operate mode) multiplesensor logic. Inmost situations, MULTI-BEAM DC power
blockscannot wirein series. However, addition of aninterposing relay withanormally closed contact or aBanner
logic module will permit "AND" logic with a paralel sensor array (see "SENSOR LOGIC", section D).

Toload requiring current sink: Toload requiring current source: NG
+ + - . . —~
+10t0 30V de 10 to 30V de Eggter models: ..
= = = = SBED 1
—~ —~ O O
a8 D a0 SBEX
A SBEV PBT-1
) o [¢) o SBEXD
PPBBTTZ PPBBTTZ © PBP ° SBEF
L LOAD i] j @—4 —I]
3) (4] 3) (4] é SBEXF 5 O
aa a8 DG
G ° [ 10to 30V dc
9 + -
Hookup toa MAXI-AMP Logic Module Hookup to MICRO-AMP Logic
The current sinking output(s) of MAXI-BEAM power (|V| PS-15 Chassis)
block models PBT and PBT2 may be connected directly
totheinput of CL SeriesMAXI-AMPmodules. A MAXI- The current sinking output(s) of
AMP which is powered by ac voltage offers adc supply MULTI-BEAM power block ‘ g
with enough capacity to power one MULTI-BEAM sen- models PBT and PBT2 may be e .
sor, as is shown in this hookup diagram. When emitter/ connected directly to the primary Logie I
receiver pairs are used, the emitter should be powered input (terminal #7) or the other MODEL MPS.15 == o o

inputs of MICRO-AMP logic
modules. The following logic

from a separate power source (e.g.- using PBA-1, etc.)

[T
~

00
0
[¢) O]

= %& modules may be used:
o CL3RA N e Y, elay N
B CO3RB (@[} k MA4-2 Oneshot @ﬁ%ﬂ 0w
~ CLSRA & MA5  On/off delay T +
® CLSRB @& MAA4G  4-input "AND" vac 0 ©c

G EI ! MA4L  Latch

NOTE: MULTI-BEAM dc power blocks cannot bewired in series.
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MULTI-BEAM 4-wire AC Power Blocks

Section C - Interfacing: Sensor Hookup Diagrams

NOTE: output switching

capacity is 3/4 amp

maxi mum.

Hookup of an ac Emitter L

L2

Hookup in Serieswith other MULTI-BEAMSs

ac
(See Specifications)

MULTI-BEAM emitter-only

ac power blocks connect directly -
across the ac line, as shown. O
g8
Emitter models:
SBE, SBED, o] lof
SBEX, SBEV, PBA-1
SBEXD, SBEF, reo
& SBEXF.
1) (2]
° O]

Hookup toa Simpleac L oad

AC voltage is connected to terminals #1 and #2 to provide power to the MULTI-
BEAM. The solid-state output switch behaves as if there were a contact between
terminals #3 and #4. L1 is most conveniently applied to terminal #3 by jumpering
terminals#1 and #3 inside the MULTI-BEAM.

Theoutputs of all five power

MULTI-BEAM 3- & 4-wire ac power blocks may bewired in serieswith
each other for the"AND" logic function. Thetotal voltagedrop acrossthe
series will be the sum of the individual voltage drops across each power
block (approximately 3 volts per block). With most loads, 10 or more
power blocks may be wired in series.

L1 L2
V ac
(See Specifications)

o
- -

\
a
)

\
a
)

PBA
PBD

PBD2 ) o ) o
PBAQ

block models are rated for

L1

V ac

L2

250V ac maximum, and can
switch an AC voltage which
is different from the supply
as long as both AC circuits

TN
shareacommonneutral. Ob- PBA ..
servelocal wiringcodeswhen PBB e
mixing ACvoltagesinacom- PBD

mon wiring chamber. Egzg —OJ_@

Since the output switch is a
solid-state device, contact

BE(n

@@[{T

|
[OT-](e]
a@@?

(See Specifications)

3
-

.

continuity cannot be checked
by meansof an ohmeter, con-
tinuity tester, etc. To check
the functioning of the output
switch, a load must be in-
stalled and tested along with
the MULTI-BEAM.

Cein
o]

CAUTION: the output switch could be destroyed if the|oad becomes a short circuit
(i.e, if L1 and L2 are connected directly across terminals #3 and #4).

NOTE: this hookup depicts the output switch as a normally open contact. Model
PBAQ has a normally closed output switch.

Hookup in Parallel or Serieswith Contactsor Switches

Any number of "hard" contacts
may be wired in paralel or
series with one or more
MULTI-BEAM 3- & 4-wire
power blocks. All modelshave
less than 100 microamps (0.1
milliamp) of off-state leakage
current. The load operates
when either the contacts close
or the MULTI-BEAM output
is energized.

L1

Vac
(See Specifications)

CR

PBA
PBB
PBD
PBD2
PBAQ

o—ot
START

Hookup to a Programmable L ogic Controller (PLC)

InterfacingtoaPLCI/OisdirectwithMULTI-BEAM 3- & 4-wire AC power blocks.
All modelshavelessthan 100 microamps (0.1 milliamp) of off-state |eakage current.
If you have a question on hookup to a particular brand of PLC, contact the Banner

Applications Department during normal business hours.

AC "hot" AC neutral —
L1 L2 1
V ac —
(See Specifications) 2
— I
= 3
T~ HOOkUp —
PBA .. typical 4
PBB for all 5
PBD 8inputs | 2
PBD2 o o 6
PBAQ -
7
(SHH4] { 8
1) (2] ne
oG -

Hookup in Parallel with other MULTI-BEAMSs

Any number of 3- & 4-wire
MULTI-BEAM power block
outputs may be connected in
parallel toaload. Parallel sen-
sor connection is usually used
toyield "OR" logic (i.e., if an
event occurs at any sensor, the
load is energized). The total
off-state leakage current
through the load is the sum of
theleakage current of theindi-
vidual power blocks. However,
the maximum leakage current
of MULTI-BEAM 3- & 4-wire
ac power blocks is only 100
microamps. Asaresult, instal-
lationof anartificial loadresis-
tor in parallel with the load is
necessary only for large num-
bers of sensorswired in paral-
lel to alight load.

L1

L2

Va
(See Specifications)

PBB
PBD
PBD2
Pore | 12 o
4
PBA
PBB
PBD
PBD2
PBAQ o) 1o
I c
1) (2]
° [
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MULTI-BEAM 2-wire AC Power Blocks

NOTE: output has maximum load capacity of 3/4 amp; maximumresistive load 15K ohms, minimum inductive load 1.2 watts (10mA)

Basic Hookup of a 2-wire MULTI-BEAM 2-wireMULTI-BEAMsin Paralld L L
Multiple 2-wire MULTI-BEAMs may be wired to- (o St o)
gether in parallel to aload for "OR" or "NAND" logic
L V ac L2 functions. When sensors are wired in parallel, the off- =

stateleakage current through theload isequal tothesum
of the leakage currents of the individual sensors. Con-
sequently, loads with high resistance like small relays

(See Specifications)

g

m and electronic circuits may require artificial load resis- o o
= tors. 2PBA
2PBB
2-wire MULTI-BEAM sensors have a 100 millisecond 2PBD
power-up delay for protection against false outputs. 1HH2
When 2-wire MULTI-BEAMSs are wired together in 9 [
o) 0 parallel, any power block which hasan energized output
2PBA will rob all of the other power blocks of the current they
need to operate. When theenergized output drops, there
2PBB will be a 0.1 second delay before any other MULTI-

nnlQ o
] 1
W W
w >

[¢]

2PBD BEAM can energize. Asaresult, theload may momen-
@_4 F @ b tarily drop out.
q @ 2-wire MULTI-BEAM sensors cannot wire in series

with other 2-wire sensors unless power block model 2PBD
2PBRisused. If seriesconnection of 2-wire AC sensors (12 @_‘
isrequired, consider models within the VALU-BEAM €[]
or MINI-BEAM families.
MULTI-BEAM 2-wire sensors wire in series with an
appropriate load. This combination, in turn, wires
directly across the AC line. A 2-wire sensor may be _\W\i _ ;
connected exactly like amechanical limit switch. _ZWIre_MUITTI BEAM _Z'W”eMULTI'BEAM
in Serieswith Contacts in Parallel with Contacts
The MULTI-BEAM remains powered when theload is When 2-wire MULTI-BEAM sensors are con- 2-wireMULTI-BEAM sensors may bewiredin
"off" by aresidual current which flowsthrough theload. nected in series with mechanical switch or relay parallel with mechanical switch or relay con-
This off-state leakage current is always less than 1 contacts, the sensor will receive power to operate tacts. The load will energize when any of the
milliamp. The effect of this leakage current depends only when al of the contacts are closed. The contacts close or the sensor output is energized.
upon the characteristics of theload. The voltagewhich false-pulse protection circuit of the MULTI- When acontact is closed, it shunts the operating
appears across the load in the off-state is equal to the BEAM will causea0.1 second delay between the current away from the MULTI-BEAM. Asa
leakagecurrent of thesensor multiplied by theresistance time that the last contact closes and the time that result, when all of the contacts are open, the
of the load: the load can energize. MULTI-BEAM's 0.1 second power-up delay
V (off)= ImA x R(load) may cause amomentary drop-out of the load.
L1 L2
If thisresultant off-state voltage is|ess than the guaran- (see Q{,e";‘iﬁcaﬁons) " vVac - i
teed turn-off voltage of the load, the interface is direct. (See Specifications)
If the off-state voltage causes the load to stay "on", an i =

artificial load resistor must beconnected in parallel with
the load to lower its effective resistance. Most loads,

including most programmable logic controller (PLC) o 19
inputs, will interface to 2-wire sensors with 1mA leak- OZPB AO
age current without the need for an artificial load resis- 2PBB

tor. Thereisno polarity requirement. Either wire may
connect to terminal #1, and the other to terminal #2.

NOTE: all three componentsof aMULTI-BEAM 2-wire
sensor will be destroyed if the load becomes a short

circuit!!
Hookup of a 2-wire MULTI-BEAM to a Programmable Logic Control- Hookup of a 2PBR Power Block
| er 250 Vac max.
PLC AC "hot" AC neutral Mc_)del 2PBR_a:tualIy re- [ “sovdomax.
K/IULTI-)BEAM 2-wiresensorsoperatewithvery 11 Vac L2 qui refha 4;1th re IhOOKUIE' [
low (1 milliamp) off-state leakage current. Asa (See Specifications) 1 \%mz_v?,ﬂ%séaggg l\aAII gékz QD
result, they will interface directly to most PLCs NC = 2 and logic modules. It is ‘
without the need for an artificial load resistor. If — B powered by 120V ac o) e
theoff-statevoltage(1mA xinput resistanceof the .. Hooku 3 | N acrossterminals#1 and 2, 2PBR | e
PLC) is higher than the PLC sensing threshold, typicalp 4 | P and offers a SPST "hard"
install a10KQto 15K Q, 5-watt resistor for each 2- o o forall ) U relay contact between ter-
wire sensor. The resistor connects between the 2PBA 8inputs | > | 1 mi nf!'S #gt_and :” This
; f 6 configuration allows a
input terminal and AC neutral. gggg — S MULTI-BEAM sensor to |
) . — directly interface large h :
If you 2"’“’6 a question %n hookup to al ;pe§|f|c E—{ }—@—f 8 loads which draw more than 3/4 amp like clutches, brakes,
brand of PLC, contact the Banner Applications 9 [ neutral large contactors, and small motors. The 2PBR also elimi-
Department during normal business hours. nates the problem of voltage drop from series strings of
sensors operating low voltage ac loads.
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Section C - Interfacing: Sensor Hookup Diagrams

MAXI-BEAM DC Power Blocks NOTE: Each output hesa

maximum load capacity of 250mA.

Hookup to a dc Relay or Solenoid Hookup to a dc Relay or Solenoid Hookup to a Logic Gate
(using sinking output) (using sour cing output) (using sinking output)
+ - + - Alogiczero(Ovoltsdc) isappliedtothe GATE input
. - . - henthe MAXI-BEAM sinking output isenergized.
When using the 10730 e When using the 10, sovee W . nKIng output ‘
current sinking == current sourcing p— ggg}dﬁﬁ;e'ﬁgzed’ alogiconeisapplied. Thelogic
(NPN) output, . (PNP) output, common to the e
simple loads con- simpleloadscon- MAXI-BEAM m ©
nect between ter- reeT NEL_ (O nect betweenter- | .. 2l (o] supply nega- Logio Stpp
minal #3 and the p— minal #4 and the :4,, tive. reeT [NEL_LO
positive supply »—@ : DCcommon (ter- 3 ’C—‘?
(terminal #1). —i minal #2). P 10-s0vac T —:
s} / ? / f o 0o
* Use pullup resistor tdogic supply ¢

Hookup to a Programmable Logic Controller (PLC)
requiring a current sink

Use MAXI-BEAM NPN
output (terminal #3) to inter-
faceto PLCs and other logic
devices requiring a current RPBT
sink at the inputs. Connect

terminal #3 of the power  +i0-30vdc
block to any input of the
PLC. Alsoconnect thenega-
tive of the MAXI-BEAM
power supply (terminal #2)
to the negative of the PLC
power supply.

@ o -~ T

e}

o
w-H4cUoz—

\\\}_4
g
8
g

The hookup shown is typical for all inputs.

Hookup to a Programmable L ogic Controller (PLC)
requiring a current source

Use MAXI-BEAM PNP out-
put (terminal #4) to interface
to PLCs and other logic de-
vices requiring a current RPBT
source at the inputs. Connect

terminal #4 of the power

block to any input of the PLC. °{ b dor
Connect the negative of the —p—{de com
MAXI-BEAM power supply =
(terminal #2) to the negative
of the PLC power supply.

@ o -~ 71

— 6

+10 - 30V dc|

S
(18
veal| O
<
wHcoz—

o

The hookup shown istypical for all inputs.

Parallel Hookup of RPBT Power Blocks T

10-30Vdc

- Hookup of RPBT-1

toa Common L oad

Any number of MAXI-BEAMsmay be connected in
parallel to aload to create "LIGHT-OR" (light oper-

atemode) or "DARK-OR" (dark operate mode) mul-

(with RSBE Sensor Head)

MAXI-BEAM emitter only sensor heads use dc power
block model RPBT-1, which connects directly across
the dc supply as

RPBT |
shown. N

tiplesensor logic. Thediagram at theright showsthe
current sinking outputs of two MAXI-BEAMs con-

nected in parallel to control aload which requires a

Emitter sensor heads:

current sink (power block terminal #3). For loads RSBE
requiring acurrent source, connect thewiresfromthe RSBESR RPBT.1
load instead between terminal s#4 and #2 (common). RSBEF i C?
BT 10 - 30V dc 3

NOTE: series connection of DC MAXI-BEAM sen- = - 2
sors may be accomplished using power block model ’_@ | j + ° @1)
RPBR (see page C-25, bottom right). o o o)

I ?

Hookup toa MAXI-AMP Logic Module

The current sinking output of MAXI-BEAM power block RPBT may
be connected directly to the input of CL Series MAXI-AMP modules.

A MAXI-AMP which is powered by ac voltage

offersadc supply with enough capacity to N
power one MAXI-BEAM sensor, asis shown in

this hookup diagram. When an emitter/receiver m
pair is used, the \

emitter should RPBT NEL__\O
be powered o] ©4
from a separate CL3RA O :i* 3
power source orore %g 2
(e.g. use power cers | @2] © o
block RPBA-1, > O

s ol Pl

Hookup to MICRO-AMP Logic
(MPS-15 Chassis)

T

ok

The current sinking output of
an RPBT power block may be
connected directly to the pri-
mary input (termina #7) or MODEL MPS-15

the other inputs of MICRO- 00
AMPIlogic modules. Thefol- 0
lowing logic modules may be

used: ety
elelole

MA4-2  One shot

Micro-
Amp
Logic

waufe

RPBT

MAS5 On/off delay N o
MA4G  4-input "AND" *
MA4L  Latch
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MAXI-BEAM 4-wire AC Power Blocks

NOTE: Output switching capacity is 3/4 amp., maximum.

Hookup to a Simple L oad Hookup of an ac Emitter

AC voltage is connected to ter- Vac Ly L,
minals #1 and #2 to provide (See Specifications) MAXI-BEAM emitter- V ac
power to the MAXI-BEAM. NS only power blocks (See Specifications)
The solid-state output switch N =" connect directly N
behaves as if there were a con- ” acrosstheline, as =
tact between terminals #3 and NI shown.
#4. L1 is most conveniently T
applied to terminal #3 by RPBA @K (i Emitter sensor heads:
jumpering terminals #1 and #3 RPBB f— RSBE
inside the wiring base. z @—4 RSBESR

3

5 RSBEF

1

o ©
°r O

CAUTION: the output switch will be destroyed if the load is shorted.

Hookup in Parallel or Serieswith Contactsor Switches Hookup to a Programmable L ogic Controller
(PLC)

Any number of "hard" contacts

may be wired in series or in InterfacingtoaPL Cl/QisdirectwithMAXI-BEAMswhichuse
p:ryallel to MAXI-BEAMS L1 Lo RPBA or RPBB. The off-state leakage current is only 100
which use power block model See Sp\éggcmions) microamps (0.1 milliamp) maximum.
RPBA or RPBB.
AC "hot" AC neutral [1
This circuit illustrates a start- L1 L2 —
stop function in which CR can (See sp\éggcaﬁons) <
be energized only when the 3
MAXI-BEAM output is ener- = ool [ 4
gized. Once energized, CR is RPBA forall |
latched ON by itsnormally open RPEB e @ 8inputs | 5
contact. CRisreset by depress- - o sTop ] | 6
ing the STOP switch START 2 rPEA YEL_\2 7
e © RPBB ©4 i
O / f? 3  —
2 ne
1 L
© o
°r P
Hookup in Serieswith other MAXI-BEAMSs Hookup in Parallel with other MAXI-BEAMSs
MAXI-BEAMs which use RPBA or RPBB power blocks may be Any number of MAXI- 1 L,
wiredin seriesfor the"AND" logic function. Thetotal voltage drop BEAMs using RPBA or vac —
acrosstheserieswill bethesum of theindividual voltagedropsacross RPBB power blocks may be (See Specifications)
each power block (approximately 3voltsper block). Withmost|oads, wired together in paralld to <=,
10 or more sensors may be wired together in series, aload. Parald sensor con-
nection is usualy used to Co—"
yield "OR" logic (i.e. if an ﬁ
event occurs at any sensor, RPBA N2 —
Ly the load is energized). RPBB -
Vac 3
(See Specifications) The total off-state leakage Tl !
NP current through the load is © o
- the sum of the leakage cur- O
ﬂ rentsof theindividual power
T - blocks. However, the maxi-
RPBA @i ﬁ RPBA el U mum leakage current of
RPBB C4> RPBB | |[&=—— MAXI-BEAM RPBA or
3

RPBB power blocksis only
100 microamps. Asaresult,
the installation of an artifi- EES’S
cia load resistor in parallel

with the load is necessary
only for very large numbers
of sensors wired in parallel
to a light (i.e. high imped-
ance) load.

~
t
oW

o
©
©

X
]

@_‘-
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Section C - Interfacing: Sensor Hookup Diagrams
MAXI-BEAM 2-wire AC and RPBR Power Blocks

NOTE: Output switching
capacity is 3/4 amp., max.

Basic 2-wire Hookup

Ly L

V ac
(See Specifications)

NP2

N =

)
Us s
:|n A

&

&:

R2PBA
R2PBB

LOAD

MAXI-BEAM sensors using power block R2PBA or R2PBB
wirein series with an appropriate load. This combination, in
turn, wiresdirectly acrosstheacline. A 2-wire sensor may be
connected exactly like amechanical limit switch.

The MAXI-BEAM remains powered when the load is OFF by
aresidual current which flowsthrough theload. Thisoff-state
leakage currentisalwayslessthan 1.7 milliamps. Theeffect of
this leakage current depends upon the characteristics of the
load. The voltage which appears across the load in the OFF
stateis equal to the leakage current of the sensor multiplied by
the resistance of the load:

V (off) = 1.7mA x R(load).

If this resultant OFF state voltage is less than the guaranteed
turn-off voltage of the load, then the interface is direct. If the
OFF state voltage causestheload to stay ON, then an artificial
|oad resi stor must beconnectedin parallel withtheloadtolower
its effective resistance. Most loads, including most program-
mable logic controller (PLC) inputs, will interface to 2-wire
sensors with 1.7mA leakage current, without the need for an
artificial load resistor.

Thereisno polarity requirement. either wiremay be connected
to terminal #3, and the other to terminal #4.

CAUTION: all componentsof aMAXI-BEAM 2-wiresensor
assembly will bedestroyed if theload becomesa short circuit.

2-wire MAXI-BEAMsin Paralléel

Multiple 2-wire MAXI-BEAMsmay bewired together in
parallel to aload for "OR" or "NAND" logic functions.
When sensors are wired in parallel, the off-state |eakage
current through the load isequal to the sum of theleakage
currents of the individua sensors. Consequently, loads
with high resistance like small relays and electronic cir-
cuits may require artificial load resistors.

MAXI-BEAM sensors have a 100 millisecond power-up
delay for protection against false outputs. When 2-wire
MAXI-BEAMs are wired together in parallel, any power
block which has an energized output will rob all other 2-
wire power blocks of the voltage needed to operate the
sensor. When the energized output drops, there will be a
0.1 second delay before any other MAXI-BEAM can
energize. Asaresult, theload may momentarily drop out.

2-wire MAXI-BEAM sensors cannot wire in series with
other 2-wire sensors. |f series connection of 2-wire ac
sensors is required, consider models within the VALU-
BEAM or MINI-BEAM sensor families. 4-wire ac power
blocks can wirein series (see RPBA, RPBB).

Vac
(See Specifications)
N

Hu

N
(o]

R2PBA
R2PBB

Hr LI

N
(o]

R2PBA
R2PBB

1]

LS
go

2-wire MAXI-BEAM swith
Parallel Contacts

2-wire MAXI-BEAM swith
Series Contacts

2-wire MAXI-BEAM sensors may be wired
in paralel with mechanica switch or relay
contacts. Theload will energize when either
a contact closes or the sensor output is ener-
gized. When acontact is closed, it shuntsthe
operating current away from the MAXI-
BEAM. Asaresult, when al of the contacts
open, the MAXI-BEAMs 0.1 second power-
up delay may cause amomentary drop-out of

When 2-wire MAXI-BEAM sensors are
connected in series with mechanical switch
or relay contacts, the sensor will receive
power to operate only when al of the con-
tacts are closed. The false-pulse protection
circuit of the MAXI-BEAM will causea0.1
second delay between the time that the last
contact closes and the time that the load can
energize.

the load.

Ly L,

Vac 11
(See Specifications)

L2

ROPBA @i E[ repBA NEl_ 10
R2PBB S R2PBB S @
4 LOAD 47 4
3 +—~% 3 .
2 2
1 1
© o © 0
Ll °rf

Vac
(See Specifications)
NP3

Hookup of 2-wire MAXI-BEAMsto a Programmable

Logic Controller (PLC)

MAXI-BEAM 2-wire sensors operate with low (1.7mA) off-state leakage current. Asa
result, they will interface directly to most PLCs without the need for an artificial load

resistor. If theoff-statevolt-
age (L.7mA x input resis-
tance of PLC) ishigher than
the PLC sensing threshold,
install a 10KQ to 15KQ, 5

AC "hot" AC neutral
Ly L,

Vac
(See Specifications)

watt resistor for each 2-wire Hookup
sensor.  The resistor con- o typical
nects between the input ter- 8 inputs
minal and ac neutral. m

R2PBA

R2PBB

I~
@

If you have a question on
hookup to a specific brand

of PLC, contact the Banner

Applications Department
during normal business
hours.

L

Model RPBR operates the MAXI-
BEAM with either ac or dc supply volt-
age. It offers an SPST "hard" contact
which alows the MAXI-BEAM to di-
rectly interface with large loads that
draw more than 3/4 amp, like clutches,
brakes, large contactors, and small
motors. |t also allows series connection
("AND") logic without the problem of
voltage drop.

Contacts are not gold-flashed, so inter-
facing to low voltage circuitry is not
recommended. A transient suppressor
(MOV) should be installed across the
contact if it switches an inductive load.

Relay specifications are:

RPBR Power Block Hookup

CONTACT RATING: 250V ac max., 30V dc max., 5 amps max. (resistive |oad)
CLOSURE TIME: 20 milliseconds max.
RELEASE TIME: 20 milliseconds max.

L MECHANICAI | IFE: 10,000,000 operations

250V ac max.
30V dc max.

12 to 250V ac
— or

12 to 30V dc
L, L,
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pc VAL U-BEAM sm912 Series Sensors

NOTE: each output has a
maximum load capacity of 250mA.

Hookup to adc Relay or Solenoid
(using sinking output)

Thediagrambel ow showshookupof adcVALU-
BEAM to a dc load using the sensor's sinking
output, whichisrated at 250mA maximum. The
BLACK wireis not used.

+ +
10-30V dc

Hookup to adc Relay or Solenoid
(using sour cing output)

Thediagram below showshookup of adc VALU-
BEAM to a dc load using the sensor's sourcing
output, which israted at 250mA maximum. The
WHITE wireis not used.

10 - 30V dc——

Hookup to a Logic Gate

Thediagram below showshookup of adc VALU-
BEAM toalogicgate. A logic zero (Ovoltsdc) is
applied to the gateinput when the VALU-BEAM
output is energized. When de-energized, alogic
oneisapplied. Thelogic supply negative must be
common to the VALU-BEAM supply negative.

* Use pullup resistor tdogic supply

+5V to 30V dc
logic supply

L

WHITE (sinking)
output, 150mA max.

BLUE
(common) (de

is not used

Hookup to a Programmable L ogic Controller
(sinking output)

controller requiring a current sink, using the sensor's sinking output.
The BLACK wireis not used.

WHITE
(sinking output)

BLACK
Hookup shown is NG
typical for all BLACK wire
inputs is not used

@ o -~ T

BROWN

wHc oz -
o

BLUE B
(common)

This diagram shows hookup of adc VALU-BEAM to a programmable

Hookup to a Programmable L ogic Controller
(sour cing output)
This diagram shows hookup of a dc VALU-BEAM to a programmable

controller requiring a current source, using the sensor's sourcing output.
The WHITE wireis not used.

BLACK
(sourcing
output)

@ o~

WHITE

Hookup shown is N
_typlca] for all White wire
inputs.

+10 - 30V dc

wHcUTvzZ—
(e}

(common)

Parallel Hookup with other SM912 Series
dc VALU-BEAMs + -
[ -=10-30Vde —— |
Any number of SM912 series dc g
VALU-BEAM sensors may be
wired in paralel to a common
load to create "LIGHT-OR" or
"DARK-OR" logic.

Either the sinking outputs or the
sourcingoutputs(or both) aretied
together. Unused output wires
should be cut off or tied back and
insulated. Series connection of

sensor outputsis not possible. BRO BLUE |

tsinK] (source]

Hookup toa MAXI-AMP Series L ogic Module

The current sinking output(s) of VALU-BEAM sen-
sorsmay beconnected directly totheinput of CL Series
MAXI-AMP modules. A MAXI-AMP which is pow-
ered by ac voltage offersadc supply with the capacity
to power one VALU-
BEAM sensor (see

hookup diagram).
Whenemitter/receiver
pairs are used, the BLACK
emitter shouldbepow-
ered from a separate -
power source. BLACK wire

is not used

Hookup to MICRO-AMP Logic

The current sinking (white)
output of theVALU-BEAM
is shown connected to the

[ WHITE

v 5] @”N"C primary input (pin #7) of a
] Ve BRQN MICRO-AMP logic mod-
- ule. It may be connected,

MODEL MPS-15 . .
00 instead, to the other inputs
0 (see logic module descrip-
ackure  tion). The following logic

@ﬁ%ﬂ% BLUE modules may be used:

ll/zaé g (‘:"\é MA4-2  One-shot

MAS5 On/off delay
MA4G  4-input "AND"
MAA4L Latch

Emitter Hookup L 5

f~=—— 10 to 250V ac or V dc——=

SMA91E
SMA91EF
SMA91ESR

NOTE: Observe polarity for dc <
hookup
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Section C - Interfacing: Sensor Hookup Diagrams

Ac VAL U-BEAM sm2a912 Series Sensors

NOTE: Output switching capacity
is 500mA, maximum.

Basic ac Hookup

VALU-BEAM 2-wireacsensorswireinseries
withanappropriateload. Thiscombination,in
turn, wires across the ac line.

L1

24 to 250V ac —

These sensors operate in the range of 24 to
250V ac, and may be programmed for either
normally open(N.O.) ornormally closed (N.C.)
operation by way of the light-dark operate
switch on the back of the sensor. A 2-wire ac
sensor may be connected exactly likeame-
chanical limit switch.

The sensor remains powered when the load is
"off" by aresidual current which flowsthrough
theload. Theoff-stateleakage current (I off) is
aways less than 1.7mA. The effect of this
|eakage current depends on the characteristics
of theload. The voltage which appears across
theload in the off-state is equal to the leakage
current of the sensor multiplied by the resis-
tance of the load:

V(off) = 1.7mA x R(load).

If thisresultant off-state voltageis|essthanthe
guaranteed turn-off voltage of the load, then
the interface is direct. If the off-state voltage
causes the load to stay "on", then an artificia
load resistor must be connected in parallel
with the load to lower the effective resistance.
Most |oads, including most programmabl econ-
troller inputs, will interface to 2-wire sensors
with 1.7mA leakage current without an artifi-
cia loadresistor. These sensorsarenot polar-
ity sensitive: all hookups are without regard
to wire color.

WARNING: VALU-BEAM 2-wire ac sen-
sors will be destroyed if the load becomes a
short circuit!!

AC Sensorsin Series

Multiple2-wireac VALU-BEAMsmay bewired
together in series for "AND" or "NOR" logic
functions. The maximum number of sensors
which may be wired in series to aload depends
upon the level of theline voltage and the switch-
ing characteristics of theload. Each sensor con-
nected in series adds an amount of voltage drop
acrosstheload. The amount of voltage drop that
each sensor adds depends upon the current de-
mand of the load. Each sensor in series adds
approximately 5 voltsdrop acrossa500mA |oad.
A 15mA load will see about a 10 volt drop from
each sensor added in series. To determine com-
patibility, compare the resultant on-state voltage
acrosstheload against theload's guaranteed turn-
onvoltagelevel (fromthe manufacturer's specifi-
cations).

L1

<~ 24to0 250V

Most non-compatibility of series-connected sen-
sorswith loads occursin low-voltage applications
(e.g. 12, 24, or 48V ac circuits) where the on-state
voltage drop across the load is a significant per-
centage of the supply voltage. The power-up in-
hibit time for the system (up to 300 milliseconds
per sensor) is also additive.

AC Sensorsin Parallel

Multiple2-wireac VALU-BEAMsmay bewired
in parallel to aload for "OR" or "NAND" logic
functions. With sensorswiredin parallel, theoff-
state leakage current through the load is equal to
the sum of the leakage currents required by the
individual sensors. Consequently, loads with
high resistance like small relays and solid state
inputs may require artificial load resistors.

AC VALU-BEAMs wired together in parallel
will not cause momentary drop-out of theload, as
is experienced when wiring in parallel with con-
tacts (see below). However, it islikely that the
power-up delay feature will cause a momentary
drop-out of the load if an ac VALU-BEAM is
wired in parallel with adifferent brand or model
of 2-wiresensor. Contact theBanner applications
department to verify compatibility.

L1
~———— 2410 250V a

Connection to a
Programmable L ogic Controller

ac "hot" acneutral  Hookup shown
L1 L2 is typical for
all inputs

AC Sensorswith Series Contacts

When 2-wire ac sensors are connected in series
with mechanical limit switch or relay contacts,
the sensor will receive power to operate only
when all of the contacts are closed. The false-
pulse protection circuit of the sensor will causea
0.3 second delay between the time the contacts
close and the time that the load can energize.

L1

24 to 250V ac -

0.3 second delay
when contact closes

AC Sensorswith Parallel Contacts

When 2-wireac sensorsare connectedin parallel
with mechanical switch or relay contacts, the
sensor losesthe current it needsto operate while
any contact is closed. When all of the contacts
open, the sensor's 0.3 second power-up delay
may cause a momentary drop-out of the load.

L1
~~——"" 24 to 250V ac—

N

0.3 second delay
when contact oper
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VAL U-BEAM 915 and 990 Series Sensors

VALU-BEAM 915 Series Sensorswith Relay VALU-BEAM 990 Series Sensors
Output with Built-in Totalizing Counter

SMW915 or 95 models: 12-2 8V ac/dc

The 915 Series has an SPDT l&——— SMAO15 or 95 models: 90-130Vac __ | VALU-BEAM 990 Series sensorswire directly acrossthe voltage supply

SMB915 or 95 models: 210- 250V ac

form 1C output relay. This
relay does not have gold-
flashed contacts, and should
not be used for interfaces to
logicinputs. A transient sup-
pressor (MOV) should bein-

line, as shown. They are not polarity sensitive in dc applications.

Hookup is without regard to wire color

stalled across the contacts if L1 L2
they are used toswi tCh IndUC- (N.O. Contact) ¢ O (N.C. Contact)
tive loads. 0
. YELLOW (Relay Common)
NOTE: Interfacingof VAL U-
BEAM 915 Sen@ $”99r3 t_O NOTE: relay contacts are rated at 5 amps
low-voltage logic circuits is  maximum (resistive load) at 250V ac max or 30V
not recommended. dc max. Install MOV across contact or across
load if switching an inductive load.
Relay specificationsare: 4 *
CONTACT RATING: 250V ac max., 30V dc max., 5 amps max. (resistive |oad)
CLOSURE TIME: 20 milliseconds max. 10 to 250V ac, 50/60Hz
RELEASE TIME: 20 milliseconds max. _ or 12 to 115V dc
MECHANICAL LIFE: 10,000,000 operations
VALU-BEAM SM1912 Seriesintrinsically Safe DC Sensors
HOOKUP DIAGRAM A: SM1912 Series Sensor Hookup to CI3RC
- SAFE AREA ‘ - HAZARDOUS AREA
@I D
2.WIRE HOOKUP J m----- - BLACK ! _ INHIBIT (GATING) SENSOR
A TWERSCSAFE Y | 1 A 1|)/“/ (fused)
R EACH IPUT) LMy saewen oy |
INPUTS: X N TVAANN T TBROWN
ONE BARRIER KIT = MODEL CIBK-1 <10 MA.‘(OFF STATE) 1 1 _Pos.supeLy : -
TWO BARRIER KIT = MODEL CIBK-2 20 MA, (ON STATE) 1
INHIBIT INPUT : w12
f— [er | LNV 3 SERIES
RELAY QUTPUT = @}) GE: INPUT ' IN INTSK\‘:A?ESRAFE our| SENSOR
5 AMP CONTACTS k) @_l G})i COMMON AN ROWN
P @ @L POS. SUPPLY
~ p=d -
o 28 ciape E Bk
AC ] =] F\ BLUE BOTTOM VIEW OF SENSOR
SUPPLY 210 10 250V ac @1 G (calors shown are for mating

cable model MBCC-312)

i

EARTH GROUND
(less thaniohm)

HOOKUP DIAGRAM B: SMI91 Series Emitter/Receiver Hookup

TWO BARRIER KIT = MODEL CIBK-2 |

SAFE AREA "] HAzaRDOUsAREA  EMITTER
o +V output (sse load curvs) 2
W d _@_ BLUE f Emiter models:
| sMis1EQD,
wsorovee 1@ U common E===0 Sui91ESRQD,

(@ CP12C A INTRINSIC SAFE | o I SMIS1EFQD
~® = N BARRER _ |ouT .

Note: for 2207240V ac input, . @® Power supply module ) AN O ENL) —

o8 CP12C Instructions or (el POS. SUPPLY _—

Banner product catalog. >

INPUT: | BLACK
<10 MA. (OFF STATE) INTRRSIC SAF
NE) = E
1= 220MA (ONSTATE) |y BARRER |0 ;
RELAY OUTPUT @ o [ NRUT O o ot models
5 AMP CONTACTS < COMMON WVAAN ROWN 3 2] .
|| @D N POS. SUPPLY e RoRaD.
10510 190V ac Rl @ | OPTOCOUPLER
® G}) ©/| OUTPUT: 20mA max.
Ac = CI3RC FLLe
SUPPLY il

rom ] L&)

| BOTTOM VIEW OF SENSOR
EARTH GROUND (colors shown are for mating
(less than 102) <cable model MBCC-312)
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Section C - Interfacing: Sensor Hookup Diagrams

NOTE: maximum capacity of each output is

DC M I NI 'BEA M SM 312 Series Sensors 150mA at 25°C, derated to 100mA at 70°C.

Hookup to a dc Relay or Solenoid Hookup to a dc Relay or Solenoid Hookup to a Logic Gate

(using sinking output) (using sour cing output) The diagram below shows hookup of a dc
MINI-BEAM to alogic gate. A logic zero (0

The diagram below shows hookup of a dc The diagram below shows hookup of a dc voltsdc) is applied to the gate input when the

MINI-BEAM to a dc load using the sensor's MINI-BEAM to adc load using the sensor's MINI-BEAM output is energized. When de-

sinking output, whichisrated at 150mA maxi- sourcing output, which is rated at 150mA energized, a logic one is applied. The logic

mum. The BLACK wireisnot used. maximum. The WHITE wireis not used. supply negativemust becommontotheMINI-

BEAM supply negative.

+5V to 30V dc

BROWN BROWN logic suppl
+10 - 30V dc +10 - 30V dc BROWN gic supply
+10 -30V dc

WHITE (sinking) @

output, 150mA max.

BLUE BLUE BLACK wire BLUE
is not used

.
(common) (common) (common) 0 de
* Use pullup resistor tdogic supply

BLACK (sourcing)
output, 150mA max.

WHITE (sinking)
output, 150mA max.

BLACK wireis not used WHITE wireis not used
Hookup to a Programmable Controller Hookup to a Programmable Controller
requiring a current sink requiring a current source
This diagram shows hookup of a dc MINI-BEAM to a programmable This diagram shows hookup of a dc MINI-BEAM to a programmable
controller requiring a current sink, using the sensor's sinking output. controller requiring a current source, using the sensor's sourcing output.
The BLACK wireisnot used. The WHITE wireis not used.
WHITE — BLACK —
(sinking output) — P (sourcing output) — P
— r — r
(7 o — ’L o [$) — lil o
=i - ] - 5
- BROWN —
o +10 - 30V dc L v 5 +10 - 30V dc (. Voo
BLACK wire — ; WHITE wire — ; t
Hookup shownis ~ 'Sfotused e r Hookup shownis 'S notused e '
typical for all BLUE eoom typical for all BLUE decom "
inputs. (common) é — inputs. (common) é —
Hookup in Parallel with other SM 312 Series Hookup to MICRO-AMP Logic (MPS-15 Chassis)
MINI-BEAMs The current sinking output (white wire) of the MINI-BEAM is shown
— #1010 30v g connected to the primary input (pin #7) of aMICRO-AMP logic module.
Any number of SM312 It may be connected, instead, to the other
series MINI-BEAM \ — e inputs. The following logic modules may

sensors may bewired in
parallel to acommon load

Micro-6 | @N
[6] amp [5] ¢
MA4-2  One shot
to create "LIGHT-OR" or

"DARK-OR" |ogic. MODELMPSS = MA5  On/off delay

O O H " "
LIGHT and DARK operate 0 ‘ | MA4G  4-input "AND
+ (dc comman) € BLacKwire MAA4L Latch

are switch-selectable. is not used

Either thesinking outputsor the sourcing outputs(or both, asshown here)

aretied together. Unused output wires should be cut off or tied back and 2 N . é
insulated. Series connection of sensor outputs is not possible. Additional logic may be added using model RS-8 socket.
Hookup of a dc Emitter Hookup toa MAXI-AMP Logic Module
Emitters connect directly to the supply voltage. Emitter models are: In this diagram, the sinking output of a MINI-BEAM sensor is shown
SM31E and SM31EL connected to theinput (terminal #2) of aBanner MAXI-AMP"CL" series
module.
BROWN BROWN (+10 to 30V dc)
@ ° a +10- 30V dc CL3RA [ WHITE (sinkin o
CL3RB —
—1BLUE i
| CL5SRA =1 (common) 0
) BLUE CL5RB =
(common) BLACK wire is not used X
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NOTE: output has a maximum load ca-

AC M I N I = B EA M SM 2A312 Se“eS Sensors pacity of 300mA. Minimumloadis5mA.

Basic ac Hookup AC Sensorsin Series

MINI-BEAM 2-wire ac sensors wire in se-

rieswith an appropriateload. Thiscom- Multiple 2-wire ac MINI-BEAMs may be wired H t2
bination, in turn, wires across the ac together in seriesfor "AND" or "NOR" logic func- Dk
line. tions. The maximum number of sensorswhich may

bewiredin seriesto aload dependsuponthelevel of
theline voltage and the switching characteristics of
the load. Each sensor connected in series adds an
amount of voltagedrop acrosstheload. Theamount E‘

of voltage drop that each sensor adds depends upon i
thecurrent demand of theload. Eachsensor inseries N\
adds approximately 5 volts drop across a 300mA @
load. A 15mA loadwill seeaboutalOvoltdropfrom

L1 L2

e 2410240VaC ———————=

At

IO =<1.7m
o each sensor added in series. To determine compat-
. ibility, comparetheresultant on-statevoltageacross  accircuits) wherethe on-state voltage drop acrossthe
These sensors operate in the range of 24 to the load against the load's guaranteed turn-on volt-  load isasignificant percentage of the supply voltage.
240V ac, and may be programmed for either agelevel (from the manufacturer's specifications).
normally open (N.O.) or normally closed Thepower-upinhibit time (up to 300 milliseconds
(N.C.) operation by way of the light-dark Most non-competibility of series sensors with loads ~ per sensor) is also additive.
operate switch on the back of the sensor. A occursin low-voltage applications (e.g. 12, 24, or 48V

2-wire ac sensor may be connected exactly

like amechanical limit switch.

The sensor remains powered when the |oad AC Sensorsin Parallel
is "off" by aresidua current which flows . ) .
through theload. The off-state leakage cur- Multiple 2-wire ac MINI-BEAMs may _be wi rgd in
parallel toaloadfor"OR" or"NAND" logicfunctions. L L2

rent (1) isalwayslessthan 1.7mA. Theeffect
of thisleakage current depends on the char-
acteristics of the load. The voltage which
appears across the load in the off-state is
equal to the leakage current of the sensor
multiplied by the resistance of the load:

With sensors wired in parallel, the off-state leakage =~ f«———— 24to240vac ———
current through the load is equal to the sum of the
leakage currents required by the individua sensors. s

Consequently, loads with high resistance like small ] <.7mA Clﬁ
relaysand solid stateinputsmay requireartificial load

resistors. @

V(off) = 1.7mA x R(load). ) . ) 1 off = <3.4mA
AC MINI-BEAMs wired together in parallel will not — off = <3.4m:
If this resultant off-state voltageis less than cause momentary drop-out of the load, as is experi- A "m
the guaranteed turn-off voltage of the load, enced when wiring in parallel with contacts (see | <77 e
then the interface is direct. If the off-state below). However, itislikely that the power-up delay

voltage causes the load to stay "on”, then an featurewill causeamomentary drop-out of theload if
artificial load resistor must be conn‘ected in anacMINI-BEAM iswiredinparallel with adifferent
parallel with the load to lower the effective brand or model of 2-wiresensor. Contact the Banner applicationsdepartment to verify compatibility.

resistance. Most loads, including most pro-

grammable controller inputs, will interface

to 2-wire sensors with 1.7mA leakage cur-
rent without an artificial load resistor. These . . .
sensorsarenot polarity sensitive: all hook- AC Sensorswith Series Contacts AC Sensorswith Parallel Contacts
ups are without regard to wire color. ) ) )

When 2-wire ac sensors are connected in series When 2-wire ac sensorsare connected in paral -
WARNING: MINI-BEAM 2-wire ac sen- with mechanical limit switch or relay contacts, lel withmechanical switchor relay contacts, the
sorswill be destroyed if the load becomes a the sensor will receive power to operate only sensor loses the voltage it needs to operate
short circuit!! when all of the contacts are closed. The false- while any contact is closed. When al of the

pulse protection circuit of the sensor will cause contactsopen, thesensor's0.3 second power-up

a0.3 second del ay between thetimethe contacts delay may cause a momentary drop-out of the
H ookup of an ac Emitter close and the time that the |oad can energize. load.

L1 L2
le——— 24t0240Vac ————m L1 L2 L1 L2
le———— 24t0240Vac ———» Vac
0.3 seconds delay
) 5 when contacts close
N Y
P nl = | Hij=
<) 1 S
LOAD 3 ! @ 3
gl\?loAl(éjfEfl?r efEni'tttters SMA:;LI-E i:idl 0.3 second delay when contact opens
. Emitters connect directly across

theacline, without regard towire color.
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Section C - Interfacing: Sensor Hookup Diagrams

ECONO-BEAM Miniature Sdf-contained DC Sensors

NOTE: the maximum load capacity of each output is 150 milliamps. Both outputs may be used at the same time to run separate loads.

Hookup shown
is typical for
all inputs

WHITE

+10 - 30V dc

BLUE

© [N o o [&|w (N (e
nwH4CcCcUovz -

a
o
Q

Lo
Black wire is
not used

dc com

\\”—«

+10 - 30V dc

White wire is
not used

Hookup to a dc Relay or Solenoid Hookup to a dc Relay or Solenoid Hookup to a Logic Gate
(sinking output) (sourcing output) The NPN (current sinking) output is used to
This diagram shows the hookup to a simple dc This diagram shows the hookup to asimple dc interface the ECONO-BEAM with a logic cir-
load, using the sensor's NPN (current sinking) load, using the sensor's PNP (current sourcing) cuit. The logic supply negative must be com-
output. output. mon to the sensor's supply. Output on = logic
"0"; off =logic"1".
+ - + -
10 - 30V d¢ ———— 10 - 30V d¢ ————=— SE612
SE612 SE612 * Use pullup resistor tdogic supply
+5V to 30V dc
BLACK wire logic supply
is not used +10 -30V dc ?
BROWN BLUE BROWN WHITE (sinking)
output, 150mA max.
WHITE BLACK WHITE
@ BLUE .
NOTE: Black wire is not ised NOTE: White wire is not wed (common) () dc
Hookup toaPLC HookuptoaPLC Hookup to a Counter
(programmable Logic Controller) (programmable L ogic Controller)
requiring a current sink requiring a current source + -

Hookup shown
is typical for
all inputs

Most counters, totalizers,
rate meters, etc., includ-
ing battery-powered LCD
types, accept the NPN
(current sinking) output of
ECONO-BEAMSs.

10 - 30V dc —=

BLACK

is not used

BLUE

@ [N o o s w [N e

nwH4cCcmovz -

a
o
Q

dc com

=

Qo =T
@
Bl
o
S
2

NOTE: Black wire ~I\.

t COUNT OR
RESET INPUT

An ECONO-BEAM sen-
sor used with an LCD
totalizer makes a very
cost-effective counting
system.

: COMMON

00000I]

Parallel Hookup to a Common L oad

Any number of ECONO-BEAM sen-  *
sors may be wired in pardlel to a
common load to create "LIGHT-OR"
logic. For "DARK-OR" logic, use
ECONO-BEAMswiththemodel suf-
fix "NC" (e.g. - SE612DNC, etc.).

—— —10-30Vdc — -

Hookup to MICRO-AMP Logic (MPS-15 Chassis)

The NPN output of

SE612

=+

WHITE

7| Micro- [ 6 |

8 5 NC

i Amp ] BRO!
2| Logic [3

—
MODEL MPS-15 —

Either the sinking outputs or the sour-
cing outputs (or both, as shown here)
are tied together. Unused output
wires should be cut off or tied back
and insulated. Series connection of
sensor outputsis not possible.

4__BROWN

BLUE

ECONO-BEAMs con-
nectsdirectly to any input
of Banner MICRO-AMP
logic-only modules.

The following MICRO-
AMP logic modules may

[E) (source] ‘120‘ ,\“
BLUEﬁ Vac O

be used:

Ry MA4-2  Oneshot

= kT MAS5 Delay
MA4G  4-input "AND"
MAA4L Latch

TheNPN (current sinking) output of an ECONO-
BEAM sensor may be used asan input to Banner
MAXI-AMP CL Series logic modules. The
MAXI-AMP, which is powered by ac voltage,
offersadc supply with enough capacity to power
an ECONO-BEAM sensor. The ECONO-
BEAM may aso be used as an input to the
auxiliary input of a CL5 module.

Hookup to MAXI-AMP Logic (CL Seriesmodules)

NOTE: Black wire is not ised

CL3RA %
CL3RB }
D)
D)
£)

CL5RA
CL5RB

EREREREZ

ofwofi1]1]2[3

Hookup of an SE61E Emitter
+ -
=——10- 30V dc

SE6LE || |

N

BROWN BLUE
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Q@8 Series Low-profile Miniature Self-contained DC Sensors

Maximum load 150 mA. (continuous)

Diffuse M ode Sensor Hookup to L oads Requiring
Current Sink

+ 10 to 30V dc at 25 mA

This hookup is for dif-
fuse mode Q@8 Series
sensors having NPN
(sinking) outputs.

The hookup is the same
for both light- and dark-
operate sensor models.

BLUE

Diffuse Mode Sensor Hookup to Loads Requiring
Current Source

+ 10 to 30V dc at 25 mA

This hookup is for dif-
fuse mode Q@8 Series
sensors having PNP
(sourcing) outputs.

The hookup is the same
for both light- and dark-
operate sensor models. ¢

Opposed M ode Sensor Hookup to L oadsRequiring
Current Sink

Thishookupisfor opposed mode Q@8 Seriesemittersand receivers
with NPN (sinking) outputs.

The hookup is the same for both light- and dark-operate sensor
models.

+ 10 to 30V dc at 50mA -
Modsls: f?/\\\\
Light Operate: EO6@—-Q@8—-AN6X \QU‘ R .
Dark Operate: EO6@—Q@8—RN6X [receiver
BROWN 7 BLUE
@ WHITE
4 .
Emitter
Model S06¢-Q@8
Tie Point
BLACK BLACK
BROWN/ | BLUE

Opposed M ode Sensor Hookup to L cadsRequiring
Current Source

Thishookupisfor opposed mode Q@8 Seriesemitters and receiv-
ers with PNP (sourcing) outputs.

The hookup is the same for both light- and dark-operate sensor
models.

10 to 30V dc af 50mA T

Models:
Light Operate: EO63—Q@8—AP6X
Dark Operate: EQ60—Q@8—RP6X

BROWN

EmlHer
M

odel SO6¢-QP8 WHITE
Tie Point

BLACK / \__BLACK

/L/)F “ﬁ/\

(,OL 44/ / \

BROWN BLUE
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Section C - Interfacing: Sensor Hookup Diagrams

Q19 Series Miniature Self-contained DC Sensors

Maximum load 150 mA. (continuous) each output (standard hookup); 150 mA. (total, both outputs) when alarm hookup is used.

Hookup to Loads Requiring Current Sink
(standard hookup)

Thishookupisfor Q19 Seriessensorshaving comple-
mentary NPN (sinking) outputs.

Light- and dark-operate outputsmay beused simulta-
neously. Maximum load is 150 mA each output.

Hookup of Current Sinking (NPN) Models for Complementary Outpuls
BROWN

+10 to 30V dc

Normally closed
(Dark operate)

Normally open
(Light operate)

BLACK (sinking output)

WHITE (sinking output)

BLUE

de common

Hookup to Loads Requiring Current Sink
(alarm hookup)

This hookup is for Q19 Series sensors having NPN
(sinking) outputs.

The dark operate output may be wired asanormally
openaarmoutput. Whenthisisdone, the maximum
total load (both outputs together) is 150 mA.

Hookup of Current Sinking (NPN) Models for Alarm Output

BLUE

T +10 to 30V dc

Normally open
(Light operate)

ALARM Normally
open

BLACK (sinking output)

WHITE (sinking output)

BROWN

dc

Hookup to L oads Requiring Current Source
(standard hookup)

Thishookupisfor Q19 Seriessensorshavingcomple-
mentary PNP (sourcing ) outputs.

Light- and dark-operate outputs may be used simul-
taneously. Maximum load is 150 mA each output.

Hookup of Current Sourcing (PNP) Modeis for Complementary Outputs
} BROWN

+10 to 30V dc

BLACK (sourcing output)

WHITE (sourcing output)

Normally open

Normally closed
(Light operate)

(Dark operate)
BLUE

dc common

Hookup to Loads Requiring Current Source
(alarm hookup)

This hookup is for Q19 Series sensors having PNP
(sourcing) outputs.

The dark operate output may bewired asanormally
openaarmoutput. Whenthisisdone, themaximum
total load (both outputs together) is 150 mA.

Hookup of Current Sourcing (PNP) Models for Alarm Output

BLUE

+10 to 30V dc

BLACK (sourcing output)

WHITE (sourcing output) @

Normally
open
BROWN

Normally open
(Light operate)

ALARM|

de

Hookup of Q19 Series Opposed Mode Emitters

Q19 Series opposed mode emitters use this hookup.

Emittersare connected to power only. They haveno
output circuits.

BROWN

BLUE
dec common

- +10 to 30V dc
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SM 512 Series Sensor s

Hookup of an SM512 Series Sensor
to a Relay or Solenoid

SM512 Series sensors (including SM51RB and
SM502A) offer two open collector NPN outputsin
acomplementary configuration (onenormally open
and one normally closed). The green output wire
switchestheloadwhenthereceiver "sees" itsmodu-
lated light source (LIGHT operate). The white
output wire switches in the dark condition (DARK
operate). Both output circuits can switch up to 1/4
amp.

+10 - 30V de
Count or
reset input

- (dc common)

|iaiaie]

Hookup of SM512 Series Sensor
toa Counter

Most counters, totalizers, rate meters,
etc. accept either output of the SM512s.
Hookup to a battery-powered LCD type
isshownhere. For other types, follow the
counter'shookupinstructionsforanNPN
or current sinking input device.

+10 - 30V dc

GREEN or
WHITE

dc common

Hookup of an SM51EB Emitter

Emitter model SM51EB connectsdirectly toa
dc power supply, as shown.

O

SM51EB

Hookup of an SM512 Series Sensor to a
Programmable Controller requiring a current sink

Either sensor out-
put is wired di-
rectly to any in-
put of the PLC.
Also, connect the
negative of the
Sensor power sup-
ply to the nega-
tive of the PLC t
(input card) r
power supply (if I
they are separate
supplies).

+10 to 30V dc

Q@ o =~ T

w4 CcCc oz -

Ol (N (o (0~ W [N (e

aQ

+

Hookup shown is

dc com typical for all input

Hookup of an SM512 Series Sensor to a
Programmable Controller requiring a current source

Either sensor outputiswireddirectly toany input of thePLC. Anexternal
"pullup” resistor is connected between the input and +V of the PLC
(input card) power supply. Thevalueof theresistorisnot critical: values
from 1IKQ to 10K Q, /4 watt or larger, will satisfy most inputs. Connect
thenegative of the sensor power supply to the negative of the PL C (input
card) power supply (if they are
separate supplies).

1 +10 to 30V dc

B
The wiring scheme inverts the |,
LIGHT and DARK output con-
figuration asseen by the PLC in- ||
put. The white output becomes |« |~ &
LIGHT operate, andthegreenout-
put isused for DARK operate.

®H4coz -
o

dc com

*Use pullup resistor
tologic supply

Hookup to MAXI-AMP Logic (CL SeriesModule)

The output of an SM512 Series sensor may be used as an input to Banner
MAXI-AMP CL Serieslogic modules. The MAXI-AMP, when powered by
acvoltage, offersadc supply with enough capacity to power one SM512
Series sensor. An SM512 Series sensor may also be used as an input to the
auxiliary input of a CL5 Series module.

RED Q,
= @,ﬂ GREEN or WHITE
— CL3RA @l or
- CL3RB @
N CL5RA @]
® CLSRB @)
GE

Hookup to MICRO-AMP
Logic (MPS-15 Chassis)

The output (green or white wire) of loge
SM512 Series sensors connects di- [ a

rectly to any input of the following
Banner MICRO-AMP logic-only

]

@)

modules:

MA4-2  One-shot
AT St | T
MA4G  4-input"AND" A
MA4L  Lach Vac 0 ©c

Hookup of an SM51EB6 and SM51RB6 High Power
Emitter/Receiver Pair

Boththeemitter and thereceiver havewhitewireswhich connect together
tosync (lock on) the pair to anarrow frequency bandwidth. Thereisonly
onereceiver output, which isthe same NPN current sinking circuit used
in the other SM512 Series sensors.

The output is normally open (or LIGHT operate). For normally closed
output, specify model SM51RB6DO ("DO" = Dark Operate).
+10 to 30V dc

WHITE

- (dc common)

Hookup of an SM53E and SM53R High Sensitivity
Emitter/Receiver Pair

The emitter/receiver pair has an analog output which serves asthe input to
an ac-coupled amplifier. The hookup shown here is to an ac-coupled B
Series amplifier. Note that the white wires from both the emitter and
receiver tietogether at the amplifier input. Thisconnectstogether an AGC
circuit which regulates the emitter output for constant received light signal
strength. The sensors are powered by 12 to 18V dc.

7 — s
A +15V d
S | °
= I—H—T SM53R SMS53E
1 7 6
Y Bas [ WHITE RED
246l
= B4-1500A = BLACK
+15V dc BLACK
— WHITE
1]
g J:
=

120 Vac




SM 30 Series DC Recelvers

Section C - Interfacing: Sensor Hookup Diagrams

NOTE: maximum load capacity for dc receiversis 250mA, continuous.
See page C-36 for emitter hookup.

DC Receiver Hookup to a Simple L oad

DC SM30 seriesreceiversmay beconnected for either light- or dark-operate
sensing, and for either sinking or sourcing output. 1n DARK operate mode,
the receiver output conducts when the light beam is blocked; in LIGHT
operate, the receiver output conducts when the light beam is unblocked.

SINKING Hookups

DARK
operate

Hookup of dc Receiver for Sinking Output and Dark Operate
BROWN

: LOAD
BLACK (sinking output)

WHITE (see nofe)

+10 ~ 30V dc

BLUE |

de common

SM30 - series
receivers

LIGHT
operate

Hookup of dc Receiver for Sinking Oulput and Light Operate

BROWN

+10 — 30V dc

BLACK (sinking output)

WHITE (see nots)

BLUE

dc common

SM30 ~ series
receivers

NOTE: For light-operate sensing applications, the white wire is always
connected to the POSITIVE side of the power supply. For dark-operate
sensing applications, the white wire is always connected to the DC COM-
MON side of the power supply. The diagrams below show dc receiver
hookup to "simple loads" such as dc relays and solenoids.

SOURCING Hookups

DARK
operate

Hookup of dc Receiver for Sourcing Oufput and Dark Operate

BROWN

BLACK (sourcing output)

WHITE (see note)

- dc common

BLUE

+10 — 30V dc

SM30 - series
receivers

LIGHT
operate

Hookup of dc Receiver for Sourcing Oufput and Light Operate
BROWN

- dc common
BLACK (sourcing output)

WHITE (see note)

| BLUE

SM30 - series +10 - 30V dc

receivers

Note: contact Applications Group at factory for information on interfacing to TTL circuitry.

DC Receiver Hookup to a Programmable Controller
requiring a current sink (DARK operate* shown)

This diagram shows hookup of an SM30 Series
dc receiver to a programmable

logic controller requiring
acurrent sink.

Hookup shoun is typical
for all inputs.

BLACK ;
(output) 2
BROWN 3
(+10-30V dc) 2
6
7

WHITE

w—CoZ—

—~5—~0 @wo-D

BLUE
(common)

SM30-series receiver

I de com

*For light-operate sensing
applications, the white wire isinstead connected to "+10 to 30V dc".

DC Receiver Hookup to a Programmable Controller
requiring a current source (DARK operate* shown)

This diagram shows hookup of an SM30 Series
dc receiver to a programmable
logic controller requiring
acurrent source.

Hookup shown is typical
for all inputs

BLACK
(output)

BLUE
(+10-30V de)

~No o] s e |n]|=

WHITE

n-HCcoUZ—
—S+0 wo-~T

dc+
dc com|

SM—30 series receiver . BROWN _L

(common)

*For light-operate sensing
applications, the white wire isinstead connected to "+10 to 30V dc".

DC Receiver Hookup to MICRO-AMP Logic
(MPS-15 chassis; sinking hookup, DARK operate* shown)
Theoutput of thereceiver isshown connected to the primary input (pin#7)

of aMICRO-AMP logic module. Alternatively, it may be connected to
one of the other inputs. The following logic modules may be used:

BLACK (output)

MA4-2  One-shot
MA5 On/off delay
MA4G  4-input "AND"
MA4L Latch

*For light-operate applications,
connect the white wire instead to +Vdc (pin #4).

DC Receiver Hookup toa MAXI-AMP Logic Module
(Sinking hookup, DARK operate* shown)

Inthisdiagram, the output of an SM 30 Seriesreceiver is shown connected to
the input (terminal #2) of aBanner MAXI-AMP "CL" series module.

BROWN (+10-30V dc)

[~[e] &[]
ol cLira  |On] )
[@|®| cL3rB  |@- BLACK (ou’rpui) SM30-receiver
[N@| ciLsrA (@]

CL5RB S
o S| [wHITE

BLUE {common)

*For light-operate applications,
connect the white wire instead to +Vdc (pin #3).
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SM 30 SeriesAC Recelver s

NOTE: maximum load capacity for ac receiversis 500mA, continuous.

SM 30 Series Emitter Hookup

8] Lz
12 to 240V ac
—_—

or
10 to 30V de

SMA30 - series
emitters

Emitters with stainless steel housing have a
thirdwirethat must beconnectedtoearthground
whenever the emitter is operated from an ac
voltagesource. Thegroundwireisthe GREEN
wire.

Hookup to a dc supply is without regard to
power supply polarity.

AC Receiversin Series

Multiple SM30 Series ac receivers may be
wired together in seriesfor "AND" or "NOR"
logic functions. The maximum number of
sensors that may be wired in series to a load
depends upon the level of the line voltage and
the switching characteristics of theload. Each
sensor connected in series adds an amount of
voltage drop across the load. The amount of
voltage drop that each sensor adds depends
upon the current demand of the load. Each
sensor in series adds approximately 3.5 volts
drop acrossa500mA load. A 15mA load will
see about a5 volt drop from each sensor added
inseries. Todeterminecompatibility, compare
the resultant on-state voltage across the load
againgt the load's guaranteed turn-on voltage
level (from the manufacturer's specifications).

Most non-compatibility of series sensors with
loads occurs in low-voltage applications (e.g.

24 fo 240V ac

SM2A30 — series
receivers

12,24, and 48V accircuits) wheretheon-state voltage
drop across the load is a significant percent of the
supply voltage.

Basic AC Receiver Hookup

NOTE: AC receiverswith stainless steel hous-
ing have a third wire (GREEN) that must be
connected to earth ground.

Thesereceiversoperate over avoltage range of
2410 240V ac (50/60Hz). They wirein series
with an appropriate load. Thiscombination, in
turn, wires across the line. SM30 Series ac
receivers may be connected exactly like ame-
chanical limit switch.

The sensor remains powered when the load is
"off" by aresidual current which flowsthrough
the load. The off-state leakage current (1) is
always less than 1.7mA. The effect of this
leakage current depends upon the characteris-
ticsof theload. Thevoltagethat appearsacross
the load in the off-state is equal to the leakage
current of the sensor multiplied by the resis-
tance of the load:

V(off) = 1.7mA x R(load).

If this resultant off-state

AC Receiversin Paralle

Multiple SM30 Series ac receivers may be
wiredinparallel toaloadfor"OR" or"NAND"
logic functions. With sensorswired in paral-
lel, the off-state leakage current through the
load isequal to the sum of theleakage currents
required by the individual sensors. Conse-
quently loads with high resistance, like small
relaysand solid-stateinputs, may requirearti-
ficial load resistors.

SM30 Series ac receivers wired together in
parallel will not cause momentary drop-out of
the load as is experienced when wiring in
parallel with contacts (see below). However,
itislikely that the power up delay feature will
cause amomentary drop-out of the load if an
ac SM30 receiver iswired in parallel with a
different brand or model of 2-wire ac sensor.
Contact the Banner Applications Group to
verify compatibility.

L1 L2

——————————— 24 fo 240V ac —————————#=y

loff = <3.4ma

SM2A30 — series
receivers

H AC Receiversin Serieswith Contacts

voltage is less than the
guaranteed turn-off volt-
age of the load, then the
interface to the load is di-
rect. |f the off-state volt-
age causestheload to stay
"on",thenanartificial load
resistor must beconnected
in parallel with theload to
lower the effective resis-
tance of the load. Most
loads, including most pro-
grammable controller in-
puts, interface to 2-wire sensorswith 1.7mA of leakage current without an
artificial load resistor.

st 24 to 240V ac —————————#=]

SM2A30 — series
receiver

Toff = <1.7mA

WARNING: SM30 Series 2-wire ac receivers will be destroyed if the
load becomes a short-circuit!!

When SM30 Seriesac receivers
are connected in series with a
mechanical limit switch or a
contact, the sensor will receive
power to operate only when all
of the contacts are closed. The
false-pulse protection circuit of
the sensor will cause a 0.3 sec-
ond delay between the time the
contacts close and the time that
the load can energize.

& L2

24 to 243V ac ————————#=|

0.3 seconds delay when contacis close

*NOTE: Grounding of AC Stainless Steel Sensors

These sensors are not polarity-sensitive: all ac hookups are
without regard to wire color. However, the ground wire of all ac
stainless steel SM30 sensors (receivers and emitters) must be
connected to earth ground. Thegroundwireisthe GREEN wire.

AC Receiversin Parallel with Contacts

When SM30 Seriesac receivers
are connected in parallel with a
mechanical limit switch or are-
lay, the sensor |oses the voltage
it needs to operate while any
contact is closed. When all of
the contacts open, the sensor's
0.3 second power-up delay may
cause a momentary drop-out of
the load.

8] L2
v

24 fo 240V gc —————— =i

0.3 seconds delay when confoct opens
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S18 Series DC and AC Sensors

Section C - Interfacing: Sensor Hookup Diagrams

Hookup Diagrams,
DC sensors

S18 Seriesdc sensorsmay be purchased with achoiceof either NPN
(sinking) or PNIP (sourcing) complementary outputs, one normally
open and the other normally closed. In all models, except emitters,
the normally closed output may be wired as a normally open low
excess gain alarm outpuit.

S18 dc sensor outputs in the standard hookup are rated at 150 mA.
maximum each (continuous). Output capacity in the alarm hookup
is150mA. total, both outputs. Thereisal100millisecond delay upon
power-up.

NPN sinking models, standard hookup

BROWN

+10 to 30V dc

Normally closed
(Dark operate)

Normally open
(Light operate)

BLACK (sinking output)

WHITE (sinking output)

BLUE

de

Note: Use model MQDC—-415(RA) cable for "Q" model sensors (ordered separately)

NPN sinking models, hookup for alarm output

BLUE

+10 to 30V dc

Normally open

(Light operate) T

ALARM| Normally
open
—\

BLACK (sinking output)

WHITE (sinking output)

BROWN

de common

Note: Use model MQDC—415 (RA) cable for "Q" mode! sensors (ordered separately)

PNP sourcing models, standard hookup

BROWN

+10 to 30V dc

BLACK (sourcing output)

WHITE (sourcing output)

Note: Use model MQDC-415(RA) cable for "Q" model sensors (ordered separately)

Normally closed

Normally open
(Dark operate)

(Light operate)

BLUE

dc common

PNP sourcing models, hookup for alarm output

BLUE

+10 to 30V dc

BLACK (sourcing output)

Normally open
(Light operate)

Normally
open
BROWN

dc

Note: Use model MQDC-415(RA) cable for "Q" model sensors (ordered separately)

Hookup Diagrams,
AC sensors

S18 Series ac sensors use a three-wire hookup.
S18 ac sensor outputs are rated at 300 mA. maximum (continuous).

Thereisa100-millisecond delay upon power up.

All AC sensors

BROWN

[N}

20 to 250V ac

Lz

QD models require MQDC-515 or MQDC-515RA cable.

AC emitters
BROWN
L1
20 to 250V ac
L2
BLUE

QD models require MQDC-515 or MQDC-515RA cable.

DC emitters

BROWN
= +10 to 30V dc

BLUE

= dc common

QD style emittersrequire MQDC-415 or MQDC-415RA mating cable.
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CSQ %rles DC SenS()rS Maximum load is 150 mA (continuous).

Hookup to Load Requiring Current Sink
(NPN models)

+ 10 to 30V de

This hookup is for C3@
Seriessensorswith NPN
(sinking) output.

dc commeon
Maximum load is 150
mA (continuous).

Hookup to Load Requiring Current Source BROWN + 10 to 30 ac
(PNP models)

This hookup is for C3@
Series sensorswith PNP
(sourcing) output.

~—= dc common

Maximum load is 150
mA (continuous).

Q85 Series Sensors

Hookup of M odelshaving Electromechanical Relay Output

Qutput indicator E
Q85 Series Sensors with electromechanical relay _\/——%— /— Timing logic progr::imlming
output switching device connect to power and load Atignment indicator . | ~O switches (some models)
asshownatright. Wiringisdoneat thefiveterminals Time adjustment
inside the wiring chamber. (Some models) N ~O Normally Closed
Sensitivity adjustment N w)
These sensors operate from either 24 to 240 Vac or i@
12 to 240V dc, and there is no polarity required for S a1
power supply hookup. H Common
@-
1 4
Both normally open and normally closed relay con- - 1
tacts are provided. Maximum (resistive) load is TZ z:orzizz . 5 = 5 MAX. 10AD
250V ac, 30V dc, 3A. f - T 30V de
34
Opposed mode emitters use the same ac/dc power \j i ®
hookup (at terminals 1 and 2). Emitters have no *’"’% Normally Open
output circuitry. -
o
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Section C - Interfacing: Sensor Hookup Diagrams

ULTRA-BEAM 925 series Sensor s (electromechanical relay output)

See page C-15 for hookup information on analog output models.

SUA925QD 105 - 130V ac
SUB925QD 210 - 260V ac

_—

MBCC-512
mating cable
(sold separately)

N/C contact

N/O contact

S
Yellow

Relay common

OUTPUT RELAY SPECIFICATIONS: oneform"C" SPDT elec-
tromechanical relay with silver-nickel aloy contacts.

Capacity: 150 watts or 600V A maximum power (resistive load)
Maximum voltage: 250V ac or 30V dc (resistive load)
Maximum current: 5 amps (resisitive load)

Minimum load: 5V dc @ 100 milliamps

Mechanical life: 10,000,000 operations

Note: install asuitablemetal oxidevaristor (MOV) acrossthecontact(s)
to switch an inductive load.

MBCC-512 Quick Disconnect Cable

“QD” Receptacle Pin Numbering
(Male Pins)

Cable Plug Pin Numbering
(Female Pins)

White Yellow Black

ULTRA-BEAM 925 and Sonic OMNI-BEAM sensors require 5-conductor
quick-disconnect (female) SO-typecable. Standard length of model MBCC-512
cableis 12 feet. SO-type cables of other manufacturers may be used.

E SeriesOMNI-BEAM Sensors

See page C-18 for Sandard OMNI-BEAM models.
Emitter Hookup (OPEJE and OPEJEQD power blocks):

Lq 24 to 36Vdc Lo
or -
24 to 250Vac

SENSOR BLOCK:
OSEE
POWER BLOCKS:
OPEJE
*OPEJEQD

BROWN BLUE

*Note: cable model MBCC-512 is sold separately for use
with powerblock model OPEJEQD. It has five wires. The
white, black, and yellow wires have no connection.

E Series dc hookups are without regard to power supply polarity.

Output relay and "QD" cable specifications are same as for 925 Series, above.

Sensor Hookup (OPEJ5 and OPEJ5QD power blocks):

L
La 24 t0 36Vdc 2

or -
24 to 250Vac

POWER BLOCKS:
OPEJS
OPEJ5QD

WHITE BLACK
(n.c. contact) (n.o. contact)
s YELLOW

(Relay common)

Sonic OMNI-BEAM Sensors

with electromechanical output relay

OUTPUT:
oneform "C" SPDT relay, silver nickel aloy contacts.

Maximum voltage: 250V ac or 30V dc (resistive load)
Maximum current: 7 amps (resistive load)

Minimum load: 5V dc at 10 milliamperes
Mechanical life: 50,000,000 operations

Sonic OMNI-BEAM sensors use model MBCC-512 5-conductor
SO-type "QD" cable, described above.

OSBUSR sensor head

OPBAS, OPBASQD, OPBBS, or OPBB5QD power block

BLACK (Pin 1)
O Normally open

YELLOW (Pin 3) O Relay common

WHITE (Pin 5
(Pin_5) O Normally closed

BROWN (Pin 4)

O

105 to 130V ac, 50/60Hz (OPBAS and OPBA5QD}
210 to 250V ac, 50/60Hz (OPBB5 and OPBB5QD)

BLUE (Pin 2)

O

See page C-16 for hookup to analog power blocks.
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MAXI-AMP Modulated Amplifiers (Electromechanical Output Relay)

MAXI-AMP modules with electromechanical output relay are identified by the letter "R" in the model number suffix. Therelay issingle-
poledoublethrow (SPDT) with gold-flashed contacts. A transient suppressor (MOV) should beinstalled acrosscontactsthat switchinductive

loads.
MODULE SUPPLY USED WITH OUTPUT LOGIC
e . MODEL VOLTAGE (INPUT) CONFIGURATION FUNCTIONS
Relay specifications are: -
CD3RA 105-130V ac, . SPDT electromechani-
CONTACT RATING: 250V ac max., or 12-28V dc | CD SeriesMAXI-AMP | cal relay, plus NPN ON/OFF
24V dc max., 5 amps max. (resistive load) 210250V ac modules contain a transistor solid-state Output follows input
CLOSURE TIME: 10 milliseconds max. CD3RB | =508V do mdlqlfé_ite?dgg?tor?legctfr; ltg?rm glvglg dcswitchat
) . plifi gn :
RELEASE TIME: 10 milliseconds max. - CD5RA 105-130V ac, | the SPl_Z_ Series of SPDTeIectrome_chani— Sdlectionof 12program-
MECHANICAL LIFE: 20,000,000 operations or12-28V.dc | preamplified remote | cal relay. (Terminal #9 | mablefunctionsinclud-
210-250V ac, | barrel sensors. is reset/inhibit input to | ing: delay, pulse, limit,
CD5RB or 12-28V dc logic circuit.) cycle, and latch.
The operating characteristics of Banner 105-130V ac, . 3 SPDT electromechani-
MAXI-AMP modulated amplifier mod- | CM3RA | or12:28v ds | (iodtes contain o GO rE2. plus NPN ONIOFF
. . . | 1d- .
uleswith electromechanical relay output cMarp | 210-250V ac, modulated photoelectric | ogic-level dcswitch at Output follows input
are summarized in the table at the right. or 12-28V dc | amplifier for use with | terminal #9.
the full line of Banner - -

CM5RA 105-2%%%V ZC high-performance | SPDT electromechani- | Selectionof 12program-
orl2-28vide | o iilated remote sen. | CA rélay. (Terminal #9 | mablefunctionsinclud-
210-250V ac, is reset/inhibit input to | ing: delay, pulse, limit,

CM5RB | or12-28vdc | O logic circuit.) cycle, and latch.
105-130V ac, SPDT electromechani-

CR3RA | 0r12-28V dc | CR SeriesMAXI-AMP cal relay, plus NPN ON/OFF
210-250V ac, | Modules contain a | ouicovel deswitchat | OUtPut followsinput

CRSRB | 51228V dc | modulatedphotoelectric | jorming'#o

amplifier especialy de-

CRsRA 105130V ac, | ggned for the SP100 | SPDT electromechani- | Selectionof 12 program-
or 12-28V d¢ | geries of miniature re- | ca relay. (Terminal #9 | mablefunctionsinclud-
210-250V ac, | mote sensors. is reset/inhibit input to | ing: delay, pulse, limit,

CR5RB | or 12-28V dc logic circuit.) cycle, and latch.

Hookup for ac-powered Unit Hookup for dc-powered Unit
+12to 28V dc
SPDT5amp ( i@ @ i‘iLEDJ' SPDT5amp i@ ® i‘—g
S | [soH |02k —w S | [SlehH |of2t—w
i@ ? @ _l i@ ? @ _147 - (dc common)
s (1O ® 11> v | 19 © [11—r
(see table) 8 @ @ & PT + Connection 8 @ @ Q PT +
% ocket [ Auxiliar X ocket Auxilian
(B2 Sockeh @ 9 (see tabI}{e) (&2 Sonked @ 9 (see tabl)t/e)
Connect shield wires from remote sensors (if any) to terminal #1. Connect shield wires from remote sensors (if any) to terminal #1.

MICRO-AM P modulated Amplifierswith Sinking Outputs

Models MA3 and MA3-4 are modulated amplifiers with a
complementary NPN sinking output configuration: one output
is open while the other is conducting. The output at pin #6
conducts when the remote receiver "sees" its modul ated light
source. Theoutput at pin#5 conductsinthe"dark" state. Both
outputscan sink up to 150 milliamps. The power supply is10-
30V dc at 20mA, exclusive of load.

To

Model MA3 is used with SP100 series miniature remote
sensors. Model MA3-4 is a higher-gain amplifier used with
high-performance modul ated sensors, which includes the fol-
lowing models: L P400; LR & PT200, 250, 300, 400; SP300D;

Sensor(s)

Hookup for Unitswith Sinking Output

,_
m
g

N =] oe 2

MA3 or

MA3-4

Amplifier

. NC | park Operate

N/O Light Operate

10 0 30V de

W & | &

(RS8 Socket)

Shield wire(s)
(it any)

————————~- (dc common)

SP300EL/RL; SP300L ; SP320D; and SP1000V.
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Section C - Interfacing: Sensor Hookup Diagrams

MAXI-AMP Modulated Amplifier s (Solid-state Output Option)

MAXI-AMP modules with the solid-state output option actually offer two SPST relays: onefor an acload, or onefor adcload. These contacts
share a"common", and so are not normally both connected to |oads at the sametime. The switch for an ac load is between terminal s #5 and #6.

The solid-state ac - "y opyLE[ suppLY USED WITH OUTPUT LOGIC FUNCTION OF
switch is rated for up MODEL | VOLTAGE (INPUT) CONFIGURATION FUNCTIONS TERMINAL #9
to 3/4 amp. The con-
tact design features CD3A 105-130V ac, .
negligible off-state or 12:28V de | CD SerlesMAXI-AMP ONJ/OFF NPN logic level
; - i DC output
leakage for direct CD3B grlgfgg\\// %té modulated photoelectric Output follows input outpu
:nteff_aCI ng to any ac TR 130V o amplifier for use with
ogic Input. CD5A g © | SP12 Series preampli- Selectionof 12program- | Input for inhibit or
or 12-28V dc_| fieqd remote barrel sen- mablefuncti onpsior?(_:l ud- r@pet of logic func-
The dc switch is an CDSB 210-250V ac, | sors. SPST solid-state con- | iNg: delay, pulse, limit, | tions(acceptsswitch
NPN transistor be- or 12-28V dc fa?d fo]E Mitcgigg ac | cycle, and latch. to dc common)
; oads of up to 250V ac
tween terminals #4 cmaa | 20550V & | OM SeriesMAXI-AMP | and up to 314 amp.
and #6, Itisisolated orle C_| modules contain a ON/OFF NPN logic level
fromthe modulevolt- cm3s | 210-250V ac, | modulatedphotodectric Output follows input DC output
ages so that it may be or 12-28V dc | amplifier for use with o
connected for either 105-130V ac. | the full line of Banner e . o
sourcing or sinking to CM5A | or12-28v.de | i %Ihl- peed” ormance ﬁaﬁ%?&gﬁ%npsrﬂ%ﬂgz Irgggtt gfo rlo'é‘fé' %n(c)[
an input. 210-250V ac, | modulated remote Sen- | oot oolig-state con- | ing: delay, pulse, limit, | tions(acceptsswitch
CM5B | or12.28V de | SO's tact for fsmitching gc cycle, and latch. to dc common)
itchi circuitsof upto 30V dc
Thedc switchisrated CR3A 105-130V ac, and up to 5(‘))mA.
for 30V dc max., or 12-28V dc | CRSeriesMAXI-AMP i
50mA max., and is 210-250v modules contain a OfN{IOFF . NPN logic level
recommended for in- CR3B &, | modulated photoelectric . Output follows input DC output
h ; or 12-28V dc o - (depending onhookup)
terfacingonly tologic TS 130V a_mpgcfjlefr &spﬁm aly de- | (0€P! P
circuits. - » | signed for the SP100 Selectionof 12program- | Input for inhibit or
CRSA or 12-28V dc | series of miniature re- mablefunction%?r?(;l ud- r_eget of logic func-
210-250V ac, | mote sensors. ing: delay, pulse, limit, | tions(acceptsswitch
CR5B or 12-28V de cycle, and latch. to dc common)
Hookup for ac-powered Unit Hookup for dc-powered Unit
(See note, below) e rote. belo +1210 28V dc
R = g WA [ @[3 e o) TlaF e
ACin%ﬁ% %L-—LED, ACL;—;L%E/’ %1‘7@-
+VdcorACL 1 -‘2{‘{‘5‘,"&57 1 6| 11 +VdcorACL 1 ST 16| | 1]
Ac f"i@ﬁ‘ y@;l.l‘iw- o f‘*l@% V@R
(:;p:;lly]le) l—— g|® ®10—Fr+ connection L ——> g |@ |- DI —
(RS-11 Socket) ® 9 Auxiliary (RS-11 Socket) @ Auxiliary

Connect shield wires from remote sensors (if any) to terminal #1

NOTE: Output will switch either one DC load (30V dc max., 50 mA max.)
or one AC load (250V ac, 3/4 amp max.), (not both).

(see table)

Connect shield wires from remote sensors (if any) to terminal #1

NOTE: Output will switch either one DC load (30V dc max., 50 mA max.)

or one AC load (250V ac, 3/4 amp max.), (not both).

(see table)

M | CRO-AM P Modulated Amplifierswith Sourcing Outputs

Models MA3P and MA3-4P are modul ated amplifiers with a
complementary PNP sourcing output configuration: one out-
put isopen whilethe other isconducting. The output at pin#6
conducts when the remote receiver "sees' its modulated light
source. Theoutput at pin#5 conductsinthe"dark" state. Both
outputs can source the supply voltage at up to 150 milliamps.
The power supply is 10-30V dc at 20mA, exclusive of load.

Model MA3P is used with SP100 series miniature remote
sensors. Model MA3-4P is a higher-gain amplifier used with
high-performance modulated sensors, which includes the fol-
lowing models: LP400; LR & PT200, 250, 300, 400; SP300D;

SP300EL/RL; SP300L ; SP320D; and SP1000V .

To
Sensor(s)

Hookup for Unitswith Sourcing Output

LED-

LED+

PT+

W =[oe|

MA3P or

MA3-4P
Amplifier

(RS8 Socket)

LOAD

W || &

NOTE: Connect all sensor shield wires to pin #3.

N/O Light Operate

LoapyVE | Dark Cperate

+10to 30V de

- (dc common)
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Disable ... D-11, G-8
Divergent proximity sensing mode
alignment ..o E-21
application cautions............ .. B-13
available sensor models.. ... B-13
defined .......coovvninienne A-10; G-8
uses and advantages..........coveeenns B-10
DiViSOr 10QIC ..ovvereeienieiee e D-9
Drill SIZES.....ooeeiieeeeeee e F-3
Dual channel inverter ...........ccccoeuee... D-12
(DY o | C-10; E-8

ECONO-BEAM™ ... A-21; B-5,9, 12, 13,
... 16, 21, 40, 41, 50, 70, 75, 76, 77, 79;

.................................... C-6,8,31; E-2
Edge-guide.........c.ccc.... A-13; B-14, 24, 25
Effective beam

opposed mode.... A-7,18; B-3; E-14, 18
Proximity mode ..........ccceevrerrneeennns A-14
retroreflective mode......... A-8,18; E-14
Electrical crosstalk................... B-44; E-11
Electrical "noise"
(see"Noise")
Electromechanicdl relay ............. B-68, 69;

......................................... CL,2,3,G-8
EMI (electromagnetic interference) ............

...................... B-83, 84; C-4; E-11; G-8
EMItter ..o A-2,

6,7,8,9, 11, 12, 13, 14, 15; E-11; G-9
ENaDIe ..o G-9
Enclosurerating.........cccccveneee. B-76; F-11

Environment (sensing)
air turbulence .......ccceeveeveevreirecneenn,
COrrosive materialS.......cooveveveeveecveeereenenn
....................... B-77; E-12; F-11, F-12
A-14; B-77, 78; E-16; F-11
electrica "noise" .............. A-19; E-8, 16
hazardous environments....... B-80; F-10
moisture................. B-76, E-12, 16, F-11
temperature ........ccooceveieiennne B-75; F-6
vibration and shock ....... A-19; B-79, 80

Epoxy encapsulation..............cc..... B-76, 79

E SeriesOMNI-BEAM™ ..o,
. B-4,8,11, 15, 20, 63, 65, 69; C-39

Excess gain
A-15, 16, 17
definition of .....coccoveverirennnnn A-14; G-9
guidelines............ ... A-15;B-2; G-9
measurement of ........ccccocvveeernienns A-17
(and) sensing reliability ........ccoeeiiennneee
............................ A-18; B-2, 77; E-14
(and) sensor alignment .. A-17; E-17, 18
sensors with high excessgain..................
.......... A-18, 21; B-2, 3, 25, 34, 77, 78

B-18, 80

False pulse (on power-up) protection ..........
C-10; E-13; G-9

FET (field effect transistor) ................. G-9

Fiber optic
application cautions.... B-18, 19, 22, 80;
...................................................... E-13
available sensor models........... B-20, 21
bifurcated .............. A-6; B-18; D-4; G-4
[000] 0= (= 0| O A-5
congtruction  A-5; B-17, 18, 46, 59, 75, 77

custom assemblies A-5; B-18
EXCESS JAIN .ot B-18
OlBSS oo A-4,5;
.B-17, 18, 19, 31, 46 75; E-13; G-9, 11
individugl .....o......... A-6; B-17, 34; D-3
lensfocusing procedure.................. B-18
multi-branched ... D-3,4
opposed MOde........covvrverererennns B-17,18
plastic... A-4,5;B-1, 18, 22, 46, 75; E-13
proximity mode ......... B-18
retroreflective mode B-18
spectrd transmission characteristics . A-6
uses and advantages............ceeuennne A-4;
......... B-18, 19, 22, 28, 29, 31, 34, 79,
.............................................. 80, 83, 84
Field of View ......ccccceovvvvcinininen A-7; G-9
Filter (Polarizing) ......ccoveveveeienieeieisesienens
...................... A-9; B-7; E-20; G-3, 18
Fixed-field SensingMode .............ccccvnennnee
.......................... A-11, 18; B-17; G-10
Flexing (of fiber optics) ......ccoovevvieviiecienne
.................................... B-19, 80; E-13
FIP-Flop ..o D-9; G-10
Flooding effects.......cccoeeeeenee. A-7; E-18




Hysteresis (SWitching) .........coccoeevvevevevnennne
A-20; B-22, 34; G-10

Impedance.......ccccveveineinenccie, G-11
Incandescent (light source) .... A-1,2, 3,19

Index mark (see "Registration mark™)

Index of refraction .........c.cccceeeveeeeenennne A-4

Individual (fiber OptiC) ....covvvevreeriiiriiinne
................... B-17, 34; D-3; G-11

INAUCLANCE.......oeeeeeeceeceeeeceeceee G-11

Inductive proximity sensor .. B-2, 77; G-11

Infant mortality ........ccocoveeenrvciinennns
Infrared ......coceveveveeieeeeeee, A-1,6; G-11
INNIDIT <o G-11
Inrush current................ C-11; E-8, 9; G-11
Inspection logic ................. D-11, 12; G-12

Interface (sensor-to-load)
acload.................. B-68; C-9, 10; E-7, 8
68; C-1, 1.

digital (éi&.tched) ................... L A-22,C1
electromechanical relay .........ccoeevveeennene
B-68, 69; C-1,

Interface device (relay)
optically-coupled dc relay (OC-12) .. C-7
ac relay for interface to solid-state
input (BTR-1A) ..o C-9
ac relay for largeloads (BTR-10) ... C-9

Interrogate
INPUL ..o D-7,11, 12; G-12
(< 150 ST B-26; D-11
(1120114 P D-7,11, 12; E-13
Intrinsic safety ............... B-80; F-10; G-12

Inverter (100iC) ...covvevrevrereenene. D-12; G-12

IPTating .coovvveeeenereieenrieecreseeeeens G-12
Kodak 90% reflectance test card ....... A-16
LaSEN .o G-12
Laser diode .......cooeeeeriimciciiceciiinns G-12
Latching 10giC ....covvvveeeevreninene. D-10; G-12
Leakage current (Off-State) ........ccccvvrveverenne

................ C-9, 10, 11; D-2; E-9; G-13

LED (light emitting diode)

benefitsS of ....covcveeeeeecececes
definition of .....cccceviveeeeiins
INFrared ..o
modulated
(as) status indicator -1; E-
visiblegreen .............. A-1; B-14, 31, 32
visiblered .............. A-1; B-3, 14, 31, 32

Lensmaterials. B-571t059, 77; E-12; F-12

Level sensing ..........c...... A-11; B-3, 14, 22

Light curtain (light screen) ........ccccoeeveneee.
A-13; B-3, 26, 27, 34; G-13

Light operate............... A-22; D-1, 3; G-13

Light pipe (see"Fiber optic")

LIM-2 (logic inspection module) ................
.................................... C-13; D-11, 12
Limit timer ....coeeeeeeecececeeee D-8; G-13
Linear output ............. B-2, 22; C-16; G-13
Line Scan Camera .......coceeveeveeveeeeeveennns G-13
Line Vvoltage .....cccoveveeeenirerecesisieeens G-13
Load
acload.................. B-68; C-9, 10; E-7, 8
dcload ......... B-68; C-5, 6, 7, 8, 12; E-9
electromechanical .........ccccceeveeveneen. C-1
iNAUCEIVE ....coveverane,

minimum load
maximum |oad
FESISLIVE ..ot
TESPONSE ...
solid-state (iNPut) .....cocvveeevreneenenes

B-44; E-11, 16

C-l 7

"Lock-on" (of amplifier)....
Logiclevel ......ccooeennns C-5; E-12; G-13
Logic (sensing)

(see "Contral logic";

"Multiple sensor hookup™)

L SR-64 shift register ......... C-12; D-10, 11

Masking (of 1ens) ..........cceueeee. A-18; E-18

Materials used for sensor housings..............
B-57 to 59; F-12

Materials used for sensor lenses..................
................... B-57t0 59, 77; E-12, F-12
MAXI-AMP™ ... A-4, 18, 20; B-6, 9, 12,

16, 21, 33, 35, 44, 45, 50, 62, 64, 67, 69,
71,74, 75, 76, 80, 85; C-3, 4, 6, 8, 11, 12,
13,40, 41; D-1, 2,3, 4, E-1, 3,6, 17

MAXI-BEAM®... A-18; B-4, 8, 11, 15, 20,
33,40, 41, 55, 57, 60, 61, 63, 65, 69, 70,
73,75,78,79,85 C-2 3 4,6,8, 10,11,
23,24,25,D-1,2,4,E-1,2,6,9,17, 19

Measurement light curtain

BEAM-ARRAY™ .......c.... A-13; B-26
customized light curtains.........c.cccceeeeeee
.................................... A-13; B-26, 27
measurement resolution.................. B-26
multiplexing .........ccceeervennnee A-13; B-26
Mechanical convergent beam
sensing mode .................. A-11; B-3; G-14
Mechanical enclosure standards..................
.......................................... B-76; F-11

Metal oxide varistor (MQOV).. C-4,9; G-14
"MHS" modification...........cccevervenen.

MICRO-AMP® A-4,18; B-6, 9, 12, 13, 16,
7

17, 21, 33, 44, 45, 47, 62, 64, 67, 69, 71,
74,75, 85; C-2, 3,5, 6, 35; D-2, 3, 4;
E-3, 6, 17

MINI-BEAM™ A-18; B-3,5,7, 9, 12, 13,

3 9
14,16, 21, 26, 27, 29, 33, 39, 40, 41, 51,
57, 60, 61, 63, 65, 70, 73, 75, 78, 85; C-6,
8, 10, 11, 29, 30; D-2; E-2, 17

Misalignment .........cccccevveveieneriniennn,

Modulated LED .... A-2, 3; B-25, 72; G-14

MOISIUTE.....cveeeeeeecee B-76; E-16
MP-8 multiplexer module ..........ccccceveennene

.......................... A-13; B-26, 27; E-15
M Series amplifier .......ccocevreinienne G-14

MULTI-BEAM® ... A-18; B-3,4, 8, 11, 13,
14, 15, 20, 24, 25, 29, 30, 33, 38, 40, 41,
55, 57, 60, 61, 63, 65, 69, 70, 73, 75, 77,
78, 84,85, C-2,3,4,5,6,10, 11, 12, 13,

14, 20, 21, 22; D-1, 2, 4; E-2, 9, 17, 19

Multi-branched fiber optics
INAIVIAUE .......coooevireiciieiceeces D-3
bifurcated ........cccovveiiiicree D-4

Multiple sensor hookup
"AND" logic ....
"OR" 10QIC ..covvvereeereenn .12
series connections........ C- 10, 12;D-1,2
parallel connections..........ccoeevvereecreenne

.......................... C-10,12,13; D-1, 2,3

Multiplexed arrays  A-13; B-26, 27, 35, 36;
...................................................... E-15

Nanometer ........coceeeveeeieecieeccee e, G-15

NEC (National Electrical Code) ..................
B-80, 81; F-10




NEMA ratings .......cc...... B-76; F-11; G-15
"No can/no fill" 10giC.......cceeevvrrenienens D-12
"Noise" (acoustical) ........ccoererrrrerrennns B-23
"Noise" (electrical)
CONLINUOUS ....oveeie e B-83
EMI o
intermittent ............ccoceeeneene.
minimizing effects of
.......... A-19; B-18, 44, B-84; E-11, 16
R e B-83; G-15
tracking source of ........ B-83; E-1, G-15
Non-modulated receiver ........ A-2, 3; B-29

NPSthread.......ccoccovvvrerieenrenenn F-3; G-15
NU e C-14, 15; G-15
OC-12 e C-7
OFF delay timing l0giC.......cccoveveirenineeeens

........................ B-24; D-5; E-13; G-15
Off-state leakage current ..........cccceveveevenenne.

.................... C-9, 10, 11, 12; D-2; E-9
OhM'SIAW ..cveeveeeeeece e F-8; G-16
OMNI-BEAM™ . A-17; B-4, 8, 11, 15, 20,

23, 33, 34, 35, 38, 40 41, 54, 57, 60, 61,
63 65, 67, 68, 69, 70, 72, 73, 75, 78, 83,
84,85, C-1,2,3,4,6,8, 11, 14, 16, 18,
19,39; D-1,2,4,E-1,2,9,17

ON & OFF delay timing 10giC..........ocvuenne
B-24, 29; D-6; G-16

On-demand scanning ...............

One-shot timing 10giC ......cccceeveeiericresienenne,
........................ B-72; D-6; E-13; G-16

Opacity (opaque) ... A-18; B-2; E-14; G-16

Open-CollECtOr ......cceoerieeriieeinee

Opposed sensing mode
aignment .......ccoceeveeveiiieinenne
application cautions ..
avallablemodels.......cccovueuenene
beam pattern ..........ccoeovrecinnnns
(and) contrast ........ccoeevereneee.
defined .....cooeverneeee
effectivebeam ........cc.........

(and) excessgain .........c.c.......
(with) fiber optics .....cccevvvveecreneee.
uses and advantages...........c.ov....

Optical contrast (see "Contrast")

Optical coupler (optical isolator) .................
.................................. B-25; C-7; G-17
Optical crosstalk ............ A-12; B-26; E-14

Optical data communication

carrier light signal .........cccceevveenene. B-25
MULTI-BEAM® Optical Data System ....
.................................................... B-25
Optical edgeguiding
band........cccoviiiinnns B-14, 24,25
[iMIt SENSOIS....cveuereeireerieirieeeieee B-25
MULTI-BEAM® Edgeguide System .......
.............................................. B-24, 25
PUISE COMTeCtion ........coevevrerrneceeens B-25
OPTO-TOUCH™ Optical Touch Buttons
(OTB and LTB Sefi€s) .....cccovvervrirennns B-37
Optoelement (receiver)
photocell ..... A-2, 3, 19; B-29, 30; G-17
photodarlington ...........ccccveeveinene. A-1
photodiode............ . A-1,2,G-17

phototransistor .. A-1, 2; B-29, 32: G-17
"OR" [0gIC ..ocovvernnns D-1, 2, 3,4,12; G-17
Output (see "Interface”)
Overload protection ...........ccc.....
Parallel connection of sensor outputs...........
C-10, 12, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 29, 30, 31, 36; D-1, 2, 3; G-17

Passive pullup (see "Pullup resistor")

PERIMETER-GUARD Systems ... B-36, 37
Photocdll ............... A-2, 3,19; B-29; G-17
Photodarlington ... A-1
Photodiode........ccc.ccovvrvennnee. A-1, 2; G-17
Photoelectric sensor ................... A-1; G-17
(also see "Sensing mode")

Phototransistor ............ A-1, 2; B-29; G-17
PIXEl e G-18

Plastic fiber optic (see Fiber optic")

Pluglogic.......c...... B-75; D-3, 4,12; G-18
PNP ..o C-5,6,7,8, G-18
Polarized light .........ccccoevereinene. A-9; G-18
Polarizing filter .... A-9; B-7; E-19; G-3, 18
Power block ............... B-24, 38; E-9; G-18
Power supply
Sensor requirements............... B-60 to 67
failuremodes.......cc.ccoveevvecerennnn. E-7, 10
Precise-focus convergent beam ...................
.............................. A-11; B-16, 33, 34
Preset Counter ... D-9

Product families (see individual families)
BEAM-ARRAY ™ Systems
BEAM TRACKER™
ECONO-BEAM™
E Series OMNI-BEAM ™
glass fiber optics

MACHINE-GUARD Systems
MAXI-AMP™
MAXI|-BEAM®
MICRO-AMP®
MINI-BEAM ™
MULTI-BEAM®

Product families (continued)
OMNI-BEAM ™
OPTO-TOUCH™
PERIMETER-GUARD™
Q@8 Series (THIN-PAK ™)
Q19 Series
Q85 Series
plastic fiber optics
S18 Series
SM30 Series
SM 180 Series
SM512 Series
Sonic OMNI-BEAM ™
ULTRA-BEAM™
VALU-BEAM®

Programmable logic controller (PLC) .........
......... B-24, 38; C-8, 9, 11, 12; D-4, 12;
.............................................. E-9; G-18

Proximity sensing modes
Aignment ........ccoeeeeeieiceeee
application cautions
beam pattern .........ccceveveevenenene. A-14
(and) contrast ............. A-18; B-10; E-21
convergent beam A-10; B-14

defined ......ccoeeeeeeneen. A-9; G-18
diffuse...cccveeeviceecns ... A-10; B-10
divergent .......c.ccoeunee. ... A-10; B-10
effectivebeam .......ccccecevvveveenennn, A-14

(and) excessgain . A-16, 17; B-10; E-21

(with) fiber optics B-17
fixed-field .....coveuveeee A-11, B-17
mechanical convergent beam . A-11; B-3
UltrasonicC ......cceeeeeveevveeenen, A-11; B-22
uses and advantages................. B-10, 31
Proxing effect .......cccovevveeieieieiceceeees
.......... A-8, 9; B-7; E-14, 19, 20; G-18
Pulldown resistor .......cccoveeeeeeeeceeennn. C9
Pullup resistor ........ccccoevuennee. C-5,7; G-19

Pulse modulation .. A-2, 3; B-25, 72; G-19

Pulse stretcher .......coveveeeeenene

QU8 Series sensors .. B-5, 12, 42, 43, 49, 57,
66, 71, 73, 75, 79, 85; C-7, 32, E-2, 17

Q19 Series sensors.... B-5, 9,

12, 42, 43, 49,
57,66, 71, 74, 75, 79, 85; C-

4
7,33, E-2
42

9,12
Q85 Series sensors.... B-5, 9, 12, 42, 43, 53,
58, 60, 62, 63, 66, 69, 75, 79, 84, 85;
C-3,38; E-3, 17

"QD" (quick disconnect) ................... G-19
Randomized fiber optic bundle ...................

................................... A-6; B-31; D-4
Range (sensing) .. A-6;B-3,4,5,6,7,8,9,

............ 11, 12, 13, 18, 23, 28, 45; G-19
Ranging ......cccooevevenieniecens B-22; G-19
Rate sensor 10giC ....cccvveeeeeeneee D-9; G-19
R-C network ......coceevevevreeeenen, C-3,4; E-8




Receiver (photoel ectric/ultrasonic) .............
A-2,3,6,7,8,9,11, 12, 13, 14, 15, 19;
E-11; G-19

Rectangular aperture..........c.ccccevvervenee. A-7

Reflection
diffuse....ccccevennen.
specular ................
total internal

REFIECtiVity (FEatiVE) ..ovoeeeeererreeeess e
..... A-10, 16; B-2, 3, 10, 14, 31; G-20

Reflex sensing mode
(see "Retroreflective sensing mode")

Refraction ..o, A-4;, G-20
Registration mark (color mark) ..........cc.......

........................... A-3,19; B-31; G-20
Relay

contact configuration ......... B-69, 70, 71

contact materialS.........coceeveeveennen. C-2,3

electromechanicd ............ B-68, 69; C-1

solid-state.......cccvvrenee B-70,71; C-1,5
Remote sensor .. A-3; B-38, 44, 45, 47, 48,

........................ 50, 75; D-3, E-11; G-20
Repeatability .......ccceevrvenee. B-14, 22; G-20
Repeatability of response ..........ccce.... A-25
Repeat cycletimer ... D-8; G-20
Reprate......ccccvvvvvvivniiniinieien B-72; G-20
Resistor

artificial load........ccoceeevvvenneen. C-10; E-9

color code

dropping........c.....

pulldown ..............

PUTUD -
Resolution (sensing) ................ B-26; G-21
Response pattern (ultrasonic) ............ A-14
Response time

(of) load ............... A-25; B-32, 72; E-13

(Of) relay ..o C-2,13

(of) sensor ... A-3,19, 22; B-4,5, 6, 8, 9,

........... B-11, 12, 13, 15, 16, 17, 20, 21,

........................ 23,32,33,72,73; E-13

required Sensor reSPoNSe.........coeeeeveeeeene

................ A-23, 24, B-72; E-13; G-21

sensors with fast response ............. B-73
Retriggerable (one shot) ............ D-6; G-21
Retroreflective sensing mode

alignment .......ccoceeveeveiiieienne E-19, 20

application cautions................. A-9; B-7

availablemodels ... B-8,9

beam pattern ..., A-14

(and) contrast ....... A-18; B-7

defined ......ccoeveeeeeeiecee e A-8; G-21

effective beam ................... A-8,18; B-7

(and) excessgain ............. A-15, 16; B-7

(with) fiber optics ....cocovevvvieecene B-7

proxing effectS.......ccoovveeeieinereerceee

.......... A-8,9; B-7; E-14, 19, 20; G-18

retroreflective targetS........cooeveeereeeenene

................ A-8, 14, 15; E-12, 19, G-21

uses and advantages...........cccceeeenee B-7

visible models.......ccccceveveieieiennen, A-9

Reverse polarity protection................ G-21
RFI (radio frequency interference) ..............
.............................. B-83, 84; E-11, 16
Ripple (in dc circuits) .............. E-10; G-21
S18 Series sensors ... A-11, 21; B-5, 9, 12,
......... 17, 42, 43, 49, 58, 60, 63, 66, 71,
........ 73, 75,76, 79, 85; C-7, 11, 12, 37
Saturation
ambient light ........cccccoerennnne A-2; E-15
of solid-state output switch...... C-7,E-9
Saturation voltage......... C-6, 7; E-10; G-21
Scalefactor ... A-20
SCR (silicon controlled rectifier) ................
.............................. C-9, 10; E-8; G-22
Self-contained sensors
application cautions............c.ccvee.e. B-38
ModUlar ........ccoeeeeeeeiieeeiiees A-4; B-38
ONE-PIECE....cvrvirirriercene A-4; B-38, 39
uses and advantages................. B-38, 75
Self-diagnostics (SENSOr) ...c.veeevereeeereeierienns
.............................. A-18, 21; B-35, 72
Sensing mode
convergent beam proximity .........cccceeeeveee
................................ A-10; B-14; E-21
diffuse proximity ....... A-10; B-10; E-21
divergent proXimity .........ccoceevveeenrencens
.......................... A-10; B-10, 13; E-21
fiber optic ...covvveeviiieicee A-4; B-17
fixed-field proximity ....... A-11, 18; B-17
mechanical convergent proximity ...........
............................................ A-11; B-3
0ppPOSEd......ccvviereinne A-6; B-2; E-18, 19
retroreflective .......... A-8; B-7; E-19, 20
specular reflection ............. A-8, 11; B-3
ultrasonic proximity ............ A-11; B-22
Sensing range .......ccocceeeereeeennns A-6; G-19
Sensing window
of fiber optic Sensor .........cccvevvveeee. G-22
of ultrasonic proximity Sensor .................
.......................................... B-22; G-22
Sensitivity CONtrol .........ceoveeveeennecennes
....................... A-18, 20; B-39, 40, 42;
.................................. E-1, 14, 18; G-22
Sensor head......ccocoveevieeieeiens E-9; G-22
Series connection of sensor outputs ............
...... C-12, 19, 21, 24, 27, 30, 36; D-1, 2
Shift register ........cccoeeenene D-10, 11; G-23
Shiny objects (sensing of) ........... A-8, 10,
11, 14, 16; B-3, 7, 10, 14, 17; E-20, 21
Shock (mechanica) ............. A-1; B-18, 79
Shock (thermal) .....cooovvveiiinciene B-76
Short-circuit protection...... C-6; E-9; G-23
Showering arc (test) .......ccceovvvrveerennn G-23
Single-shot ............. B-72; D-6; E-13; G-16

I ndex

Size (of Sensor) .....cccevveeenene B-18, 46 to 56
SIT (CaDIE) ..o G-23
Skew angle ........ccceeeennnne A-9; E-19; G-23
SM30 Series ......... B-5, 40, 41, 52, 60, 63,
............... 66, 70, 75, 76, 78, 79, 84, 85;
................. C-6, 8, 10, 35,36; D-2; E-17

SM512 Series ... B-5,9, 12, 16, 21, 33, 34,
41, 52, 58, 65, 70, 73, 75, 76, 78, 79, 85;
C-6,34; E-3

SMD (surface mount device)............. G-23

"Snubber” (R-C) ............ C-3,4, E-8; G-23

Solid-state output (relay)
current SiINKiNg (NPN) ..o

............ B-26; C-5, 6, 7, 8, 13; D-2, 12

current sourcing (PNP) ........ C-56,7,8
falluremodes.........ccoceeeeevvceeeenen. E-8, 9
foracloads ........ccoeuenene C-9, 10; E-8,
foracordcloads .......ccccoovneennnee C-12
fordcloads.......cccveurnnen. C-5,6,7,12
isolated.........vvnee C5,6,7,8,9 11, 13

Sonic OMNI-BEAM™ . B-22, 23, 40, 41,
.. 54, 62, 67,68, 69, 71, 75; C-3, 16, 39

SPAN .o C-13, 14; G-24
Specular reflection...... A-8,11; B-3; G-24
Spectral response..........cccceevveeee A-3; B-30
Speed of switching

(see "Response time")

Splicing (sensor cable) ............ B-44; E-11

Supply voltage (see "Voltage")

Switching dc power supply ............... E-10

Switched output .........ccccceeenenee A-22; C-1

Temperature specifications

(of sensing COMPONENtS) .........cccereerevirereneee
................................ B-19, 44, 75; F-6

3-Wire dc SENsor .......ccoeeeeeeeveennne C-5, D-2

3- & 4-wire ac sensor .......... C-11, 12; D-2

Threshold (of amplifier) A-15; E-8, 14; G-24

Through-beam sensing mode
(see "Opposed sensing mode™)

TimiNGg 10QIC ...covvveveireieiirecie D-4t09
Toggling 10giC ..veveeieiecerceeee D-9
Total internal reflection ... A-4
Totalizing CoUNtEr .......cccovvvvveenrienenns B-28
Tracer DEaM ..o G-24
"Train" 10giC oo D-12
Transducer (ultrasonic) ........ A-3,11; G-24
Transient .......cccceeeevveevennee. C-10; E-8; G-24




Tranducent ............. A-21; B-24, 29; G-25
Troubleshooting (chart) ........c.cc....... E-4,5
TTL s C-7; E-10
2-wire sensor ..... C-10, 11; D-2; E-9; G-25
UL (Underwriters Laboratory) .......... G-25
ULTRA-BEAM™ ................ B-23, 40, 41,
62, 64, 67, 68, 69, 71, 75; C-2, 3, 15; E-3
Ultrasonic sensor
application Cautions...........cceceereecreenennns
............................ B-23, 72, 77,78, 84
availablemodels.........ccccveeeeiieenene B-23
electrostatic..........ccovenee. A-3,11; B-22
0pposed MOUE.......ccvveeeriereeereeenens A-7
piezoelectric............... A-3,11; B-22, 23
proximity mode . A-11; B-14, 22, 23, 85
uses and advantages..........ccoueerereeereennnn

A-11; B-2, 14, 22, 23

UV (ultraviolet) ................. B-29, 77; G-25

VALOX®. B-56,57,58,59, 77; F-12; G-25

VALU-BEAM® .. A-18; B-4,8, 11, 15, 21,
28, 33, 39, 40, 41, 53, 57, 60, 61, 63, 65,
69, 70, 75, 78, 79, 81, 82, 83, 85; C-2, 3,
6, 8, 10, 11, 26, 27, 28; D-2;
E-2, 3,17

AVZ= (1S (o] S SRR

Vibration
natural frequency .........cceeeeevenenne.
TESONANCE ....voveneeeereereeeeneeneeeeneens

Voltage (sensor supply)
low voltage ac
low voltage dc
110/120V 8C ..o
220/240V BC ...ovvveveierrriirns

Voltage drop ......ccoccveevrenercnenne. D-2; G-25
Voltage SPiKeS .......ccccovveeennene C-4, 10; E-8
VOM (volt-ohm-milliameter) ...........ccc....e.

.................................... C-5E-1,8,11
Waveguides ........ccoveeeeneiineneesien, A-7
Whitelight .....ccccvevvveiiienenn A-3,19; B-31
Windowing ......ccccceeevevnnene. B-22; C-15, 16
Wiring reference..... B-44; C-18t0 41; F-9
Zener (diode) ....ooeevvveeieeieeeeine G-25
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