e This manual is for systems that use the MGCA-4A or MGCB-4A control bes—

®
BEANNIER

MACHINE-GUARD System

Instruction Manual

An optoelectronic point-of-operation guarding device
for production machinery such as hydraulic and pneu-

matic power presses, molding presses, and automated®

production equipment (see page 3)

Creates a curtain of synchronized, modulated infrared °
sensing beams from 6 inches to 6 feet high (12 length
increments, see page 2); system has 3x excess gag

remaining at the specified maximum range of 45 feet

FMEA tested to ensure control reliability

Opposed mode configuration with many times the °

sensing power of competitive units: reliably penetrates
dust, dirt, oil, fog, and mist

Replaceable redundant output relays with "forced
guided" contacts to ensure control reliability

Two available blanking types,floating blanking and
exact blanking,easily configured inside control box

Controller uses "diverse redundancy" design concept
to achieve a higher level of control reliability

Highly immune to EMI, RFI, and ambient light;
highly immune to strobe light

Modular design with no "matched sets" necessary:
any emitter and receiver (of equal length) and
any control box may be used together

Epoxy-encapsulated, vibration-tolerant, factory
burned-in emitter and receiver circuitry for
toughness and dependability

Versatile swivel mounting brackets and small, light-
weight tubular sensors for easy installation and
alignment both on new equipment and in

retrofit applications

Listed
Presence
Sensing Device
10Y8 SA8959

LR 41887

Spanish language instruction manuals and product labels are available by request. See page 37.
Los manuales de instrucciones y las etiquetas de los productos estan disponibles en espafiol si usted lo pide. Ver la pagina 37.
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| mportant... read this page first!

In the United States, thieinctionsthat the BannerMACHINE-GUARD™ System is intended to perform are regulated by the
Occupational Safety and Health Administration (OSHA). However, whether or not any particular MACHINE-GUARD System
installation meets all applicable OSHA requirements depends upon factors that are beyond the control of Banner Engineering
Corporation. These factors include the details of how the MACHINE-GUARD System is applied, installed, wired, operated, and maintained.

Banner Engineering Corp. has attempted to provide complete application, installation, operation, and maintenance indmuctions.
addition, we suggest that any questions regarding application or use of the MACHINE-GUARD System be directed to the factory
applications department at the telephone numbers or address shown at the bottom of this page.

Banner MACHINE-GUARD Systems can guard against accidgahts/hen they are properly installed and integrated into the machine,
properly operated, and properly maintained. See Section 3 of this manual for installation procedures, consideratioastians! prec
See Sections 4 and 5 for operating and maintenance information. It is the responsibility of the purchaser and/or ugkisto apply
MACHINE-GUARD System in full compliance with OSHA regulations.

The user of the MACHINE-GUARD System shall ensure that all machine operators, maintenance personnel, electricians, and
supervisors are thoroughly familiar with and understand all instructions regarding the use and maintenance of the MACHINE-GUARD
System and the machinery upon which it is installed, as well as all appropriate safety regulations.

In addition to OSHA regulations, several other organizations provide informational material on the use of machine gugedevices
information box, below left). The user is referred to the American National Standards Institute (ANSI), the RoboticefiAstiariea

(RIA), the American Metal Stamping Association (AMSA), and others. Banner Engineering Corp. makes no claim regardieg a specifi
recommendation of any organization, the accuracy or effectiye:
ness of any information provided, or the appropriateness of ghe

provided information for a specific application. MACHINE-GUARD System
The user has the responsibility to ensure that all local, state, fand : . . ,
national laws, rules, codes, and regulations relating to the use ofthis Em&tg&/erllesgelver HelghtX:el?ief|ned
machine guarding system in any particular application are sgtis-
. g 9 y Y P PP > MGEG616A emitter 6 inches (152 mm)
fied. Extreme care is urged to ensure that all legal requiremgnts MGR616A receiver
have been metand thatall installation and maintenance instructjons
. . . MGE1216A emitter 12 inches (305 mm)
contained in this manual are followed. MGR1216A receiver
1 1 MGE1816A emitter 18 inches (457 mm)
CaUtlon . MGR1816A receiver
Banner MACHINE-GUARD Systems are for use only on machil:- MGE2416A emitter 24 inches (610 mm)
ery that can be stopped immediately after a stop signal is issfled. MGR2416A receiver
They may be used with part-revolution clutched machines that MGE3016A emitter 30 inches (762 mm)
have the ability to stop at any point in their strokénder no MGR3016A receiver
circumstances may the BEAM-ARRAY MACHINE-GUARD Slys- MGE3616A emitter 36 inches (914 mm)
tem be used on full-revolution clutched machinery. Banner MA- MGR3616A receiver
CHINE-GUARD Systenmay notbe used as tripping devices tq MGE4216A emitter 42 inches (1067 mm)
initiate machine motion (PSDI applications) on mechanical power ~ MGR4216A receiver
presses, per OSHA regulation 29 CFR 1910.217. MGE4816A emitter 48 inches (1219 mm)
MGR4816A receiver
MGES5416A emitter 54 inches (1372 mm)
U.S. Standards Applicable to MGR5416A receiver
Use of MACHINE-GUARD ™ Systems MGEGO016A emitter 60 inches (1524 mm)
MGR6016A receiver
ANSI B11.19 Safeguarding of Machine Tools MGEG616A emitter 66 inches (1676 mm)
ANSI/RIA 15.06 Safety Requirements for Robot Systems MGR6616A receiver
Copies are available from: MGE7216A emitter 72 inches (1829 mm)
Safety Director MGR7216A receiver
National Machine Tool Builders Association
7901 Westpark Drive MGCA-4A 115V ac control box (one per system)
McLean, VA 22101-4269 MGCB-4A 230V ac control box (one per system)
Cables 25, 50, 100 and 150-foot lengths; straight QIp
See page 38 for a detailed listing of applicable standards connector. Two cables per system. Total
and requirements length may not exceed 175 feet. See p. 36.
*One pair per system

__________________________________________________________________________________________________________________|
2 Banner Engineering Corp. 9714 10th Avenue No. Minneapolis, MN 55441  Telephone: (612) 544-3164 FAX (applicationk}) ®44-3573
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1. MACHINE-GUARD System Introduction

The Banner MACHINE-GUARD System is a microprocessor-controlled opposed mode optoelectronic "curtain of light". It
is designed for use as a point-of-operation guarding device on production machinery.

Banner's patented microprocessor-based circuit establishes a higher level of control reliability in machine guard design. Th
MACHINE-GUARD System uses the design concept of "diverse redundancy"”, in which two microprocessors of different
design, running from two different instruction sets, constantly check all system components, including each other. Bannei
MACHINE-GUARD Systems are extensively FMEA (Failure Mode and Effects Analysis) tested to establish an extremely
high degree of confidence that no system component will ever, even if it does fail, ¢ailse &0 danger

In typical operation, if any part of an operator's body (or any opaque object) of more than 1.50 inch in cross section enter
the guarded area of the machine, the MACHINE-GUARD's output relays will open. The contacts of the output relays are
connected to the guarded machine's primary control elements (MPCES) which immediately stop the motion of the guardet
machine. The output relays have forced-guided contacts for enhanced control reliability.

Portions of the curtain may be blanked (made "blind") to allow for:
1) the continued presence of brackets, fixtures, etc. in the path of the @xaairblanking)and
2) the movement of a workpiece of up to one inch in cross section through the curtain at gfiggimigtblanking).

The Banner MACHINE-GUARD is a modular machine guard system. Each system is made up of an MGE Series emitter
unit, an MGR Series receiver unit, and a model MGCA-4A or MGCB-4A control box (see Figure 1 and cover photo). Emitter
units consist of a row of synchronized modulated infrared (invisible) light emitting diodes (LEDSs) in a tubular metal housing.
Receiver units consist of a corresponding row of synchronized phototransistors in a tubular metal housing. Emitters an
receivers are available in various sizes (based on the height of the defined area), in 12 lengths ranging from 6 ieches to 6 fe
The tubular sensor design includes a swivel bracket at each end for quick mounting and easy alignment. A listing of availabl
models is given on page 2. Optional corner mirrors enable a single emitter/receiver pair to guard more than one side of a
area (see Section 6.1).

The control box contains a power supply (to power the

Figure 1. Banner MACHINE-GUARD System: control box itself and an emitter and receiver), a plug-in
emitter, receiver, control box, and QD-style microprocessor controller module to control sensing
interconnecting cable (cable is purchased separately) logic, and arelay board with replaceable output relays.
/// £30° Rotation Three panel-mounted LEDs indicate the operating sta-
antie P / Specified tus of the system. Diagnostic LEDs located on the
mounts (4)![®&~ /- obecilie . . .
e test piece controller module identify seven different trouble
| Emitter / causes. There is a keyed panel switch for resetting the

system from fault (lockout) conditions. The three
MACHINE-GUARD System units are interconnected
using two 5-wire cables with QD (Quick Disconnect)
connectors on their emitter and receiver ends.

Banner Engineering Corp. is the photoelectric industry
leader in the design of high-power modulated infrared
presence sensors. The Banner MACHINE-GUARD
System is conservatively rated at a sensing range of 45
feet, at which point there remains a reserve of optical
sensing energy (3x excess gain). The MACHINE-

qne-525 —
Quick—
disconnect
Cables (2)

WARNING. The MACHINE-GUARD System
usene pairof sensors connecteddnecontrol

box. Connection of multiple pairs of sensorsfo
a single control box can result in a dangerous
situation, and is prohibited.

Strain Relief
Cable Glands
(2 Supplied with
Control Box)




GUARD System produces many times the optical sensing power of competitive units to reliably penetrate the dust, dirt, oil,
fog, and mist that are often presentin industrial applications. The patented modulated receiver design produces exceptional
high immunity to ambient light interference.

Banner MACHINE-GUARD Systems are designed for convenient and dependable operation in difficult industrial
environments. The microprocessor controller module has UL recognized conformal coating and a plug-in design for easy
configuring or replacement. Output relays are easily replaceable. The control box enclosure is rated NEMA 13 (IP 64) anc
features a lockable latch.

Emitter and receiver circuits are epoxy-encapsulated and designed to meet high standards for vibration resistance. Eve
MACHINE-GUARD System emitter, receiver, and controller module is serialized and undergoes extensive burn-in testing
at the factory.

Any MACHINE-GUARD System emitter and receiver (of equal length) may be used together with any control box. Unlike
some competitive systems, matched seta@tneequired.

A functional schematic diagram of the MACHINE-GUARD System appears on the next page. For a MACHINE-GUARD
System dimension drawing, see pages 20 and 21. For specifications, see page 35.

2. Overview of MACHINE-GUARD System Operation

In operation, an emitter and receiver (of equal length) are mounted and aligned opposite each other at a separation distar
of from 6 inches to 45 feet (14 meters). This establishes a curtain of invisible infrared light beams chifetetharea
(Figure 1). Center-to-center spacing between adjacent sensing beams is .75 inch.

The following features of the MACHINE-GUARD System are discussed in the listed subsections:
Output Relay Operation (Section 2.1)
Blanking (Section 2.2)
Lockout Conditions and Key Resets (Section 2.3)
Operating Status Indicator Lights (Section 2.4)
Control Reliability: Redundancy & Self-checking (Section 2.5)
Diagnostic Indicator LEDs (Section 2.6)

2.1 Output Relay Operation

The MACHINE-GUARD System control box has three output relays plus an Auxiliary Monitor Relay. Refer to Figure 2
(page 6). The three outputrelays are labled "FSD1", "FSD2", and "SSD". The contacts of the Final Switching Device (FSD)
relays (FSD1 and FSD2) are connected to the Machine Primary Control Elements (MPCESs) of the guarded machine. At
MPCE is an electrically powered element of the guarded machine that directly controls the machine's normal operating motiot
in such a way that it is last (in time) to operate when motion is either initiated or arrested. The Secondary Switching Device
(SSD) relay contacts are connected to the guarded machine's Machine Secondary Control Element (MSCE), an electrical
powered element of the guarded machine (independent of both MPCES) that is capable of removing power from the prims
mover of the dangerous part of the machine in the event of a system fault. The two MPCE must each (alone) be capable
stopping the motion of the guarded machine in an emergency. The opening of any output relay contact results in the remov:
of power to either an MPCE or MSCE (or both), which will stop the motion in the guarded machine.

Any object that blocks one or marablankedeams will be detected, and will caugg@acondition:output relays FSD1
and FSD2 (but not SSD) in the control box open their contAtitreeoutput relays (FSD1, FSD2, and SSD) will open
their contacts in response to any one or more of $esleyut conditiongncluding component failure within the MACHINE-
GUARD System itself (se€ontrol Reliability,Section 2.5). The MACHINE-GUARD System automatically resets itself
from atrip conditionwhen the object that caused the trip is removed, but recovery fomkoait conditiomequires &ey
reset(Section 2.3).

The Auxiliary Monitor Relay is a separate relay that follows the action of output relays FSD1 and FSD2. Itis intended for
non safety-related purposes, and is typically used to signal a programmable logic controller (PLC) when output relay contact
FSD1 and FSD2 open or close.



Figure 2. Banner MACHINE-GUARD System Functional Schematic
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2.2 Blanking

MACHINE-GUARD Systems may be configured to b&loating blankingFigure 4) is the "blinding” of one sensing
"blind" to thecontinued presencd an object or thpassage beam, which will appear to change position (“float") in order
of an object of limited size. The general term used to identyallow an object (usually workpiece material of less than 1
these featureslisanking. NOTE: Blanking "on" is indicated inch in cross section) to move through the defined araay

by a flashing green control box front panel Status Indicapsint, without tripping the final switching device (FSD
LED. relays) of the MACHINE-GUARD System. Use of floating

Exact blanking(Figure 3) allows a specified number o lanking changes theninimum object sensitivitpf the

. stem (discussed fully in Section 3.2). Atypical application
Sensing beams, from 1 JFO 15 total_beams* (not necess%|¥ loating blanking is metal forming in a press brake, as
continuous) to be configured to ignore the presencepf i Figure 4B
objects such as brackets, fixtures, or guards thadiwidlys '
be presenin the defined area during operation of the guardedact and floating blanking parameters are set (configured)
machine.  In Figure 3, the bottom five light beams a&ta row of DIP switches on the controller module inside the
blanked to ignore the part of the machine that lies within #@ntrol box (see Figure 9 and Section 3.4, both on page 13, for
defined areaHard guardingmay be required when exactletails). The control box is supplied with a lockable latch to
blanking is used (see Figure 3 and Section 3.2.2). Also rpegient unauthorized access to blanking settings.

the WARNING about exact blanking on page 21. Exact blanking and floating blankimgay be used simulta-

Unlike other blanking systems, MACHINE-GUARD exadf€ously.

blanking is not totally blind, but rather always "knows"

whether or not the configured number of light beams3s3 Lockout Conditions and Key Resets

blocked. If a situation occurs in which fewer than the lockout conditionof the MACHINE-GUARD System
configured number of beams are blocked (i.e., if a fixtureagusesll of its output relays to open, sending a "stop” signal
bracketis removed without the exact blanking being propeiythe guarded machine. A lockout condition will occur:

reprogrammed) the MACHINE-GUARD System goes intol) Upon "power-up" of the MACHINE-GUARD System
a lockout condition (Section 2.3) to prevent further machine (unless Auto Power-up is "on"; see Figure 5, page 8)

operation until the configuration is corrected. )
2) If ac power to the MACHINE-GUARD System is

* Systems with six-inch long sensors allow up to seven blanked beams. Interrupted (unless Auto Power-up IS on’; see Flgure 5)’




3) If only one FSD (Final Switching Device) relay has Figure 3. Exact Blanking
gone to the "off" state (de-energized),

4) If the SSD (Secondary Switching Device) relay has
de-energized, Hard Guard

5) If fewer than the configured number of light beams
are blocked when usirexact blanking,

6) If the controller module internal switch settings are Hazard
inconsistent with each other or incorrect for the emittgr/ " I
receiver array length in use, or .

7) If the self-checking circuits of the microprocessor detegct 1) cuard

a component failure.

The existence of a lockout condition is indicated by the ned
LED (only) on the control box panel flashing (green and

yellow LEDs are "off"). See Fig. 5, page 8. A
Hard

Power-up/power interrupt lockoufguto Power-ug'off”, Guards
conditions #1 and 2 above, yellow LED only flashing) afe
normal and require key reseffor operation to continue.
Internal lockout condition&3 through #7 above) result fron
component failures or incorrect controller settings, whith (Lj’jae d”g;;ig;*g‘ggg‘g‘z fr?:vlvrﬁ L‘:rrg guarding in areas of
must be corrected before the system will allow operatior] to ’ '

continue (Section 2.5). Diagnostic Indicator LEDs (located
inside the control box on the controller module) will indicafe
the cause of the lockout (Section 2.6). Internal lockqutrigyre 4.

conditions also require a RESET of the keyed switch on ther|oating Blanking Defined Area
control box cover (key resgtto return the systemto the RUN i

mode (explained in Section 2.4, next). A vdd&) reset
consists of turning the key switch to the RESET position for
at least 1/2 second, and then returning the key switch to|the
RUN position.

2.4 Operating Status Indicator Lights

O
The control box panel has three Operating Status Indicgtor . Workoi
LEDs (see Figure 5): green (CLEAR), red (BLOCKED),afd ~ Press Brake o oriprece
yellow (RESET). Their indications are as follows: Die o)

RED (only) "on" and flashing: a lockout condition due to O

an internal MACHINE-GUARD System problem exists.
SSD, FSD1, FSD2, and Auxiliary Monitor contacts are all

open (de-energized). RED and YELLOW "on" steadily (blocked condition):
YELLOW (only) "on" and flashing: a power-up or power the MACHINE-GUARD System has been reset and is in the
interrupt lockout condition existsThese lockouts occur NRUN mode, but either there is an obstruction in the defined
the normal course of powering up the System or upon&aea or the emitter and receiver are misaligned. FSD1, FSD2,
interruption of power to the Systefunless Auto Power-up and Auxiliary Monitor contacts are open (de-energized).
is "on"; see Fig. 5). SSD, FSD1, FSD2, and AuxiliarSD relay is closed (energized). If alignment is correct, the
Monitor contacts are open (de-energized). GREEN light will come "on" (to join YELLOW) and the
YELLOW (only) "on" steadily: key switch is in the RED lightwill go "off* whenthe obstructionis removed. If
RESET position. FSD1, FSD2, and Auxiliary Monitoflignmentis not correct, the GREEN light will remain "off*

contacts open (de-energized). SSD contacts are clo¥Bgn the obstructionis removed. NOTE: The GREEN light
(energized). will be used to align the system.




GREEN "on" steadily (or flashing*) and YELLOW
"on"' steadily: the MACHINE-GUARD System has been
reset and is in the RUN mode, the defined area is clear of
obstructions, and the emitter and receiver are aligned. All
output relays are closed.

All three Status Indicator LEDs flashing: the key reset switch
has been turned to the RESET position while the MACHINE-
GUARD System was operating normally. To resume operation,
turn the key reset switch to the RUN position, then to the RESET
position, and back to the RUN position.

2.5 Control Reliability:

Redundancy & Self-checking
MACHINE-GUARD Systems meet certain U.S. and inter-
national control reliability standards for safety. Banner
MACHINE-GUARD Systems must reliably send a "stop”
signal to a guarded machine as follows:

1) The MACHINE-GUARD System must provide a "stop"
signal to the guarded machine, within 40 or 55 millisec-
onds**, whenever the defined area is interrupted, and

2) The MACHINE-GUARD System must provide a "stop"
signal to the guarded machine when internal component
failures have occurred which compromise the integrity
of the MACHINE-GUARD System itself.

Regarding the first situation: In order for the machinery
guarded by the MACHINE-GUARD System to be stopped as
described, the guarded machine must be capable of stopping
at any point in its machine cycle. This means that the
MACHINE-GUARD System cannot be used with certain
types of machinery (see listing, page 3). If there is any doubt
about whether or not your machinery is compatible, contact
the Banner factory Application Engineers.

Regarding the second situation: This type of component
failure includes any internal MACHINE-GUARD System
failure which could prevent or delay the output relays of the
MACHINE-GUARD System from going to a trip condition
or a lockout condition in response to a situation which, in
normal operation, would cause them to do so. The ability of
the MACHINE-GUARD Systemto send a "stop" signal even
when such a component failure has occurred depends upon
the design principle of redundancy.

Redundancy requires that MACHINE-GUARD System
circuit components be "backed up" to the extent that, if the
failure of any single component will prevent effective stop-
ping action when needed, that component must have a
redundant counterpart which will perform the same function.

*GREEN LED flashes if blanking is "on".
**depending upon sensor length: see Specifications, page 35.

Figure 5. Operating Status Conditions
Operation Mode  Normal Operation Indicator Status Relay Status
"BLOCKED" "CLEAR"  "RESET" '
FSD1 FSD2 §SD Aux. Monitor
Apply power to Red Green Yellov/v
Power Up Control Box O O /.\
LOCKOUT STATE
T Key t Red Green Yellow FSD1 FSD2 SSD Aux. Monitor
urn key to
"RESET" position O Q . (L J CL J .
Key Reset i
If Auto Power-up is ON when power is applied to the MACHINE-
Turn key to GUARD System, the controller will perform an automatic RESET
"RUN" position after passing an internal system checkout (key RESET not needed).
P Auto Power-up is discussed in Section 3.4. NOTE: A key RESET is
always required to recover from a LOCKOUT condition.
Red Green* Yellow FSD1 FSD2 SSD Aux. Monitor
Defined
L O e @
! is clear *Green light will flash
if blanking is "on".
Run i o
3 Defined Red Green Yellow FSD1 FSD2 SSD Aux. Monitor
- area T T
KEY i_ is blocked . O ‘ L j [L j (L ’j
O Indicator "OFF" ! (TRIP)
1
Indicator "ON" E Red Green Yellow FSD1 FSD2 ssD Aux. Monitor
steadily ! o Isnyt§;'2r3n| N
O by - . S I T R
P Indicator flashing (LOCKOUT)




The microprocessor-controlled MACHINE-GUARD Sys3, System Installation & A|ignment

temis designed witliverse redundancyDiverse redundant , N
components are of different designs, and microproceé&r Appropriate Application
programs used by them run from different instruction séf3® MACHINE-GUARD System may only be used to guard

written by different programmers. machinery that isapable of stopping motion immediatghon

L receiving a stop signal and at any point in its machine cycle.
Redundancy must be maintained for as long as the MA-

CHINE-GUARD System is in operation. Since a redundditte MACHINE-GUARD System mayotbe used with single
system is no longer redundant once a component has fafiégke (also called "full revolution”) clutched machinery, as this
MACHINE-GUARD Systems are designed to be continfyPe of machinery is incapable of stopping immediately.

ouslyself-checkingsee Sections 2.6 and 5.8)component ggnner MACHINE-GUARD Systems may also not be used

a"stop” signal to be sent to the guarded maemdputs the jon limitations.

MACHINE-GUARD System into #ockout condition Re- o _
covery from this type of lockout condition requires replacdACHINE-GUARDs may nobe used as tripping devices:
ment of the failed component (to restore redundancy) ari@l Qitiate machine motion (PSDI applications) on mechani-
key resetPossible causes of lockout conditions are listed"® POWer presses, per OSHA regulation 29 CFR 1910.217.
Section 2.3. The MACHINE-GUARD System's Diagnostig , \ yo.chanica Installation Considerations

!ndlcator LEDs (Figure 15, page.24) are uged 0 d|agnc|‘;%% two factors that influence the layout of the MACHINE-
internal causes of a lockout condition (Section 5.1).

GUARD System's mechanical installation the most are:
separation distanceand

2.6 Diagnostic Indicator LEDs hard guarding.

There are four Diagnostic Indicator LEDs located on the e(ilj,gxza . .

of the controller module assembly. Refer to Figure 9 (p 'e'1 Separation Distance

13) and Figure 15 (page 24). Their purpose is to indicate t g MACHINE-GUARD System must be able to react fast

causes of internal MACHINE-GUARD System problemenoth’ when a hand or other object is inserted into the

: c?efmed area, to send a stop signal to the guarded machine
(lockouts) that are discovered as a result of the controllgr .
. . efore the object or hand reaches the closest reachable danger
self-checking function.

point on the machine. Tteeparation distance the mini-

The green LED is always "on", as long as power is appliedtom distance that is required between the midpoint of the
the controllerexceptwhen a controller microprocessor hagefined area and the closest reachable danger point. The
failed. The message of the four Diagnostic Indicator LED&igtual separation distance required depends upon several
interpreted by using the table in Figure 15 (page 24). factors, including thepeed of the hand (or objecthetotal
system stopping tim@f which there are several response
time components), and tipenetration depth factorThe
formula used to calculate the separation distance is:

WARNING The Banner MACHINE-GUARD System is a point-of-operation maching
guarding device. lts ability to perform this function depends upon the appropriateness of the appligation
and upon the MACHINE-GUARD System's proper mechanical and electrical installation and interfgcing
to the machine to be guarded. If all mounting, installation, interfacing, and checkout procedures ge not
followed properly, the MACHINE-GUARD System cannot provide the protection for which it whs
designed. The user has the responsibility to ensure that all local, state, and national laws, rules, c@des, or
regulations relating to the installation and use of this control system in any particular application are satisfied. dgtrefe c
should be taken to ensure that all legal requirements have been met and that all technical installation and mairftenance
instructions contained in this manual are follow&&ad Section 3 of this manual carefully before installing the syste
Failure to follow the instructions in Section 3 (and its subsections) could result in a dangerous situation and possible injUry

The user has the sole responsibility to ensure that the Banner MACHINE-GUARD System is installed and interfaced to the

guarded machine byualified personsin accordance with this manual and applicable safety regulations. A "qualified perdon”

is defined as "a person or persons who, by possession of a recognized degree or certificate of professional trainigg, of who, b
extensive knowledge, training, and experience, has successfully demonstrated the ability to solve problems relatirjg to the
subject matter and work" (reference ANSI/ASME B30.2-1983).




D=Kx(T_+T )+D
where: S s pr
D, = the separation distance;,
K = the OSHA-recommended hand speed constant
of 63 inches per second (NOTE 1, below);

WARNINGS

Banner MACHINE-GUARD System
emitters and receivers must be

T.= the overall stop time of the machine measured frgm mounted at a distance from moving
the application of the "stop" signal to the final ceasir{ g machine parts that is determined by
of all motion (including stop times of all relevant || ©SHAstandardsfoundin Section 1910.217 (c)(3)(iif)(e).

. Failure to accurately calculate the required separation ¢§s-
control elements, and measured at maximum tance exactly as described in Section 3.2 of the MACHINE-
machine velocity). See the WARNINGs (right) GUARD manual could lead to serious injury or death.
and the NOTICE regarding MPCESs on page 18.

T, = the response time of the MACHINE-GUARD The measurement of stop time (J) must include the

System, .04Geconds (40 milliseconds) or .055

seconds (55 milliseconds), see Specifications;
Dpf = the added distance due to penetration depth facto

recommended in the table, page 11. Minimum

response time oéll devices or controls that react to stop
the machine. If all devices are not included, the calculate
safety distance (D will be too short. This can lead tg

Sserious injury or deattBe sure to include the stop time ol

all relevant devices and controls in your calculations.

object sensitivity is 1.50". If exact and/or floating

blankingare used, the penetration depth factor mUSt

be adjusted as shown in the table on page 11 (see
NOTE 3, below).

NOTES:
1) The OSHA-recommended hand-speed constant K has been dd
mined by various studies, and although these studies indicate speeds
in/sec to over 100 in/sec, they are not conclusive determinations.

employer should consider all factors, including the physical ability of tif
operator, when determining the value of K to be used.

2) T_is usually measured by a stop-time measuring device. If tj

specified machine stop time is used, we recommend that at least 209
added as a safety factor to account for clutch/brake system deteriora

Tne

oo

CAUTIONS

In order for the machinery guarded
by the MACHINE-GUARD Sys-
tem to be stopped as describethat
machinery must be capable of stop
ping at any point in its machine cycleThis means that
pethe MACHINE-GUARD System cannot be used wit
bn. certain types of machinery (see listing, pagelBere

er-
f63

h

is any doubt about whether or not your machinery is
compatible withthe MACHINE-GUARD System, con-
p tactthe Banner Application Engineers at the factory.

3) Use of floating blanking will always cause the requiretblihcrease
(same as one channel blanked).

4) Use of exact blanking will cause an increase in separation distancq
unless the blanked areaitirely occupiedly the material or fixtures and/
or protected by hard guarding (Section 3.2.2).

If any object that is to be ignored by exact blanking
does not, itself, completely prevent access to the dami
ger point, you must install hard guarding to prevent
any access past the objectThis includes the area of
"dead beams" as shown in the example of Figure 6.

3.2.2 Hard Guarding
ANSIB11.1-1988, E6.3.2 (14@quires that "all areas of entry tg
the point of operation not protected by the presence-sens
device shall be otherwise safeguarded”. Compliance with l
requirement is discussed in the WARNING, page 11.

ng
lis

ration distance of 45 feet. We recommend liberal use of hard-
guarding to keep mirrors to a necessary minimum.

3.3 Mounting Procedure

Unlike many competitive products, Banner MACHINE
GUARD System emitters and receivers are small and lightgure 14 (pages 20-21) gives bracket dimension details and
weight and easy to handle during mounting. dimensions for the mounting hole pattern of the emitter and

Also, because the curtain of light that is produced by trﬁé:eiver with mounting brackets attached. The dimensions

MACHINE-GUARD System is more powerful than thosdiven assume that the mounting brackets are installed as
QHW”' with their flanges facirsyvayfrom the ends of the

produced by competitive units, alignment is easier, and & Alt iivel both of th tina bracket
usually be accomplished simply by mounting the emitter and =ors: Allernatively, one or both ot the mounting brackets

receiver directly opposite each other (via corner mirrors, i y be installed in the opposite orientation (bracket flange

Mgy e . Ke
used). The mounting brackets (supplied) a3 degrees pointed "inward") to conserve mounting area. Ifthisis done,
rotation for quick, easy alignment. For maximum conv

g(_)wever, the mounting "footprint” will change.
nience, use Banner MGA Series Stand Poles (product data
sheet P/N 29883). NOTE: The use of corner mirrors some-
what reduces the maximum specified emitter/receiver sepa-

10



WARNING

From a common point of reference, make measurements to
locate the emitter and receiver in the same plane with their
midpoints directly opposite each othelmportant: The

The point of operation must be accessi
only through the defined area. Mechanicd
barriers (screens, bars, etc.), or supplemg
tal presence sensing devitagpplemental
guarding)must be installed, wherever needed, to prevent g
person from reaching around, under, or over the defined areg
into the point of operation, and also to prevent any person f
entering the space between the defined area and the po
operation. (See OSHA 1910.212). This includes the "dg
beam" area of exact-blanked beams shown in Figure 6. The
of mechanical barriersforthis purposeis called "hard guardi
There must be no gaps between the hard guarding and the
of the defined area. Openings in the hard guard material

ny

connector ends of both sensors must point in the same

- direction (see drawing and WARNING, page 20)Mount

an(II Figure 6. Hard Guarding Requirements

Hard Guard

meet OSHA criteria (see OSHA 1910.217, Table O-10).

Supplemental presence sensing devices, such as safety|fat
must be used if the space between the defined area an(
nearest danger point is large enough to allow a perso

stand undetected by the MACHINE-GUARD System.

th
to

Effects of Blanking on Separation Distance
and Minimum Object Sensitivity

Penetration Factor g;) per ANSI B11.1 and OSHA 1910.210

Number of Minimum Object | Penetration Depth
Blanked Channels Sensitivity Factor ([Bf)
No Blanking 15" 4"

1 Blanked Channel 2.3" 7"

2 Blanked Channels 3.0" 31.5"
3 Blanked Channels 3.8" 31.5"
4 Blanked Channels 4.5" 31.5"
5 Blanked Channels 5.3" 31.5"
6 Blanked Channels 6.0" 31.5"
7 Blanked Channels 6.8" 31.5"
8 Blanked Channels 7.5" 31.5"
9 Blanked Channels 8.3" 31.5"
10 Blanked Channels 9.0" 31.5"
11 Blanked Channels 9.8" 31.5"
12 Blanked Channels 10.5" 31.5"
13 Blanked Channels 11.3" 31.5"
14 Blanked Channels 12.0" 31.5"
15 Blanked Channels 12.8" 31.5"
16 Blanked Channels 13.5" 31.5"

Hazard
Point

D~

Guards

NOTE: All areas of entry to the point of
operation not protected by the MACHINE-GUARD System
must be otherwise safeguarded. Refer to Section 3.2.2.

Example
Separation Distance (D) Calculation

The following is an example showing how to use the formi{|ga
from page 10 to calculate the safety distangg. (D

We will use these numbers for the variables in the formuja:

K = 63 inches per second (the hand speed constant
set by OSHA)

T, =.250 second (the total stop time of the example
machine, specified by machine manufacturer)

T,=.040 or .055 second (the specified response timg{of
the MACHINE-GUARD System; see Specs.)

Our example uses floating blanking (1 beam); therefore, |[je
useal) of 7 inches, from the table (at right). Substitute tl
numbers into the formula as follows:

D =Kx(T,+T)+D,

D_ =63 x (.250 x 1.2+ .040) + 7 = 28 inches

Therefore, in this example, the MACHINE-GUARD emitte
and receiver must be mounted such that no part of the def
area will be closer than 28 inches to the closest reachi
danger point on the guarded machine.

*20% safety factor (see NOTE 2 on page 10)

U

ed
ble
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Figure 7. Emitter and Receiver Mounting

CAUTION (see also Figure 14, pages 20-21)

It may be possible for a highly reflective
surface (such as a shiny machine surfage
or a shiny workpiece) to reflect sensing 1/4'=20 X 1/ -

light around an object in the defined area, thus preventjfig a<\ with Compression
that object from being detected. This potentially dangeragis o Washer (4)

condition is discovered using the "trip test" as described |n
the Initial Checkout Procedure (Section 3.5.3), the Aligr}
ment Procedure (Section 6.1), and the periodic checkgut
procedures (Sections 6.2, 6.3, and 6.4). g‘g;’;g‘:g\

When this condition is discovered, take measures to eli

nate the problem reflection(s). If possible, relocate f Mounting — @

sensors to move the defined area away from the reflectije 174" =20 \ (2) T\v
.

surface(s). If relocating the sensors, be careful to retai
least the required separation distance (Section 3.2.1). Ot
wise, paint, mask, or roughen the interfering shiny surf Emitter
to reduce its reflectivity. Use the trip test to verify that the Reé’éiver\
changes have eliminated the problem reflection(s).

NOTE: If the workpiece is especially reflective and comé v/% }
close to the defined area, perform the trip test with the shjfiy /@vé@
workpiece in place. W ‘
Anti— T | &@T/}
~

vibration
Mount (4)

the emitter and receiver brackets using the vibration isolators
and 1/4"-20 Keps nuts (all supplied). See Figure 7. Standard
1/4" bolts may be substituted where the emitter and rece|ver
are not subjected to shock or vibration forces. While the

internal circuits of the emitter and receiver are able [tONOTE: Banner MGA Series Free-standing Stand Poles
withstand heavy impulse forces, the vibration isolators dampemay be appropriate as sensor supports in some applicaf
impulse forces and prevent possible damage due to resonaiifins. See product data sheet P/N 29883.
vibration of the emitter or receiver assembly.

Figure 8. MACHINE-GUARD Control Box Knockout Locations

NOTE: Use the large knockouts for sensor wiring.

Four Large knockouts measuring ¢1.05"
are for 3/4” conduit fittings.

Seven Small knockouts measuring ©.875"
are for 1/2" conduit fittings.

1.70"
(43,2mm)

1.25" 1.20"
(31,8mm) P/ (30,5mm)
2.05" 90"
~a (62,1mm) (22,9mm)™N
o0 1.85" 2.00"

. 47mm -

(25,4mm) ( ) 1.00" (50,8mm)
(25,4mm)
1.70" . 1.70"
(43,2mm) (12.'1709 ) (43,2mm)
,Jmm
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Mount the emitter and receiver in their brackets and position._. , : ,

o . . Figure 9. Controller Configuration Switches
the red lenses of the two units directly facing each other (via
corner mirrors, if used*). Measure from one or more refgr-

ence planes (e.g. the building floor) to the same point(s) onjthe o) Floa[t:iggglanlﬂr:o?
emitter and receiver to verify their mechanical alignment. |If o (FB) Swite
the units are positioned exactly vertical or horizontal to the - [ Auto Power-up

floor, a carpenter's level is useful for checking alignmenpt. = (AP) Switch A

Also check "by eye" for line-of-sight alignment. Make any
necessary final mechanical adjustments, and hand-tighten the
bracket hardware.

Connect the quick-disconnect (QD) cables to the emitter and Array Is_\?vri]t%tr? Ase'e"“"“
receiver and route them (perlocal wiring code for low-voltage

Exact Blanking
Switch A

LD
N

vEzl vELT
(1111

dc control cables) to the control box mounting location. The L g . % 8 _ _
same cable type is used for both emitter and receiver: fwo ol | e D"';‘Q”.OS“C LED
o) ndicators

cables are required per systemlotal length of both cables O
may not exceed 175 feet. Cables may be cut to length af the
time of installation. See page 36.

Mount the MACHINE-GUARD System control box in &
convenient location that is visible to the operator and free
from heavy impulse force and high-amplitude vibration.
Mounting hole information is given in Figure 14 (page 20). @
NOTE: The controller module will be installed later ir on_or

. SANK B - Auto Power-up
Section 3.5.3. N (AP) Switch B

Array Length Selection
Switch B

Exact Blanking
Switch B

Floating Blanking
(FB) Switch B

%E AN R ANR O

CO T 111
e

z1T veZ1T veetl

*A detailed alignment procedure is given in Section 6.1.

. . Push DIP switches to the left for "on" and to the right for "off".
3.4 Controller Module Configuration

The MACHINE-GUARD Controller module must be prop-
erly configuredbeforeinitial checkout and use. Controller _

. L. . 24" models  Switch #3 "on"
configuration is done at the row of DIP switches along the 55+ 1odels  Switches #1 and 3 "on"

edge of the controller module (Figure 9). 36" models  Switches #2 and 3 "on"
. 42" models  Switches #1, 2, and 3 "on"
The parameters to be configured are: 48" models  Switch #4 "on"
¢ MACHINE-GUARD array length, 54" models  Switches #1 and 4 "on"
; 60" models  Switches #2 and 4 "on"
number of beams ((3 to 15) for exact blanking 66" models  Switches #1, 2, and 4 "on”
(O to 7 beams for 6" sensors), 72" models  Switches #3 and 4 "on"
+ number of beams (0 or 1) for floating blanking, andk set all other switches to "off". Refer to page 2 or page 35, if necessary,
» Auto Power-up "on" or "off". for emitter/receiver lengths and corresponding model numbers.

Because it has redundant microprocessors, the contrdigact Blanking configuration

module has two identical DIP switch banks (bank A and balnsicate the exact blanking configuration switches in bank A.
B) which must be set identically. Failure to set both barikee first switch blanks 1 beam, the second blanks 2 beams,
identically will bring about a lockout condition when powethe third blanks 4 beams, and the fourth switch blanks 8
is applied to the control box. A switch pushed to the leftbi@ams. The number of beams blanked is the total represent-
"on"; a switch pushed to the right is "off". Set the configurad by the switches that are set to the "on" position. Up to 15
tion switches as follows: totalbeams (up to 7 beams for 6" long arrays) may be "exact
blanked". Blanked beams need not be consecutive. Count

Array length configuration . .
Locate the array length configuration switches (Figure ﬂe number of light beams that must be blanked to ignore any

Set switch banks A and B identically for the length of t ackc;:_ts, f|>|<:t.ures, féc' ;[]hat r(irr]naln '.? tr?e degneol_area dur(ljn%
emitter and receiver in use, as follWs operation. Figure 10 shows the switch combinations neede

_ to blank 0 to 15 beams. The configured number must be

6" models  Switch #1 "on” precisely the number of beams required. Set the exact

12" models  Switch #2 "on . . .

18" models  Switches #1 and 2 "on" blanking switches at banks A and B accordingly. Also, read
the WARNING about exact blanking on page 21.

13



Figure 10. Exact Blanking Switch Configuration
CAUTION
Total number of Turn these . N
beams to be blanked switches "on"* Floating blanking increases,D You
must add the penetration facto&(—D?
R hone inches) to calculate the separation distance whenever flog jng
Lo #1 blanking is used.
2 #2
3 e #hd #2 Always turn floating blanking "off", when not required, i
Ao #3 order to return minimum object sensitivity to 1.50 inch.
B #ahd #3
B e #hd #3
T #1, #2, and #3
8 i #4
9 #ahd #4
10 i #hd #4 WARN I NG
11 e #1, #2, and #4 Electrical hookup must be made by §
12 #Bd #4 qualified electrician, and must com
13 #1, #3, and #4 ply with NEC (National Electrical
14 il #2, #3, and #4 Code) and local standards. Also, make no more conngc-
15 #1, #2, #3, and #4 tions to the MACHINE-GUARD System than are de
* All other switches are "off". scribed in Sections 3.5.1 through 3.5.6. Connection|pf
other wiring or equipment to the MACHINE-GUARD
System could result in a dangerous situation.
Floating Blanking configuration

Locate the floating blanking (FB) configuration switches in

bank A. One light beam may be "floating blanked". This 08¢, {510wing wiring connects inside the control box:
blanked beam will allow an object of less than one inch INEmitter and receiver cables

cross section to be inserted through the definedahraay AC power ’

point without tripping the FSD output relays (Section 2.2.) Output relay connections (FSD1, FSD2, and SSD),
Switch #1 (only) blanks one beam. néffloating blanking Ausiliary Monitor Relay, and

is desired, set switch #1 to "off". Setthe switches identicallyRemote devices (LED Status Displays, key switch, etc.).

atbanks A and B. Several conduit knockouts are provided around the sides of
Auto Power-up feature ON or OFF the control box. There are seven knockouts for 1/2" conduit
Locate the Auto Power-up (AP) configuration switch in bardnd four for 3/4" conduit (shown in Figure 8, page 12). As
A. If Auto Power-up is "on" (switches pushed to the leffjou complete the wiring in the following sections, select
when power is applied to the MACHINE-GUARD Systenmknockout locations which allow easy and neat routing of
the controller will automatically reset after conducting anghbles to and from the control box. The larger (3/4") control
passing an internal system checkout. If the switch is "offox knockouts are intended for the emitter and receiver
(pushed to the right), this initial reset is manual (via the kesibles. NOTE: Except for emitter and receiver cable entries
reset switch on the front panel). Regardless of the settingfof which cable glands are supplied), it is the user's respon-
this switch, &ey reseis always necessary to recover from gibility to maintain NEMA 13 sealing at all cable entries into
lockout condition. The switches must be set identically a&he control box.

banks A and B.For purposes of initial system checkout

(Section 3.5) set both Auto Power-up switches to "off" Note that the wiring barriers inside the control box can accept

conductors no larger than #14 AWG. Also, the wires used

. should have an insulation temperature rating of at le&St 90
3.5 Electrical Hookup and Checkouts (192F).

Make the electrical connections in the order that they a%g

presented in Sections 3.5.1 through 3.5.5.  If the control2b.1 Emitter and Receiver Hookup

module has already been installed in the control box, remdee emitter and receiver cables require two of the 3/4"
it by loosening the two captive screws and gently sliding tkeockouts (1.12" diameter holes). Two cable gland strain
board out. This protects the controller module and greatdief fittings are supplied with each control box for the
facilitates box "knockout" removal and internal wiring.  entrance of emitter and receiver cables into the control box.

14



CAUTION

Dangerous voltages are present insige
the MACHINE-GUARD System con-
trol box whenever ac power to the sy$

temis"on". Close the hinged control box cover and securefhe

latches before running this checkout procedure.

WARNING

Electrical shock hazard exists when

the MACHINE-GUARD Systemhas

power applied to it and the control
box door is open. Use extreme caution to avoid electricj)l<
shock duringinstallation or servicing orwhenthe control b
door is open to change the switch configuration or obsen
the diagnostic indicatorsAlways disconnect all power
fromthe MACHINE-GUARD System and the guarded

machine before making any connections or replacing

Emitter and receiver cables both connect to wiring barrier
(Figure 11, page 15)Only the use of Banner QDC Serie
cables can ensure reliable communication of data between
the controller and the sensoidatch the color-coded terminals of wiring barrier P2 to colors of the wires in each 5-conductor
cable. Double-check your wiring. Incorrect wiring can lead to component damagéere are no user adjustments or

2 any component.

connections inside the MACHINE-GUARD sensors themselves.

3.5.2 AC Power (temporary connection)
As shown in Figure 13 (page 17), the ac lines to the control box connect through the MPCE monitor contacts of the guarde

machine. However, do not wire to the MPCEs at this time. Insteatghorarilyconnect ac power directly at thend\ terminals

of control box wiring barrier P6. Connect earth ground at the ground lug provided. This will allow the MACHINE-GUARD System

to be checked out, by itself, before permanent ac connections through the guarded machine's monitor conta®saranexde.
ac power connection will be made after MACHINE-GUARD System initial checkout, and is covered in Section 3.5.5.

NOTE 1:

It is the user's
responsibility to
provide NEMA 13

(IP 64) sealing at the
ac power and output
relay control box cable
entries.

NOTE 2:

Wiring barrier P2 is
used for hookup of
remote accessories.

Connector Block
for MACHINE-GUARD
Accessories

Figure 11. MACHINE-GUARD System Electrical Connections

SSD Relay
Module

FSD Relay
Module

P3

R

Sl

Refer to the hookup ﬁ%’;&f&ner @ (g
information P §§
included with each ] *[e]
accessory. ::; EE’ B
“ CHE

YETi rET A
ED:DCEEDE&]
Tnik ernc 33

%Y wan—
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Connection Barrier for

Emitter and Receiver

\— DC Power Present
Indicator

Oy\ Fuse

Auxiliary Monitor
/ Connection

— Output
Connections
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Terminal
Board

\

Power Input
Connections
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353 MACHINE-GUARD System Initial Checkout
This initial checkout procedure must be performed by a
e ifed persaon (see WARNING, page 9). Tt maust be done
after connecting the emitter and recciver (Section 3,5.1) and
temporary ac power (Section 3.3.2) to the MACHINE-
GUARD control box, hut before the MACHINE-GUARD
System is connecied o the machine o be controlled.

The izl checkout procedure is done when the MACHINE-
GUARD Systenm s first installed, and must alsobe perfonmed
by o qualified person whenever any momfenance or medifT-
cation is performed on the MACHINE-GUARD Syster oron
the mochinery guarded by the MACHINE-GUARD Svsienm.
A schedule of required checkouts is given in Section 4.2,

You may now install the comtroller module. Before doing
so, make sure that ac power to the MACHINE-
GUARD System is torned off. Then refer 1o Figure 11
ipage 155 and gemtly shde the module o posieon,  and
tighten the two captive holddown screws,

INITIAL CHECKOUT PROCEDURE:

The MACHINE-GUARD Syvatem hos thres operuting modes;

POWER UP, KEY RESET, and RUN.  Momnitor the three
controd Box panel LEDs (red, vellow, and green, on the fromi

panzland refier to Figure 12, The Anfo Power-np feature of
the controller board must be set o "off"" for this procedure
fvee page 14). The initial checkoul procedure is as follows:

1 Enter the POWER UP mode by applying ac power i
the control box (see CALUTION, right). With Auto Power-up
"off" the System will "power up” in a lockout condition
(vellow LED onfy will flash}.

2) Enter the key RESET mode by uming the key 1o the
RESET position. The vellow panel LED will glow steadily.
{Hold the switch in the RESET position for af least ong-half
sccond,  This allows time for the microprocessors to un a
stariup diagnostic check roartine. §

3} Enter the RUN mode by turming the key to the BUN
POSILIONL.

If the red LED (only ) lighis and flashes when the svstem s
placed in the RUN mode, an intermal lockout comdition exists.
Refer to Section 5,1 to determine the couse of the bockowt.

tir the system s “on”

Close the hinged comtrol box cover and secure 1he
lutches before running this checkout procedure.

—_—
CAUTION

Dangerous voltages are present in-
sidde the MACHINE-GUARD Sys-

term coming] bok whenever ac jrower

—

Figure 1. Operating Status LED Conditions
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If the red and vellow LEDS come "on” and glow steadily, the defined area is not chear (one or more light beains are obstnicted )
or the system may be out of alignment. This 15 a trip condition. 11 this occurs, check the defined area for obstruction(s).

If the MACHIME-GUARD System is properly aligned and the blanking is propedy setand all obstructing ohjects are
removed from the defimed area, the green and yvellow LEDs should come "on” after siep &3 has been performed (the green
LED} weill flash il Blanking s "on” ). I vou are setting up the MACHINE-GUARD System for the first time, or if the
green LED does nol come "on®" in step #3, perform the alignment procedure in Section 6.1, When yvou are cortain that
the emitter, receiver, and mimrors (il used ) are aligned properly, tghten the emimer and receiver mounting hardware in position

and repeat steps #1-3, above,

L[]



4) Next, "trip test" the MACHINE GUARD for object detection capability using the 1.50" diameter specified test piece
supplied with the controlbox. There are two trip test procedures. The one to use depends upon whether or not fiogting blank
is being used. To perform the trip test, the key switch must be in the RUN position and the green and yellow LEDs (only)
must be "on" (the green LED wilashif blanking is "on").

a) If floating blanking is not being used,pass the specified test piece, very slowly, down the length of the defined area
in three paths: close to the emitter unit, close to the receiver unit, and midway between the emitter and receiver units. Th
red and yellow (only) LEDs must come "on" when the test piece enters the defined area, and must remain "on" for as lon
as the test piece remains in the defined area. The green LED must remain "off" for as long as the test pieceriedh the defi
area. When the test piece is removed
from the defined area, the green and
yellow (only) LEDs must come "on".

b) If floating blanking is being used, Earth
temporarily bloclone beam onlgf the L Model MGCA-4A Control Box: 115V ac 50/60 Hz N"  Ground

Figure 13. Generic Machine Interface

defined area using heavy Opaque tape or " Model MGCB-4A Control Box: 230V ac 50/60 Hz |

an opaque object. Itis usually easiest{o

block either the lowest or highest bearm Secondary Switching _J Machine Secondary

that is not affected by exact blanking. ':SD — %

With this one beam blocked, proceed gs

in paragraph 4a (above). Machine Fe

If the MACHINE-GUARD System Control J Machine Primary

passes all of the checks in Section 3.5.3, Circuit Final Switching {1 Control Element #2

go on to Section 3.5.4. If the MA- FsD2 —HSH— @ 5

CHINE-GUARD System fails any of P

these checksgjo not attempt touseitf| | § | Ao Lo

until the reason for the failure(s) is J Machine Primary

identified andthe failuresarecorrected, | Final switehing ——-HH °°’“;'%e"' "

NOTE: Consider the caution about re FsD1 —IH— @

flective surfaces (page 12) when assegs- Pe e

ing the cause of a failed trip test. 'ﬁ ’T " lssewarng) £
contacts

3.5.4 Output Relay Connections . L* _J

Output relay connections are made at wcE!  mecez N g

the FSD1 (Final Switching Device 1), -

FSD2 (Final Switching Device 2), and I‘WlIJFgRIG r\leCTE: dian 115V Je @ o

SSD(Secondary Switching Device) ter{ 230V a6 Supply Systems, L is ac "hot" and N is

minals on wiring barrier P6. Thesg ac "neutral®.

; . In USA and Canadian 230V ac systems, L and N are both ac "hot".
relays are energized (contacts closed)(in

normal operation with no obstructions

in the defined areaAll relays become A WARNING

de-energized (their contacts open) inja It arc suppressors are used, they MUST BE INSTALLED AS SHOWN ACROSS

it THE COILS OF THE MACHINE CONTROL ELEMENTS. NEVER INSTALL

lockout condition. RelaysSDland SUPPRESSORS DIRECTLY ACROSS THE CONTACTS OF THE MACHINE-
- 1ze | | 1- ! Itis possible for suppressors to fail as a short

FSD2(only) de-energize in atrip cond GUARD SWITCHING DEVICES! It i ible f fail h

circuit. If installed directly across the contacts of a MACHINE-GUARD switching
device, a short- circuited suppressor will create an unsafe condition.

tion. Before continuing, readlOTICE
regarding MPCEs, page 18.

The FSD1 output relay connects to A WARNING

Machine anary Control Element _#1 All MACHINE-GUARD System output contacts (FSD1, FSD2, and SSD) must be
(MPCE 1) on the guarded machins. used. The generalized wiring configuration, shown here, is provided only to

i i I illustrate the importance of proper installation. The actual details of wiring of the
MPCE 1isan electrlcally pO,Wered ele MACHINE- GUARD System to any particular machine is solely the responsibility of
ment of the guarded machine that d

the installer and end user.
rectly controls the machine's normal og
erating motioninsuchaway thatitis lag

=3

17



(intime) to operate when motion s either initiated or arrest

The output contact of relay FSD1 must be connectedjas

shown in Figure 13, to control power to Machine Prim
Control Element #1. The switching capacity of relay FS
is 250V ac max., 4 amps max. (resistive load).

The FSD2 output relay connects to Machine Prima
Control Element #2 (MPCE 2) on the guarded machi
MPCE 2 is an electrically powered element of the guar
machine (in a different control path than MPCE 1) t
directly controls the guarded machine's normal operat
motion in such a way that it is last (in time) to operate w
machine motion is either initiated or arrested. The out

n

9

ut

WARNING

The MACHINE-GUARD System's

outputrelays must be tfieal switch-

ing devicedor the machinery being
guarded. Do not wire in any intermediate contro
devices between the output relays and the contr
elements of the guarded machinery. To do so coul
result in serious injury or death.

Never connect the MACHINE-GUARD System to thg

top stop circuitry of a press.

contact of relay FSD2 must be connected, as shown in FigaTe

13, to control power to Machine Primary Control Elemef
#2. The switching capacity of relay FSD2 is 250V ac may|,
4 amps max. (resistive load).

Many different types of mechanisms are used to arqtst
al
of

dangerous machine motion. Examples include mechan
braking systems, clutch mechanisms, and combination
brakes and clutches. Additionally, control of the arrestifjg
scheme may be hydraulic or pneumatic.

Asaresult, MPCEs may be of several control types, includifng
awide variety of contactors and electromechanical valves}| If

your machine documentation leaves any doubt about
proper connection points for the MACHINE-GUARD Sysg
tem output relay contactdp not make any connections
Contact the machine builder for clarification regarding cofj-
nections to the MPCEs and MSCE.

The SSD output relayconnects to the Machine Seconda

NOTICE regarding MPCEs

Each of the two Machine Primary Control Element
(MPCE 1 and MPCE 2) must be capable ofimmediate
stopping the dangerous machine motion, irrespecti
of the state of the other. These two channels of machi
control need not be identical, but the stop time perfo
mance of the machine (Tised to calculate the separa
tion distance) must take into account steverof the
two channels.

Some machines offer only one primary control elemen
For such machines, it is necessary to duplicate tf
circuit of the single MPCE to add a second machin
primary control element. Refer to Figure 13 (page 17
or consult the machine manufacturer for additiong
information.

Control Element (MSCE) on the guarded machine. The

MSCE is an electrically powered element of the guarded machine (independent of the MPCES) that is capable of removin
power from the prime mover of the dangerous part of the machine in the event of an emergency. The output contacts of tt
SSD relay must be connected, as shown in Figure 13, to the Machine Secondary Control Element such that, if a lockol
condition occurs, the motive power will be removed from the machine. The switching capacity of the SSD relay is 250V

ac max., 4 amps max. (resistive load).

Figure 13 (page 17) shows output relay connections in a generic interfacing situatiofithe connections between the

MACHINE-GUARD System outputs and the machine primary and secondary control elements must be direct, and arrange

so that any single line fault or earth fault will not result in a circuit failure to a potentially dangerous state.

and Figure 13, page 17.

NOTICE regarding MPCE Monitoring Hookup

It is strongly recommended that one normally open and one normally closed auxiliary contact of each MK
wired (as shown in Figure 13, page 17) as MPCE monitor contacts. If this is done, any inconsistency
between the two MPCEs will remove power from the MACHINE-GUARD System, causing a lockout con
The use of MPCE auxiliary contacts as MPCE monitor contacts is necessary in order to maintain redundar
MPCE auxiliary contacts used for this purpose must be rated at 130V ac minimum, 50 VA minimum.

In order to maintain redundancy, the MPCE monitor contacts must be wired as described in section 3.5.5

CE be

maction
ifion.

Cy.
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WARNI NG Use of MACHINE-GUARD Systems for Perimeter Guarding

If a MACHINE-GUARD System is installed for use as a perimeter guarding system, the Machine Prinary

Control Elements (MPCES) of the guarded machine must be wired such that any interruption of the defingd area
will cause immediate arrest of the dangerous motion of the guarded machine. Following any interruption, the dangerousgnachine
motion must be able to be initiatedly by actuation of a reset switch. This reset switch must be located outside of the ra of
dangerous motion, and must be positioned so that the area of dangerous motion may be observed by the switch opergtor during
the reset operation.

3.5.5 AC Power (permanent connection)

After the initial checkout of Section 3.5.3 has been successfully completed, the ac lines to the MACHINE GUARD System
must be re-routed to their permanent hookup, through the guarded machine's MPCE monitor contacts. This is important:
ensures that any inconsistency in action between the two MPCEs will remove power from the system. (This is discussed i
theNOTICE regarding MPCE Monitoring Hookup, below)

Connectionto ac power is at thand\ terminals of control box wiring barrier P6. The MACHINE-GUARD System requires
115V ac, 50/60Hz using control box MGCA-4A, or 230V ac using model MGCB-4A. Three-wire connection (ac "hot", ac
"neutral”, and earth ground) to ac power mains must be done according to NEC and local wirii@paoatesperate the
MACHINE-GUARD System without an earth ground connection.

After ac power has been connected to the MACHINE-GUARD System and the output relay contacts have been connecte
to the machine to be controlled, the operation of the MACHINE-GUARD System with the guarded machine must be verified
before the combined system may be put into servige. do thisa qualified person must perform theCommissioning
Checkout Procedurgiiven in Section 6.2 on page 30.

3.5.6 Auxiliary Monitor Relay

The action of the Auxiliary Monitor Relay contact "follows" the action of output relays FSD1 and FSD2. The Auxiliary
Monitor Relay contact is a light-duty contact useddamtrol functions that areot safety-related.A typical use is to
communicate with a programmable logic controller (PLC). The switching capacity of the Auxiliary Monitor Relay is 125V
ac or dc max., 500mA max. Connection to the Auxiliary Monitor Relay contact is made at wiring barrier P5.

3.5.7 Accessory Connections at Terminal Strip P3

Terminal Strip P3 at the upper left corner of the control box allows connection of accessories such as the MGA-LR Series
LED Remote Displays and the MGA-KSO-1 Remote Key Switch. Refer to the data sheets for these products for hookup
information. If the connected accessory is or includes a remote reset switch, the accessory must be positioned at a locati
that provides an unobstructed view of the entire defined area.

3.6 Control Box Latch Adjustment

The tightness of the upper (locking) latch on the control box is adjustable. Rotating the threaded clasp of the latch
counterclockwise loosens the latch, while rotating the clasp clockwise tightens the latch. Adjust the threaded clasp so the
the box cover is held closed snugly when the latch is in the closed (locked down) position.

4. Operating Instructions

4.1 Security Protocol
The MACHINE-GUARD control box haslackable latchand akey-operated front-panel RESET switch.

Inorder to preventaccess by unauthorized personnel, and to ensure that all lockout conditions come to the attesdion of a pe
gualified to deal with them, a lock must be inserted in the lockable latch and the key (or combination) to this lock must be
keptinthe possession ajaalified persomas defined in ANSI/ASME B30.2-1983 (selessarySection).Qualified persons

only should have access to tinéerior of the MACHINE-GUARD System control box.

The key to théront-panel RESET switch should be available todesignated persoar persons. A designated person is
one who is identified and designated in writing, by the employer, as being appropriately trained and qualified to perform a
specified checkout procedure. If the machine operator meets these requirements, he/she may be a designated person.
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Figure 14. Dimensions, MACHINE-GUARD System

P 2.5" (64mm)
A 1.24" (31,5mm) A WARNING
_ The MACHINE-GUARD System's
/ %2/ 4 20b UN(I:{ t) emitters and receivers must be installed with th
. ] (2 per bracke corresponding ends (either cabled ends or non-cakjlpd
A.Ii)tl _t' (AT ] ) ends) pointing in the same direction (i.e. both cabl
m oflanion( 4) T @ +30° Rotation ends "up", both cabled ends "down", etc.). Failure
S 11 Housing Dia do this will impair the performance of the MA-
AL = » : CHINE-GUARD System and result in incomplet
3.5" / \C_j:l ?"29 (58,2mm) guarding. See Figure 14 (left, both cabled en
(89mm) Id Emitter "down"). Failure to observe this warning could resul
/ .‘ in serious injury or death.
s
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WARNING for when exact blankirg is used...

Exact blanking is designed to be used where some permanent mechanical obstruction is present
guarded area (see Section 2.2, page 6)edée blankindeature allows blanking of the affected beams.
It is imperative that the mechanical obstruction be visible to the machine operator and that the operat

fully informed as to which beams are blanked.

If for whatever reason, the mechanical obstruction is allowed to move such that the same number of beams are still |
but now the location of the obstruction is different, then the operator must be made fully aware of this change, and thg
guarding must be modified as necessary. If this change occurs without the operator's knowledge, it will place that op

at additional risk.

In addition, hard guarding may be required (see Section 3.2.2, pa]e 10).
ocked

Sensor
Models

MGEG616A emitter
MGR616A receiver

MGE1216A emitter
MGR1216A receiver

MGE1816A emitter
MGR1816A receiver

MGE2416A emitter
MGR2416A receiver

MGE3016A emitter
MGR3016A receiver

MGE3616A emitter
MGR3616A receiver

MGE4216A emitter
MGR4216A receiver

MGE4816A emitter
MGR4816A receiver

MGE5416A emitter
MGR5416A receiver

MGEG6016A emitter
MGR6016A receiver

MGEG6616A emitter
MGR6616A receiver

MGE7216A emitter
MGR7216A receiver

Ht. of Defined Area
(Y)

6 inches (152 mm)
12 inches (305 mm)
18 inches (457 mm)
24 inches (610 mm)
30 inches (762 mm)
36 inches (914 mm)
42 inches (1067 mm)
48 inches (1219 mm)
54 inches (1372 mm)
60 inches (1524 mm)

66 inches (1676 mm)

72 inches (1829 mm)

Mounting Dimensions
(L1) (L2)

11.7" (297 mm) 9.6" (244 mm)

Emitter/receiver
Mounting Bracket

Dimensions

Slots have clearance —
for 1/4” bolts (supplied)
and allow +30° rotation

01.2" —
(30,5mm) \\

\

o)

(45,7mm}

$ ! ] \\‘s >
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]

17.7" (449 mm) 15.6" (396 mm)
23.7" (602 mm) 21.6" (549 mm)
29.8" (757 mm) 27.6" (701 mm)
35.8" (909 mm) 33.6" (853 mm)
41.8"(1062mm)  39.7" (1008 mm)
47.8" (1214 mm)  45.7" (1161 mm)
53.9" (1369 mm)  51.7 (1313 mm)
59.9" (1521 mm)  57.7" (1466 mm)
65.9" (1674 mm)  63.7 (1618 mm)
71.9" (1826 mm)  69.7" (1770 mm)
77.9" (1979 mm)  75.7 (1923 mm)
(lﬁ:g?nn:; ﬁ6%5%:r§m)
1
(16§g?nm)/ L/ |
Lgfl" i 2}5"
(31,5mm) 1] (63,5mm)
J__® i
.63'R. /LL
(16,0mm)

(2}

1 Material: Cold rolled steel
Finish: Black, zinc plated,
1.8" chromate dip
(45,7mm)

P
(3,05mm)
3.0"

(76,2mm}

In the

br be

hard-
brator

Quick Disconnect Cable

Emitter and receiver cables must be
ordered separately from the rest of
the system. Banner cables have g
straight QD (Quick Disconnect) con-
nector molded onto the sensor end.
Cables measure .5-inch in diameter,
and are PVC-jacketed. Conductors
are 16-gauge.

Cables are available in lengths of
25, 50, 100, and 150 feet. Total
length of the emitter and receiver
cables must not exceed 175 feet. Se¢
page 36 for cable models.

The threaded, knurled connector is
aluminum. Two liquid-tight cable
gland/strain relief fittings are sup-
plied with each control box to admit
the emitter and receiver cables
through the selected knockouts on
the control box wall.

2.87-
(71mm)

L1.5"
minimum bend

R. (38mm)

h

21



WARNING . The Banner MACHINE-GUARD System can do the job for which it was designgd
only if it and the guarded machine are operating properly, both separately and together. It i$]your
responsibility to verify this, on a regular basis, as instructed in Section 4.2 and Section 6.

If the MACHINE-GUARD System and the guarded machine do not pedaattlyas outlined in the
checkout procedures, the cause of the problem must be found and corrected before the system is put back into servige. Failure
to correct such problems can result in serious injury or death.

4.2 Periodic Checkout Requirements

In addition to the checkouts that are done by a qualified person or persons at the time that the MACHINE-GUARD System
is installed and put into servidbe functioning of the MACHINE-GUARD System and the guarded machine must be

verified on aregular periodic basis to ensure proper operation. Thisis absolutely vitaland necessary. Failure to ensure
proper operation can lead to serious injury or death.

Checkouts must be performed as follows (continued on page 22):
1) By a designated person at every power-up of the MACHINE-GUARD System (use checkout procedure 6.3, page 31)

2) By a qualified person following the correction of every lockout condition (use checkout procedure 6.3, page 31),
3) By a designated person at every shift change or machine setup change (use checkout procedure 6.3, page 31),

4) By a qualified person semi-annually (every 6 months) following installation of the MACHINE-GUARD System
(use checkout procedure 6.4, page 31).

4.3 Normal Operation
4.3.1 Power-up
If the Auto Power-up feature is "on" when ac power is applied to the System, the controller performs a system checkout an
resets itself, without the need for a key reset. If the Auto Power-up feature is "off" when ac power is applied to the MACHINE
GUARD System, it is normal for it to "power up" into a lockout condition. To prepare the MACHINE-GUARD System
for operation after a "power-up" lockout, the designated person must perform a key reset:

a) Turn the key to the RESET position (red LED goes "on"). Wait at least one-half second, then

b) Turn the key to the RUN position.

If the defined area is clear, the green* and yellow LEDs will go "on" (red LED goes "off").
If the defined area is blocked or if the emitter and receiver are misaligned, the red and yellow LEDs will go "on".

Now perform checkout procedure 6.2 on page 30. *If blanking is "on", the green LED will flash.

4.3.2 Exact Blanking Operation

Exact blanking allows for thpermanenpresence of brackets, fixtures, etc. in the defined area (sensing path). If the
appropriate number of light beams were configured (Section 3.4), the MACHINE-GUARD System "sees" the objects in the
path ofthose beams, but "ignores" the objects as long as the configured number of beams remain blocked. In normal operatic

a) a lockout condition will occur fewerthan the configured number of beams are blocked (e.g. when a fixture is
removed and blanking is not changed), and,

b) a trip condition will occur imorethan the configured number of beams are blocked (e.g. by a hand or other object
entering the defined area).

A"trip" condition causes the red and yellow Status Indicator LEDs to come "on". Recovery from atrip condition is automatic
when the defined area is cleared of obstructions.

Refer to Figure 6 (page 11) and note that changing the number of blanked beams changes the Penetration Deppth Factor (D
This alters the required separation distance between the defined area and the closest machine danger point. If you &
decreasinghe number of blanked channels, there is no need to change the separation distance unless the overall speed of t
manufacturing process is critical. However, if ymereasethe number of blanked beams, OSHA regulations require the
separation distance to be increased correspondifiglynumber of beams blanked by exact blanking does not affect
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D, if the entire area of blanked beams is occupied by the

p!
bracket, fixture, etc. or guarded by supplemental guard-
ing or hard guarding. See section3.2.1, NOTE 4 (page 10} WARNING

. . . Power failures or other MACHINE-
4.3.3 Floating Blanking Operation GUARD System lockout conditions

Floating blanking allows an object of up to one inch in crg}s should always be investigated im-
section to break the defined area at any point without cau§ing mediately by a qualified persowith the exception of
a "trip" condition (see Section 2.2). lockout conditions #1 and #2 (left), lockout is &}

The use of floating blanking increases the Penetration Ddpth POsitive indication of a problem and should be inves
Factor (D) and also, therefore, the separation distarfie tigated at once.Attempts to operate machinery by
required between the defined area and the closest mag inebyp"“ss'ngo;[he NII('?CH”EFT'C.;L.JARD deStfr:n are dany
danger point (see Figure 6 on page 11, and Section 3.2.1| | jf 9°TOUS and couid Tesultin injury or death.
the separation distance was calculated on the basis of
floating blanking and you later begin to use floating blanking,
OSHA regulations

[A¥)

require the separation distance to be increased accordirjply. CAUTION

See Section 3.2.1. .|
Dangerous voltages are presentinsige

Upon power-up (and also at every shift change or machine sq up the MACHINE-GUARD System con-

change), checkout procedure 6.3 on page 31 must be perforr|id. trol box whenever ac power to th¢
system is "on"Exercise extreme caution whenever the

control box cover is open and ac voltage is or may be

5. Troubleshootingand Maintenance || esent

5.1 Troubleshooting Lockout Conditions
A MACHINE-GUARD System lockout condition occurs:
1) Routinely upon MACHINE-GUARD System "power-up” (see Section 4.3.1),
2) If ac power to the MACHINE-GUARD System is interrupted,
3) If only one FSD (Final Switching Device) relay has gone to the "off" state (de-energized),
4) If the SSD (Secondary Switching Device) relay has de-energized,
5) If fewer than the configured number of light beams are blocked whenexsiogblanking,
6) If the controller module switch settings are incorrect for the emitter/receiver array length in use, or
7) If the self-checking circuits of the microprocessor detect a component failure.

A lockout condition causes all output relays (FSD1, FSD2, and SSD) plus the auxiliary monitor relay to open, shutting down
the MPCEs and MSCE ofthe guarded machine. Alockout conditionisindicated by the red panel LED (only\N{a$l&ing.

if all three Status Indicator LEDs are flashing, the key reset switch has been turned to the reset position while the
MACHINE-GUARD System was operating normally. To resume operation, turn the key reset switch to RUN, then to
RESET, then back to the RUN position.

Use the following procedure to resume operation after a power interruption (condition #2):
a) Turn the key to the RESET position (red Status Indicator LED should light) and wait at least one-half second, then
b) Turn the key to the RUN position:
If defined area is clear and the emitter and receiver are properly aligned, the green and yellow LEDs will light.
If the lockout condition was due to a momentary power interruption that has been corresed;HIeE-
GUARD System will now operate normally.

Upon recovery from a power interruption, checkout procedure 6.3 on page 31 must be performed.

If the Status Indicator LEDs will not operate, the lockout condition is due to another cause (conditions #3-7). In this case,
the qualified person must open the control box cover and note the state of the Diagnostic Indicator LEDs (Fig. 15, page 24

If one or more of the red Diagnostic Indicator LEDs is "on", the cause of the lockout condititirishe MACHINE-
GUARD System. The MACHINE-GUARD System will not operate if its self-checking circuits have detected an internal
problem. Take the corrective measure(s) shown in Figure 15 for the listed Error Number and related Problem. If further

I ———
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Figure 15._ _ _ _ Error Number c :
Interpretation of Diagnostic Indicator LEDs (Add binary values Problem orrection
of lighted red LEDs)
. . . Ol
Diagnostic Indicator LEDs 20 System is OK.
A.) Relay failure A.) Replace relay module (MGA-RMSSD)
Controller Module Assembly % 1 B.) Controller module failure | B.) Replace controller module
C.) Unnecessary key reset C.) Perform a key reset
TN
BANK A ¢ A.) Waiting for a key reset A.) Perform a key reset
ON—OFF | 0 2 B.) Relay failure B.) Replace relay module (MGA-RMSSD)
- M = @ C.) Key switch failure C.) Replace key switch (MGA-KS-1)
~ HAP
o % ; % g 3 Controller module failure Replace controller module
w 4 o
e 8 o =
| |5 [mn] [@)
. [mn] i
> ; 22 [® 4* Receiver failure A.) Check cable _connectlons
Ny [ma] B.) Replace receiver
Binary
Value ;
—_ @ . . A.) Check cable connections
OO Red 1 % 5 SN EINS B.) Replace emitter
E|Of2|| 1 Red 2
D
s10)4| [O Red* 4 A.) Incorrect configuration of | A.) Check array length switch
O 1 O Green** O array length. configuration (see page 13)
6 B.) Emitter failure B.) Replace emitter
C.) Controller module failure | C.) Replace controller module
N o D * Intermittently flashing #4 red
wllz ) LED indicates presence of A.) Incorrect configuration of | A.) Check blanking switch
= U || optical or electrical "noise". blanking area configuration (see page 13)
o ; % " o ) 7 B.) Receiver failure B.) Replace receiver
2 M o GreeT LED indicator is C.) Controller module failure | C.) Replace controller module
N always "ON" except when a
® o CPU failure is detected.
*%
ON—OFF § 8 CPU failure Replace controller module
BANK B

assistance is required, contact your Banner field ser;lce
engineer or the factory Applications Engineering Dep
ment.

If no Diagnostic Indicator LEDs are "on", ac power to t,k\[e
systenmayhave been lost. The green LED on the powe
supply board (see Figure 11, page 15) indicates the pres
(LED "on") or absence (LED "off") ofic power at the
power supply board. It is possible forac powerto be
present at the input of the power supply even if the dc poyer
LED is "off". Exercise care. A shock hazard may exist
under these conditions.

124

Very carefully check for ac voltage across the L and N
terminals of wiring barrier P6. If ac voltage isi0t present

€electrical shock during installation or servicing or whe

WARNING

Electrical shock hazard exists wherq

the MACHINE-GUARD System

has power applied to it and the cor
trol box door is open.  Use extreme caution to avcnl‘d

the control box door is open to change programming
observe the diagnostic indicatolways disconnect
all power from the MACHINE-GUARD System and
the guarded machine before making any wire con-
nections or before replacing any component.

The control box should be opened and/or serviced
only by aqualified person(see Section 4.1).

atL and N, ac power to the MACHINE GUARD System ha
been lost, and the cause is outside the system. If vidtage

present there, remove plug P11 from the relay board and check the P11 socket (on the board) for ac voltage. If ac voltage
notpresentthere, the problemisinthe FSD relay module. If vadtpgesent at the P11 socket, reconnect plug P11 and check

for 12V dc at connector block P2. If 12V do@t present there, turn off the ac power to the control box and check the fuse.

If the fuse is bad, replace it (Section 5.2.1). If the fuse is good, and 12V dmst gtitsent at P2, a power supply failure

has occurred.
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5.2 Effects of Electrical and Optical Noise

The MACHINE-GUARD System is designed and manufactured to be highly resistant to "noise" and to operate reliably in
industrial settings. However, serious electrical and/or optical "noise" may cause a random "trip" conglgigrexineme

casesa "lockout" is possible. In order to minimize the effects of transitory noise, the MACHINE-GUARD System will
respond to noise only if the noise is detected on two consecutive scans. Red Diagnostic Indicator LED #4 will flagh to indicat
the presence of electrical or optical noise. This LED can be used to track down particularly offensive noise sources. Simpl
observe the LED while shutting down or isolating the suspected sources.

When the model MGA-KSO-1 Remote Key Switch is used in extremely noisy conditions, we recommend the use of shielded
cable between the control box and the key switch as a precautionary measure.

5.3 Servicing and Maintenance

5.3.1 Fuse Test and Replacement

Turn off ac power to the control box before proceding.

The MACHINE-GUARD System control box fuse is located in a fuseholder on the power supply board (see Figure 11). Use
a flat-blade screwdriver to push in and rotate the end of the fuse holder counterclockwise until it and the fuse can be pullel
from the holder. Visually inspect the fuse and/or test its conductivity using an ohm meter or a continuity tester.sThe fuse i
a 250V ac 3AG slow-blow type (see specifications, page 35).

5.3.2 Controller Module and Relay Replacement

MACHINE-GUARD Systems are designed for reliability. While replacement of the controller module and relays is not
normally required, these components have been designed to be easily replaceable as a convenience to th® customer.
maintain control reliability, use only Banner-supplied replacement relays with forced-guided contacts.

The controller module may be removed from the control box by loosening the two captive screws which hold it in place, and
gently sliding the board out of the box. To re-install the controller module, reverse the sequence: slide the board into plac
until snug, and tighten down the two captive screws.

The output relays are configured in two modules: the FSD relay module and the SSD relay module (see Figure 11, page 1°
To remove a module, remove the 3/8" nylon hex nuts and gently slide the module out of the control box to disconnect it from
the mother board. To reinstall, press the module firmly and evenly onto its connector pins and replace the hex nuts.

WARN I NG If replacement parts are ever requiraliyays use only genuine Banner-
supplied replacement parts. Do not attempt to substitute parts from another manufacturer. Toj
do so could impair the operation of the MACHINE-GUARD System and result in a dangerous
situation and possible injury or death.

NOTE: Do not open the emitter or receiver housingThe emitter and receiver contain no field-replaceable components.
If repair is necessary, return the unit to the factory. Do not attempt to repair an emitter or receiver yourself.

If it ever becomes necessary to return any MACHINE-GUARD component to the factorypack it carefully. Remove
the controller module from the control box, and pack the module separately, using the original packing materials wheneve
possible.

Damage that occurs in return shipping is not covered by warranty.

(continued next page)

25



WARNING Aligning the MACHINE-GUARD System while the hazardous machinery is
operational could result in serious injury. You may be working close to the hazardous area of your
machinery while aligning the MACHINE-GUARD Systerfihe machinery that the MACHINE-
GUARD System is connected to must not be operating at any time during this procedure.

5.3.3 Realignment

Banner MACHINE-GUARD System emitter and receiver mounting hardware is designed to be highly resistant to
misalignment due to vibration and shock. However, a persistent trip condition (yellow and red Status Indicator LEDs "on")
that cannot be attributed to improper blanking or to a blockage in the defined area may be due to an emitter or regeiver havir
been accidentally knocked out of alignment. If this is suspected, a qualified person should perform the procedure below.

Fine alignment/realignment procedure:
1) Disable the guarded machine so that its dangerous parts cannot move.

2) Slightly loosen the hardware holding the emitter unit to its top and bottom brackets, and rotate the emitter in its brackets
until its window directly faces the receiver unit. RESET the MACHINE-GUARD System.

3) Slightly loosen the hardware holding the receiver unit to its top and bottom brackets. Rotate the receiver in its brackets
until its window directly faces the emitter unit. The yellow and green Status Indicator LEDs should be "on" at this point.
(NOTE: the green LED will be flashing if blanking is "on".) Rotate the receiver back and forth to find the midpoint of the
zone of movement within which the yellow and green LEDs remain "on". Do the same with the emitter, and then again
with the receiver. Tighten the hardware to secure the emitter and receiver at these positions. NOTE: If the trip conditior
persists (yellow and red LEDs remain "on") review the procedure in Section 3.3 to verify that the emitter and receiver units
are properly mounted relative to each other. If further assistance is required, contact the Banner Applications Engineerin
Department.

5.3.4 Cleaning
The MACHINE-GUARD System control boxis constructed of welded steel with a black polyester paintfinish, and is rated
NEMA 13 (IP 64). It may be cleaned using mild detergent or window cleaner and a soft cloth.

The MACHINE-GUARD System emitter and receiver unitsare constructed of aluminum with a black anodized finish
and arerated NEMA 4 (IP65). Lens coversare acrylic. Emitters and receivers are best cleaned using mild detergent or windo
cleaner and a soft cloth. Avoid cleaners containing alcohol, as they may damage the acrylic lens covers.
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6. Alignment and Checkout Procedures

Study each procedure from beginning to end to make sure that you understand each step before you start.

Refer all questions to the Banner Applications Engineering Department (address, telephone, and FAX information onjpage 2).

Section 6.1 is a procedure for optically aligning a MACHINE-GUARD System using corner mirror(s). Sections 6.2, 6§3, and
6.4 are periodic performance checkout procedures for the MACHINE-GUARD System, and are performed according to the

schedule given in Section 4.2.

6.1 Alignment of the MACHINE-GUARD System

This alignment procedure begins with the assumption that the MACHINE-GUARD System has been mechanically a

gned as

discussedin Section 3.3. Asisrecommended there, we suggest maximizing the sensing power of the MACHINE-GUARD System

through liberal use of hard-guarding and by keeping the number of corner mirrors (if used) in the System to a necessary

Follow the measures outlined below to maximize MACHINE-GUARD System excess gain. If there are reflective surf

the defined area, read alignment step #7 (page 29), before proceding further, to prevent possible reflection problems|
(continued on page 28)

WARNING

You may be working close to the hazardous area of your machinery while aligning the MACHIRE
GUARD System. Aligning the MACHINE-GUARD System while the hazardous machinery jis
operational could result in serious injuryhe machinery that the MACHINE-GUARD System is
connected to must not be operating at any time during the alignment procedure of Section 6J1.

inimum
es near

MGM Series Mirrors and the Maximum Width of the Defined Area

Excess gaiiis a measurement of the sensing energy that falls upor;:[: re

receiver element of a sensing system over and above the minifjum Gyidelines for Excess Gain Values
level required to just operate the receiver's amplifier. Excess gain

be used to predict the reliability of a sensing systéhe higher the

excess gain, the better the ability of the sensing beam to cu
through fog, mist, dust, and other contamination. Excess gain 1.5X  Clean air: no dirt buildup on lenses or mirrorg
decreases as the emitter-to-receiver distance (R) increases arfd as . N . S

corner mirrors (n) are added to the System. Minimum excess dain 5X %gfgﬂ%éj'gc glr']ggnglé'édgrpn?fndourgt’ E'ertﬁs(gls’
recommendations are given in the table at the right. Maximizatior]of and mirrors cleaned on a regular schedule.
excess gain should be an important objective when designing a

a
l%;lir]imum Excess ) )
Gain Required Operating Environment

Moderately dirty: obvious contamination of

MACHINE-GUARD setup. 10X lenses or mirrors (but not obscured). Lenses fand

The excess gain formula for the MACHINE-GUARD System wit mirrors cleaned occasionally or when necesspr

=4

MGM Series mirrors is: 50X Very dirty: heavy contamination of lenses anH
mirrors. Heavy fog, mist, dust, smoke, or oil
G, = 6075 RER)" film. Minimal cleaning of lenses and mirrors.
R2

where: G = final excess gain

n = the number of mirrors “Sef’ Always maintain at least the minimum excess gain ind
REF = reflectance: .85 (glass mirrors) cated in the table (above) for the environment in whicf
R = the total distance that the light travels (overall widytou are operating.Tips for maximizing excess gain are:

of the defined area in feet) 1) Use "hard guarding" where possible to reduce the

Example: overall defined area width and the number of mirrors
The excess gain of a 2-mirror MACHINE-GUARD System (glass required.
mirrors) that is set up to guard a total distance of 10 feet WOUIdﬂekeep sensors and mirrors properly aligned

G, =6075 (.85) =44 3) Keep red sensor lens covers and mirrors clean.
1
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Alignment of the MACHINE-GUARD System (continued)

Only aqualified personmay align the MACHINE-GUARD System, as follows (refer to Figure 17, page 29):
1) Turn off power to the MACHINE-GUARD System and to the guarded machine.
Leave power to the guarded machine "off", and power-up the MACHINE-GUARD System only.

2) The MACHINE-GUARD will power up into @ower-up lockout conditionReset the M-G System as follows:
Turn the control box front-panel key reset switch to the RESET position,
Leave the key in the RESET position for at least 1/2 second to allow time for internal M-G System checks, and
Turn the key switch to the RUN position.

3) Upon the completion of step #2, the MACHINE-GUARD System enters either a TRIP or a CLEAR condition.
TRIP condition: YELLOW and RED indicators (only) "on" steadily. Go to Step #4.
CLEAR condition: YELLOW and GREEN* indicators (only) "on" steadily. Go to step #5.

4) A TRIP condition after a RESET indicates that the MACHINE-GUARD receiver is not seeing the light from

the emitter. If this situation occurs,

a) Monitor the GREEN* indicator on the front panel of the control box. Recheck the mechanical alignment of thT
MACHINE-GUARD System (Section 3.3). Begin with the emitter and receiver at their desired locations. Adjust jhe
corner mirrors (if used) so that the angle of incidence to the mirror equals the angle of reflectance from the mirrorf Make
sure that the emitter and receiver and any mirrors are in the same plane (use a level if necessary), and that the mifipoints of
all sensors and any mirrors in the system (indicated by the broken line in Figure 16) are at the same level.
b) When the receiver sees the light from the emitter, the GREEN* indicator on the control box panel will light*. When
the GREEN indicator comes "on", go to step #5. (At this point, the GREEN* and YELLOW indicators will be "on'})

*The GREEN LED will flash if blanking is "on". (continued on page 29)
Figure 16. MACHINE-GUARD System, Alignment and Trip Test Trip test points:
T1 = near emitter, near halfway up
Component #2 the height of the defined area;

i) Component #1

(Emitter) T2 = near receiver, near halfway up

the height of the defined area;

@ T3 andT4 = midway between the
T1 emitter and receiver, anywhere
i y4 | within the top and bottom
!W quarters (respectively) of the
| == - - - - - defined area.
g

Component #4 Component #3

(Receiver)

When aligning sensors and
mirrors, sight from in front of
the emitter and receiver along
a line connecting the
midpoints of the system
components (represented by
the dashed line). Adjust the
height and rotation of the
sensors and mirrors so that
the reflections of the
sensors in the mirrors

are straight and centered.
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Alignment of the MACHINE-GUARD System (continued)

5) If the GREEN* indicator is "on", the receiver is seeing light from the emitter. In steps a, b, and c (below), aligr
will be optimized to ensure that the MACHINE-GUARD System is operating with the maximum possible excess
for the distances involved.

ment
gain

a) Carefully move the emitter (or the receiver) up and down along its long axis. Find the midpoint between extfemes

of movement within which the GREEN indicator stays "on"*. Temporarily secure the sensor at this point.

b) Carefully rotate the same sensor in its mounting brackets, this time looking for the midpoint between the exremes
i

of rotation within which the GREEN indicator stays "on"*. The careful completion of 5a and 5b constitutes op
sensor alignment. Secure the sensor at this position. Repeat step 5b using the other sensor, and secure it ir
c) Repeat step 5b for any mirror(s) in the System. Secure the mirror(s) at their optimum position(s).

mal
position.

6) "Trip test"the MACHINE-GUARD System for object detection capability using the 1.5" diameter specified test Jiece

supplied with the control box. To perform this test, the key switch must be in the RUN position and the greer
yellow LEDs (only) must be "on". Reset the system (key reset) if necessary.
Perform the trip test as follows: *The GREEN LED will flash if blanking is "on".

If mirrors are used, insert the specified test piece into the defined area at test location T1 (see Figure 16, page 271
red and yellow indicators must come "on" (indicating a TRIP condition) when the test piece enters the defined ar
must go "off" when the test piece is removed from the defined area. The green indicator must go "off"* when the te

* and

). The
pa, and
t piece

enters the defined area and go "on" when the test piece is removed from the defined area. Perform this same tifip test at

testlocations T2, T3, and T the system contains only sensors (no mirrorsperform the trip test at the corresponding

four locations: near the emitter, near the receiver, and at two points in the upper or lower quarter of the defined ajea near

the midpoint between the sensors. Following each

trip, the MACHINE-GUARD System should oper
ate normally. . . .
y Figure 17. Operating Status LED Conditions
7) If the green and yellow indicators are "on"
but the MACHINE-GUARD SyStem does not . Operation Mode  Normal Operation Indicator Status
respond as described to all aspects of the trip oot oA e
L= reen ellow
test (step #6)the lack of response may be due to Aoely pawer 1o o O e
nearby reflective surfaces reflecting light from th¢ PowerUp | ekour stare N
emitter to the receiver via an alternate route (se¢ !
Caution, page 12). Move the defined area or the Turn key to Red  Green  Yellow
reflective surface (be sure to maintain at least the ‘RESET'position | O O @
ini i i i If Auto Power-up is ON when
minimum required separation o_Ils_tance), or take Key Reset i bowor is anpliod 16 the MAGHINE-
measures to reduce the reflectivity of the interfer GUARD System, the controller will
. . . .. . Turn key to perform an automatic RESET after
ing surface (i.e. angling, painting, masking, etc). o ey o passing an internal system
RUN" position checkout (key RESET not needed).
Auto Power-up is discussed in
Section 3.4.
Defined Red Green* Yellow
‘ _area O ’ .
: fs clear “Green LED will flash
WAR N I N G Run , if blanking is "on".
E Defined Red Green Yellow
- KEY ' area
If the MACHINE-GUARD O mooree T is ke ® O @
System does not respond | (TRIP)
H Indi "ON"
pI’Opeﬂy tO the t“p teSt; . sr:e:;})?r ! Red Green Yellow
do not attempt to use the Systemif the @ s | Syetem ‘e O O
MACHINE-GUARD does not respond 70 S PP S s
properly to the trip test, it cannot be reliec
Upon tO Stop dangerous maChlne mOtIOF NOTE: A key RESET is al/ways required to recover from a LOCKOUT condition.
when a person or ObjeCt enters the de| NOTE: If the key is inadvertently turned to RESET while the system is
. . P operating normally, all three LEDs will flash. When the key is turned
flned area. SerlOUS |nJury or death COUI(HI back to RUN, the red light will continue to flash, indicating a lockout
reSUlt condition. To return the system to the RUN condition, the key must
: again be turned to RESET, and then back to RUN.
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6.2 Commissioning Checkout To Be Performed at Time of Installation

This commissioning checkout must be done gyadified persorwho possesses all of the manufacturer-provided informa
on the MACHINE-GUARD System and guarded machine and who, by possession of a recognized degree or cert

on
ficate of

professional training or who, by extensive knowledge, training, or experience, has successfully demonstrated the ability to sol

problems relating to the installation, operation, and maintenance of optoelectronic machine guards.
A copy of checkout results should be kept in the employer's files: see OSHA 1910.217(e)(1).

The qualified personmust:

1) Examine the guarded machine to verify that it is of a type and design that are compatible with the MACHINE-GU
System. See page 3 for a list of misapplications.

2) Verify that the minimum separation distance from the closest danger point of the guarded machine to the defined
less than the calculated distance. See Section 3.2.1.

3) Verify that access to the dangerous parts of the guarded machine is not possible from any direction not protected

ARD
rea is not

by the

MACHINE-GUARD System, hard guarding, or supplemental guarding, and verify that all supplemental guarding devices

and hard guarding are in place and operating properly.
4) Verify that it is not possible for a person to stand between the defined area and the dangerous parts of the guarde

5) Examine the electrical wiring connections between the MACHINE-GUARD output relays and the guarded machine'
elements to verify that the requirements stated in Section 3.5.4 are met.

WARNING! A shock hazard exists while the control box door is open.
Before continuing, verify that the control box door is closed and latched.

6) Test the effectiveness of the MACHINE-GUARD System with power "on", as described in steps (a) through (d), b
If floating blanking is in use, first block out one sensing beam as described in Section 3.5.3.
a) Verify that the MACHINE-GUARD System is in the RUN mode (green* and yellow Status Indicator LEDs "on"
See Section 4.3 for RESET procedure. *The green Status Indicator LED will be flashing if blanking is "on".

b) With the guarded machine at rest, pass the 1.50-inch dieapetéied test piecésupplied with the control box ) down
ward through the defined area at three points: close to the receiver column, close to the emitter column, and midwa;

as long as the test piece is within the defined area. When the test piece is withdrawn from the defined area, thelfpeen
indicators (only) should come on. If the green indicator comes "on" at any time when the test piece is within the dgefi
check for reflective surfaces (see Caution, page 12).

the emitter and receiver columns. In each case, the red and yellow indicators (only) should come "on" and remaiFon" for

¢) Initiate machine motion of the guarded machine and, during motion, insert the 1.50-inch djsecéied test piedato
the defined area (at right angles to the defined arfBa)not attempt to insert the test piece into the dangerous parts o
machine. Upon insertion of the test piece into the defined area at any time during machine motion, the dangerous p
machine should come to a stop with no apparent delay. Upon removal of the test piece from the defined area, veri
machine doesot automatically restart, and that the initiation devices must be exercised to restart the machine.

d) With the guarded machine at rest, insert the 1.50-inch diaspetgfied test piedato the defined area and verify that
is not possible for the guarded machine to be put into motion while the specified test piece is within the defined ar

7) Remove electrical power to the MACHINE-GUARD System. All output relays should immediately de-energize, and
not be capable of being reactivated until a key RESET is performed.

8) Testthe machine stopping response time using an instrument designed for that purpose to verify that it is the #@ne
the overall system response time specified by the machine manufacturer. (NOTE: Banner's Applications Engineg
Department can recommend a suitable instrument.)

WARNING

until the defect or problem has been corrected (see "Troubleshooting”, page 23). Injury or death to persgn
result from attempts to use the guarded machine under such conditions.

l machine.
control
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If all of the above checks cannot be verified, the MACHINE-GUARD System/guarded machine should nof bl used
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6.3 To be Performed at Every Power-up, Shift Change, and Machine Setup Change
Daily checkout and checkouts after tooling and machine changes must be ddesigpated persasppointed and identified

in writing by the employer. During continuous machine run periods, this checkout must be performed at intervals not tp exceed

24 hours. A copy of checkout results should be kept on or near the machine: see OSHA 1910.217(e)(1).

The designated persomust:

1) Verify that access to the dangerous parts of the guarded machine is not possible from any direction not protected py the
MACHINE-GUARD System, hard guarding, or supplemental guarding, and verify that all supplemental guarding devices and

hard guarding are in place and operating properly.

2) Verify that the minimum separation distance from the closest danger point of the guarded machine to the defined grea is not

less than the calculated distance. See Section 3.2.1.
3) Ensure that it is not possible for a person to stand between the defined area and the dangerous parts of the guard
4) Verify that the MACHINE-GUARD control box is latched and locked. The key or combination to the control box |
lock should be in the possession ofualified person.

WARNING! A shock hazard exists while the control box door is open.
Before continuing, verify that the control box door is closed and latched.

d machine.
tch

5) Test the effectiveness of the MACHINE-GUARD System with power "on", as described in steps (a) through (d), bglow.

If floating blanking is in use, first block out one sensing beam as described in Section 3.5.3.
a) Verify that the MACHINE-GUARD System is in the RUN mode (green* and yellow Status Indicator LEDs "on"
See Section 4.3 for RESET procedure. *The green Status Indicator LED will be flashing if blanking is "on".

b) With the guarded machine at rest, pass the 1.50-inch dieapet#iied test pieadownward through the defined area §t

three points: close to the receiver column, close to the emitter column, and midway between the emitter and receive

columns.

In each case, the red and yellow indicators (only) should come "on" and remain "on" for as long as the test piece is yvithin the
defined area. When the test piece is withdrawn from the defined area, the green and yellow indicators (only) shouldtome on.

If the green indicator comes "on" at any time when the test piece is within the defined area, check for reflective surf
Caution, page 12).

¢) Initiate machine motion of the guarded machine and, during motion, insert the 1.50-inch djsecéied test piedato
the defined area (at right angles to the defined arBa)not attempt to insert the test piece into the dangerous parts o
machine. Upon insertion of the test piece into the defined area at any time during machine motion, the dangerous

ces (se

the
parts of

the machine should come to a stop with no apparent delay. Upon removal of the test piece from the defined area, ferify that

the machine doe®ot automatically restart, and that the initiation devices must be exercised to restart the machine.

d) With the guarded machine at rest, insert the 1.50-inch diaspetsfied test piedato the defined area and verify that §

is not possible for the guarded machine to be put into motion while the specified test piece is within the defined arga.

6) Check carefully for external signs of damage to the MACHINE-GUARD System, the guarded machine, and their €
wiring. Any damage found should be immediately reported to management.

6.4 To be Performed at Six Month Intervals (Semi-annually)
This semi-annual checkout must be done @yalified person A copy of test results should be kept on or near the mach

WARNING! A shock hazard exists while the control box door is open.
Before continuing, verify that the control box door is closed and latched.

The qualified personmust:
1) Perform the Commissioning Checkout Procedure (Section 6.2). If any decrease in machine braking ability has ¢
make the necessary clutch/brake repairs, readjuspyopriately, and re-perform the checkout sequence of Section
2) Examine and test the machine primary control elements (MPCES) to ensure that they are functioning correctly
not in need of maintenance or replacement.

3) Inspect the guarded machine to ensure that there are no other mechanical or structural problems that would p

ectrical

ne.

ccurred,
6.2.
and are

event the

machine from stopping or assuming an otherwise safe condition when signalled to do so by the MACHINE-GUARD $ystem.
4) Examine and inspect the machine controls and connections to the MACHINE-GUARD System to ensure fthat no

modifications have been made which adversely affect the system.

WARNING
If all of the above checks cannot be verified, the MACHINE-GUARD System/guarded machine should notlbg

result from attempts to use the guarded machine under such conditions.

31

used

until the defect or problem has been corrected (see "Troubleshooting”, page 23). Injury or death to persgnrjel may



Glossary of Terms

Terms shown iitalics in the definitions below are themselves defined elsewhere in the glossary.

ANSI (American National Standards Institute): the Ameri- Designated person:a person or persons identified and desig-
can National Standards Institute, is an association of industayed in writing, by the employer, as being appropriately trained
representatives which develops technical standards whichaind qualified to perform a specified checkout procedure.
clude safety standards. These standards comprise a consensus
from a variety of industries on good practice and design. ANSiVerse redundancy: in diverse redundancy, the redundant
standards relevant to application of the MACHINE-GUARBomponents are of different design, and any microprocessor
Systeminclude ANSIB11.1 (mechanical power presses), ANSBdbgrams used must run from different instruction sets written
B11.2 (hydraulic power presses), and ANSI/RIA R15.06 (iby different programmers.
dustrial robots and robot systems).

Emitter: the light-emitting component of the MACHINE-
Auxiliary monitor contact: a low load capacity, non safetyGUARD System, consisting of a row of synchronized modu-
related relay contact within the MACHINE-GUARD Systertated infrared LEDs. The emitter, together with taeeiver
that follows the action of output relays FSD1 and FSD2, afpdaced opposite), creates a "curtain of light" calledi#faned
whose primary purpose is to communicate with a PLC.  area.

Auto Power-up: afeature of the MACHINE-GUARD controlExact blanking: afeature that allows the MACHINE-GUARD
box which, when switched "on", enables the MACHINESystem to be programmed to ignore objects (such as brackets or
GUARD to be powered up (and recover from a power interrdpdures) that will always be present within the area of detection,
tion) without the necessity ofley reset When Auto Power- so that the presence of these objects will not causeSbes
up is "on", the MACHINE-GUARD control box automatically(Final Switching Devices)f the MACHINE-GUARD System
begins internal diagnostics upon power-up, and automaticadlytrip (sedrip condition). In exact blanking, the MACHINE-
resets the system if it passes the diagnostic check. With ABtdARD System is programmed to ignore a specified total
Power-up "off", a manual reset is required. number of light beams. If more than the specified nhumber of
beams are blocked, theSDs (Final Switching Devicegre
Control reliability: A method of ensuring the integrity oftripped (atrip condition occurs). If fewer than the specified
performance of a control system. Control circuits are desigmesinber of beams are blocked]oakout conditioroccurs.
and constructed so that a single failure or fault within the system
does not prevent the normal stopping action from being applidiure to danger: a failure which prevents or delays the output
to the machine when required, or does not create unintencdays of the MACHINE-GUARD System from going térigp
machine action, but does prevent initiation of successive roanditionor a lockout condition in response to a condition
chine action until the failure is corrected. which, in normal operation, would result in their so doing.

Control box: contains the circuitry (internal to the MA-inal switching device (FSD):the two output relays (FSD1
CHINE-GUARD System) that provides the proper voltagesdod FSD2) of the MACHINE-GUARD System which respond
the system, controls the sensing units, receives and processas interruption of the defined area by interrupting the circuit
information from the sensing units and the safety monitoringnnecting them to th®lachine Primary Control Elements
means, and provides outputs to fiaal Switching Devices (MPCEs)of theguarded machine.
(FSD1 and FSD2}theSecondary Switching Device (SS&y)d
the Auxiliary Monitor Relay. Floating blanking: a feature that allows theMACHINE-
GUARD System to be programmed to produce an intentionally
Controller module: a removeable printed circuit board, lodisabled light beam, within the "curtain of light", which appears
cated within the MACHINE-GUARD System control boxto move up and down (“float") in order to allow the feeding of
which contains the microprocessors and related electronic ait-object through the curtain (tdefined area at any point
cuits. along the length of the curtain without causirig@condition
The MACHINE-GUARD System allows one sensing beam to
Defined area: the "curtain of light" generated by the MA-be floating blanked.
CHINE-GUARD System. When the defined area is interrupted
by an opaque object of a specified cross sectitiip @ondition FMEA (Failure Mode and Effects Analysis): a testing
results (see Figure 1) procedure by which potential failure modes in a system are
analyzed to determine their results or effects on the system.
Component failure modes that produce either no effect or a
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lockout conditiorare permitted; failures which cause an unsafdachine response time:the time between the interruption by

condition (a failure to dangey are not. Banner MACHINE- theFinal Switching Devices (FSDsf the electrical supply to

GUARD Systems are extensively FMEA tested. the Machine Primary Control Element(sf{MPCEs) and the
instant when the dangerous parts of the machine reach a safe

Forced-guided contacts:relay contacts that are mechanicallystate by being brought to rest.

linked together, so that when the relay coil is energized or de-

energized, all of the linked contacts move together. If one 84achine secondary control element (MSCE):a machine

of contacts in the relay becomes immobilized, no other contgentrol element independent of thtachine Primary Control

of the same relay will be able to move. The function of forceBlement(s) (MPCEsgapable of removing the source of power

guided contacts is to enable the safety circuit to check the stdtag the prime mover of the relevant dangerous machine parts.

of the relay. Forced-guided contacts are also known as "captive

contacts”, "locked contacts”, or "safety relays". MACHINEMinimum object sensitivity: the minimum-diameter object

GUARD Systems use output relays with forced-guided cothat a light curtain system can reliably detect. Objects of this

tacts. diameter or greater will be detected anywhere in the sensing
field. A smaller object can pass undetected through the curtain

Full-revolution devices: a method of machine drive arrangedf light if it passes exactly midway between two adjacent light

such that, once started, the machine can only be stopped whgams. See alspecified test piece.

the full cycle is complete. Examples include positive key

clutches and similar mechanisms. Banner MACHINE-GUARMPCE monitor contacts: the normally open and normally

Systems mawot be used with full-revolution devices. closed contacts of guarded machine'MPCEs which are
connected in series with the ac power supply to the MACHINE-

Guarded machine: the machine whose point of operation i§&UARD System. Any inconsistency of action between the two

guarded by a MACHINE-GUARD System, and whd4feCEs sets of monitor contacts will remove power from the MA-

andMSCEare connected to relalg§D1, FSD2andSSDofthe CHINE-GUARD System and causdackout condition. See

MACHINE-GUARD System. Figure 14.

Hard guarding: screens, bars, or other mechanical barrief2FF state (of Final and Secondary Switching Devices)n
that prevent a person from reaching over, under, or around tine OFF state, the output circuitis broken and interrupts the flow
defined areaof an installed MACHINE-GUARD System andof current.
into thepoint of operatiorof theguarded machine
ON state (of Final and Secondary Switching Devicesh the
Internal lockout: a lockout condition that is due to an internaDN state, the output circuit is complete and permits the flow of
MACHINE-GUARD System problem. Indicated by the redurrent.
Status Indicator LED (only) flashing. Requires the attention of
aqualified person. OSHA (Occupational Safety and Health Administration);
OSHA CFR 1910.217: Occupational Safety and Health
Key reset: a key-operated switch that is used to restore tAglministration (a US Federal agency), Division of the US
Final Switching Devices (FSDs)nd Secondary Switching Department of Labor, that is responsible for the regulation of
Device (SSDjo theON statefrom alockout condition.Also  workplace safety. OSHA regulations often follow ANSI stan-
refers to the act of using the switch to reset the MACHINHEards, including mechanical power press requirements (OSHA
GUARD System. CFR 1910.217). These regulations become law when adopted
by OSHA, and must be followed.
Lockout condition: a condition of the MACHINE-GUARD
System that is automatically attained both: (1) when its &itput relays: the devices (within the MACHINE-GUARD
supply mains are interrupted and restored, and (2) in respofgstem) that are used to initiate an emergency stop signal. The
to certain failure signals. When a lockout condition occurs, tMACHINE-GUARD System's output relaysF§D1, FSD2,
MACHINE-GUARD System'$SD, SSDandAuxiliary Moni- andSSD useforced-guided contacts
tor Relaycontacts open, andkay resets required to return the
system to the RUN condition. Point of operation: the area of thguarded machinavhere a
workpiece is positioned and a machine function (i.e. shearing, forming,
Machine primary control element (MPCE): an electrically punching, assembling, welding, etc.) is performed upon it.
powered element, external to the MACHINE-GUARD Sys-
tem, which directly controls the machine's normal operatifgpwer supply board: a removeable printed circuit board
motion in such a way that it is last (in time) to operate whavhich contains the power supply circuit and is located inside
motion is either initiated or arrested. the MACHINE-GUARD Systencontrol box A green LED on
the power supply board lights whenever dc power is present on
the board.
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Power-up/power interrupt lockout: alockout conditionof  Self-checking (circuitry): a circuit with the capability to

the MACHINE-GUARD SYstem that, iAuto Power-upis electronically verify that all of its own critical circuit compo-
"off", occurs when the system is powered up (including upgasnts, along with their redundant backups, are operating prop-
power-up after a loss of power). Indicated by the yellow Staty. Banner MACHINE-GUARD Systems are self-checking.

Indicator LED (only) flashing. Requires key resetby a ) ) ) o
designated person Separation distance: that distance, along the direction of

approach, between the outermost position at which the appro-
PSDI (Presence Sensing Device Initiation)an application in priate_test piece will just be detected and the nearest dangerous
which a presence sensing device is used to actually start the ¢cji@ghine parts.
of a machine. In a typical situation, an operator manu
positions a part in the machine for the operation. When
operator moves out of the danger area, the presence sergegified test piece:an opaque object of the minimum cross
device starts the machine (i.e. no start switch is used). Ehetion required to place the MACHINE-GUARD System into
machine cycle runs to completion, and the operator can therip conditionwhen inserted into any part of tefined area.
insert a new part and start another cycle. The presence seriirgBanner-supplied specified test piece is 1.50" in diameter.
device continually guards the machine. Single break mods&ése alsaninimum object sensitivity.

used when the part is automatically ejected after the machine ) - N
operation. Double break mode is used when the part is pakpplemental guarding: additional electrosensitive safety

inserted (to begin the operation) and removed (after the op&f\ice(s), possibly employed along witard guardingmea-
tion) by the operator. PSDI s defined in OSHA CFR 1910.28#res, used for the purpose of preventing a person fromreaching
Banner MACHINE-GUARD Systemmsy notbe used as PSDI OVer, under, or around theefined areaof an installed MA-
devices on mechanical power presses, per OSHA regulatiofP3NE-GUARD System and into thgoint of operatiorof the

CFR 1910.217. guarded machine.

Qualified person: a person or persons who, by possession biP condition: - the response of thiéinal Switching Device

a recognized degree or certificate of professional training,(6PD) rélays when an object equal to or greater than the
who, by extensive knowledge, training, and experience, Ki@meter of thepecified test piecenters thelefined area.In
successfully demonstrated the ability to solve problems relatth§iP condition, FSD1 and FSD2 simultaneously de-energize

to the subject matter and work (ANSI B30.2-1983). and open their contacts\ trip condition clears automatically
when the object is removed from the defined area.

Receiver: the light-receiving component of the MACHINE-

GUARD System, consisting of a row of synchronizedL (Underwriters Laboratory): a third-party organization
phototransistors. The receiver, together with é¢neitter which tests a manufacturer's products for compliance with
(placed opposite), creates a "curtain of light" calleditffened appropriate Standards, electrical and/or safety codes. Compli-
area. ance is indicated by their listing mark on the product.

at%?'ggle-stroke press: sedull-revolution devices.

Secondary switching device (SSD)he output relay of the
MACHINE GUARD System which, in #ock-out condition,
interrupts the circuit connecting it to thdachine Secondary
Control Element (MSCE).
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Specificationsand Model Listings

Width of defined area:

Auxiliary monitor relay:

6 inches (15 cm) minimum. 3x excess gain at 45 feet (14 m); some-Reed relay; 125V ac or dc max., 500 mA. max.

what less when lens shields or corner mirrors are used.

Minimum object sensitivity:
1.50 inches (38,1 mm); assumes no floating blanking in use.
See table in Figure 6 for more information.

Response timeL ess than 40 milliseconds using an emitter and receive
of up to 48" in length; less than 55 milliseconds using an emitter an )
Operating temperature: 0 to +50C (+32 to 122F)

Relative humidity: 95% maximum (non-condensing)

FMEA (Failure Mode and Effects Analysis) tested:
per requirements of proposed first edition of UL 491 Standards,
Section SA4.

receiver of 54" to 72" in length.
Self-checking interval: 20 milliseconds
Ambient light immunity: >10,000 lux at 5angle of incidence

Strobe light immunity: Highly immune to Federal Signal Corp.
"Fireball" model FB2PST strobe.

Emitter elements: Infrared LEDs; 880nm peak emission

(10VA maximum, resistive load)

Output configuration (FSD1, FSD2, and SSD):
Forced-guided contactrelays, 250V ac max., 4 amps max. (resistive load).
Mechanical lifeL0,000,000 operations (minimunlectrical life (at full
rated load) 100,000 operations (typical\rc suppression is recom-
%nded when switching inductive loads. See Figure 13, page 17.

Banner MACHINE-GUARD Systems are designed and built in the U.S. An——

Enclosures:

Emitter and receiver:

Size:see Figure 14, page 20

Material: Aluminum, with black anodized finish; acrylic lens cover
Rating: NEMA 4, 13 (IP 65)

Control box:

Size: see Figure 14, page 20

Material: Welded steel box with black polyester powder paint finish
Rating: NEMA 13 (IP 64)

Mounting hardware:
Emitter and receiver are each supplied with a pair of mounting brack

Pts.

Mounting brackets are 11-gauge cold-rolled black zinc chromate finisijed

steel. A set of four vibration dampening mounts is also supplied.

Cables
NOTE: Use only Banner cables, which incorporate a "twisted pair" f

=

noise immunity on RS485 com lines. Use of other cables can resu

tin

"nuisance" lockoutsEmitter and receiver cables are ordered separatdly.
Banner 5-conductor cables have a straight QD (Quick Disconngct)
connector molded onto the sensor end. Cables measure .5" in dianjeter,
and are PVC-jacketed. Conductors are 16-gauge. Two liquid-tight cgble

gland/strain relief fittings are supplied with each control box to admit
emitter and receiver cables through the selected knockouts on the co
boxwall. Total emitter and receiver cable length may notexceed 1751
SeeCables,page 36.

See page 21 for a dimension drawing of the QD-style connector.

System power requirements:
Control box MGCA-4A: 115V ac (50/60Hz), 50 VA;
Control box MGCB-4A: 230V ac (50/60Hz), 50 VA

Fuse rating:
Control box MGCA-4A: 1/2 amp, 250V ac (3AG slow blow);
Control box MGCB-4A: 1/4 amp, 250V ac (3AG slow blow)

Status indicators (on control box):
Red = BLOCKED Flashing red = LOCKOUT
Green = CLEAR Flashing green = BLANKING "on"
Yellow = RESET Flashing yellow = waiting for
power-up key reset

Diagnostic indicators:
Four LEDs indicate 7 system status conditions (see Fig. 15, page 24

Controls and adjustments:
Keyed RESET of system lockout conditions
ARRAY LENGTH selection switches
BLANKING function selection switches
AUTO POWER UP on-off switches

e
htrol
bet.

~

LR 41887

MACHINE-GUARD

Sensors and Control Boxes

Emitter/receiver
Models

MGEG616A emitter
MGR616A receiver

MGE1216A emitter
MGR1216A receiver

MGE1816A emitter
MGR1816A receiver

MGE2416A emitter
MGR2416A receiver

MGE3016A emitter
MGR3016A receiver

MGE3616A emitter
MGR3616A receiver

MGE4216A emitter
MGR4216A receiver

MGE4816A emitter
MGR4816A receiver

MGE5416A emitter
MGR5416A receiver

MGEG6016A emitter
MGR6016A receiver

MGEG6616A emitter
MGR6616A receiver

MGE7216A emitter
MGR7216A receiver

Height of Defined
Area

6 inches (152 mm)
12 inches (305 mm)
18 inches (457 mm)
24 inches (610 mm)
30 inches (762 mm)
36 inches (914 mm)
42 inches (1067 mm)
48 inches (1219 mm)
54 inches (1372 mm)
60 inches (1524 mm)

66 inches (1676 mm)

72 inches (1829 mm)

MGCA-4A 115V ac control box (one per system)
MGCB-4A 230V ac control box (one per system)

Cables

Straight QD connector. One cable per senspr,

two cables per system. Total cable length miy

not exceed 175 feet. S€ables page 36.

Listed
Presence
Sensing Device
10Y8 SA8959
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- Components and Accessories
for MACHINE-GUARD Systems

MACHINE-GUARD System

Emitter/receiver Height of Defined
Models Area

MGEG616A emitter 6 inches (152 mm)
MGR616A receiver

MGE1216A emitter
MGR1216A receiver

MGE1816A emitter
MGR1816A receiver

MGE2416A emitter
MGR2416A receiver

MGE3016A emitter
MGR3016A receiver

MGE3616A emitter
MGR3616A receiver

MGE4216A emitter
MGR4216A receiver

MGE4816A emitter
MGR4816A receiver

MGEb5416A emitter
MGR5416A receiver

MGEG6016A emitter
MGR6016A receiver

MGEG6616A emitter
MGR6616A receiver

MGE7216A emitter
MGR7216A receiver

MGCA-4A 115V ac control box (one per system)
MGCB-4A 230V ac control box (one per system)

12 inches (305 mm)
18 inches (457 mm)
24 inches (610 mm)
30 inches (762 mm)
36 inches (914 mm)
42 inches (1067 mm)
48 inches (1219 mm)
54 inches (1372 mm)
60 inches (1524 mm)
66 inches (1676 mm)

72 inches (1829 mm)

Cables(2 required per system)

QDC-525 25' cable, straight QD connector.

One cable per sensor.

QDC-550 50' cable, straight QD connector.
One cable per sensor.

QDC-5100 100’ cable, straight QD connector.
One cable per sensor.

QDC-5150 150' cable, straight QD connector.

One cable per sensor.

NOTE: The total length of the emitter/receiver cables
may not exceed 175 feet.

Instruction Manual

For MGCA-4A and MGCB-4A Systems,
order manual 33130

Corner Mirrors & Stands

Mirror Use with Height of
Model* Sensors Reflective Area
MGM6A MGE/MGR616A 12 inches (305 millimeters)
MGM12A MGE/MGR1216A 18 inches (457 millimeters)
MGM18A MGE/MGR1816A 24 inches (610 millimeters)
MGM24A MGE/MGR2416A 30 inches (762 millimeters)
MGM30A MGE/MGR3016A 36 inches (914 millimeters)
MGM36A MGE/MGR3616A 42 inches (1067 millimeters)
MGM42A MGE/MGR4216A 48 inches (1219 millimeters)
MGM48A MGE/MGR4816A 54 inches (1372 millimeters)
MGM54A MGE/MGR5416A 60 inches (1524 millimeters)
MGMG60A MGE/MGR6016A 66 inches (1676 millimeters)
MGM66A MGE/MGR6616A 72 inches (1829 millimeters)
MGM72A MGE/MGR7216A 78 inches (1981 millimeters)
MG Series Corner Mirror ///?
(2 brackets included) ‘@/ "

- k}@?

. T
(120mam) /////
~

e

*Mirrors are glass. Mirrors are also available in acrylic (by special order)
Acrylic mirrors have slightly lower reflectance than glass.

MGA-S72-1 Free-standing 72" tall aluminum stand pole & base
(recommended for sensors and mirrors up to 48" models).

MGA-S90-1 Free-standing 90" tall aluminum stand pole & base
(recommended for sensors and mirrors up to 72" models).

Each pole supports one mirror or sensor. See photo below.

MGA Series Stand Pole
(hardware and post level
included)
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- Accessories

for MACHINE-GUARD Systems
Replacement Parts

27850 MGA-GS-1 ground strap, control box door
28513 MGA-K-1 replacement key

28509 MGA-KS-1 key switch

28508 MGA-LP-1 LED display, control box door
28506 MGA-MH-1 control box mounting hardware
28510 MGA-RC-1 ribbon cable

33629 MGA-RMFSD FSD relay module

33630 MGA-RMSSD SSD relay module

28518 MGA-STP-1  specified test piece

34067 MGA-TBA4-1 replacement terminal board
30701 MGAB-4 microprocessor control module*
30697 PGA-PSA-1 power supply, 115V ac

30696 PGA-PSB-1 power supply, 230V ac

*NOTE: When ordering a replacement receiver or a replacement
microprocessor control module, please supply the serial number of
your present receiver and control module. This information is
necessary to ensure system compatibility of the replacement item.

If necessary, contact the factory applications department for ordering
assistance.

Remote Displaygphoto below)

MGA-LR-1 LED remote display
MGA-LRKS-1  LED remote display with key switch

MGA-LRKS-1

MGA-LR-1

products to be free from defects for a period of one year. Bapner
any product of its manufacture found to be defective at the tjme

warranty is necessarily limited to the quality of materials

and maintenance of the MACHINE-GUARD System beconles
the responsibility of the user upon receipt of the system.

warranty does not cover damage or liability for the impro
application of the MACHINE-GUARD System. This warran

is in lieu of any other warranty either expressed or implied.

Accessories: lens shield kits

These are replaceable protective covers for MACHINE-GUA
and PERIMETER-GUARD Sensors. They are constructg
clear LEXANP® polycarbonate, and are supplied with corros
protected steel retaining clips. Shields may be quickly install
removed without disturbing sensor alignment. Use ofthese s
results in somewhat reduced sensing range. Contact the fact

more information.See drawing, below.

MGS6A

MGS12A
MGS18A
MGS24A
MGS30A
MGS36A
MGS42A
MGS48A
MGS54A
MGS60A
MGS66A
MGS72A

Shield kit for 6" sensor

Shield kit for 12" sensor
Shield kit for 18" sensor
Shield kit for 24" sensor
Shield kit for 30" sensor
Shield kit for 36" sensor
Shield kit for 42" sensor
Shield kit for 48" sensor
Shield kit for 54" sensor
Shield kit for 60" sensor
Shield kit for 66" sensor
Shield kit for 72" sensor

Sensor

Retaining Clip

his solamente.

er Para sistemas que utilicen la caja de control MGCB-4A:
Pedir el nUmero de pieza 39045para recibir el manual, las tarjet
verificacidn y las etiquetas del producto.
Warranty-related return shipping information is on page 25. Pedir el nimero de pieza 38914 para recibir las etiquetas del pro
solamente.

9
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Spanish Language Documentation

For systems using the MGCA-4A control box:
Order p/n 39044 for manual, checkout cards, and product labelq.
Order p/n 38913 for product labels only.

For systems using the MGCB-4A control box:
Order p/n 39045 for manual, checkout cards, and product labelq.
Warranty: Banner Engineering Corporation warrants ifs  Order p/n 38914 for product labels only.

Engineering Corporation will repair or replace, free of charge, Documentatcion en espaﬁol

it is returned to the factory during the warranty period. This Para sistemas que utilicen la caja de control MGCA-4A:
d Pedir el nimero de pieza 39044 para recibir el manual, las tafjetas
workmanship in MACHINE-GUARD Systems as they afe de verificacion y las etiquetas del producto.
suppliedto the original purchaser. Properinstallation, operafjon, pejir e| namero de pieza 38913 para recibir las etiquetas del pro
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- Standards Applicable to M-G Systems

ANSI Standards: standards Applicable to Use of Safety Light Curtains

ANSI B11.1-1988

Machine Tools-

Mechanical Power Presses-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.2-1982

Hydraulic Power Presses-

Safety Requirements for Construction, Care,
and Use of

ANSI| B11.3-1982 (R1988)

Power Press Brakes-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.4-1983

Shears-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.5-1988

Machine Tools-

Iron Workers-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.6-1984

Lathes-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.7-1985

Cold Headers and Cold Formers-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.8-1983

Drilling, Milling, and Boring Machines-
Safety Requirements for Construction, Care,
and Use of

ANSI B11.9-1975 (R1987)

Grinding Machines-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.10-1990

Metal Sawing Machines-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.11-1985

Gear Cutting Machines-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.12-1983 (R1989)

Roll Forming and Roll Bending Machines-
Safety Requirements for Construction, Care,
and Use of

ANSI B11.13-1992

Machine Tools-

Single- and Multiple-Spindle Automatic Bar
and Chucking Machines-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.14-1983

Coll Slitting Machines/Systems-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.15-1984 (R1989)

Pipe, Tube, and Shape Bending Machines-
Safety Requirements for Construction, Care,
and Use of

ANSI B11.16-1988

Metal Powder Compacting Presses-

Safety Requirements for Construction, Care,
and Use of

ANSI| B11.17-1982 (R1989)

Horizontal Extrusion Presses-

Safety Requirements for Construction, Care,
and Use of

ANSI B11.18-1985

Machinery and Machine Systems for the
Processing of Coiled Strip, Sheet, and Plateg
Safety Requirements for Construction, Care
and Use of

ANSI B11.19-1990

Performance Criteria for the Design,
Construction, Care, and Operation of
Safeguarding when Referenced by the
Other B11 Machine Tool Safety Standards

ANSI B11.20-1991

Machine Tools-
Manufacturing Systems/Cells-
Safety Requirements for Construction, Carg
and Use of

ANSI/RIA 15.06
Safety Requirements for Industrial Robots
and Robot Systems

ANSI B11Documents

American National Standards Institute

11 West 42nd Street

New York, NY 10036

.Or-

Safety Director

National Machine Tool Builders Association
7901 Westpark Drive

McLean, VA 22102-4269

ANSI/RIA Documents
Obtain from ANSI (left) or:

Robotic Industries Association
900 Victors Way, P.O Box 3724
Ann Arbor, Ml 48106
Telephone: 313-994-6088

of Safety Light Curtains

OSHA 29 CFR 1910.212
General Requirements for (guarding of)
All Machines

OSHA 29 CFR 1910.217

Part of:
Code of Federal Regulations
Title 29, Parts 1900 to 1910

Light Curtains

UL 491
The Standard for Power-operated
Machine Controls and Systems

Address:

Underwriters Laboratories Inc.
333 Pfingsten Road
Northbrook, IL 60062-2096
Telephone: 708-272-8800

U.S. Federal Regulations Applicable to Use

(Guarding of) Mechanical Power Presses

Standards Applicable to Design of Safety

Address:

Superintendent of Documents
Government Printing Office
Wahington, D.C.

20402-9371

Telephone: 202-783-3238

BS 6491
General Requirements for Electro-
sensitive
Safety Systems for Industrial Machine$

Address:

British Standards Association
2 Park Street

London W1A 2BS

England

Telephone: 011-44-908-1166
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