DC thru scan controls  MLS4B

SPECIFICATIONS

Maximum Scanning Pistance {in clean air} 25 foet (7,6 m)

Supply Voltage 1210 18 VDS or 22 16 26 VDG, 10% max. power supply tipple

Power Dissipation 12 VDG Emitter — 1.0 watls max. faceiver — 0.4 walls max, (exciuding ad)
24 VDO Emitier — 1.6 watls max. Becaiver — 0.6 watts max. {excluding toad}

Current Consumption Ernittor — B0 mA max.; Receiver — 20 mA max. {exciuding toad}

Output Load Cursent +00 mA max, {ight operated) current sinking

Voltage Drop 1,4 VDO max. at 100 mA load
Leakage Current < 10pA
{Off state}
Mtaximum Hate of Operation 6000 operations/minute
Typical Response Time on 5 msec.
Off 5 msec.
Circuit Protection False pulsing, Industrial eloctricat noise, Line fransients, Momentary short oircult, Reverse
potarity
Temperature Range ~AQCE 10 188°F (-40°C 10 70°C)
Sealing NEMA 1,3, 4,12 and 13 {Explosion-proof versions: NEMA 7 and 8}
Housing Anodized aluminum
Mouniing Trreaded bushings, siotted bracket
Weight 1.2ibs. {544 Q)
Logic Standard Built-in ON/OEF (mmediate responsa) control; tight operated or dark operated will
operate a relay directly
Optional Brinted circuit logic cards used with MICRO SWITCH control bases permit optionat logic
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MLS5B DC thru scan controls

FOR A CONMPLETE CONTROL

FEATURES

« 250-foot thru scan range

« 12018 VDC or 22 10 30 VDO
operation

« Sealing: NEMA 1,3, 12 & 13~
4 optional

« UL-CSA recognized

« High intensity LED pulsing for
penetrabilily

« Alignmend indicator

« Reverse polarfty and short
cireuit profection:

« Noise protected circuitry

« Direct compatibility with logic
fevel circuifry

+ Compact prewired emitter and
receiver

« DustHtighl stesf housing

ORDER GUIDE

GENERAL INFORMATION

Atvery close ranges the MLSEB can be ui-
Ered for its penetrating power. i can detect
objects inside or bohind such porous mate-
rals as paper, denim or ight weight canvas.
The 12 VDO models are powsred from a
G4B, LCR or FEC control base. (48 and
LCR cordrol bases can accept optionat
plug-in logic cards and also provide option-
al dark operation. A 10-kilohm, 1/2-wait
pul-up resistor is required for interface with
£0G Series logic cards. if fiooded with in-
tense ambient light, the control oulput locks
off, rather than iriggers.

Reguired

« Thru scan emitter — FE-MLS5EB

« Thru scan receiver — FE-MLS5AB

« Appropriately rated DU power supply

Pescription

Emitter — 12 VDO

Receiver — 12 VDU, light operated {L.0O}

Optional

« Qutput devices
« lLogic cards

+ Controf base

NEMA 4 Emitter — 12 VDO

NEMA 4 Receiver — 12 VDO

Ermitter — 24 VDO

INSTALLATION/WIRING

Instruction Sheet PK 9030 is included with
each conirdd, and Is also avaitable upon re-
quest.

Bath emitter/receiver are prowired with 8-
o0, 3 conductor shielded cable. Emitter
cable contains two # 22 AWG conduciors.
Heceiver has three conductors (#22
AWG), and a shielded wire.

Emitier
+ D et by
POWER
© SUPPLY
B AL g
Receiver

AL &

04;

Sy S
IGHASSIS) W’

Heceiver — 24 VG, light operated {£.0.}

Receiver — 24 VI, dark operated (0.0}

NEMA 4 Receiver — 24 VIO

OPTIONAL LENS ASSEMBILIES

Lensholder with 1.5-inch focus lens {for emitter}”™

Lensholder with 8-inch focus lens (for receiver)®, giass lens

*Lens offers only & mied aperating range either side of the focal poin deue 10 concantration of fght,

REPLACEMENT PARTS

Description

Lensholder, receiver/emitter - plastic

Mouniing bracket (1) without mounting hardware

MOUNTING BRACKET FE-MB3
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SPECIFICATIONS

MLS5B

Thru scan DC controls

Maximum Scanning Distance {In ¢lean alr)

250 feet {76,2 m)

Supply Voltage

12 to 18 VDG, 20% max. powsr supply ripple 22 to 30 VDG, 10% max. power supply
ripple

Power Dissipation

12 VUG Emitter - 1.5 watls max; 12 VDC Receiver — 1.0 watts max. (excluding load)

24 VUG Epmitter - 3.0 watts max.; 24 VDC Receiver — 1.5 watts max, {excluding load)

Current Consumption 12 VDO Emitter w. 50 mA max.; 12 VDG Receiver — 40 mA max. (exciuding load)
24 VDG Emitter » 80 mA max.; 24 VDO Raceiver - 50 mA max. {excluding oad)
Quiput Load Current 120 mA max. (light operated) current sinking
Voltage Drop 1.5 VDU max. at 120 mA load
Leakage Current < H0uA
{Off state}
Maximum Rate of Operation 1200 operations/minute
Typical Response Time On 30 msee.
Off 20 msec.
Gireuit Protection industrial eiectrical noise, Line transients, Momentary short circutt, Reverse polarity
Temperatire Range -40°F 10 168°F (—40°C ta 70°C)
Sealing NEMA 1, 3,12 and 13— 4 optional
Housing Steel shell with epoxy finish
Mounting Right-angle brackets
Weight 3ibs. (14K Q)
f.ogic Standard Built-in ON/OFF gmmediate response} contral; light operated or dark operated will
operate a relay dirgctly
Optional Printed circult logic cards permit dark operation as well as optional togic. Transition
responsive cards cannot be used. Cards plug into a control base used o power the
MLEER
MOUNTING DIMENSIONS EXCESS GAIN
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MLS7A Dc photoelectric controls

Flange Mount

FEATURES

» 10-foot retroreflective scan range with
FE-RR1 reflector

« 12i0 16 VDO operalion

» Sealing NEMA 1,3, 4,124 13"

» FM Class 8, Divisions 1 and 2, Groups
E and G (NEMA S}

« UL and CSA recognized

« Alignment indicator

Side Mount

~ Raveorse polarily and short circuit
protection

« Direct drive a 100 milliamp relay

« Direct compatibifily with logic leve!
circuitry

« Cast alurminurm housing epoxy finish

« Prewired with 39 inches shielded 20 ga.
cable

GENERAL INFORMATION

MLS7A includes a noise-sheltered ivlegrat-
ed raceiver circut, flexdble printed wite cir-
cuitry; and a unique solid acrylic oplical sys-
tem that sliminates dead spots, conden-
sation on inside suriaces, maintenance and
adjusiment.

Output is disabled for 10 miliseconds after
power is applied, preventing false puises
when operating loads with & response time
ionger than 0.5 millisecond.

The MLS7A is the most indestructable
photoelectric bullt by MICRO SWITCH and
can hold up where many others fail, The
solid opto biock, potted construction and
apoxy finished die cast housing al contrib-
ute 10 its reputation as “the hammer”.

The MLS7A-3000/4000 Series is designed
t0 meet requirements for "hazardous ioca-
fions”. Approvedby Factory Mutugl, thisse-
rigs meels requiraments for Class 1,
Groups E and G, NEMA 8. All features of

« Opticniad mourtting bracket the MLS7A are retained,
FOR A COMPLETE CONTROL ORDER GUIDE
Reguired Description

+ Retrorefloctive conirol - FE-MLS7A-1011
« Appropriately rated DC power supply
« Reflector - FE-RRY

12 VDC normally open (N.QL) light operated; side mournt

12 VDG normally closed {N.C.} dark operated; side mount

Optional
« Control base

INSTALLATION/WIRING

instruction Sheet PK 8033 is inchaded wilh
each conirol, and is also available upon re-
quest. PK 9045 covers hazardous location
Estings.

HED {4} +
WHITE OR
SUSE 1OAR LOHER v
BLACK fu} b

s SHIELD |

12 VDO N.O, light operated; flange mount

12 VDO N.C. dark operated; Hlangs mount

24 VDG NG, light operated; side mount

24 VG N.C. dark operated; side mount

24 VDC N.C. light operated; flange mount

HAZARDOUS LOCATIONS

Description

24 VDC N.O. Eght operated; side mount

ACCESSORIES

Description

Auxiliary two-piece mounting bracket with hardware

110 MICR( SWITCH, a Honsywell division
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Retroreflective scan controls MLS?A

SPECIFICATIONS
Madmum Scanning Distance (in clean air) 10 faet (3, Om) with 3 in. reflector (FE-RR1)
Supply Voltage 12 t0 16 VDO or 22 to 26 VDG; 10% max. power supply rippie
Fower Dissipation 12 VDO - 2 watls max. (excluding ioad) 24 VDO — 4 watts max, {exciuding load)
Current Consumption 180 mA max. (excluding load)
Quitpst toad Currert 120 mA max. {light or dark operated) current sinking
' Voitage Drop 1.4 VDG max. sinking 120 mA max.
Leakage Current < 10sA
{Of state}
Maximum Rate of Operation 7500 operations/minute
Typical Hesponse Time On 4 msec.
ot 4 msee.
Circuit Protection False pulsing, Industiial elecirical noise, Line transiants, Momentary short oiroult, Reverse
polarity
Temperature Hange ~40°F 16 158°F (-40°C to 70°C) Hazardous location listings limited o 60°C (140°F),
Sealing NEMA 1,3, 4, 12 and 13: ¢ optional
Housing Diecast aluminum with epoxy finish
Mounting Side or flange mount
Weight 10.5 ozs. {298 g}
fLogic Standard Buflt-is ON-OFF (immediate response) control; light or dark operated models wilt operate
a relay directly
Optional Printed circult logic cards used with MICRO SWITCH control bases permit optional logic,
Transition responsive cards cannct be used
MOUNTING DIMENSIONS EXCESS GAIN
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MLS8C/9C

FOR A COMPLETE CONTROL

FEATURES

« 40-foot retroreflective scan range with

FE-FRT reflector

5 or 9-foot diffuse scan range

Self-contained AC operation

Sealing: NEMA 1,3, 4,128 13

UL isted

Exceflont immunity 1o ambient fight and

electrical noise

» Gunsight for easy mechanical
alignment

» Enhanced sensitivity control

« Synchronous detaction

« False puise protection in all power
conditions

« Optional plug-in logic capabilily

 Polycarbonate housing for strength and
durabiiity

*  * & = @9

Long range AC photoelectric controls

GENERAL INFORMATION

The conirols provides On-Off response
without & plug-n card or jumper. Optional
logic function cards piug in for tme delay,
pulse, or other modified output. With or
without logic card, the FE-MLSBC can be
set to respond either 10 a dark signal (beam
blocked) or & light signal {beam not
blocked). FE-MLSBC cannot be disabled
ffor selective response o input signals),

A Zwire AC conirol, FE-MLSBC-2W is
avaiiable with L.O./D.0. convertibie output.
Timing cards cannot be used with these 2-
wire controls, |.eakage current on 2-wire AC
davices is under 2 mA making them ideal
for intertacing with programmable controll-
ars, efc.

ORDER GUIDE RETROREFLECTIVE SCAN

Reguired
« Retroreflective control—FE-MLSSC
+ Reflecior-FE-Ritt

Optional
» Logic cards

INSTALLATION/WIRING
Instruction sheet PK 8069 is included with

Pescription

Immediate response {ON-OFF} with standard DPDT relay 115 AC input

Same as FE-MLSSC except with CSA approved conduit opening

Two-wire AG, 102 to 132 VAC, 50/60 Hz input

immediate response (ON-OFF) with standard DPDT relay 196 io 264

VAL, 50/60 Mz input

immediate response (ON-OFF} with 22-26 VAC or 20-30 VDO input

each control, and is also available upon re.  DPDT relay

quest, ORDER GUIDE DIFFUSE SCAN

FOR A COMPLETE CONTROL Description

Required 118 VAC input, immediate response (ON-OFF} with standard DPDT

» Difuse scan controb—FE-MLSIC

INSTALLATION/WIRING

Instruction sheet PK 9070 is included with
each control, and is also avaitable upon re-
quest,

Standard Relay or Solenoid

relay; 9-foot scan range

Same as FE-MLSSC excapt 280 VAT input

Same as FE-MLSIC except 22 to 26 VAC or 20 fo 30 VDC input

115 VAC input, immediate response (ON-QOFF) with standard DPDT

relay; 5-foot scan range

ACCESSORIES

Description

Vv e

i
T, MO, K& KRG, me, @, EL
N

={©

EHE

Solid State Circuit

“ElZZl %l

HO,|

=0
®

Lake”

Two Wire AC

o @ @ o
m;..J mum i

10 amp 115 VAC DPDT relay {standard)

10 amp DPDT relay (for T24}

10 amp DPDT relay {for T230)

SPST N.O. completely isclated solid state thac (zero crossing)

SPST MO, using dual VMOS field effect transistors

On-delay fogic card

Off-deiay fogic card

On-off delay kogic card

One-shot pulse output logic card

Delayed one-shot pulse output logic card

Pulsed output response to a preset count

Mounting bracket {std. hardware) 350° rotation, 90° it

Same as MBB except epoxy finish

tiniversal mounting bracket

Back cover

Housing MSL8C/8GC

112 MICRC BWITCH, a Honeywell division
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Long range AC photoelectric controls

SPECIFICATIONS

MLS8C/9C

Maximum Scanning

Distance {in elean ajr)

40 feet (12 m) with 3 in, reflector (FE-RR1 }

Supply Voltage

102 1o 132 VAC or 198 to 264 VA, 50/60 Hz

Power Dissipation

Standard Relay

8.6 VA max. including relay {excluding load) or 13.2 VA (240 VAC version)

Optional FE-MELSBC-2W; 0.3 VA max. taxcluding load)
Current Consumption ’ 50 mA max. {excluding load)
Cutput Standard DPDT relay, UL recognized, 10 amps 1/6 HP @ 115 VAC (coil 110 VBC) or 10 amps 1/3
HP @ 246 VAC (T-230 version)
Optional — FE-BW24A (solid state) FE-MLSBC-2W
L.oad Current . 3 amps @ ~ 40°F o 104°F 0.5 amps max., fult femperature ringe
Voitage Drop o 1.5 VAC @ 8 amps 7 volts max. @ 0.5 amp load
Leakage Currgnt — 0.5 mA {excluding load) 2mA max.
{OH state)
Maximum Hate of Operation 1500 operations/minute 1000 operations/minute
Typical Response Time FE-MLS8C FE-MLSSC
On 20 msae. 30 msec.
Off 20 msec. 30 msec.
Clrcuit Protection False pulsing, industrial electricat noise, Line transionts
Temperature Range ~40°F 10 158°F (-40°C to 70°0)
Sealing NEMA 1,3, 4, 12 and 13
Housing Glass reinforced polycarbonate
Mounting Three 1/4-20 holts into threaded metal inseris
Weight 1.0 1b. {454 )
Logic Standard Buiit in ON-OFF (immediate response) control; L.O. or D.0. by slide switch
Optionat Multi-function logic cards (cannot be used with FE-MLSBC2W)

MOUNTING DIMENSIONS

MOUNTING BRACKET FE-MB8
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MLS8C/9C Longrange AC photoelectric controls

BEAM DIAMETER RETROREFLECTIVE SCAN
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FORA COMPLETE CONTROL

fiequired '
. Polarized scan contro%wFE-MLsscq-’
. Re!!eciafmi’a»ﬁm

Gptional
. Logic cards

INSTALLATION!WiRING

instruction Sheet pK 807218 inchuded with
wach control, andis also avaiiable upon e
guest,

Standard Relay Or Solenoid

6y M uy, HSg «c:.2 [ 1;\— J

LG

Solid $ate Ciroutt

CEEEEEEE
5 NGy . % %

1INE

polarized scan controls

10 amp DPDT relay (standard
ik bl S

FE-MLS8C-P

eEATURES GENERAL INFORMATION

. 15-foct retroreflective scan range with The polarized FEMLSECP photoelectric
FE-ART reflector condrot omits a visible LD beam and uses
. Self-contained AC operation aspeciatiens which filters the beam ot ight
. Sealing: NEMA 1, 3 4,12&13 gothatitis projected inone plane only. The
. UL fisted controt responds only o the de-potarized

. Polarized visible LED for ambierit hight reftected fight from comer-cube ype refiec-
tors (FE-RRY. itis designed 10 ignore the
random Hight reflected from most varigties
of shrink wraD materials, shiny iggage, alu-
FRERUM CANS OF COMMON reflective material.
The controt is solf-contained and operates
an AC line voltage. toonsisisofa modulat-
el tight emiting diode, photoreceiver, and
amplifier circuliry with 10 amp DPDT relay
{standard version). :

ton

. Gunsight for easy mechanical
alignment

« Sensitivity control

. Exceflont immunily to ambient tight and
glecirical noise

« False pulse protection

« Synchronous detection

. Optional phug-in fogic capability

« Eagy wiring

ORDER GUIDE
Description

mmediate response {ONOFF with staﬂdérd ORnT relay 118 VAG
inpuf}

ACCESSOR!ES
phiuhdhstih
pescription

R

i) [
SPST NO. completely isolated solid stato trigG {7870 crossing

mﬂ.M.#MMM.#.M.W.#.M.W#_"
gpaTN.O. using dual VMOS field etiect transistors
On-delay fogic card

MW‘M.

oti-gelay Hogic card

o

On-Oft detay iogic card
e St

Ona-shot pulse output logic card

pabbviianan
Delayed anae-ghot piise cutput logic card
M#M.M.M.#.

putsed output responge 10 8 proset conirt
s e

Mounting bracket {std. hardware) 3507 rotation, 90° Bt
Mw.ﬂwwﬂ#ﬂﬂw.w,ﬂwwwwﬂ

Same as MBE except epoxy fipish

e rram s

tUniversal mounfing bracket

MOUNTING BRACKET FE-MBE




FE-MLS8C-P

SPECHFICATIONS

Polarized scan controis

Maximum Scanning Distance {in ¢iean air)

15 feet {4,5 m) with 3 in. reflector (FE-RR1)

Supply Voitage

102 to 132 VAC, 50/60 Hz.

Power Dissipation

6.6 VA including relay {excluding load)

Current Consumption

50 mA max. (excluding load)

Cutput DPET retay, UL reeognized 10 amps, FE-BWEBA-SPST-NO
1/8 HP @ 115 VAC (Colt 110VDC)
Load Current 3 amps @ -40°F 1o 104°F; imrush current 30 30 am;ﬁs max. @ ~40°F {o 158°F; inrush
AMPS max. cirent 100 mA max.
Voltage Drop 1.5 VAC max. @ 8 amps load 2.1 VAC max. & 100 mA
taakage Current e 10 pA max.
{Off state}
Maximum Rate of Operation 1000 operations/ minute 1500 operations/minute
Typicai Response Time On 30 msec, 20 msec.
Off 30 msec, 10 maec.
Circuit Protection False pulsing, Industrial elecirical noise, Line ransients
Temperature Range —40°F 10 131°F (40°C 10 55°C)
Sealing NEMA 1,3,4, 12and 13
Housing Glass reinforced polyearbonate
Mounting Three 1/4-20 boits inlo threadad metal inserts
Weight 1.01b. (454 g}
{.ogic Standard Built-in ON-OFF (imenediate responset control; 1.0, or .0 by slide swilch
Cptional 7 logic cards
MOUNTING DIMENSIONS ' EXCESS GAIN MAK HECOMMENDED RANGE
RE-1 REFLECTOR
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o T ) i i i
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5 i i \‘\ '
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3 L 535, 5.l L1 ]
I35 8 g i il TN T
oy i 5 i
19,0 e %§ z : i I 1 I
il . ] : f S LRI
T b W o ICLEAN AR G PER LOGETION LW ;
{ SLIGHT CONTAM. G 125 PEA LOCATION Y :
LOW CONTAM, {3 =00 PER LOCATION ‘
- TECONTAM G 100 PER LOCATION (3} i
HIE CGNTAM. , a}mmcmm! ‘ H
L AL
1842 J " 2 3i 4 5 67 8ok * 5 20 2530 (FEET
12 THE 3 g8 i L H
%‘g@' 725 s P o2 8 & 6 B tMerERS)
kN SCAN PISTANCE
BEAM DIAMETER
3&&:4&]5&2!% .
! [EXE-RY / Ei{;némm:n
34414 NPSM 541/2.13 TURNING ’ n LR am
{m}. FER DIN 933} RADEIS FOR 380° et J <
B 767
[
8 50,804
1/4-20 UNC (MEX) / ‘
X 175769 LG BOLT i ffg é%i fEE 26
3 HOLES 120° APART — /" 2-*0 o .
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\\_ Ml—ﬁ /58,8/2‘00 DiA BOLY CIRCLE
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ACorDC

FEATURES

» 12-foot retroreflective scan range (relay
output) with FE-RR1 reflector

» 6.5-foot retrorefiective scan range
(2-wire AC/DC) with FE-RR1 refiector

= Up to 20-inch diffuse scan range

s Up to 25-foot thru scan range

s Self-contained either AC or DC
operation

« Sealing: NEMA 12 and IP65

= UL listed

= Gunsight for easy mechanical
alignment

o LED output indicator for easy set-up
and alignment

= Reverse polarity and short circuit
protection

« False pulse protection

« Sensitivity adjustment (optional)

» Melric design versions for worldwide
use

« Terminal strip termination

MLS10

controls

GENERAL INFORMATION

MLS10 controls require no separate ampli-
fier for signal conditioning. FE-MLS10-
G20A, -F20A and FE-MLS10S-F20A mod-
els have an open collector, current sinking
transistor capable of handling 120 mA of
steady state current.

The polycarbonate housing has a choice of
one or two conduit openings with metric or
US threads. They can be surface mounted
using two #10 screws or an optional
mounting bracket provides tilt and rotary
adjustment.

Logicis available on some versions by add-
ing a-T1(On-delay), -T2 (Off-delay) ora-T3
(On-Off delay) to the end of the listing.
When either pot or both, are turned clock-
wise, an extended delay results. Time
ranges are independently adjustable up to
12 sec. nominal for On, Off, or On-Off delay.
An additional 300 msec. delay exists over
standard On-Off units even with the pots
turned fully counterclockwise (Off),

FOR A COMPLETE CONTROL ORDER GUIDE RETROREFLECTIVE SCAN
Required Description Listing
R ) T e ———p relay output (12 ft. scan) FE-MLS10-A10A

« Reflector — FE-RR1
« Appropriately rated power supply for DC
devices

115 VAC input, normally open, light operated, 2-wire device with SCR
output (2 mA leakage current), with sensitivity adjustment

FE-MLS10S-A16A

INSTALLATION/WIRING

Instruction sheet PK 9051 is included with
each control, and is also available upon re-
quest.

BEAM DIAMETER RETROREFLECTIVE SCAN

MAX RECOMMENDED
RANGE (CLEAR AIR)

24 VDC input, N.O., light operated, current sinking 120 mA output FE-MLS10-G20A
12 VDC input N.O,, light operated, current sinking 120 mA output FE-MLST.{}-FE_OA

12 VDC input, N.O., light operated, current sinking 120 mA output, .

with sensitivity adjustment FE-MLS10S-F20A
ACCESSORIES

Description Listing

Mounting bracket FE-MB10

AK

EXCESS GAIN RETROREFLECTIVE SCAN

CLEAN PER
g ELIGHT CONTAL PER =
i | 1] LOWCONTAM G 30 PEA LOCATION |
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MLS10 AC or DC controls

SPECIFICATIONS
Maximum Scanning Pistance fin clean air) 12 feet {3,66 m} with 3 in. reflector (FE-RR1} relay oulputretro
6.5 feat (2,0 m) with 3 in. reflector (FE-HR 1) 2 wite AC/DC
Supply Voltage AC version: 10510 132 VAC,  2wwire AT 10210 132 VAC, DC versions: 1210 16 VDC
80/60 Hz 50/60 Hz or 2210 26 VDO
Power Dissipation 4.6 VA max, {exchuding load} 0.3 VA max, {excluding boad}  various 0.6 10 2.6 watts
Current Consumption 35 mA max, {excluding load) 2 mA max. (excluding load)  depending on unit.
Output t.oad Current 6 amps @ 120 VAG 0.5 amps @ 50°C 120 mA max. (light
{light operated} operated} current sinking
Yoltage Drop — < 10 VAC 1.7 VDO max, af 120 mA
Leakage Current . 2 mA max. < 10uA
(O State}
Maximum Rate of Operation 665 operations/minute 750 operations/ minute 7800 operations/minute
Typical Response Time On 40 msec. 30 msec. 3 mseg.
Off 50 meec. 50 msec. § msec.
Circuit Protection False pulsing, Ling transients, Short circuit (DG}, Reverse polarity (DG}
Temperature Range —4"F t0 122°F -4°F to 122°F ~4°F to 140°F
205 10 5070 {-20°C 1o 507 {(~20°0 ta 60°C)
Sealing NEMA 12 and {P85
Housing Polycarbonate/Glassiill
Mounting Surface mourted using two # 10 screws or an optional mounting bracket
Weight 4025, (113, 4Q)
Logic Standard Built-in ON-QFF (immediate response) control; ight operated wilt operate a relay directly
Optional D0 versions with MICRO SWITCH control bases offer a variely of logic options. ON delay or
OFF delay by individua! catalog listing
MOUNTING DIMENSIONS WIRING
e} SENSIFUATY ADJISTMENY Two-Wire AC DC Current Sinking
%%{)Iﬂ TG HOLE {2} a ') .
ﬁ:l.EBRmCEE;:Jﬂ 10 BCREWT - 05 m_' = 1‘?«16 ‘oo
R 7 e /g ] [ e 28
B S R s s 5
‘T £ g’%*;p.rm s  AC Relay Output
w B
2 i 40
o | | o -
T RESA— | T
{2 14 REEM ORDUIT ?ggUé’FPG\L Axis

MOUNTING BRACKET FE-MB10
DC Control Wiring

Ea® THYAL 2 2
RATATION @

i | [ |2~ FB¥DE OR
22~-26VDC DEPENDING
CUTPUT G Y pN MOBEL

.?ﬁ‘g“' 888
/k !%\5“ [

b

LA TOTAL
RUTATIGH
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FOR A COMPLETE CONTROL

Redguired

MLS-TH uses a modutar approach 1o pro-

vide a flexible, easily customized control

system. A complete condrol consisis of;

= A choice of discrete LED emitters and
photoreceivers in fubutar or 90°
housings.

+ One of three different TR ampiifier
modulas which house the modulating
and demedulating circuitry,

» AFE-TRE modular control base.

higte: Only ang set of emitters/receivers can be wired to

aach arsplfiar modeke.

INSTALLATION/WIRING

instruction Sheets are included with each

control, and are avaiable upon request,

Only one set of emitlers/receivers can be

wired 1o each amplifier module. .

TRE Control bases PK 8038
Ampifier modules PK 8057
Ermitters/Photoreceivers PK 8061
Typical TRB Chassis

Solid connections shown are factory wired.
Dotted connections are customer wired.

....... Blpgyn Enetiand Aatay dr 4w Setnr
Hale Slate B z0d Toiae Dacan

TUh Vol
SR

shansisy or

30 Vern,

St He {1
AT B
Valtege

¥
[
[ECLE ) H
[
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|

(hiaclty
TRE-T230
chasyiy)

Modular controls

FEATURES

LED Emitters and Photoreceivers

+ Up to 30-foot thru scan range (see
Specifications for maximum scan
distances)

+ Sealing: NEMA 1, 3, 4, 12 and 13

« Discrele emifters and receivers

» Hemole sensing

» Small package sizve

« Tubular and 90° housings

» Explosion-proof controls available

ORDER GUIDE

Ampiifier Moduies

« Dual indicator LEDS (FE-MLS-TRZ)

» Alignment and outout LEDs
(FE-MLS-TRE-14/FE-MLS-TRSE)

« Adiustable sensitivity

+ Selectable light or dark operated

MLS-TR

« Short circuit and false puise protection

» Synchronous detection

+ Time delay and pulsed logic modules

« Interchangeabifity with existing TRB
control bases
Color coded logic identification

LED EMITTERS AND PHOTORECEIVERS

Description

0.25 inch diameter tubular deirin housing | ED emitter. Recommended

thru scan range 3.5 feet.

0.25 inch diameter wubuiar delrin housing photorecsiver (receiver). Lise

with FE-MTE1.

0.38 inch diameter tubular delrin housing LED emitter, Recommended

theu: scan range 8.0 fect.

.38 inch diameter ubular dekin housing photoreceiver {raceiver}. Use

with FE-MTEZ2.

90" housing LED emitter, Recommended thru scan range 10.0 faet

80° housing photoreceiver (raceiver). Use with FE-MCED.

90° housing LED emitter, Recommended thru scan range 30.0 feet,

80° housing photoreceiver (receiver). Use with FE-MCED,

Explosion-proot version of MCE2.”

Expiosion-proof version of MCR2.

T Factary Mulust anpraved for Class |, Div. 1, Group B, €, D; Class I Div. 1, Groups £ and 6. 24 1, lead lengths avat

=24 10 fating,

AMPLIFIER MODULES

A simple ON-OFF ampiifier circuit that responds immediately to a
sufficlent change in light at the photolransistor, The output is ON for

the duration of the input signal,

A combination ON and OFF delay cirouit output which turns ON ondy if
the input signal exceeds the preset ON defay. After the input signal
ends the output remaing ON for the duration of the preset OFF delay,

0.15 to 15.0 seconds typical rangs.

A non-repeat delayed one-shot pulsed output. An adjustable ON delay
- is sterted by a momentary input signal, An atfjustable output pulse
turns ON immediately & the end of the delay. When the output pulse
ends, the clrcuit is ready Tor another input signal, Recycling does not
ocour if the original input signal is sustained. 0.15 to 15.0 seconds

typical range.

CONTROL BASES

Standard 2-sacket, 115 VAG input model with plug-in DPDT relay.

Standard 2-s0cket, 115 VAC input mode! without relay.

Same as FE-TRB except UL recognized.

Standard 2-socket, 230 VAC input mode! with phug-in BPDT relay.

MICHO SWITCH, a Moneywel! division
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MLS-TR Modular controls

SPECIFICATIONS
Maximurm Scanning Distance
tin clean air) Housing Style Emifter Recelver Max. Range
0.25" dia. tubuler FEMTE FE-MTR1 3.5 fest (1m)
038" dia, tubuler FEMTEZ FE-MTR2 8.0 feat (2,4m)
a0° FEMCEY FE-MGR1 10.0 feet (3m}
g0° FE-MCEZ FE-MCR2 30.0 feet {9,1m}
Supply Voltage Control base 102 o 132 VAG or 204 10 264 VA, 50/80 Hz.
Module 1110 17 VAC 50760 Hz; 13 1o 22 VDG regulated or 18 VOC I 10% power supply ripple
Power Dissipation Module 4.8 watts max, {excluding load}
Controf base 16 VA max.
Current Consumption Amplifier 80 mA (excluding load)
Outpit Siandard DPDT relay, UL recognized 10 amps 1/6 MP at 115 VAC
Optional SW solid state DC and triac device or FE.28.300 reed relays. See Quiput Specifications.
Module FE-MLS-TR3 {(L.0./D.0O. selectable) FE-MLS-TRS-14 or FE-MLS-TRSB (L.O/D.O.
0.125 amp max. at 30 VDO sgleciable) 0.25 amp mex. st 30 VDO
{Voltage Drop) Light operated; 3 VDO max, at 0,125 amp | Light operated; 3 VDO max. at 0.25 amps

Dark operated; 1.5 VDO max. at 0.125 amps

Dark operated; 1.5 VDO max. at 0.25 amps

Dark operated; 0.4 VDO max. a1 0.02 amps

Dark operated; 0.4 VDO max, a1 0.02 amps

Maximum Rate of Operation 1700 operations/minute
Typical Response Time On 17 msec,
Off 18 msee.
Circuit Protection False pulsing, industrial electricat nolse, Short giroult
Temperature Range Emitters/Receivers ~40°F 1o 140° F (~40°C 1o 60°(}
Modules =14 *F 0 140°F £+10°Cto 80°C)
Sealing Emitters/Receivers NEMA 1,3, 4, 12and 13
Housing Emitters/Recelvers — Plastic or ubuar aluminum
Mounting Yaries with product
Weight Yartes with product
L.ogic Seloctabie by amphfier module FE-MLS-THS, FE-MLS-TRS-14, FE-MLS-TRBE}
MOUNTING DIMENSIONS
FE-MCE1/FE-MCR1, FE-MCEZ/FE-MCR2 FE-MCE2-X/FE-MCR2-X
N “- ;&{; oot [- %;1 /“6‘-32 W xsx;.s: :ja# M'r(;a;ow r !25 ,1
1 - R nk
7 %
3 3 Aud
— N
T * [
¥ 1
22 B2 geep o g lf?““"“i;j‘!{g.lg:z;w:
FEMCEY FE-MCED Al emitlers and receivers have 8 fi. of 22 gage wire unless designated as special length,
FE-MCR1 FE-MCH2
Dimension D 15,9 222
&2 88
Dimension b 20,6 348
81 1.38
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Modular controls MLS-T'R

PN
MOUNTING DIMENSIONS
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MLS-TR Modular controls
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Light Source

Phaotoreceiver

GENERAL INFORMATION

Discrete {(separate) light sources and pho-
toreceivers, like incandescent scanners,
st be wired 1o a control base.

Most of the light sources contain an incan-
descent lamg, though a few contain a non-
modulated, visible beam fight-emitting
diode (VLED). The photoreceiver conlains
gither 2 low-impedance cadmium selenide
photocell, or a high-speed, temperaiure-
stabie sificon phototransistor that responds
to the incandescent lamp or VL.ED bearm,
The photosensor output signatl is condi-
tioned and amplified to operate the controd
base output device. See the guidslines for
selecting amplifiers and output devices to
determine the speed of response of the
complete control

Discrete light sources and photoreceivers

TEMPERATURE RANGE

The temperature range for light sources
and photoraceivers is ~40°F to 140°F (-40°
to 66°Cy, untess noted otherwise in the indi-
vidual descriptions. (Ambient temperature
for VLED fight sources may extend lower,
depending on the operating current s effoct
on dicde internal temperature.)

SCAN DISTANCE AND IMAGE SIZE
The scan distance of a ight source-photo-
receiver pair depends on fight source inten-
sity, photoreceiver sensttivity {type of pho-
tosensor}, amplifier used, and sometimes
operating mode (fight or dark). Any light
source can be paired with any photoraceiv-
er, though some combinations are not rec-
ommended. Fefer 10 the scan distance
chart for recommendad combinations. A
fight source image size chart is also includ-
ed.

LEADWIRES

Light sources and photoreceivers are pre-
wired with an 8-foot cable, unless noted
ctherwise, Optional lead lengths are avai-
able In large quantity orders for an addition-
al charge. See information about extending
leadwiras.

ACCESSORIES

Mounfing brackets, photoreceiver aper-
tures {masks}, and armor-grip cable are de-
scribed in the Accessories soction,

MOUNTING

Heavy-duly cast aluminum units can be

mountad:

1. using the mounting holes at the back of
the housing;

2. using the integral pipe thread extension
for cormection 1o conduig;

3. using the lensholder hex nut to secure
the unit to & pangl,

Aluminum tubular units (some threaded fit
where space is limited. They are perma.
nently sealed with epoxy, They can be
mounted in standard fuse ¢iips or held in
piace with a set screw. Threaded units can
be panel-mourtted using the hex nut(s), See
auxiliary mounting brackets, Accessorios
section,

GENERAL RESPONSE TiME

GUIDELINES

+ Phototransistor - 20 t0 30 us

o Photoceil -1 ms max.

« Transition amplifier - 100 s

« Threshold amplifier — 1 ms

» Threshold amplifier used with photocell
~165i02ms
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Order guide for light sources

{Liste¢ within subgroups in & generally in-
creasing order of light intensity or bright-
ness.}

96° HOUSING

Description Dwg. | Lamp

Standard general purpose light source with A # 12 plug-in lamp rated at 5,000-hour life at 150mA,

adjustable focus. Typical max. scam, 3-5 feel. 8.3 VAC (or VOG}

Fypical max, scan: 5-10 feet; adjustable focus. A # 15 plug-n lamp rated for 10,000-hour fife at 340 mA,
5.5 VAC {or VBO)

Typical max. scan: 10-20 feet; adjustable focus. 8 # 210 plug-in lamp rated for 10,000-howr life at 1.5 amps,

See {1) Apertures, (2) Mounting Brackets 4,5 VAC (or VDO

in Accessories,

Typical max, scan: 25-50 feel; adjusiable focus. B

TUBLILAR ALUMINUM HOUSING

Pescription Dwg. | Lamp

Smallest size light source, 0.25 inch diamater, C Potted lamp rated for 100,000-hour lfe at 60 mA,

Typical max, scan: 3-4 inches; fixed focus 5 VAG {or VIXO)

Same as TLS1, but approx, twice as bright C Potted lamp rated for 25,000-hour e at 115mA,

{double scan distance) with shorter He. Fixed 5 YAC (or VDG

foous. i

Only low-voltage (5 VAC) tubular light source o #7715 plug-in lamp rated for 40,000-hour life at 115 mA,

with replaceable lamp, 0.25 inch diameter 5 VAC (or VDC}

Typical max, scan: 2-3 feet.

Typical max, scan: 3-4 inches; fixed focus. B Potted lamp rated for 100,000-hour life at 60 mA,

01.38 inch diameater 3 VAC {or VD)

Typical max. scan: 2-3 feel; adjustable focus, E #7349 plug-in lamp rated for 5,000-hour life at 200 mA,

.38 inch diameter. 6.3 VAC {or VDO)

.38 inch diameter E Fine focus version of TLSE: for detection of
very smal parts (thin wires, ef¢.); not recommended for
registration control because of low light intensity.

A | gaevalteoe 5 VAT light source o be used only with
G482, LORE2, TRBY, o PE2.2 control Dase. Thess bases
arg standard contrd ases with a 10-ohr, S-watt resistor
wirad in series with the LAMP tarmingls, A standard base
can easiy be adapted for low-vellage larmp use by witing in
the resistorn

VISIBLE LED {(VLED) LIGHT SOURCES (Not modulated, emits red visible light)

Description Pwg, | LED

Typical max. scan: 3 inches. Potted LED.” C Fated for 100,000-hour Hfe a1 50 mA, 3-20 VDO
Tubutar.

Typical max. scan: 4 inches. Adjustable focus. e £

Plug-in LED. Tubular,

Typical max. scan: 2 feet. Adjustable focus.™” A

Plug-in LED. 807 housing.

* A 270-chr, 3-walt current-limiting
resistor is included with each FE-TLIM
light source. Refer to Instruction Sheet PK
9017 for wiring information.

¥+ A A70-ohm, 1-watt curent-limiting
resistor is included with each FE-TLD3/
LED1 Hght source. Refer 1o Instruction
Sheet PK 9017 for wiring information.
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90" HOUSING

VISIBLE LED LIGHT SOURCES

Order guide for light sources

MOUNTING DIMENSIONS
A
#
B e - —— 1 LS1C
eag LESD1 LS1C
sy N % ak [ f Dimension D 15,9 22,2
oo 7T | 62 88
R W g ; .
- L Ssovant Dimension 1. 20,8 349
! b , (max. - adjustable 81 1.38
46l NPT
lensholder fully
£-F1. CARLE extended
20 L seer i var
B .
L$2¢  LS2BZ
g v 130 Dimension I 23,8 421
I I e B4 1.66
AN J i Dirmension L 508 857
1 T {max. — adiistable 200 3,88
2 . S tensholder fully
AN extended)
W ——B-FL, BCONBUCTON SANBLE
N WETRE 0. INSUILATES L EADS
}*%‘?‘f*‘ %%x%mm
TLST, TLSIM, T
c BHT, CABLE 5.4
S -
j #2
D e A— 3;82?1;?
;‘“ B T TLSZ  TLS4
""""" 1. Dimensiond 8,5 6,4
‘i 38 286
N 2 WTG, LOCKNUTS Dimension L. 45,2 30.2
§ o (rmax) 1.78 1.19
81, NO. 22 WHITE
NSLATED WIRE LEADS
153
L - 32 LINEF
e 14+ 32 ONEF T80 TLD3  TLS3FF
127 B8-S NEF Dimension . 333 £9,9
1 = ¥ 1
\ N {raax.} 1.31 2,75

-
20

CL

H 3 LEE -
ki T R MK
B CABLE

LS

Seiected products in this catalog are sub-
iect to a low volume charge.
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Order guide for photoreceivers

0° HOUSING MOUNTING DIMENSIONS
o B PCIL
12 '"’}“w _ PCILBG
’ PCALF
o >) Dirmension D 15,9
u Y g : 62
\ Dimension L {max. — with 28,6
n adjustable lensholder fully 1,12
i I8 ke exdended)
B-FY. CARLE
A 02 pece a a)
Bescription Sensor

PCAL and PCALF are available with die cast

Plug-i i
hug-in photoce housings by adding a “-DC"" suffix.

Standard general purpose photoreceiver with
adjustable focus

PCHL. with a blue-green filter in the lensholder for
registration control of red/orange/brown regisiration
marks against a ighter background.

Plug-in photocel]

Similar to PC1L, but with phototransistor high-
speed response and 180°F (82°C) upper
temperature limit,

Plug-in
phototransistor

TUBULAR ALUMINUM HOUSING MOUNTING DIMENSIONS

A TPC2L TPC3L
T BFT.CARLE o . TPC2LBG
S B TPCALF
TRPCOL. [ l TPCALTA
we Dimension D &5 8.5
B = .38 38
12 ok Dimgnsion L 51,8 82,6
TPC2L r_ B e SRR N 203 3.25
b “E Ie
I T 2 41, LOCRRITS
; !
BT, 0. 3 WHITE
NSUEATED WIRE LEADS
FH § /4 - 37 UNEF (TLS4)
Description Sensor
Smallest photoreeeiver Poiied photocell
0.25
Simitar to TPCOL, but with photo Potted phototransistor ; inch
ransistor high-speed response and dia,
180°F (82°C} upper temperature mit Dwyg. A
Threaded housing; 10° field of vision Potted photocall
TrG2L with a blue-green filter for Potted photocell 0.38
registration control of red/orange/brown inch
registration marks against a ighter dia.
background. Dwy. B

Narrow 4° figld of view for use in bright
ambient light, or to detect smaller
ohjects,

Potied photocel

Sirdtar to TPCZL, but with photo
yransistor high-speed response and
180°F {(82°C) upper tempetature Bmit,

Potted phototransistor

Same ag above, except with 257°F
{125°C) upper temperature limit and
8- Tefion leads.

Fotted high-
temperature
phototransistor
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Explosion-proof light sources and photoreceivers

£.51X and LS1XS Light Sources
PCALX and PC4LX Photoreceivers

LB2X Light Source

GENERAL INFORMATION
Explosion-proof units can be used in
National Electrical Code Class 1, Division 1,
Groups A, B, C, and D hazardous locations.
Also Class 1, Division 2, Groups A, 8, Cand
D Class 2, Divisions 1and 2, Groups £ and
G. Factory Mutual Laboratory Report
#OCOHBAE is available from MICRO
SWITCH.

A gcast aluminum cylinder of threaded inner
body/outer body consiruction provides
flame paths to cool exploding gases below
the kirdling ternperature before they reach
the combusiibie atmosphere cutside. The
profeciive cylinder includes a Pyrex glass
window. Threads on infernal lensholders
are staked for fixed focus.

Standard 8-foot ieads can be extended on-
iy through explosion-prool  connection
boxes in accord with NEC Article 501, (See
next page.}

SCAN DISTANCE

Hefor to the Maximum Scan Distance
Chart. Substitute the LE1X or LS1XS light
source for LS1C; substitute the PC1LX pho-
toreceiver for PCIL {PCALX for PC4LFL
Then reduce the scan distance given by
30%.

MOUNTING DIMENSIONS

632 UNC X 9,7/.38 DEEP MTG. HOLE

e 228 . ,g_%g,_ a4
57 1 88 283 26239 3 DR RE]
& " 57 e v K
! i
157 224
&2 8 f »
" i
1w ' =
; Y?'?z,‘; L Locknut ’
; H i

\l/4~28 NPT E&FF. CABLE :3.3/.13 0.0, NO. 24 LEADS (PCIELX, POALXY

36734 0.0, NO. 20 LEADS (LSIX, LS1IXS)

832 UNC X 97/.38 DEEP MTG,

HOLES (2}
1182 31,8
) : " :
) (N Y a2 190
1 2 75
B 1
% :
PN
. ¥ 225 i
1/2?14 NF{ME ;f 5
o :
T T seaL

8FT. 2CONDUCTOR FLAT CABLE {3.2/.12 X 5,1 /.20

WITH NO. 1B INSILATED WIRE LEADS

ORDER GUIDE
LIGHY SOURCES

Description

Lamp

General purpose unit; fixed infinity
focus.

#12 plug-in lamp rated for 5000-hour
fifes &t 180 mA, 6.3 VAC {or VDO)

Fived short range focus {6} for
detecting small objects.

#12 plug-in lamp rated for 5000-hour
life at 150 mA, .3 VAC {or VD)

Long range: fixed infinity focus.

# 210 plug-in lamyp rated for 19,000-hour
lfe at 1.5 amps, 4.5 VAC (or VDG

PHOYORECEIVERS

Description

Sensor

Cieneral purpose unit.

Plug-in photocel]

Fhototransistor high-speed
response and 180°F {82°C upper
temperature lirnit.)

Plug-in phototransistor

REPLACEMENT PARTS
Complete Lenshoider Assembly
tight Source Lamp {includes explosion-proof cylinder)
FE-LS1X FE-BULB-12 FE-LH-L8 X
FE-LS1XS FE-BULB-12 FE-LH-LS1X8
FE-LSEX FE-BULB-210 FE-SCLO88
Photoreceiver Sensor o
FEPCILX FE-13208.1" FE-LH-PC1LX
FE-PC4LX FEPTIF FE-LH-RPCILX

“ This isting refers o various sensors, any ong of which may be supplied by MICRC SWITCH. Supersades the 80345, 1320

and 1320A Bstirugs.
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Maximum number of light sources powered from control bases

Control Bases

(4B Series

L.CRP PEZ2-2* LCRP

TRB G4B2* PE2 TRBEXIL
Light Sources TREL. TRB1* PE2-1 30-1234
LS1C, LS1X 5] e 4 Additional light sources can

. be powered by the heavy-

LB1LC, B3 Serias 4 - 2 duty controt bases above,
18282, L52C, L82X, ‘The number depends on the
{15 Series 1 — 1 particular application.
TLS1, TLS2 15 1 . Coniact MICRO SWITCH.
TLSIM, T1L54 7 1 e
TLS3, FLI3FF 4 e 5
S LS80, TLON, TLD3 1 e s

“these controf bases include a $0-ofm, Swat! dropping resistor in serfes with the LAMP termingls. To operate more than one
jow-voitage tubliar fight souree, substitute the correct dropping resistor for the 10-chm, S-walt rsistor by:
[ivicing 1he total umber of hght sources into 10 fobms) and muttiplying the number by & (watts) for the lowergsistance,

higher-watt resistor needad.

For exarmph
2 fight gourtes — use a S-ohm, Hwatt resision
5 Hiphi Sowrong - Use 8 B-ohm, 25wkt rasislorn

+Operate from DG voltage {15 VDO and GND tarminals], not For AC vollage Jamp terminabs).

EXTENDING LEADWIRES ON LIGHYT SOURCES, PHOTORECEIVERS, AND SCANNERS

GENERAL INFORMATION

Most lHght sources, photoreceivers, and
scannars have 8-oot ieadwires (shielded
cable for photoreceivers and and retro
scanners), These leadwires may be ex
fended.

LIGHT SOURCES

When extending the length of light source
isadwire, it is important 1o assure that the
wire resistance doas not excesd 10% ofthe
working (hot) lamp filament resistance. The
chart shows the minimum wire size which
should be used with extended leadwires.
Maximum scan distance must be reduced
by 1/3.

PHOTORECEIVERS

l.eadwires may be extended 1o any jength
(using shisld wire of the same gauge), if the
shield is continuous. Funning photoreceiv-
erleads in a separate conduit (neverincon-
duit with power fings or lines switching in-
ductive loads) reduces noise and false
signals.

Leadwire Extension
Product UpToR0Ft. S50To 100FL 100 To 200 FL
TLS1, 1M, 2, 3, 3FF, 4, L5110, 1X", 18X* 18 AWG. 18 AWG. 18 AWG,
A3 Series; LSUC . 18 AWG. 18 AWG. 18 AWG.
B3 Saries; LS2BZ, 20, 280, 2X* 14 AWG. 12 AWG. 16 AWGE,
TLDY, TLDS, LS 22 AWGE. 22 AWG. 22 AWG,

" Enensions o explogion-proot scanners may only be made through exploston-progt conmection boxes e avcerdance with

NEC Article 501,
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Maximum number of photoreceivers in series and in parallel

| PE
PHOTOTRANSISTOR TV Maximum Number of Photoreceivers
In Series or in Parallet n Series in Parallel
Only two photolransistors can be wired in Phototransistor Type o 2

series or in parafiel, This is due to an inher-
ent voliage drop across the fight-sensitive
diode in the phototransistor,

Photocell Type Depends on application:
As many cells that have a Ag marny cells that have a
combined resistance when combined dark resistance of

Hurinated of no more than 15 no lass than 30 kilohms.

o

PHOTOCONDUCTIVE CELL TYPE

in Serfes

When you connect photocells In series, the
critical factor is the rmaximum light resist
ance of diuminated celis,

To determing how many celis can be wired
in series —

1. Whent using a threshold responsive am-
plifier: the total resistance of afl lluminat-
ed cells in the circult cannot exceed 30
kilohrs {30,000 ohms) for logic cards
{LOG Beries™), 8 kilohms for logic mod-
ules (TR Series*). Mowever, 1o assure
operational stability despite femperature
changes and voltage variation, the sug-
gested maximum fight resistance (with
amplifier sensitivity adjustment fully
clockwise) is haf the absolute maxk-
mumy: 15 kilohms for cards, 4 kilohms for
modules.

To achieve the recommended tenio-
one {10:1) signal ratio, the dark resist-
ance of each cell should be at least fen
tirnes the sum of the resistances of al!
ituminated cells,

2. When using a transition responsive am-
pliffer: the dark resistance of each cell
should be at least twice the sum of the
resistances of the iluminated cells (201
signal ratio); and the maxdmum com-
bined iight resistance of a celis nomore
than 250 kilohms,

Operation
Setfor ight operated 4..0.) — the amplifier
will operate only if all cells are luminated.

Settor dark operated {0.0.) - the ampitfier
will operate evenif only one cellis dark (one
kght beam blocked).

kilohms,

in Parallet

When you connect photocells in paralie),
the critical facior is the minimum dark resist-
ance of non-liuminated {dark} cells,

Dark celf rosistance should be measured at
the maxirura ambilent light level (the most
unfavorable operating condition),

To determine how marny cells can be wired
in paraligl —

1. When using a threshold responsive am-
pifier: the total dark resistance of gells in
the cirouit should be more than 30
kilohrms for logic cards (LOG Series* ),
more than 8 kBorans for logic modules
{TR Series * ).

2. When using a transition responsive am-
piifier: the total dark resistance of celisin
the circult should be at least twice the
light resistance {with maximum ight re-
sistance 250 kilohms),

Operation

Set for light operated (£.Q.) — the ampiifier
will operate even i only one cell is ifumi-
nated.

Setior dark operated (0.0} — the amplifier
will operate only when none of the cells are
fluminated {when el light beams are
blocked).

*One menohm or models 3-4 and 3-41
= *Mare than Tmegehm for models 34 ang 341

MICEO SWITCH, a FHoneywell division
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Maximum scan distance for light sources and photoreceivers

The chart below gives the ypical maximum  Distance is affected by the amplifier used,
s scan distances {in clear air) for com-  and the operating mode {along the botiomy.
mon Hght source-pholoreceiver combing-
tions. i no distance Is given for a fight
source-photoreceiver  combination, that
cornbination is not recommended.
LIGHT SOURCES
Photoreceivers AMPLIFIERS TLSY, TLS2 TLES 1M TLS3 TLS4
TPOOL Cards: LOG {except 3-4, 3-41, 4, 41} 4in {10,2ocm) |8 (203 om} | 3R {08 m 18 in. {48 om)
TPCO4E LOG3-4, 3-4L, 4, 4L Qin (P29omi | 2R (06T M | BR(LEmM | 48 (1,2m
Modules: TR3, 3-1, 5R, 8, 8A, 8B, TR1500 X 4. L Bin. | Bin. | 2ft | 38 | 120 ] 1810
TR4-2, 4-2L., B, 8-14 §TH10, TRIC 4. 3in.  Bin, | Bin. | 3R | 28/ | 1Bin | 12in
TG 4 inches 8inches 3 feet 18 inches
TR3-4, 3-41, 4, 4L, 15004 ginches 2 feet 5 fogt 4 feot
TRGEL Cards: LOG {except 34, 3444, 4, 4L} 4im. (10,2 cm) 4§ {1,2 m)
i;gigj( A LO0GE3-4, 3440, 4, 4L Qin (22,8 cm) GH.(1.8m)
Modutes:  TH3, 3-1, 5R, §, 8A, 88, TR1800 3in. 4in, af 4 ft.
TRIS00B, TR4.2, 4.2, 5, 5-14; STR10, TRIC] 4in. 3in 4 £t 3R
THE8 4 inches 4 feaeat
TH3-4, 3-4L, 4, 4L dinches 6 feet
PO Card: LOG (except 3-4, 3-41, 4, 41}
PCALF LOGE-4, 3-4L, 4, 4L —
Modules: TH3, 3-1, 58, 8, BA, 8B, TR1500
TR4-2, 4-2L, B, 8-14; STR0, TRIC
TH6
TH3-4, 3-4L, 4, 4L
OPERATING
MODE DO LO DO O DO LO | DO L.O.
LIGHT BEAM IMAGE SIZES
SCAN DISTANCE
LIGHT
SOURCE 1" 1-1/47 | 1-1/2° | 1-3/4" 2" 2374 | 2142 3" 4" 5" 67 7 8" 9"
Ls1cr 2 s Yax Yz 6 Y 1 e 1% s
Ls1Ler 1Yax Ve 1% ¥1s
L32B7"
L&20r 14 e 2x1Ys
LS ¥4 Dia,
TLDG Y8 Yoz Frax Ve Yo Ve e Yoe e Y| 1Y 1Ya Yo
TLDE® % Dia, ¥ Dia, 1 Dia, | 1% Dia,
TLS Fia % Yap e ¢ Vs o Yo Y Haa | 1Shaw Yas| T He Y
TESIM "z Vas p ¢ e a7 % Yaa e Hia 1 W 12 Ya 2 e
TLSZ ezt Vas a2 e Voot Bz |2Wan w Hagl oo e e Fael 1w Vs Ya
TLS3™ a2y g Bz Yo 1515 W 1¥32% "Yaz 1% 2 2Yax s 2hhexYa —
TLSIFF*| 3% Dia. % Dia. Ha s, b 1 Dia )
TLG4" a3 Vs

* Lgnsholder sdiusted for sharpest image (e, retracted &5 far as possibie).
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Maximum scan distance for light sources and photoreceivers

NOTES:

1. Measurements were made using a stan-
dard THB conirol base (module ampli-

2. Measurements were made at 77°F
{25°C). Derate distance 2% per 1.8°F

3. Allimage sizes are approximate. Dimen-
sions are in inches, unless specified

fiers} and & G4RB conirol base (card am- {1°C} up t0 140°F (B0°C} when using a otherwise.
piifiers). Line voltage was 108 VAG photoreceiver with a photocell-ype sen-
higher line voliage gives longer scan dis- sor. (Derating is not necessary for pho-
tance {but shorier famp ife). totransistor-dype sensors.)
LIGHT SOURCES
TLN TLDS £51 LSIC 181Le 1820 LS2BZ
Jin (7.6 om}
&in. {15 omyj
Jinches
dinches
3inches
ginches
4in, (10,2 om}
Bin (20,3 em)
4 inches
4 inches
4inches
8inches
2108 m) 54.{1,5m) 10t (3 m} 20 #. (6,1 m} B0t (15,2 my
4 {1.2m) 10 {3m) 251, {7,6 m) 458 {13,7 m) TOR {213 m)
2 foet 3 51t 51t 101 10, 20t 25, 50 1.
2 feet 51t 84 1048, 5t 208 108 50 fi. 251,
2 faet 5 feet 10 feet 20 fent 50 feat
4 feet 10 feat 25 feet 45 feet 70 feet
5.0 L0 D0, LG, 0.0, LO. D.0. £.0. D.G. LO. 2.0, LO, 2.0, L0
LIGHT BEAM IMAGE SIZES
SCAN DISTANCE
LIGHT
SOURCE 107 1" N 2 3 3 5 6’ 1 15 pirg 25 50
L5160 23 LAV Bl Va| Bu¥a )
Lsc 1Y | 3x 1%t 4x 1% 15%x 2V 6x2% | 10x3
LSzt AYax 1Va| 51V [8%x2%(12x 2% 14x3 116x3%! 30w &%
{820 X1 31 (5%ex 1Val6x 1V 8X1Ye |13x2%] 17x4 125x4%] 31x5
1801+ s Dia. | 15 Dia.
LN
TLD3®
TLSY
TLEIM Ixt
TLS2
TLS3™ 2¥ax¥al 4xTR | 6wt
TLEBEE
TLE4* 2% 14y

* Lenshodder adiusted tor sharpest image He., ratracted as far a5 possitie).
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Control bases product comparison guide

GENERAL INFORMATION

A control base is used 1o power discrete fight sources and photore-
celvers, scanners, and DC-powered modulated LED controls. can
be remotely positioned from the scanning setup. A control base is
not used with a control — modulated or incandescent ~ that in-
chides a selé-containad nower supply.

The control base includes a step-down transformer power supply
that converts 115 VAC or 230 VAC to useable lavels of AC cument
and voliage. |n addition, some control bases inchide a socket fora
plug-in amplifier/logic card (module for the TRB Series) and a plug-
in output device (or socket for one}. Gurrent sinking digital logic level
output is availabie directly from the plug-n ampifier,

GaB

G4B-OPN

FEC {Py. 134} G4B {#g. 136) 1.C8 (Pg. 138)
Style Selt-contained. Single-piece. Modular component sections.
Use with A MICRO SWITCH 12 VDG 3-wire Any discrets light source or scanner; or 12 VDT powered modulated LED
current sinking and 2-wire control. FE-GAB-REG is recommended for use with the MLS4B-1000,
photoslectric cordrols. MLS7A and MLS10/11/12 series 12 VD controls.
Electrical Input 100 fo 110 or 200 to 220 VA, 105 10 139 or 210 to 260 VAC for -T230 models.
50/60 Hz. .
Electrical Output 3 arap SPDT 250 VAC plug-in relay 10-amp DPDT plug-in relay Felay ordered separately. Digital
inciuded, included. Optional soiid state DG, logic output available directly from
triac, and reed relays. card connecior component,
Response Time 20 msec. standard relay. Depends on photoreceiver and output device used,
Logic ON/OFF, ON/OFF delay and one Varies with LOG Series amplifier/logic cards that plug irto a card connector,
shot puise. Note: LOG card is necessary.
‘temperature Range | 14°F 10 122°F £-10°C 0 50°Ch ~40°F to 1687F {-40°C 1o 70°(}
Enclosure® NEMA 12 Enclosed models — Ul and C8A None
Hgtod; NEMA 1, 3, 4, 12,13
Unenclosed modeis — UL
recognized.
General Information | Plug-in module includes a inchudes a fine voltage stepdown Custom, modutar approach to
transformaor that converis 10 or transformer, an AG to DO rectifiern, a huilding a control base. Complete
220 VAC 60/ 60 Hz 1o 12 VDO socket for a LOG series amplifier/ bagse usually includes power supply,
+10%, a SPDT, 3 amp 250 VAC logic card and an vetal socket for a amplfier/fogic card, output davice
relay and LED indicator for Power, plug-in autput device. and a section of PVC mounting
tnput and Output. All externat wiring track. Individual componants
is made to the terminal base, ordered separately.

Appiication nole: Enclusures ‘aen based, in gangral,

on the hroad dafiniions owiined in NEMA Standards, Therefore, it will be necessary 1o ascartals that & paricuiar enclosure will be

adeeuate whan exposed to the specific condifions that might exist in intondet appications. Except as might othervise be noted, all roferences to products relative to NEMA enciosure ypes
arg hased on MICRO SWETTH evatuation ordy,
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CONDUIT ADAPTER

ENCLOSURES

Control base enclosures (1) prevent ace-
denal contact of personnel with the controi
base; {2} shield the base from alactrical
noise. All enclosures ara steel with a gray
harmmered finish, and have knockouts for
wiring access.

e

Accessories

25,8
To0
9.4 8.9,
F VAN 1,52.08 X 607
CHAMEER (2}
cY ) et s £t ™
AR !
R b §.4.2/85 o 155
B \k\%j SRILL FHAY -eii
NS -
R I Vi \ 178414 NPT
2 Z,7450 DEER
28,7 K
5/8-24 UNEF

RI3 3.7 436 O£gR

ORDER GUIDE
Description

For MLS4B only. 5/8"-24 UNEF conduit adapier — 1/2".14 NPT,

i 8 o 32 A an
= T )

, s, [ . L
YRt TSN 2
RS S H B )
A EEETT o
na i
i P AN 2Een |
L 006D 688 H

|
|
I

v 024 T WO SEFT
Voo ZERARE D

AV 906 W e
g«m«% Mmmwwm i

OHDER GUIDE
Description

For any two- of three-socket TRE Series control base {except TREZ).

Has a hinged cover and locking hasp. Dusttight and driplight; meets
NEMA 1.
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Accessories

MOUNTING BRACKETS _me

“The mounting brackets hereare optional for 5 ;

light sources, photoreceivers, and seff-con- e

tained controls. iy C }\ L %’lé %:
P o s o] 1 ‘.

There are wo types of auxitiary bracket: {1} ia * — i

those for a single unit, and {2) those that fix
the relative position of a light source and a
photoreceiver (lwo  units) for reflective
seanning. ™

ORDER GUIDE

Descripton

Anintegral part of MLS3B, MLE5D, TR1R, B3, and B5 controls.
Permits t-inch vertical and 360° horizontal positioning adjustment.
Cadmium-plated steal; mounting hardware not included.

[ —
w3 W
£l
v o g,
; %7‘&.
E
: t T
; Y
O in, ....... ?g,is_g_’
% ! et
. - H
o %
LT ]
hw‘?‘
o, L Hl# 113
w#—m%r:mmm-i—.%é-» H

3 i
L

QRDER GUIDE

Bescription

For MLS1A, MLSZA, and R4A Series controls. Pormits 1-inch vertical
and 80" horizontal. positioning adjusiment. Zinc-plated steel;
includes only the hardware for fastening bracket to control.
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Accessories

/"“‘\I
NEON INDICATOR
A high-visibility red neon indicator threads #y
into the side of some sel-containad con- T —
trols, and functions as a power indicator M0, OR IN.C. RELAY CONTACT
(connected to the line terminals), or as an el j LS—
output indicator {connected to relay termi- LANE et TEVAETIE
naish
} #9
T ] 'L{JA{:I
CE]% Ic o5 Ve e
AP TH.0. OB [H.C_RELAY CONTACT
ORDER GUIDE
Description
For MILS1A and R4A Series controls. 115 VAC {only) lamp
in watertight Pyle Nafional fitting; threads into housing.
MOUNTING BRACKETS FE-MB3 FE—MB&Q
453 .
1.%%
i “[ fer
f48 %‘%g { e “““33;‘;
75 3 . * \' : m
_ . = ."T b SR DI FEWIDE i b -5
/—ﬂ\ Y - SLOTETYR
e AN (VIR
FE-MBS %wzoz
SLQT ITYP}
ORDER GUIDE
Desecription
For MLSB/8 Serles conrols only. Pormits 3807 horizontal positioning;
80° {ilt. Standard hardware inlcuded.
Same as FE-MBS except epoxy finish,
For MLS8/9 Serles controls only, Universal interface mounting
bracket. '
FE-MB8-2
ORDER GUIDE
Description
For MLEB10/11/12 Series controls only. Mounting bracket,
/"‘“‘\\.
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Accessories

RETROREFLECTIVE TARGETS

A larger refiector returns more fight to the
photosensor, and increases scan distance.
“The afficiency colurmn wilt help in datermin-
ing approximate scan distance capabilities
of various reflectors. Bince ouwr retro-reflec-
tive products scan range ratings are based
onusing the 3" diameter FE-RR, itis refer-

FE-RR8

WEATHER SHIELD AND EYESHADE
The weather shield exiends overthe leng of
some seif.contained controls 1o help keep
dust, moisture, ete. off the lens.

‘The eyeshade threads onto the lensholder
of some photoreceivers to help prevent
bright indoor ambient fight from triggering
the pholosensor.

ORDER GUIDE
Pescription - Efficiency

Z.nch diameter molded aaryiic disc with plastic backing and
rimn, and .18 dia. mounting hole. Max. 150°F (86°C) ambient

femperatura, 1030%
1 x 2-inch reflective tape. Max. 200°F (83°C) ambient
temperatung, 20%

1-inch dismeter actylic dise {no mounting hole). Max, 150°F
(66°C) ambient temperature. 45%

8 /8.inch diameter acrvlic disc (no mounting hole). Max.
150°F (66°C) ambient temperature. 30%

1 x 2«inch high contrast reflective tape with pressure
sensitive adhesive and iner. Max. 150°F (86°C) ambient
femperature, 30%

2.2 x 17 x ,37" Rectangukar moldad acylic reflector-
mounting holes on sach end. Max, 150°F {66°C) ambient
{emperature. 85%

1 x 2-inch corner-cubed micro prismatic retroflective material

£20 mils thick) with pressure sensitive adhesive and liner, Gan

nof be cut. Max. 200°F (83°C) ambient temperature. Wil

work with polarized light. 40%

28" x 2" x 30" Rectangular molded acryiic reflector -
mounting holes on each end. 108%

Same as FE-RR7 except 2.75 inch x 8.25 inch.

ORDER GUIDE
Pescription

Eor MLS1A, MLS2A and PR4A Series controls, Black, anodized aluminum with
double-faced tape for affixing fo the control.

fwig,{}},?ﬁ o 27 WS e 3 OTHD,

o

-

ORDER GUIDE

Pescription

For PO1L and PCALE photoraceivers, Black anodized aluminum,
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Additional accessories and replacement parts

ACCESSORIES

Buibs

Deseription

For SATRML

For L5110, 1LS1X

For LS1LC, Retro 3T Series, THIR, R3T

For 1.82C, LBZBZ, 15250, 162X, BET

For R4A (1434)

For TLS3, TLS3-FF (induslry #7349, previously #2807}

Reptacement LED for TLDJ, LS

Heplacement LED for MCE!L MCE2

For TLS4, FE-RB

Lensholders {l.ens, lens housing and mounting nut)

{Jescription

For L81C (SGLB, 17-007)

For L81G-G (glass}

For LS1C-5P (SCL31}

For LE1LG {8C1.20, 26-0865)

For 1LS1X (3CL987)

For LB1XS {8CLO85)

For L82C (SGL10, 26-281)

For MOE1

For MCR1

For MLS2E (A or B serigs)

For MLS2ZR (A or B serles}

For PCL, PGALF, PC4LTA (BCL18, 28-115)

For PC1LBG (8CL38G, 26-245)

For POILX (BCLO8B8) + PO4LX

For PG1L-G {Glass)

For PC1L-8P (3CL30}

For 7153 (8CL3, 17-210)

Eor TPC2, TLSAFF (SCLE)

For R3AT, RBABG, MLS3B-02000 Series (3C1L.24)

For R3T, TH1R Series {5C1.23), MLSS, MLS3, Plastic

For R3TY, MLS3B-01000 Series, MLSSE {8CL27) Glass

For R4A, RET {8C1L.26)

For MLS1A Series

For 1.82X

For LB2BZ

MICRO SWITCH, a Honeywell division
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Additional accessories and replacement parts

ACCESSORIES

Mounting Tracks

Description

3 in. wide, 12 in. long PVC mounting track {LCH Series}

Same as FE-LOR 12, except 18 inches long.

Solid State Helays

Bescription

SPST-NO, .5 amp, 30 VDO {348, G4B.OPN, THB Series}
SPOT, .5 amp, 30 VDO (G4B, G4B.OPN, TRE Series)
SPST-NO, 2 amp, 30 VDC

SPOT, 2amp, 30 VDO

SPST-NG, 3 amp, 130 VAC

SPET-NO, 3 amp, 260 VAC

SEST-NQO, 6 amp, 130 VAC

SPDT, 3 amp, 130 VAC

SPRT, 6 amp, 130 VAC

SPDT, 6 amyp, 260 VAC

SPST-NO, .8 amp, 200 VDO

SPDT, .5 amp, 200VDC

SPST-NG, 4 amp, 100-240 VAC (LORP3A)

SPST.NG, 3 amg (408 1o +40°C),102-132 VAG {MLSSC and 8C)
2 amp (55°C)
1amp {700}

SPET-NO, 30 mA, 5-140 VAC, 5-140 VDO (MLS8C and 80}

REPLACEMENT PARTS

Miscellaneous Components And Hardware

Description

Audio alignment aid (MLE28)

Bus bar supplied with LCH1 & L.CRP

Neon outpul indicator w/Pyie Nat'l Fitling (F4A, MLSTA, MLS2B}

Photocells
Description

Replacement photocell {CL1915-1} with spacer, Standard PCL
family

Assembly for FE-PCILBG

1458 MICRO SWIHTCH, a Honeywel! division




S

Additional accessories and replacement parts

REPLACEMENT PARTS
Phototransistors

Description

Hi-ternp (for PC3LTA}

For PCALE

Plug-in for MCR1, MCRZ, RET, R4A, BR5T, TR1H Series — Previously
FPT.130 & 41-015

Relays (Specifications, see pages 142-143.)

Description

For PE3, 4, 5, 8, 7 (FE-21000}

DPOT plug-in refay for TRB series, R4A, G4R, MLS1A, MLS2R,
LORG, 1207 — Previously 21.010

For PE2, PE2-T230 (FE-21012}

SPDT plug-n reed rolay

PPDT plug-in reed retay

For LCRP3

For TRYR, THIR-DP

For TR1RA, TR1BA-DP

For MLSBB/8B {115 VAC)

Standard relay for LCRP3A

Standard relay for MLS8C, MLS9C (115 VAD)

For MLSBC, MLSOC (230 VAD)

For MLS8C, MLSSC (24 VAC/DC)

Transformers

Description

For TRB, TR81, 2, 3, 12, TRBL (FE-40003)

For LORP1, TRBXL (FE-40005)

For 115 VAC; TR1H Series, PE2 (FE-40-011)

For 1207 and CT Timers

For R4A (FE-40025)

For LCRP, LCRP2

For G48, G4B-0OPN

For MLS1A, MLS28B, LORP3A, G4B-REG, 115 VAD

For MLS1A-T230, MLS2B-T230, G4B-REG, 230 VAC, LORP3A-T230

For M{S8B (FE-40050)

For MLSSEB/GRB

For MLSBB-T230, MLSOB-T230

the part number EMBZ01.
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The FE-21030 (21030} is now sold under

159



Repair policy for MICRO SWITCH products

GENERAL

1. a. Products returned for repair must be
accompanied by a purchase order
authorizing repair.

Raturn to: MICRO SWITCH

11 W. Spring St
Fragport, 1L 61032
Attention:

Repair Depariment #57

Products should be returned freight

prepaid.

. Products returned for repair wilt auto-
matically be repaired, withoutprior
approval of repair charges by the
customer, if estimates are required,
they mustberequestedinwrting and
accompany the return(s}.

. ¥ a format writien analysis is required

by the customer, the Markeling Be-

pariment mustbenotified in advance
of the product return,

3. Repairedproducts will bereturnedtothe
customer FOB, Fregport.
4. a Products retuned in & condilion

160

practical to repair, and prior 10 an ob-
solete product cut-off date, will be
accepted for repalr.

. Some products retumned are beyond
seonomical repair, in such cases, the
customer will be notified, and MICRO
SWITCH will return the praduct at the
custormer's
SWITCH reserves the right to make
the final determination of repairabil-

expense. MICRO

MICRO SWITCH, & Moneywell division

WARRANTY REPAIRS
5. a Products under warranty defeclive

during normal use and service wiltbe
repaired ai MICRO SWITCH ex-
pense.

. Products under wamranly damaged

due to customer misuse will be re-
paired ai customer expense.

6. Products repaired/reconditioned under
warranty continue to be covered for the
balance of the original 18 monthwarran-
ty period.

NON-WARRANTY REPAIRS

7. Products no longer under warranty re-
turned for repair will be repaired at cus-
tomer expense,

8, Repair charges on non-warranty retirns
inchide inspection, testing and handling
costs, as welt as cost of repalr and apply
whether or not units required service.
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Modulated Light Source (MLS) Controls

GENERAL INFORMATION

As a general rule the first choice in photo-
electric controls i & Modulaled Light
Source cordrol. The Modulated Light
Source {MLS) condrols can be applied in
bright or variable ambient light conditions,
tow visibility scanning condifions, high vi-
bration areas and other locations where en-
vironmentat conditions are severe. A MLS
conirolis the only fype of pholocelectic con-
trotthat should be used cutdoors where ftis
subject 10 bright sunBght and adverse
weather conditions.

MLS controls use & frequency modulated
Light Emiiting Diode {LED} as its light
source. The LEL has no filament 1o break,
thus # is inherently vibration resistant and
offers long life. A pholotransistor is used as
the recelving device. The transistor is the
fastest, most light and temperalure siable
device available, it also has the best spec-
tral match for the LED.

in a frequency modulated light source the
LED is pulsed at a high curment level for &
short ime period. This provides high energy
light puises capable of fraversing fong dis-
tances and or penstrating severe environ-
menis. The raceiver circuit is designed to
respond only o & narrow frequency band
near the pulsing frequency of the LED. The
control responds 10 the frequency rather
Han the infensily of the recelved light. This
is the reason the MLS controls ignore ambi-
ent ight conditions and perform well in ar-
eas where environmental conditions are
severe,

MICRO SWITCH offers a full line of Mod-
ulated Light Source producits with a variety
of scanning options, input/output options
and package options. Scanning options in-
clude Thru, Reflective and Fiber Optic scan,
Input/Quiput gptions include AC or DC in-
put and culput capability which are availa-
bile as solid state devices or relay contacis.
The MLS outpui can be used o interface
with a Programmable Logic Controller, sofid
state device or electromechanicat relay.
Several package styles are available fo
meet space and mouniing restrictions as
well as provide the performance required
for specific applications.

162 MICRO SWITCH, a Honeywell division

Advantages Application Considerations
1. Armbient light immunity 1. Not as fast as non-moduiated controls
2. High excess gain

a. For penelration power thru dust, dirt,
mist, steam, gfc. )

&, For long distance scanning (Up to 2500
faet)

. For apphcations with high vibration
. For diffuse scanning of objects with low

reflgctivity
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GENERAL INFORMATION

A lypical non-modulated control consists of
a steady state lighi source and a pholore-
ceiver as shown below.

Photoreceiver Light Scurce

PHOTORECEIVERS:

Photoreceivers are made up of a pholosen-
sor and lensing. The photosensor converts
received light to an elecironic signal. The
lens focuses as much light as possible to
the photosensor.

MICRO SWITCH uses two types of photo-
5E8NSOrs:

- Pholotransistor

- Photocell

Each has cerfain advaniages that make it
suitable for specific applcations. Generally
speaking, the phototransistoris used where
quick response is required and ambisnt
temperaltire varies over & wide range. A
photocelt is the first choice when two or
more sensors are 1o be wired in series or
paraflel, and when detecting red against
white color condrast.

FUNDAMENTALS OF PHOTOELFECTRIC CONTROLS
Non-Modulated Controls

Advantages

Application Considerations

1. Best for registrations controf when an
incandescent light source and
photocel! are used,

2. Fastest operating speed {less than 1
MSac. response)

1. Not recommended when stray ambient
light Is present.

2. Noirecommended where high excess
gain is needed,

LIGHT SOURCES:
Lightsourcesaremadeupofaiampor LED
and lensing 1o hest control the light image.,
Beth thelamp and LED have certainadvan-
tages, depending on the application. The
LED offers long ife, vibration and shock re-
sistance, plus ease of alignment fvisible
LED). The incandescent lamp offers longer
sensing range than the LED and Is useful
when performing color detection.

Some of the non-modulated controls are
supplied with adjustable focus. Adiustable
focus alfows for pinpointing the brightest
light at the photosensor, despite fixed
mourding, Optimized focus is usually desiz-
ed except in applications subject to vibra-
fior. A broad de-focused spot will remain
aligned except in the case of severe vibra~
tion. Focus adiustmenis should only be
made at the light source. Photoraceiver
iens holders should always be retracted in.
o e housing.

AMBIENT LIGHT

No matter what type of non-modulated

condrol is used, ambient light is an environ-

mental factor that rust be prepared for in
advance. It can affect control reliability by
degracking the dark fheam interrupted) re-
sistance, thus iowering the signal ratic. In
high ambient light applications, an MLS
conirel will provide the best performance.

However, when an MLS control cannot be

used (registration conirol for exampis),

there are ways 1o protect against ambient
fight.

» Place a shield behind the fight source to
biock background light from shining di-
rectly into the receiver lens,

« Remove highly reflective objecis from
the viewing angle — normally 10°,

» Use aparrow vision {4° view) receiver, or
an accessory aperiure {0 reduce the
viewing angle.

» A makeshift eyeshade or hood exiend-
ing in front of the lens can prevent reflec-
tions within the lens.

These measwres decrease ambient light,

but they also decrease light fom the

source, reducing scanning distance and
triaking alignmert critical.
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS
Non-Modulated Controls

COLOR DIFFERENTIATION
{Registration Control}

Contrast is the key to distinguishing color.
High contrast {dark on light or vice versa)
provides the best signal ratio and controlre-
ferbility,

When the background s clear (fransparent)
the best method of detecting any color
mark is thru scan. When the background is
a second color, contrasts such as black-on-
white usually assure sufficient signal ratio
{difference between light and dark) to be
handied with diffuse scan, Red (or a color
which contains much red pigment, such as
yeliow, orange or brown) on a white or light
background is a special case.

Because white light contains red, photo-
sensors that are more sensitive o the red-
infrared region of the spectrurdo not regis-
ter encugh of a signai ratio between white
ard red. CdSe (cadmium selaride) photo-
cells and all photofransistors fall in this
range. CdS (Cadmium sulphide) cells, how-
aver, peak in the green-yeliow portion ofthe
specirum, and are not sensitive 1o red light,
Also, photoreceivers with a CdS cellinchude
a blue-green filter (ransmits only blue and
green) to block red wave lengths. A photo-
receiver with a CdS cell makes red appear
dark on a light background.

Background Mark Photosensor Scan Technique
Clear film Black Any Thru scan
Blue
Red
White, kralt Black Phototransistor Thru scan
or metal foil Blue oF
(dSe pholocel!
Red GdS photocel] Thru soan
with
Blue-green fiter
Black, blue, Red [iffuse scan
or other dark
colors
Hed Black Any Dittuse scan
Blue

A retrorefiectve coniral with a short focal
length lens (but without a retro target) can
be used o detect registration marks. # i3
placed near the mark, and is actually used
in the diffuse scan technique. if a refro
scanner is used o detect marks on a shiny
surface, # shouid be cocked somawhat off
the pempendicular to make ceriain only dif-
fuse reflections are picked up. Otherwise,
the shiny surface of the mark could mirror-
reflect so brightly it could overcome the
dark signal a CdS cell normally gets from
red. This would mean a light signat from
hoth background arkl mark. Iny detecting
colors, you should use diffuse {(weakened}
rather than spacutar (mirror} reflection.
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Either a cadmium selenide photocell or a
phototransistor can be used to detect col-
ored marks - black, blue, green — which
contain e or no red pigment. (Redas a
nackground presenis no difficulty, since a
black or biue mark against a red back-
ground would appear dark on light} The
phototransistor— because of #s longer He,
faster response, and femperature stability
- 15 Ustially preferable.

ST




OVERVIEW

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

SCANNING
TECHNIQUES

Scanning Techniques

i
—| REFLECTIVE SCAN |

- RETROREFLECTIVE |

POLARIZED |

— SPECULAR |

—{CONVERGENT |

Retroreflective

« Light beamis directed at a reflective tar-
get {reflector, tape or other reflective ob-
ject} ~ one which retums light along the
same path i was sent.

» The object to be detected passes be-
tween photostactric control and reflec-
tive target.

Polarized

» Wil work only with comercube reflector
or special polarized reflective tape.

« Wilt not false trigger when sensing shiny
object.

| THRU SCAN |

~{ FIBER OPTIC |

- THRU SCAN |

| SPECULAR |

- RETROREFLECTIVE |

Specular

« Light beam is directed at a shiny surface
which will always oceupy the same poss-
fion in relationship 1o the photoelectic
control,

» Light wilt be reflected at the same angie
at which it was received.

« When object is not present light will be
reflected at a different angle.

Diffuse

« Light beamis directed at the objectio be
detected.

« Light will be reflected off the object in
many directions.

« Some of the light reflected from the ob-
ject wili be sensed by the receiver.

Convergent

« Light beam is directed st object o be de-
tected (ignore's background surfaces).

» Obiect must be at a given distance inre-
tationship to photoelectric control before
light will be reflected 1o receiver,

Fhri

« Light source {emitter) and receiver are
placed opposite each other.

» The ohject ¢ be detected passes be-
tween the two.

Fiber Optic

« Not a scanning technigue but rather an-
other way of transmitting light beam.

« Must use bifrcated cables when using
refroreflective and diffuse scans.
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS
Scanning Techniques

ADVANTAGES/APPLICATION CONSIDERATIONS

Scan Types Advantages

Application Considerations

Retroreflective/ Polarized 1. One sided scanning
2. Ease of alignment

1.

Avoid detecting small parts or precise
positioning

. Cormrosive argas
. Noise immuniy

3. Immune o vibration 2. Avoid clear material detecting
3, Avoid sensing shiny objects {use polarized
conirols)
Polatized 1. DOne sided sensing 1. Reduced scan range compared to
2. Does not false trigger off highly reflective retrotreflective
objects 2, Avold detecting small parts or precise
3. Sensas clear materials positioning
4. Ease of alignment
5, immung to vibration
Spocular 1. Best for shiny versus didll surfaces 1, Allgnment angle between emitter and
2. Detecting height diferential from receiver criticat
background, L.e., cloth on & shiny table 2. Distance from control to target must be
congtant
Diffuse 1. No reflector required 1. Sensing range is always specified 1o white
2. Convenient for insialiation test paper
3. One sided scanning 2. Shiny material requires ¢iose control of
4, Benses clear materals when distance is scanning angle
not fixed 3. Background oblect's reflectivity cannot be
5, Color sensing fincandescent conirols) more than target reflectivity
6. Ease of alignment 4, Large effective beam, avoid small parts
detection
5. Contaminated arpa a problem
6. Avoid counting apphications
Convergent 1. First choice for detecting clear materials 1. Distance must be constant
2, ignores unwanted background surface 2. Surface reflectivity g factor
reflection ' '
3. Detects objects with low refiectivity
4, Detects height differentiat
Thru 1. Most reltable when targetis opaque 1. Avoid clear material detecting
2. Long range scanning, most excess gain 2. For smal parts must use aperiure
3. Use in high contamination areas, dirt, 3. Alignment critical
mist, condensation, of fiim, slc, 4, Additional wiring (2 units)
4, Pracise positioning or edge-guiding of 8. Vibration a factor
tipacue material
5. Parts counting
Fiber Optics 1. High temperature applications 1. Cost
2. Where space is kmited 2. Breakage
3. Size and flexibility of fiber leads 3. Short range scanning
4
5
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There are several scanning techniques w-
ways o set up an emitter (ight source) and
receiver {photosensor) o detect objests.
The best techrique 10 use is the one that
yisids the highest signal ratio for the partic-
uiar object to be detected, sublect to scan-
ning distance and mounting restrictions.

Characteristics of the objests 1o be detect-

ed that have a bearing on which scan tech

nique 1o use inciude;

« degree of opacity

« degree of reflectiveness

« position of obiects as they pass the
control

» Golor as a special consideration

REFLECTIVE SCAN

With a reflective scan control, the kght
source arnd photosensor (usually in the
same housing) are placed on the same side
of the object 3o be detected. The light beam
is refiected either from a permanant refiec-
tive target or directly from the object 1o be
detected back to the photosensor, There
are five types of reflective scar.

« Retroreflactive

» Polarized Retroreflective

+ Diffuse

» Convergent

« Specuiar

Retroreflective Scan

With retrorefiective - scan, emitter {light
source} and receiver {photosensor} are in
the same housing. The fight bearm is direct-
ad at a retroreflactive target — one which
returns the fight along the same path t was
sent. Retrorefiective targets are available
as acrylic disks, tape or chalk. Perhaps the
most commonly used relro target is the fa-
milliar bicycle-type reflector. A larger reflec-
for returns more light to the receiver, and
thus atlows greater distance scanning, With
retro targets, alignmert is not critical. The
control (emitter and receiver) can be as
much as 15° 10 either side of the perpendic-
ular 1o the target. Also, since alignment
need not be exact, retroreflective scanis an
excellent way to counteract vibration.

Aetroreflection from a stationary target nor-
maily provides a high signal ratic as long as
the object passing between the control and
target i not highly reflective. Retlrorefiec-
tive sgan is a preferred technigue 1o detect

FUNDAMENTALS OF PHOTORLECTRIC CONTROLS

translscent objects, and assures a higher
signal rafio than is obtainable with thru
scan. With thru scan, the “dark” signal may
nci register very dark at the pholosensor in
the receiver, because some fight wilt pass
through the object. With retrorefiective
scan, however, any light that passes
through the fransiucent oblect on the re-
fiector is diminished again as it returns from
the reflector.

Anocther way io use rebrorgfiective scan s to
apply refrorefiective tape or chalk coding to
cartons or other items that must be sorted.

Retroreflective scanning is useful in con-
vevor applications and generat beam break
applications. # is not as reliable as thru
scanning i the environment is dirty, if scan-
ning distance is great, or i product breaking
the beam is refiective {8.0. glass, polished
stainless, e1c.).

Some retrorefleciive controls can be used
at distances up o 40 feet in clean air cond:-
tions. As the distance 1o farget increases a
farger retro target should be used to inter-
cept and refurn as much light as possible.

Single-unit wiring and maintenance are ad-
ditional advantages of retrorefiective scan-
ing.

Retroreflector scan advaniages include
single-unit wiring and non-critical alignment
with reflector.

Scanning Techniques

Polarized Scan

Polarized scan is a modiied retroreflective
scan, As with other retrorefiective controls,
polarized controls usually contain both an
emitter and receiver in one unit. Polarized
controls use a special lens which fillers the
emitier's heam of light so that i is projected
in one plane only. The receiver responds
only 10 the de-polarized reflecied light from
comar-cuba type refleciors or polarized
sensitive reflective iape. it is designed o ig-
nore the light reflected from highly reflective
{argets such as shrink wrap materials, shiny
kiggage or alurminlm cans.

The visibie beam can be sesn onthe reflec-
tor for easier and more accurae alignment.

Must be corner cubed reflector of polarized
sensitive reflective tape.
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Scanning Techniques

Diffuse Scan

Usually diffuse scan controls contain both
the emitter and the receiver. In the diffuse
scanning mode the emitted light strikes the
nroduct surface sl some arbitrary angle and
the fight is then diffused from the surface at
at angles. The product or target is the re-
flector, The target actually makes the beam
instead of breaking the beam,

Non-shiny {matie) surfaces such as kraft
paper, rubber, and cork absorb most incl
dent light and refiect only a smalt amount.
Lightis reflected or scattered nearly equally
in ali directions. In diffuse scan, the control
is positioned perpendicular to a dull sur-
face, Emitted fight is refiected back fromthe
target to operaie the receiver. Because the
light is scattered, only & small percentage
returns. Therefore, scanning distance is
somewhat limited. A portion of the diffused
lightis returned to the recelver. Alignmentis
not critical in picking up diffuse reflection.
Diffuse scan is the mode 1o use for web
break and ejected part detection, conveyor
jam detection, etc.

Target makes the beam instead of breaking
the boam
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Convergent Beam

Convergent beam scanning is a speacial
variation of the diffuse mode. The control's
optical system is the key to its operation, !t
simuitaneously focuses and converges the
light beams 1o & fixed-focat point in front of
the confrol. The control is essentially binda
short distance before ard beyond this focad
point. Operation is even possible when
highiy reflective backgrounds are present,
lLike diffuse scanning, convergent beam
scanning senses light reflected back direct-
ly from an object.

Convergent beam scanning is used to de-
tect products which are only inches away
from ancther reflective surface. isthe first
shoice for edge-guiding or positioning clear
of transiucent matenals, Because the
beam is well defined, it is also & good sec-
ond choice for position sensing of opague
matenals.

Parts can be sensed on a conveyor from
above while ighoring the conveyor belt. Or
they can be sensed from the side without
detecting guides or rails directly in back of
the ohject. Convergent beam scanning can
detect the presence of fing wire, resistor
leads, needies, bottle caps, pencils, the
stack height of material, #l levet of clear lig-
uids and discriminate the product against iis
background. i is also capable of sensing
black code marks against a contrasting
background,

Fixed focus Iight beams

1
i, FIED _1
DISTANCE o

MICRO SWITCH, a Honeywelf division

Specufar Scan

In the specular scanning mode, the emitter
anc recelver are i separate housings. An
emitter and receiver are mounted at equal
angies from the perpendicular to a reflec-
tive surface (see below). The distance from
the surface of an obiect fo the conirolis)
rust remain constant

The specular mode is useful in some appli-
cations where differentiating between a shi-
ny and a dull surface Is necessary. An ex-
ample of this would be checking for the
presence or absence of foil or poly wrap on
cartons,

Fhe angle at which light strikes the reflect-
ing surface equals the angle at which itre-
fiects from the surface. Positioning of the
armitter {light source) and receiver must be
precise {mounting brackets which fix the
emitter-receiver relationship are availabie),
and the distance of the reflecting surface
Hrom the emitter and receiver must be con-
sistenitly corirofied. The size of the angle
determines the depth of scanning field.
With a narrower angle, there is more depth
of field. With a wider angle, there is less
depth of feld. inafill leveldetection applica-
tion, for example, this means that & wider
angie between amitter and recelver allows
detection of iill level more precisely.

Specular scan provides a good signal ratio
when requirad o distinguish between shiny
and non-shiny (matte) surfaces. When
monitonng a nonefiat shiny surface with
high and/or low points that fad outside the
depth of figkd these points will appear as
dark signals to the raceiver.

Target reflocts beam to photoraceiver

Fergie A = Angie B
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THRU SCAN

I thru {sometimes referred 10 as direct)
scan, the emitter {light source} and receiver
(photosensor} are positioned opposite
each othar, 50 light from the emitter shines
directly on the receiver. The objectiobede-
tected passes between the two, If the ob-
ject is opacue, thru scan will usually vield
the highest signatl ratio and is a logical first
choice,

As long as the larget biocks enough ightas
i interrupts the Eght beam, it may be
skewed ortippedin any manner. Asarule of
{humb, object size should be at least the di-
ameter of the receiver iens. When detecting
smiafi objects, place an aperture overthere-
ceiver lens in order 1o reduce its diameter.
Detecting small objects fypically requires
Hru searn.

Because thru scan does not rely on the re-
fiectiveness of the object o be detected or
a permanent reflector for light to reach the
receiver, no light is lost at the reflecting sur-
face,

Whie thru sean provides the iongest scan-
ning distance, it has certain Emitations.
Alignment is oritical, and diffictdt to maintain
where vibration s a factor. Also, with sep-
arate emitter and recsiver, there is addition-
al wiring which may be inconvenient if the
application is difficut to reach. This factor
alse adds to instaflation time and cost.

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

FiBER OPTICS

Fiber optics is not a scanning technique, but
a method of controliing or fransmitting the
signal {ight bearn} from or o the control. Fi-
ber optics use transparent fibers of glass or
plastic fo condhict and guide Bght energy.
They are used in photoetectric controls as
light-pipes.

The confrof s beamis ransmitted througha
cable. It returns through a separaie cable
cither combined in the same cable as-
sembly (hifurcated) or within a separate ca-
bie assembly {thru scan} to the recaiver,

Scanning options depend on the type of ca-
ble selected. Rebrorefleciive and diffuse
scan use & bifurcated cable and thru scan
uses two separate cabies {emitter and re-
caiver). Scan distances vary depending on
type of scan from 0.4 to 54 inches. An opti-
cal lens accessory that attaches 1o some
cable ends significantly increases scan dis-
iances.

Combining the optic cables with photoglec-
#ric controls has many advantages. Smalt
pars deteclion ang usage in Bmited mount-
g space is cbvious. High femperature,
high vibration or high elecirical noise levels
at any conirod can cause false iriggering,
With fiber optics, the Eght emitting and re-
ceiving components are located remotely
ai the conirol's housing and only passive
light-transmission fibers need be exposed
1o the severe environment,

in thru scan the emitter is almed directly at the receiver.
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Excess Gain

GENERAL INFORMATION
Excess gain is defined as the ratio of optical
powar available at a given emitter-to-receiv-
er range {o the minimum optical power re.
quired 1o trigger the receiver,

Irs modiuiated light source controls excess
gain is measured &8s & voltage {lypically at
millivolt laveis) usually at the first stage of
receiver ampiification. The measured voli-
ageis compared io the minimumvoltage re-
quired 1o justium-on the receiver’s amplifier
and then calculated or displayed as that ra-
tio. An excess gain of 1 represents the mini-
rreim amnount of light required for operation.
An excess gain of S0 indicates that there is
5O times more light energy than required
failing on the receliver,

Onee a light signat or the opiical power is

established between an emitter and recehs
er in any scanning sifuation, there may be
attenugtion (or reduction) of that signal by
glements such as dirt, dust, smoke, mois-
ture, or other contaminants in the scanning
environment, Excess gain is the extra ight
enargy which is available 16 overcome at-
tenuation.

DEFINITIONS

Atienization - Loss or reduction of beam intensity as a result of environmentat factors
{dust, humidity, steam, etc)

Optical power - Power or intensity of the projected light available from a particular emit-
ter. .. beam intensity

Claan air — |deal conditions, Climate confrolled or sterile areas

Slight contamination — Indoor losations, non-industral areas, office buildings

Low gontamination — Warehouse locations, light industry applications, material handiing
operations

Moderate contamination - Milling operations, areas of high humidity, steam

High contamination — Meavy paricie laden air, exireme washdown environments, grain
elevators

Extreme contamination — Coat bins, residue on lens

170 MICARQ SWITCH, a Honeywell division
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THRU SCAN

in thyu scan the light from the emitter goes
direstly 1o the receiver. Therefore, the ex-
cess gain available from thru scan controls
is much greater than for any other scanning
fechnioue.

Excess gain of a thru scan pair is directly
related 10 scanning distance by the inverse
square law. As a result, the excess gainis
always & straight ine # plotied on a log-log
scale. This is a useful fact, because if the
excess gain is known at any one distance,
then the excess gain for any other distance
rmay be calculated. For example, cutting the
scanning distance in halt will increase the
pengtration power by & factor of four.

Thru scan controls are best suited for dirty
condiions, as the fight only traverses the
distance once. This means that typically
higher excess gain (G} values are possibie
with this scanning mode. Also, the closer
the emitter and receiver are to each other
the higher the penetration power,

To determing excess gain (G) for any thau
scan controb

Determine emitter gain factor Gg
{from chart}

Determine receiver gain factor Gy {from
chart}

GG X G

Contamination for hoth emitter and receiver
must be considered {see Definition} using
the following guideiings:

GAIN FACTOR:

Clean &

G = 1.0 per location
Stight contarmination

G = 1.25 per location
L.ow contamination

Severe contamination
G == 100 per location

The ervironment in which emitter and 7&-
caiver are 10 be placed are estimated, and
the two numbers muliiplied together for the
reduired G. Using the excess gain chart, the
maimum range for that product under the
estimated conditions can be determined.

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

The excess gain avaiiable from any scan-
ning system can be plotied as a function of
distance, For customer convenience Mi-
CRO SWITCH includes an excess gain
curve with all product ordering specifica-
tions. These curves can be used to deter-
mine general product performance under
different degrees of contamination.

Excess Gain

£xcess gain curves are plotied for condi-
tions of clean alr and maximum receiver
gain. Since actual operating conditions
rarely fall into the clean air category, excess
gain curves provide a useful guide for deter-
mining the scanning range of & particular
photoelectric conirol; given specific appli-
cation parameters,

The following is a step-by-step procedure for using a typical thru scan excess gain charl.

1
2,

Refer fo the thru scan excess gain chart below.

Fatimate the environmental conditions of the application, Product sutability may vary in
accordance with the subjective definitions of clean alr, slight contamination, etc. Referto
Definitions.

. Determine the G (gain facter} value for the estimated environmental condiions at the

ermitier and receiver lotations, for example:
Receiver {high corntamination}

G =250
Ermitter {moderate contamination}
G =100

. Determine overall gain requirement as a product of emitter/receiver value,

. lL.ocate this value {250} on the left {vertical} side of the excess gain chart and read across

1o intersect the qurve.

. Fead distance values below {horizontal ne} 1o find maximum scan range at your envi-

ronmerial conditions. Both minimum and typical curves are given, For the ervironmen-
tat conditions given this thru scan conirol can typically scan 24 feet.

Typical Thru Scan Excess Gain Chart
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Excess Gain

RETROREFILECTIVE SCAN
Retroreflective controls exhibit excess gain
curves distinet from those of thru scan con-
frols. There is no straightforward relation-
ship between excess gain {G} and distance
for retrorefiective controls. Gain, however,
serves the same function in delermining
suitability in particular applications arxd dif-
fers ondy in respect that the emitier and re-
ceiver are together and in the same envi-
ronmental conditions while the reflecior
iocation must be considered,

The shape of the excess gain curve for a
retroreflective control is determined by the
type of optical system used. The size of the
excess gain curve deperds upon the type
and the size of the retroreflective target. Mi-
CRO SWITCH retroreflective excess gain
curves use a 3inch diameter comer-cube
disc as a reflector. Retroreflective tape is
roughly one-third as refiective as compared
to & corner-cube disc of the same size. So
the excess gain curves have to be derated
when rofroreflective tape is used as a tar-
get,

The excess gain charts of retroreflective
conirols provide some insight into the prod-
uct performance. There is a point at which
maximurm G (excess gain} ccours to agiven
target. if the conirol is going to operate ina
particular application, this is where it wil
work best. Using a retrorefiective control
and target at madmum G will give max-
roum reliabifity and flexibility in the apphca-
fion. For instance, if the device is set up for
rmadmum G, any problems with false detec-
tion of the obiect which is to block the beam
can be minmized by reducing sensitivity
{which essentially moves the whole curve
downward on the graph). Unless the block-
ing oblect is & more efficient light reflecior
than the retro target, the beam will be
biocked by the object at the reduced sengi-
tivity, since it blocks the beam at a point
somewhere between the control and the
point of maximum G,

in retroreflective scanning, the emitter and
receiver are in the same environment, but
the refiector's environmert must also be
considered. The guidelines are:

GAIN FACTOR;
Clean air

Slight contamination

G = 1.5 per location
Low cortamination

G = 3.0 per location
Moderate contamination

G = 50 per location

To determine excess gain (G) for any rero-
reflective scan controh

Determine photo gain factor Gy

firom chart)

Determine refiector gain factor Gegr (from
chart}

G= Gpy X Grers

Asginthe thri scan, the two determined val-
ugs are muttiplied for the required G. Use
the excess galn chart betow to see the cor
responding range. Note the minimum as
well as the ypical range. The procedure for
using a refroreflective excess gain chart is
the same as thru scan, described on the
previous page.

‘Typical Retroreflective Scan Excess Gain Chart
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DIFFUSE SCAN

Excess gain in diffuse scanning is dramat-
ically influenced by the variable for the re-
flectivity of the surface being sensed. Fx-
cess gain curves for diffuse conirols are
plotted using awhite testcard, rated at 80%
reflectance, as a standard reference.

To determine excess gain {G) for any dif
fuse scan coniroh

Determine photo gain factor Gy
{frorn chari)

Determine obiect gain factor Gag,
{from chart)

Determine oblect reflactance Row,
{from charf)

‘The object may or rnay not have a gain fac-
tor depending on whether or not contam-
ingtion buiids up on the ohiect.

In diffuse scan, the emitter and receiver are
together, although the material must alse
be considered. Guidelines are;

GAIN FACTOR:

Clean air
G=18

Skght cordamination
G =15

Low coramination
G =30

G = 5090

‘The maxdmum diffuse detection ranges are
figured using a standard 80% reflectance
card. Since diffuse reflactance is rarely to
these cards, the refiectance to infrared fight
of some common detection materials is list-
ed to show effects on detection range.

OBJECT REFLECTANCE:

White bond paper 80%
Brown kraft paper 65%
Black feli 25%
Tree bark 20%
Dark co#ton cloth 20%
Dark wool cioth 16%
Mediugn shade stone 10%
tampblack 2%

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

The excess gain chart for diffuse scan con-
rols gives insight as 1o the optimum detec-
tion range. The graphs are plotied using a
80% reflectance card. At less than this
range, obiects with reflectivities lower than
90% may not be detected especially if sen-
sitivity must be reduced % background,
This is somelimes called blind range. Blind
range is minimized in MLS products by
notehing the lensinrefiective controls close
to the intersection of the two halves. This
causes a dispersion of reflected light, re-
ducing the bliind range, as the curve of avail-
able energy at a given distance shifis in-
ward and upward.

Difuse scan conirods require cleaner oper-
ating environmenis than other controls
since they are designed o detect diffuse
fight from the surface of target materials
themselves, Excess gain curves are typi-
cally lower.

Excess Gain

The excess gain of a diffuse scan confrotis
aiso affected by the size and profile of the
object o be detecied. The excess gain
curves assume that the white test card fills
the entire area of the diffuse control’s effee-
tive beam. i the object 1o be detected is
smal and only fills a portion of the cortrol's
beam, there will be proportionally less ght
energy returned 1o the receiver.

Materials which have shiny or glossy sur
faces require special consideration # they
are 10 be detecied with a diffuse confrol,
These materials include glass, poly and
metal films, polished metal, and many
molded or extruded plastics. Because
these surfaces are mirror fike 1o some de-
gree, the reflection is largely specular rather
than diffuse.

To avoid any problem of signal loss fom
shiny objects, polarized retroreflective con-
trol should be used.

Establish gain values for the target's oper
ating environment (controfand object). Cal-
cidate excess gain {G) required for the envi-
ronment. Read across the graph and down
iorange scale to determine maximum oper-
gting distance.

It is important to note that larget varations
inchuding degradation of the target resulting
from a marginat environment will further al-
tor these determinations. The best scan
range for optimum performance is always
the distance directly below the peak of the
EXCess gain qurve,

Typical Diffuse Scan Excess Gain Char?
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Excess Gain

CONVERGENT BEAM EFFECTIVE
OPERATING RANGE

A convergent beam MLS control is a spe-
cial variety of diffuse scan. The optical sys-
tem is the key to its operation. It simultane-
ously focuses and converges the infrared
LED bearns to a fixed-focal point in font of
the conlrol Since most of the energy of &
convergent beam control is concentrated
at #is focus, excess gain charls are substi-
tuted with an effective operating range. Like
difuse scan, convergent beam operating
ranges are developed using a 80% refiec-
tance white test card.

Refer to the exarmple at the right. Dimen-
sions A and B are approximately 1/2-inch
with a 80% reflective targe! in clean air.
Changes in environmental conditions, ob-
iect refiectively or decreasing sensitivity will
decrease both A and B dimensions, thus
detreasing the sensing window,

174 MICRO SWITCH, a Honeywelt division
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GENERAL INFORMATION
‘the beam diameter of a MLS Photoelectric
Control is defined as the geomelric patiern
of radiarnt energy (projected light beam from
emitiar) capable of causing the receiver to
operate. The effective beam is that region
of the beam diameter where optical detec-
tion of a target ocours. The target can be
inside the beam diameter and not be de-
tected. This ooours in iwo instances.

1. When the target is not biocking the light
(effective bears} to the receiver or refie-
tor {thnis scan and refroreflective scan),

2. When the target 1o be sensed is not re-
flecting/returning enough light back to
the recelver. {diffuse scan).

THRU SCAN CONTROLS
Figure 1 illustrates the effective beam and
beam diameter for & typical thru scan pair
with maximum afignment. in the example
shown the effective beam has the same di-
ameter as the emitter and receiver iens and
is traced from lens to lens. The target must
pass thru the effective beam io be detect-
ed. Targets outside this beam will not be de-
PN tected even though they may fall within the
beam diameter ¢r radiant energy patiemn,

Figure 2 illustrates a misaligned thru scan
pair. Note, the definiion of the effective
hearn is unchanged, the same size as the
ermitter and recelver lens.

if the lens diameter of a thru scan pair is dif-
forent, the efiective beam becomes a taper-
ed pathasillustrated in Figure 3. lfthe target
is smaller than the effective beam, an aper
ture cap o mask can be used to reduce the
size of the effective beam. The level of pow-
er avadlable is reduced by the ratio of the
hole size to the vriginal effective beam, Re-
fer 10 application information on FE7 Series
thrie-scan aperture masks.

FUNDAMENTALS OF PHOTOFLECTRIC CONTROLS
Beam Diameters and Effective Beam

Ficure 1
Thru Scan Palr With Maximum Alignment

MAY RECTMGERDED
RANGE {CLEAN AIR]

BEAM DIAMETER

EXEECTIVE BEAM

e o
a?imm::

EMITTER HECEIVER

Figure 2
Thra Scan Pair With Minimum Alighment

HAY RECOMMENDED
RANGE GLEAN &R}

TEMTTER

Figure 3
Thru Scan Pair With Different Lens Diameters
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HAMGE {CLEAN AMRY
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EUNDAMENTALS OF PHOTOFLECTRIC CONTROLS
Beam Diameters and Effective Beam

RETROREFIECTIVE SCAN
CONTROLS

The effective beam of a retroreflecitive scan
control is a tapered radiant energy path
from the edges of the conirol's lens to the
adges of the reflector, refer to Figure 4. En-
srgy outside this region is not returned and
ihus does not contribute to target detection.
For reliable operation, the farget must be
equal to or greater than the diameter of the
reflector, ¥ smaller, & smaller diameter or
masked reflector should be used.

DIFFUSE SCAN CONTROLS

Figure 5 ilustrates the beam diameter with
no target present and the effective beam
whenatargetis present fora ditfuse scan or
specutar scan cortrol. Note, in diffuse scan
the effective beam exisis only when the
fight beam is reflected from the emitter 1o
the recaiver by a target entering the beam
diameter. The shape of the effective beam
is dependent upon the target's shape and
size and only targets within this region wil
be detectad.

BEAM DIAMETER CHARTS

‘The following beam diarmeter charts for
each listing show the area in which the re-
ceiver wilt operate at various ranges. For
optirmum performance the receiver shouid
be centered in the bearn.

Values given in the graph are typical for
clean air scanning. Fog, dust, etc. will shord-
en distance. If your application is in clean
air, the effective bearm area chartwilt supply
information you need o set up the applica-
tion.

Size and placement of the object to be de-
tecied, as well as scanning distance versus
pear diameter and recommended maxi-
rum distance, is given with each control,

Figure 4

Retroreflective Scan

Figure 5
Dittuse Scan

e MICRO SWITCH, a Honeywell division
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GENERAL INFORMATION

MICRO SWITCH FE7 Series thru-scan
photoelectrics have the ability to detect ob-
iects as smak as 31 inches (8 mm). Howew-
e, applications exist where smalier objects
rieed 1o be detectad, or highly accurate ob-
ject posttioning is required.

To meet these needs, various sized circular
and reciangular aperiure masks were de-
veloped o reduce the effective beam size
down 1o .039 inches (1 mm},

‘the narrower the aperture the more acou-
rate the photoelectric pair will be. However,
the maxianum scan distance will be re-
duced.

For accurate object positioning, rectangular
aperiure masks can be used. Care should
be faken to insure the aperture mask is
properly oriented for either horizontal or
vertical movements, The FE7 Series thru-
scan emitiers and receivers use the top half
of the lens

area only.

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

FE7 Thru Scan Aperture Masks

For accurate horizontal posttioning, place
the rectangular aperture masks as shownin
Figure 1.

Figure 1
Horizontal Positioning

LED

Object

For accurate vertical positioning, place the
rectanguiar aperture rnasks as shown in
Figure 2.

Figure 2.
Vertical Positioning

Obect

SMALL OBJECT DETECTION

The minimum detectable obiect sizes, us-
ing standard FE7Y seres thru-scan photo-
elecirics are;

FE7A-T Series .31 inches 8 mm)
FE7B-T Serles .35 inches {9 mem)
FE7C-T Series A7 inches {12 mm)

The minimum deteciable oblect is defined
o be the smallest object that will biock the
affective beam from emitter {0 receiver,

o detect obiects smaller than listed above,
round aperiure masks are atlached o both
ermiter and receivern, or just the receiver,
Adding aperture masks will reduce the ef-
feclive beam size, so smaller objecis can
be detected. Refer to Figure 3. However,
the maximurm scan distance will also be re-
duced.

* Note that the minimum detectable obisct
size vares due to the changing effective
beam size from emitter 1o receiver.

Figure 3
Small Object Detection

-

Emit{gz/

Receiver

% No Aperture Mask

Mirtimum Detectable Object

Receiver

Emitter and Receiver

Minimum Detéctable Object
épenure Mask

Aperiure Mask

~ Aperture Mask

Emitter .~
-

Receiver

Receiver only
1 Aperture Mask

Aperture Mask

Minifhum Detectabie Object ¥
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

FE7 Thru Scan Aperture Masks

SCAN DISTANCES Figure 4
Figure 4 oullines typical scan distances  Thru-8can
when varlous aperiure masks are placed  gensing Range with Apertures

omto the FE7 Series thru-scan phofoelec-

Hic sensors {for reference onily}. FE7A FE7B FE7C

Aperture Size Location Series Series Series
1mm Circ. Masks BothEand B 7% 2% 2%
Aonly 25% 10% %
2 ram Circ. Masks BothEandR 25% 5% 5%
B only BO% 28% 20%
4 mm Cire, Masks BothE and R NAA 25% N/A
R only N/A E0% N/A
% mm Circ. Masks BothE and R N/A N/A 20%
B only N/A N/A 50%
(.8 mm Rect. Masks Zoth & and R 0% 5% 4%
R only 35% 20% 25%
1 mm Rect. Masks Both £ and R 25% 10% 10%
R only 50% 2B % 40%
2 men Rect. Masks BothE gnd R 50% N/A N/A
R only 75% N/A N/A
2.5 mm Rect, Masks BothEand R N/A 20% N/
R only N/A 40% N/A
3 mm Rect, Masks BothEandR N/A N/A 25%
H only N/A N/A 80%
4 mim Rect. Masks BothE and B N/A 40% N/A
Honly N/A 70% N/A
5 mm Hect. Masks BothEand R N/A N/A 40%
Ronly N/A N/A 70%
Without Aperture Masks 100% 100% 100%
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LIGHT OPERATED/DARK OPERATED

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Logic

LIGHT OPERATED

DARK OPERATED

Control oparating mode in which the output
{load} is energized when the the photosensor
is Huminated,

Control operating mode in which the ouipul
{ioad} is snergized when the pholosensoris
dark.

THRU SCAN

in a thru scan system, dark operated
means that the output {lcad) is energized
when a farget is present, breaking the
beam. Light operated means the output
{ioad} is energized when the target is mis-
sing, making the beam.

THRU SCAN LIGHT OPERATED VERSUS DARK OPERATED

LIGHT OPERATEE

DARK OPERATED

EMITTER RECEIVER

Qutput On

The receiver sees light from the emitter when
the target is not blocking the beam.

g !‘MRGETI L
s

RECEIVER
Ouiput On

The recaiver sees no light when the targetis
bloeking the beam.

EMITTER

RETROREFLECTIVE SCAN

In a refroreflective scan systom the condi-
tions are the same as for $wu scan. Dark
operated means the oulput (oad) is aner-
gized when the target is present, breaking
e beam. Light operated means the output
{load) is energized when the iarget is mis-
sing, making the beam. See drawings al
night.

RETROREFLECTIVE SCAN LIGHT OPERATED VERSUS PABK OPERATED

LIGHT OPERATED

DARK OPERATED

REFLECTOR

l

EMITTER /RECEIVER
Output On

The receiver sees light from the refiector
when the target is not blocking the beam,

REFLECTOR

[ TARGET |

i

EMITTER/ RECEIVER

Output On

The receiver sees no light from the reflector
when the target is blocking the beam.

DIFFUSE SCAN

Ir: diffuse, specular, or convergent beam
scanning the conditions reverse from thiu
scan. Dark operated means the output
{load) is energized when the iarget is mis-
sing, no Bght refurned. Light operate means
the output doad} is energized when the tar-
get is present, returning light to the photo-
sensor. Seea drawings at right.

DIFFUSE (SPECULAR/CONVERGENT) SCAN LIGHT OPERATED VERSUS DARK

OPERATED

LIGHT OPEBATED

LARK QPERATED

| TARGE’J

EMITTER RECEIVER
Outpuit On

The receiver sees light reflected directly from
the target when it is in view of the conirol,

I TARGE!’I

EMITTER/ RECEIVER

Ouiptt On

The receiver sees no reflected light from the
target when it is out of view of the controL
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Logic

Combining a control's receiver condition;
light or dark operated with fogic terms
AND/OR can resultinlogic gate interfacing
with raultiple control hookups.

» Light-operated OR or Light-OR means
that the output will energize when any
one (or more) of the receivers sees light.

+ Dark-operated OR or Dark-OR means
that the cutput will energize when any
ane {or more) of the receivers sees dark.

+ Dark-operated AND or Dark-AND
means that no ouiput wili occur untit all
recelvers are seeing dark,

« Light-operated AND or Light-AND mean
that no output will occur untit all receivers
are seeing light.

Al four logic functions, as shown, are pos-
sible whenever self-cortained controls are
used. Refer to the iInerfacing section for di-
rections on wiring photoelectrics in series
and parallel.

Muitiple nore-modulated remole recelvers
may be wired in series or paraliel o a control
hase.

Multiple modulated rermote recelvers in a
component system may be wired only in
paraliel. As a result, only LightOR and
DaneAND fogic functions are possible.
Modulated remote emillers are always
wired in parallel.

Light-OR Logic fleceiver A feceiver B Load
Light Light Energized
Light Dark Energized
Dark Light Enargized
Dark Dark De-energized
Dark-OR Logic Receiver A Receiver B Load
Light Light De-energized
Light Dark Energized
Dark Light Energized
Dark Dark Energized
Dark-AND Logic Receiver A Receiver B lLoad
Light Light De-energized
Light Brark De-enargized
fark Light De-energized
Dark Dark Energized
Light-AND Logit HRecelver A Receiver B l.oad
Light Light Energized
Light Dark De-energized
Dark Light De-energized
Dark Dark De-energized

The four logic conditions of Light-OR, Dark-
OR, Light-AND, and Dark-AND cover most
muttiple condrol hookup situations, Howev-
er, many other control fogic combinations
are frequently encountered. Contact
MICRO SWITCH, Freeport, I
{815/235-6600) for help with any muitiple
photoelectric control hookup applications.
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CONTROL. LOGIC

Taming logic is offered in several MICRO
SWITCH product lings,

+ TR Modules

« LOG Cards

o FM Provimity Controls

» SID 2000 Sensor Interface Device

TR Modules

TR logic modules piug inte TRB control
bases ar are designed 1o be used with in-
candescent controls. Thresheld or fransi-
tion responsive modules operate exactly as
do the threshold or transition responsive
jog cards {see Log Cards). TR moduies are
gengrally not recommended for use with
modulated LED devices.

Besides operaling cutput devices the out-
put signal can be used as input to ancther
module for custom logic.

Typical mounting dimensicns

2
(1)

]
66,5 ®% 142
262 '

42
58

1207
* “;,;"'f"g FOR STRIO MODHRE

% TAE  rOR MODULES WITH A DUAL KNOR
ISTRIO, TRS.14, TRS, 84, &8)
106G Cards

Logic Cards can be used with modulated
LED controis as well as incandescant con-
frois. They plug directly into MLS1A, MLS2B
(modulated LED} and R4A (incandescent)
controls, and intc G48 and LCR control
bases.

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

When used with incandescent condrols
LOG Cards serve as amplifiers as well as
logic cirouits. They receive the photosensor
signal, amplify it. and modify the oulput o
raspond in a particular way {as determined
by time delay, pulse, or other logic).

‘Threshold responsive amplifiers respond to
a change In light intensity above or below a
cartain vaiue or threshold, Transition re-
sporsive amplifiers respond o & rate of
light change. Consequently, objects must
be moving atieast twoinches per secondin
order 1o tigger an output signal when a
fransiion responsive amplifier is being
used, Note: Transition responsive cards
cannot be used with modulated LED
devices,

Whaen used with modulated controls, cards
are logic circuits only, not amplifiers. Ampii-
fier circulry is integral to modidated LED
cordrols.

Each card {except LOGS} includes a light
operated/dark operated mode selecior
switch, and a sensitivity adiusiment that
must be set fully clockwise when used with
modutated LED controls.

Besides operating output devices the logic
card output signal can be used as input 1o
another card for custom logic. Thisis done
most often with a modular LOR Series con-
trol base,

Latching logic cards cannot be used in
MLS1 or MLS2 controls, which have no ter
minal for resetting the latch of for disabling
the control.

‘Typical mounting dimensions

)
&

g
; v, | OFF
5 } {oeLay
~ i
BNy

¥
e

Y3
e

v
I “?‘ { ) cgna
¥ LAY

- ‘
1 5 N 782

g Ly
1 % 312
i o1 ! SENS.
H :
i r=
e

Jim]

LIGHT DARK
CPERATE  OPERATE

Logic

Anoverview of some ofthe commonly used
lpgic functions follow.

One-Shot (Pulsed) Logic — gives a single
fixed puise in response to a change at the
sensor Example: often used as 2 leading
edge detector for moving parts, where the
first indication of presence requdres a single
operation to take place, but where the con-
finued presence will not cause recycling to
OCOUN,

Mairtained (Latching) Logic — with part
presence, the culput is continuous uti the
operator resets. After resed, the ouput wi
not trigger if the original target is s infront
of the sensor. Example: used to detect
parts for manual reject.

ON Delay — does not Figger immediately
with a change at the sensor, but will frigger
ondyif the input signal exceeds a preset time
delay. Example: lam-up detection ona con-
vayor for parts feeding at specific intervals.
A siow down or stoppage downstrear will
cause a slower rate of passage, recognized
as overloading or jam-up, and wili cause an
output fo give waming or shit down the
equipment untll the cause is efiminated. A
similar type provides an output which stays
ON even when the cause is comrected, untd
manually reset by the operator,

ON/OFF Delay - used espacially for jam-up
detection on vibration feeders and con-
veyors. The ON delay detects a jam-up and
the OFF delay aflows the needed time for
the jam {0 clear the sensing area,

Zoro-Speed Detection - provides shul-
down for universal lam-up detection where
the product may end up blocking the beam
for o long an inferval, depending on
whether the jam is upstream or down-
stream. If the change from either light to
dark or dark to ight exceads a preset time
the output turms OFF or shuts down the
equinment,

Divigor — the output turns ON at first input
signal and OFF at the second input signal.
Two input signals equal one count.
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Logic

CONTROL BASES

FEC

FE-G4B

The FEC control base is designed for use
with all MICRO SWITCH 12 VDG 3-wire cur-
rert sinking photcelectric controls. The
control base is self contained and provides
up to 100 mA supply current 1o the sensors.
Itis offerad in two versions; a standard con-
ot base with ON or OFF operating mode
switch and a 0.1 1o 5 seconds ON/OFFede-
iay or one shot pulse control base with ON
or OFF operating mode switch. Standard
#ams on both bases inglude a transformer
that converts 110 or 220 VAC 50/60 Hz in-
putto 12 VD -1-10%, a SPDTY, 3 amp 250
VAQ relay and LED indicators for Power, In-
put and Ouiput.

Al external wiring is macdie to the terminal
base. A plugin module contains the

The FE-G4B is a singie piece conirol base
designed for use where flexibiity in logic
and a sealed unit are required. There are
rany logic cards available for use with #,
varying from standard ON/OFF delay; o
iaiched ouipuis, delayed one shot, or zero
speed detection. The centrol base can be
used with incandescent light sources and
photoreceivers or seif-contained controls
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relay, transformer and all electronics. Both
contzol bases provide external inhibit, inhib-
it prevents the relay from being energized,
regardless of input operation or ON/OFF
selector switch position. External inhibit
permits selective scanning for application
processes such as interrogate and inspect.

it may be possible o wire severat MICRO
SWITCH photoelectric conirols to the FEC
control base in different series and paraliel
combinations ¥ the 100 mA maximum rating
is not exceeaded. i you have such an appli-
cation, contact MICRC SWITCH, Freeport
for further assistance.

i provide a complete photoelectric conirol
sysiem.

Opticnat 145 VAC or 220 VAC input units are
avaiiable with standard or reguiated 12VDO
output. The FE-G4B is offered in two styles,
an enciosed model which is NEMA 4
sealed and an open style which has no en-
closure.




The FE-LORP condrol base can be used
with a remote light source/photorgceiver
combination or self-contained control to
provide a complete photoelectric control
system.

The LCRP Series control base is moduiar
— made up of component sections. Power
supplies, logic card connectors, and output
sockets on separate printed circuit cards
may be combined to give custom muitiple
function cortrols. A complete LORP control
base includes at least onge LORP power
supply, one LCRI or LORIV logic card con-
nector {plus separately ordered logic card),
an LCRO output socket (plus separate out-
put device), and asection of LGR-12mount-
ing track. More than one of each of these
components may be required, depending
on the desired function.

Optional 115 VAC or 230 VAC heavy duly
power supplies are avaitable which provide
unregulated 12 VDG power supply to the
confrols,

The FE-LCRIP3A is a small, single-piece
control base designed to power modulated
LED DO controls orany 12 VDC model MLS
sontrol. It includes a reguiated power sup-
ply and a plug-in DPDT relay, but no logic
card connector. Use an LCR1 card connec-
{or and a LOG card for logic versatility.

If & solid state SPST-NC refay is required or-
der FE-SWZ23A. -

The FE-THE control base is designed 10 be
primarily used with incandescent photo-
slectric controls. A plug-in amplifier pro-
vides ON/OFE or time delay Iogic. The FE-
TRRB s avaliable with 118 VAC inputanda 10
amp DPDT plugn relay. Optional enclo-
sures are available 1o protect the condrol
hase and inhibit electrical noise.

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Logic

FE-LCRP

FE-LCRP3A

FE-TEB
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Interfacing

When interfacing a photoslectric control to
a DO load, the designer has a cholee of
open collector current sinking or current
sourcng cutputs.

CURHENT SINKING OUTPUT

Figure 1 represents the output stage of a
typical current sinking photoelectric control.
Irs this circuit configuration, the load is gen-
araily connected between the supply voli-
age and output terminal (coflector) of the
control. Whan the control is actuated {furmn-
ed ON3, current flows thru the load, into the
cutput transistor to ground. The supply voit-
age of the control (Vg) need not be the
same vaius as the load supply (VL) how-
ever, it is usually convenient to use a single
supply. The control output vollage is mea-
surad between the cutput terminal (coliec-
tor) and ground (). When the control s not
actuated, current will not flow thru the out-
put fransistor (except for a small leakage
current). The oulput voltage, in this condi-
tion, will be equal to Vg {neglecting the
leakage current). When the control is ac
tuated, the output voltage will drop %0
ground potertial (except for the saturation
voltage of the output fransistor).

*EES Series must have the same voltage supply for the ad
and control (Vg=V| g}

Cument sinking derives its name from the
fact that it “sinks current from a load.” The
currert fiows from the load info the control,
Like a mechanical swiich, the control ai-
lows current o fiow when turned-ON and
blocks currert flow when tumed-OFF. Un-
fike an ideal switch, the contral has a volt-
age drop when tumed-ON and a small cur-
rend (leakage) when umed-OFF.

184

Figure 1
Typical Current Sinking Output Cirouit

+V, +V
N 8 LS
LOAD
A I,
-W
Vo

L

Most MICRO SWITCH controls with current
sinking outputs can drive leads which draw
100-250mA maximurs, When a syster’s
designer encounters a DG load which de-
mands more than the rated current of the
cordrol, such as a brake or a civich, he can
inferiace by adding a FE-SW {ype output
device. Anoutput device may also be used
to interface a DC load which oberates ata
higher voltage than the control,

MICRO SWITCH, a Honeywell division

Solid staie relays ofer the benefils of fast
response (2 miliseconds ON/OFF) and in-
finite life.

Electromechanicat relays may be used to
switch loads with VA ratings exceeding the
fimits of the solid state devices. MICRO
SWITCH DX powered photoelectric control
outpuitis more than enough to switch these
relays,




FUNDAMENTALS OF PHOTOELECTRIC CONTHOLS
Interfacing

DBC SINKING SERIES WIRING
Most current sinking oulput photoelectic  Figure 2

controls can be wired in series. For 3-wire  3-Wire DC Series Wiring For ANE Logic Control
DC controls, the output curent rating and
voltage drop are the most important parame
atars.

Figura 2 illustrates how 3-wire DG currert - - .
sinking cutput controls canbe conneciedin +10 +10 +10

sefies 10 provide AN logic conirol in this
exarnpie all controls must be ON {conduct- [ LOAD ' |

ing) in order for the load 10 operate.

The maximum number of DC photoelectric
centrols that canbe wired in serlesislimited () {—)
by
« Suppiy voitage
« Control's current consumption
» Condrol's output current
. Minimum opersting voltage of the Figured

conto! Practical Example Of DT Serles Wiring
« Minimum voltage of the load
+ Load currert

Figure 3 iustrates an exampie of three cur ! 2 3
rent sinking cutput corirols wired in series +0 I— 40— 410 -
under the following lirnitations:
« 24 VDO supply voltage
» 20 mA current consumption {control) 1—LOAD
« 100 mA output current (coniroh

1 VDC voitage drop {control)
10 VDC minimum operating voltage

{cordrol}
19 VDG minimum load voltage e 2 N DO oo

« 30 mA load current “ Sy vVDC )

23 VDL
# 3 must have an ouiput circult capable of P
handling both the load and current con- - 24 VDC
sumption of the previous iwo controls. (+) {3
Thus, Condrol # 3 must have an output cur-
rentrating of 30 mA {3 20 mA () 20 mA
or 70 mA. The available voliage to power
theloadis 21 VDO, The contral's ouiput cur-
rent is 100 mA and supply voliage is 24
VDG, These controis will operate properly
under the mitations previously siated.

L]

A

in the example shown in Figure 3, Conirol

¥
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Interfacing

DO SINKING PARALLEL WIRING
Figure 4 iustrates how 3-wire DC current
sinking output controls can be connected in
parallet to provide OR logic control, In this
exarmple any DC photoelectric controt can
be ON {conducting) to operate the load.

When 3-wire DC current sinking output con-
trols are wired In paraliel, leakage currents
are important. The leakage currents of all
sensors are added together for the total
leakage curreni of the system. In most
caes, the leakage currenis are small
enough that adding smali numbers of them
together will not cause a problem.

CURRENT SQURCING OUTPUT

Figure 5 represerds the oulput stage of a
fypicat current sourcing output photoelec-
tric control, in this circuit configuration, the
load is generally connected between the
outpui terminal {collectort of the control and
ground. When the control is actuated, cun
rant Hows from the output transistor into the
foad to ground, The control cutput voltage
is measured between the outpid terminal
and grourxd £), and is equal to the voitage
across the load. When the controtis not ac-
tuated, current will not flow thru the output
transistor (except for the leakage current}.
The output voltage will equal zero {neglect-
iryg the leakage current). When the control
isaciuaied, the oulputvoltage willise to Vg
less the coliector-to-emitter voitage drop of
the ouiput transistor.

Current sourcing gets its name from the fact
that it “sources current o a load.” The cur-
rent flows from the control info the load.

When interfacing 1o solid state DC inputs it
is best 1o check input reguirements of the
system before selacting the control.

/‘“*\.
Figure 4
Wiring For OR Logie Control
+10[ - +lo - 40/ T-
LOA
&
{(+) )
Figure 5
Typical Current Sourcing Output Circuit
+Vg
(o]
S |
T L T
— !
G _
LoAD Vo
/‘“*\\
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DC SOURCING SERIES WIRING

Figure 8 illustrates how 3-wire DC current
sourcing output condrols can be connected
in series to provide AND logic control. Inthis
exampie all conirois must be ON {conduct-
ing} in order to operate the load.

DC SOURCING PARALLEL WIRING
Figure 7 #lustraies how 3-wire DO cumrent
sourcing output conirols can be connected
in paraiieto provide OR logic control. inthis
exampie any photoelectric control can be
ON {conducting) to operate the load.

INTERFACING DC CONTROLS TO AC

LOADS

Interfacing DC controls to AC loads always

calls for a relay. Selection of the best relay

for the interface 1© an AC load resuls from

answers to the following questions:

« What is the power demand of the load
{VA rating)?

+ What is the required swifching speed?

« What is the frequency of switching?

When the answers 1o these three questions
ate kriown, the best relay can be selected
from referring to Output Devices.

INTERFACING AC CONTROLS TC AC
LOADS

Many AC photoelectric conirols have their
Owr power saurce separate from the signat
Enes. To interface these sensors connect
the conirgt 1o a separate AC power supply.
The 2-wirg relay output can be wired direcily
to the output the same as any wo conneo-
ton mechanical switch wih no wirng
changes,

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Flgure 6

Interfacing

3-Wire DC Series Wiring For AND Logic Control

- 9 |-

+)

Figure 7

3-Wire DC Parajtel Wiring For Oft Logic Control

+10¥

.....i_'ow..

e
o
2)

L

-+

2-wire AC controls are wired in series with
the ioad and draw their load current from
the signal nes. That means thal current
must flow in the wires (and the ioad) even
while the conirol is OFF. Although this OFF
condrel current {leakage) is small, some
cuiput devices may not recognize this as an

OFF condition. When interfacing these
corrols care must be taken 10 ensure the
maxirmum load current Emit of the cutput de-
vice is not exceeded, .eakage current for
MICRCO SWITCH 2-wire photoelectric con-
wols is specified as 2 mA maximum and will
normally not be a problem.
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interfacing

AC SERIES WIRING

Figure 8 ilustrates how a 2-wire AC photo-
electric control can be connecied in safles
to provide AND iogic cortrol. in this exam-
pla, all pholosleciric outpuis must be ON
{conducting} to operate the load,

The maxdmum number of AC photoelectric

controls that can be wired in seriesis imited

by:

« Supply voltage

« Controf's voltage drop

« Minimum operating voltage of the
conirot

» Minimum operating voltage of the load

Figure & ilustrates anexample of five 2-wire

AC photoelactric condroks wired in series

urder the following fimitations:

« 115 VAC supply voltage

« 7 VAG {max.) voltage drop {conirol)

» 90 VAC minknum operating voltage of
control

« 75 VAC minimum operating voltage of
the foad

As g practical example, five 2-wire AC con-
frols connecled in series is not recom-
mended. The reason being, the last control
before the load will only have an input volt-
age of 87 VAC. This is below the minimum
operating voitage of 30 VAC for the control,
The circuit is satisfactory for four conirols
wired in series.

Any number of AC photoeleciric controis
with relay outputs can be wired in series,
This is because thers is no control voliage
drop fo be considered, Leakage cument
and voltage drop is zero when using elec-
tromechanical relays. Any combination of
normaily openead (N.O.} or normally closed
(N.C.) contacts can be wired in series.

.
Figure 8
2-Wire AC Series Wiring For AND Logic Control
LI L2
{HOT) {COMMON])
Figure 9
Example of 2-Wire AC Series Wiring
L L 7L T
! 7 VAG— » 80 VAC f< o
7 VACHe— 87 VAL
7 AL LA S
. -7 VAGtt— e | 3} VAC -
il AR/ 2 o B VAC >
> HSVAC >
L.} [ =4
{HOT) (COMMON)
/‘""\_
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AC PARALLEL WIRING

Figure 10 illustrates how 2-wire AC photo-
electric controls can be connected in paral
iel fo provide OR logic conirol. in this exam-
ple any photoelectric control ouiput can be
ON {conducting) to operate the load.

The rmaximum number of AC photosleciric
conirols that can be wired in paraliel is fmit-
ed by:

« Control's leakage current

« Maximurm QFF state load curent

When connecting AC photoelectric con-
rols in parallet care must be taken to en-
sure that the sum of the leakage current for
each controtis less than the maximum OFF
state load current. Also, because of faise
pulse protection, if one photoelectric con-
frof is operated then released, all others in
the parafiel circuit will not be abie to re-
spond to a target for up fo 100 milliseconds.
Paraflel operation for 2-wire pholoeleciric
controls shouid only be used when there is
no danger that any iwo controls will be op-
arated within 100 milliseconds of each oth-
ar.

Figure 11 ilustrates an example of two AC
photoelectric controls wired in paralie! un-
der the following limitations:

« 2 mA leakage current {control}

« 5 mA maximum OFF state load currert

Iz the example shown in Figure 11 the total
leakage currentis 2 mA {+) 2mAfor atotal
of 4 mA. This is less than the maxirmum 5
mA OFF stale ioad current. in operation,
when Contral #1 detects a target it will op-
srate the load. If Contro! # 2 then delects a
target, it will not operate due to the voltage
drop across Control #1 not being high
enough io power Control #2. The load wil
remain ON because of Controf #1. If Con-
trol #1 turns OFF, the load will drop out for
100 mitliseconds, or untll Conkrol #2 can
be powered.

Any number of AG confrols with relay out-
puts can be wired in paraliel, Leakage cur-
rent and voltage drop is zero when using
alectromechanical relays. Any combination
of normally open {N.O.} or normally closed
{N.C.) contacts can be wired in parallel. Any
comact that closes will operate the lcad.

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Interfacing
Figure 10
2-\Wire AC Paraliel Wiring For OR Logic Control
1 (o)
: LOAD
/
I
i
Li L2
(HOT) {COMMON)
Figure 1
2-Wire AC Paraliel Wiring
i
(Cond
_/
2
L L2
(HOT) {COMMON)
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FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

Glossary of Terms

- D=
ALIGNMENT - placing the emifter (light
source} and receiver {photoreceiver or
reflector) so as to direct the maximum
amount of light on the photosensor, At
long distances, when the light beam has
widened, the receiver should be centered
in the beamn o lessen the chance of the
emitter and receiver deifting out of
alignment due 1o vibration or shock.
ALTERNATING CURRENT {AC) ~one
that reverses al regularly recurring
infervais of ime and has alternately
posiive and negative values,
AMBIENT — in the area. 1) Light — fight
in the area of the photesensor, but not
originating with the control light source.
Arabient light can adversely affect non-
modutated control operation, and should
be screened, ¥ possible, from the sensor;
2) Temperature — average lemperature
of surrounding medium such as water, air,
or earth, into which the heat of the
equipmerst is dissipated.
APERTURE - most ofien an external
cap {with a small opening) placed over the
recaiver lens o help detect small obiects.
It lets even a smalt ebject block encugh
light fo be detected. Also, an internal
aperiure in most receivers reduces the
effect of off-axis ambient light.
ATTENUATION - ioss or reduction of
beam intensiy as a result of
environmental factors — dust, humidity,
steam olc.
ANALOG QOUTPUT — having the
property of being continuousiy variable, as
opposed to having discrete siates.

“CN
CASCADE — to combine logic circuilry
to get more complex logic or timing
conirol, {inputs and ouiputs are wired in
series.)
CLEAN AIR — ideal conditions, Climate
controlled or sterile area.
COMPLEMENTARY QUTPUT -2
circuit that provides sink or source
capability with & single input. Output that
can be both Hght operated and dark
operated. {Also known as 4-wire DC
controts).
CONTROL. BASE — unit remote from
light source/photoreceiver in which
amplification and conditioning of the input
signal takes place. Usually containg a
power supply and an output device,

CONVERGENT BEAM — A varation of
the diffuse scanning mode, A
photoelectric controt whose optical
system is the key 10 its operation. it
simulianecusly focuses and converges a
very small, intense beam 1o a fixed-focal
point in frarg of the control. The control is
essentially biind a short distance before
and bayond this focal point, Convergent
beam scanning is used o detect the
presence or absence of small objects
while ignoring nearby background
surfaces,

CONVERTIBLE OUTPUT — output that
can be wired either as light operated or
dark operated, but not at the same time,
CURRENT — time value of movement of
free elecirons. One ampere equals ong
coulomb per second. Conventional
refererce is opposite to direction of actual
electron movement.

CURBENT CONSUMPTION - the
amourt of current required 1o power a
sansor of controf {exchuding load). See
SUPPLY CURRENT,

CURRENT SINKING — A DG output
type such that when it is ON, current fiow
is from the load into the device's outpus,
then to ground. Quiput is Normally Migh,
CURRENT SOURCING - A DC outpt
type such that when it is ON, currert flow
is from the device into the load. Quipu is
Normaily Low.

wf )=
DARK OPERATED {D.0Q.) — coniro!
operating mode in which the output foad)
is energized when the light is biocked
{retro/thzu scan) or object not present
(diffusa), the photosensor is dark.
DIFFUSE SCAN - a reflective scanning
technigue in which reflection from a near-
by non-shiny surface iluminates the
photosensor in the receiver. Sometimes
called proximity scan because of the
required nearness of the light source and
photosensor to reflacting surface. Also
used o detect color contrast, as in
registration controf.
DHGITAL CIRCLIT — 2 circuif that has
only two stable states, operaling in the
manner of a swilch; that s, # is either ON
or OFF,
DIRECY CURRENT {DC) &
unidirectionat current in which changes in
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value are s¢ small that they may be
neglecied. As ordinarly used, the term
designates a practically non-pulsating
current.

DIRECT SCAN — see THRU SCAN.
BISABLE — to prevert output despite an
input signal. A wiring terminal for this
purpose is provided on moest MICRO
SWITCH controf bases. The disabling
circuit may receive its signal from the
current sinking output of a photosieciric
logic card, or modutated LED control, or
from an electromecharical limit switch,
etc. Disabling is used to prevent false or
unwanted signals from triggering the
control,

-
ENABLE — the opposite of disable. To
allow owtput in response 10 an input
signal. We often speak of one light
saurce-photoraceiver pair (the “gating”
pair) enabling a second pair ithe “inspect”
oair).
EXCESS GAIN — the ratio of optical
power available at a given emitter-to-
receiver range to the minimum optica
power required 1o frigger the receiver,
EXTERNAL INHIBIT — see DISABLE
EXTREME CONTAMINATION — coal
bins, residue on iens.

NFN
FALL TIME — a measure of the fime
required for the outpid voltage of a circuit
to change from a high voltage level to a
low voliage ievel, once a level change has
started {80% o H0%).
FALSE PULSE - an improper change of
state of the oulput, usually associated
wittr power Tusn-On or Turn-Off,
FALSE PULSE PROTECTION -
circuiiry designed to clamp output Off unté
the power supply has fime to reach proper
voltage level, Typically 200-500 msec.
FIBER OPTICS —— fransparent fbers of
glass or plastic used for conducting and
quiding light energy. Fiber oplics are used
in photoelectrics as light pipes consisting
of a bundie of small optical fibers (glass)
or single strand {plastic} housed inside a
flexible sheathing.

AT
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GROUND - a conducting path,
intertional or accidental, between an
glectic circult or equipment and the garth,
or some large conducting body serving in
place of the earth {a voltage reference).

" e
HARDWIRED — physically
interconnected and intended for specific
purpose. Hardwired logic is essentially
unaiterable.
HIGH CONTAMINATION — heavy
particle laden alr, extreme washdown
ervironments, grain elevators.
HYSTERESIS, SWITCHING — the
principle associated with sensors, such
that the operate poird is not at the same
level as the release poirt. In solid state
sensors, it is accomplished gleckically. in
mechanical switches, # results from the
storing of poltential energy before the
transition ooours,

=|=
IMMEDIATE RESPONSE — control
transfers ON/OFF state immediately
when target enters the detection range,
and reverses state immediately when
target lsaves defection range.
INFRARED (i) — the invisible radiation
(as opposed to visible light) that certain
LEDs emit. Siandard MICRO SWITCH
modulated LED controls have infrared
ernitiing LEDs,
INHIBIT ~ see DISABLE.
INPUT - 1) The device or coligctive set
of devices used for bringing data into
another device; 2} The signal or stimulus
ot info & circuit o make the output do
something.
INPUT SIGNAL DURATION — a length
of lime the light beam is blocked (in dark
operated mode), or uninterrupted {in light
operated mode}. Or, the length of time a
target is within the operating range.
INSULATOR — & non-conducting
support for an electric conducior. A
material that does not conduct eleciricily.
INTEGRATED CIRCUIT {IC} —an
interconnected array of active and passive
elements integrated within a single

FUNDAMENTALS OF PHOTOELECTRIC CONTROLS

semicontuctor substrate or other
compatible material, and capable of
performing one complete electronic
function.

INTERFACE — a common boundary
between alectronic systems, or paris of a
single system.

INTERFACE CIRCUIT — a circui that
finks one type of device with another. its
function is 10 produce the reguired current
and voltage levels for the next stage of
circuitry from the previous stage.
INTERROGATE (GATE) — a function
usually performed by a galing ight source-
photoreceiver pair; asking {interrogating)
whather a certain condition has been met
(for example, proper il fevel in boxes
maoving along a conveyor), and thereby
enabling or disabling an inspect light
source-photoreceiver pair {which wil
count only full boxes.}

IP -— European environmental ratings
sirnitar to USA NEMA ratings.

wl =
LATCHING LOGIC - signal modification
that causes the cutput to be energized
and remain energized (maintained cutput).
Latched output may be immediate or
delayed. Usually, the latch is released by
closing & circuit between the reset (HS/D)
jerminal and ground.
LEAKAGE CURRENT — small current
fiowing through or leaking from the output
device in the OFF state due 1o
sericonductor characteristics.
LED (LIGHT EMITYING DIODE} —a
solid state light source that emiis variable
light, or ¢in MICRO SWITCH moduiated
LED condrols) invisible, infrared radiation.
LIGHT OPERATED (L.O.} — conirol
operating mode in which the cuiput is
energized when the light beam is not
biocked fretro/fthru scan), or object is
present {diffuse) the photosensor is
Hurrénated.
L OAD CURRENT — unils = Amps/
millizznps (DC) or Amps RMS/milkamps
RMS (AC). The maximum amount of
current that a photeelectric control will
switch thru its cutput,
LOGIC — the modification of an input
signat that procduces delayed, pulsed,
tatched, or other cutput response, Logic

Glossary of Terms

circuitry is sometirmes an integral part of
the condrol, but more often, a separate
plug-in card or module.

LOW CONTAMINATION - warehouse
ipcations, light industry applications,
material handling operations.

M-
MODERATE CONTAMINATION —
srilfing operations, areas of high hurmidity,
steam.
MODULATED LIGHT SCURCE (MLS}
CONTROL — a photoeleciic control that
aperates on modulated {pulsed) infrarad
rachation, and responds only to that
frequency rather than steady light
intensity, Modulated LED controls offer a
high rejection of troublesome ambient
light.
MOMENTARY SHOAT CIRCUIT
PROTECTION — output cirouit
protecion designed o protect the control
fom damage due 1o a temporary (-3
s66.) short circuit or untll an externat fuse
can interrupt current.

=N~
NEMA RATINGS - National Electrical
Manufacturers Association ratings of an
enclosure’s ability to provide a degree of
protection against contact with equipment
and against specified environmertal
condifions,
NOISE, ELECYRICAL. — noise is usually
thought of as being the presence of
undesirable electrical voltages or current.
it causes devices 10 operate erratically (it
the noise is on the supply ine 1o & device),
or produces false information or erratic
cperation if present on wires canying the
signals from the oulput of a device to the
lsad. Noise can be present in the supply
or picked up on lines in many ways. Pick-
up from noisy adjacent wires or metal
paris is possible. Good wiring practice
and/or additional parts can be used to
diminish the effects of noise.
NON-MODULATED CONTROLS —
controls designed for indoor applications
subject to neither bright ambierd light nor
extreme vibration, Usually incandescent
lamp controls, scannars and light source-
pholoreceiver pairs,
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Glossary of Terms

- Nﬂ
NORMALLY HIGH —the state ofa
cordrol in which the output is high (logic 1)
in voltage in the rest (OFF} condition,
NORMALLY LOW —the state of a
corirol in which the output is low fiogic 0)
in voltage in the rest {OFF) condition.

wOm
OFF DELAY LOGIC — adjustable delay
{after input signat stops} before output is
de-energized.
GFF STATE CURRENT — the supply or
bias current flowing into a solid state
devica when it is in the unaciuated state
(see lLeakage Current).
OHM — the unit of electical resistance.
Resistance through which a current of one
ampere wil fiow when a voitage of one
valt is appiied.
ON DELAY LOGIC — adjustable delay
(after onset of input signad) before output
is energized.
ONE-SHOT LOGIC — see Pulsed Logic.
QPACITY — the characteristic of an
object that prevents light from passing
through. The opposite of franshicent.
Opanue oblects are easy 1o detest since
they block Hght almost entirely.
OPERATING MODE - refers fo the
condition of the photosensor (dark or light
{Euminated; that energizes oulput. A mode
selector switch on plug-in ampiificrs
determines the operating mode.
QOPTICAL POWER — power or intensity
of the projecied light available from a
particudar emitter; beam intensily.
OR L.OGIC — an output is produced
when any ohe Of more inputs are present,
QUTPUT — the useful energy deliverad
by a cirouit or device, Can mean energy
produced at the output terminals of an
ampiifer -a source of energy.

-P-
PARALLEL CIRCUIT — a circuit in
which current has two or more paths o
follow. Two electrical elements are in
parallel if both terminails of both elements
are elechrically connected.

PHOTOCELL — a resistive, bulk effect
type of photosansor, the type used when
it is desirable io wire several
pheotoreceaivers in series of in parallel, The
resistance decreases with increasing light
intensity.

PHOTORECEIVER — a unit consisting
of photesensor, focusing lens, and
protective enclosure.

PHOTOSENSOR - a light sensitive
portion of a photoelectric control that
converts a light signat into an elecirical
signal. MICRC SWITCH uses photocells
and phototransistors.
PHOTOTRANSISTOR —atype of
photosensor. Typically used where speed
of response is important or ambient
temperatirre variations are great.
POLARIZED PHOTOELECTRIC
CONTROLS -~ controls that emit 2
visible LED beam and use a special lens
which filters the bearn of light so that it is
projected in one plane only. The cortrol
responds only 16 the de-polarized
refiected light from cormer-cube type
reflectors {FE-RR1) or special polarized
reflective iype,

POWER DISSIPATION — units =
Watts/miliwatts (DC) or Volt-Amps (AC).
The amount of power that is consumed
and converied to haat in normal
operation. Supply Voltage tmax) x Supply
Crrrent {mex = Power Dissipation, Voits
X Amps = Watts (DC} or Voit/ Amps
ACY

PROXIMITY SCAN - see DIFFUSE
SCAN.

PULL-DOWN RESISTOR — a resistor
connected across the output of & device
ot cireuit to hold the output equai to or
less than the zero input level, Also used to
lower output impedance of digital or
analog devices. Usually connected to a
negative voltage or ground.

PULL-UP RESISTOR - a resistor
connected across the culpud of a device
or ¢ireuit 10 hold the output voltage equal
to or greater than the input ransition leve!
of a digital device. Usually connected o a
positive voltage or plus supply.

PULSE -~ a momentary sharp change in
current, voltage, or oiher guantity thatis
normaily constant, A pulse is
characterized by anseand faliand has a
finite duration.

PULSED LOGIC — a signal modification
that produces output independently of
input signal duration. Pulse duration
{cwelh)
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is usually adjustable. Also referred 10 as
ong-shot logic. Pulsed logic may be
immediate or defayed.

- Rﬁ
RECTIFIER — a device that converts
siternating current into direct current,
REFLECTIVE SCAN -~ a scanning
technigue in which the light source is
aimed at a reflective surface 1o iluminate
the photosensor. Retrorefiective, specuar,
diffuse scan and convergent beam are all
reflective scan techniques,
REGULATION % — the ratio of voltage
exiremes due to lpading or line
fuctuations, The process of holding
constant a quantity such as voltage by
means of a system that automatically
corrects errors. For example, as more
current is drawn from a batiery or power
supply, the output voltage tends fo
decrease doad regulation). With a power
supply derived from AC, the DC oufput
voliage can vary with the variation in AC
voltage fline regulation),
REPEATABILITY — the ability of 2
sensor to reproduce output readings when
the same value is applied to i
consecutively in the sarne direction, for a
specified number of cycles, or specified
time duration.
RESPONSE TIME - the time it takes for
& device 0 respord to an input signal.
The sum of the senscr, amplifier, and
ouiput response is the total response
lima,
RETROREFLECTIVE SCAN —the
reflective scan technique that uses a
special reflector fretroreflector) to return
light along the same path it was sent.
REVERSE POLARITY PROTECTION
- Circuitry, usually a diode, which
prevents current from fiowing inte the
cordrol in case of accidental rmis-wiring of
the plus {-+) and minus {-} terminals,
praventing damage to the unit.
RIPPLE - the alternating component of
voltage from a rectifier or generator, A
slight fluctsation in the intensity of a
steady curent.
RiSE TIME — a measure (10% o 80%)
of the time required for an output voRage

terise from a state of low voliage to a A
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high voltage level, once a level change
has started.

ﬂ’S&
SATURATION VOLTAGE — the voliage
drop appearing across a control device
that is fudly tumned On,
SCAN TECHNIQUE -~ a method of
scarning objects. The two general
categories are thn: and reflective scan.
SELF-CONTAINED CONTROL —a
photoelectric control in which a8 three
phases of control — sensing, signal
conditioning, and ouiput — ocour in a
single device.
SENSOR — a sensing element. The
basic element that usually changes some
physical parameter o an elecirical signal.
SERIES CIRCUIT — a circuit in which
currertt has only one path to foliow.
SIGNAL CONDITIONING — o process
the form or mode of a signal so as 1o
riake # inelligible to or compatible with, a
given device, including such manipulation
as pulse shaping, pulse clipping, digitizing,
and linearizing.
SIGNAL RATIO — 1) Broadly, the
comparison ¢f ight seen by a
photosensor when the beam is blocked to
the light seen when the bearn is not
biocked; 2) Maore specifically, the
comparison of photocell resistance when
sensor is dark o when it is laminated.
Proper control appiication invoives
establishing a farge dark-to-ight ratio.
SLIGHT CONTAMINATION — indoor
locations, non-industrial areas, office
buildings.
SPECULAR SCAN — a reflective scan
technique in which reflegtion from a shiny
surface dluminates the photosensor,
which must be precisely positioned o
receive the refiected light. The angle of
incidence equals the angle of reflaction.
SUPPLY CURRENT —unitg = Amps or
milliamps. The amount of currerd
necessary o maintain operation of a
photoelectric control, control base or
sensor. Sometimes referred to as Current
Consumption.

The range of power required o maintain
proper operation of a photoslectric
control, control base or sensor. The
difference in potential (or range of
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difference in potential) necessary o
operate the unit.

NT*
THRESHOLD RESPONSE - a corntrol
type that responds to the change in input
signal level. Plug-in amplifiers are either
thresheld or fransition responsive.
THRU SCAN — a scanning technique in
which the ermitier {ight source) is aimed
directly at the receiver. Also called direct
scan and ransmitted scan, since fightis
transmitted direcily, not reflected o the
sensor. Presently, # is the only scanning
technigue commonily used 10 scan
distances greater than 40 feel.
TRANSIENT PROTECTION — cirouitry
to guard against spikes induced on the
supply lines by inductive sources such as

heavy motors or solenoids turning On ang

Of.

TRANSIENTS — in electronic usage,
usually refers t0 an unwanted, temporary,
large increase or decrease in a current or
supply voitage that only ocours
occasionally. Almost always due fo
reactive componeris during rapid
changes i voltage or current,
TRANSITION RESPONSIVE —a
corrol type that responds 1o the rate of
change in ight intensity rather than the
lavel change. Used to detect fast moving
objects that cause little change in light
intensity level.

TRANSLUCENT - afiows Hght to pass
through. Detecting ranslucent ohiects is
ofien best done with retroreflective scan,
during which the light must pass through
the object twice, thereby causing more of
a signal change {larger signal ratic).

wlJ=
UL, — Underwriter's Laboratories, Inc., &
non-profit organization that establishes,
mainiains and operates laboratories for
the examination and testing of devices,
systems and materials primarily for safely.

VOLTAGE — units = Volis {DC} or Voits
AMS (AC). The term used {o designate
the electrical energy differential that

Glossary of Terms

exists between two points and is capable
of producing the fiow of currernt when a
closed path is connected batween the two
poinis,

VOLTAGE DROP - units == Volts (DC)
or Volts RMS {A(). Sometimes refarred to
as Saturation Voliage. In any solid staie
cordrol that switches a load, there will be
some voltage dropped across the ocutput.
This voltage drop or saturation volage will
often vary with the amournt of curent
going through the oulput section and the
ioad. ¥ should be specified with currert
condilions,

The MLS 7A in the On state will have a
Saturation Voltage of 0.4 VDC @ 20 mA
and the Saturation Voltage will be 1,4 VDC
max. @ 120 mA.

Note: the Saturation Voltage across a
hagic swiich or relay contact is zero.
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UL/CSA/NEMA/IP standards

The UL and CSA references in this catalog
do not imply specific approvat of our pro-
ducis bt rather that our products are de-
signed to meet performance standards rec-
ommended by such agencies. Evaluation
of our products by thase agencies is limited
tc procedures established o examing
switch performance withirs areas of their in-
terest. Actual application requirements may
exceed performance levels investigated by
these agencies. We recoramend  that
switches betesied to your exact application
requirements,

UL {Underwriter's L.aboratories,
inec.) is chartered as a non-profit orga-
nization to establish, mainiain, andoper-
ate laboraiories for the exarmination and
testing of devices, systemns and materi-
als.

C8A {Canadian Standards Associ-
ation} is & non-profit, non-governmen-
tal association established as a national
standardization body for Canada, In-
cluded in its scope of activities is the re-
sponsibility of investigating and approv-
ing products and materials in the interest
of safety.

NEMA {Nationatl Electrical
Manufacturer's Association) pre-
pares standards which define a product,
process or procedure with reference to
one or more of the following: nomencla-
ture, composition, construction, dimen-
sions, tolerances, safely, operating
characteristics, performance, quality,
elecirical rating, testing and the service
for which designed. The reference stan-
dards hereln refiect the latest datain the
NEMA Standards Publication #250 -
1885 Revision 2 on Enclosures for In-
dustriai Controls and Sysiems.

Application note: Enclosures are based,

in generat, on the broad definitions oullined
in NEMA Standards, Therefore, it wi be
necessary {0 asceriain that a particular en-
closure wil be adequate when exposed o
the specific congditions that might existinin-
tended applications. Except as might other-
wise be noted, all references to products
reiative to NEMA enclosure types are
based on MICRC SWITCH evaluation only.

MEMBER

NEMA REFERENCE

NON-HAZARDOUS LOCATIONS APPLICABLE TESTS
TYPE 1 enclosures are intended for indoor use
primarily to provide a degree of protection against Rod enlry
contact with the enclosed equipment in locations Rust resistancs
where unususat service condilions do not exist.
TYPE 2 enclosures are intended for indoor use
primarily 10 provide a degree of protection against Rod entry
tmited amounts of falling water and dirl. They are Drip
not irtended to provide protection against Rust resistance
conditions such as dust or infernal condensation.
TYPE 3 enclosures are intended for outdoor use
primarily to provide a degree of protection against Bairy
windbiowr dust, rain, and sleet; and o be Dust
undamaged by the formation of ice on the External icing
enclosure. They are not intended to provide Rusft resistance
protaction against conditions such as internal
condensation or intarnal icing,
TYPE 3R enciosures are intended for outdoor use
primatily 1o provide a degree of protaction against Aod emry
falling rain; and to be undamaged by the formation Aain
ofice on the enclosure. They are not intended to Externai icing
provide protection against conditions such as dust, Rust resistance
internal condensation, or internal icing.
TYPE 38 enclosures are infended for outdoor use
primarily to provide a degree of protection against Rain
wingbiown dust, rain, and sleet, and to provide for Dust
operation of external mechanisms when ioe laden, External icing
The arg not intended o provide protection against Rust resistance
conditions such as irternal condensation or internat
icing.
TYPE 4 enclosures are intended for indoor or
outdoor use primarily to provide a degres of
protection against windblown dust and rain,
splashing water, and hose directed water; and to be g:;ﬁ:ﬁgmg
undamaged by the formation of ice on the Rust resistance
enclosure. They are notintended 1o provide
protection against conditions such as internal
condensation or internal icing.
TYPE 4X enclosures are intended for indoor or
outdoor use primarily to provide a degree of
protection against corrosion, windblown dust and Hosedown
rain, splashing water, and hose-directed water; and External icing

o be undamaged by the formation of ice an the
enclosure. They are not intended to provide
protection against conditions such as internal
condensation or intermal icing.

Corrosion resistance

TYPE 6 enclosures are intended for indoor or
cutdoor use primarily to provide a degree of
protection against the enfry of water during
temporary submersion af a limited depth; and to be
undamaged by the formation of ice on the
anglosure, They are not intended 1o provide
protection against conditions such as internal
condensation, infernal icing, or corrosive
arnvirorments.

Submersion
External icing
Hust resistance
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NEMA REFERENCE
NON-HAZARDOUS LOCATICNS

UL/CSA/NEMA/IP standards

APPLICABLE TESTS

IEC (international Electrotechnical
Commission} is a significant worldwide

TYPE 6P enciosures are intended for indoor or
outdoor use primarily 1o provide a degres of
protection against the entry of water during
profonged submersion af a firmited depth; and to be
undamaged by the formation of ice on the
enciosure. They are not intended 1o provide
protection against conditions such as intermal
condensation or internat icing.

Air pressure
External icing
Corrosion resistance

organization with specifications for electr-
cat and electronic components,

EC 529 are classifications providing for

degrees of protection by enclosures similar
to NEMA ratings. Markings consist of the
letters IP followed by two numerals signify-
ing conformity 1o the codes. The first fus

Type 12 enclosures are intended for indoor use
primarfly to provide a degres of protection against
dust, falling dirl, and dripping noncorrosive lguids,
They are not intended to provide protection against
conditions such as internal condensation,

Drip
Dust
Rust resistance

meral indicates the degree of protection
against contact with live or moving paris in-
side the enclosure and of equipment
against ingress of solid foreign bodies, The
second numeral designates the degree of

Type 13 enciosures are intended for indoor use
primarily 1o provide a degree of protection against
dust, spraying water, ofl, and noncorrosive coolant,
They are notintended fo provide protection against
conditions such as infernal condensation,

Gil exclusion
Rust resistance

protection against ingress of liquid.

First numeral

€: Complete protection, protection against
ingress of dust {falcum powder).

HAZARDOUS LOCATIONS

Second numeral
&: Protection against water jots: water pro-

Type 7 enciosures are intended for indoor use in
locations classified as Class §, Groups A, B, G, or D,
as defined in the National Electrical Code,

Type 7 enclosures shall be capabie of
withstanding the pressures resuliing from an
irternal explosion of specified gases, and contain
such an explosion sufficiently that an explosive
gas-air mbdure existing in the atmosphere
surrounding the enciosure will not be ignited.
Enclosed haat generating devices shall not cause
external surfaces 10 reach lamperatures capable of
igniting explosive gas-air mixtures in the
surrounding atmosphers.

Group A~ Acelyline,

Group B - Atmospheres containing hydrogen
manufactured gas.

Group C ~ Atmospheres containing diethyl
ether, ethylens, or eyclopropane.

Group D ~ Atmospheres containing gasoline,
hexane, butane, naptha, propane, acetone,
toluene, or isoprene,

Explosion
Hydrostatic
Temperature

jected from a nozzie from any direction
should have no harmtul effect.

6: Protection against condifions on ships'
decik: water fom heavy seas shall not
enter the enclosures under prescribed
conditions.

77 Protection against immersion in water.

I#? TEST REQUIREMENTS

1P 64 SPLASHING LIQUID ~ Subjeci the
enclostre o water falling as rain from a
spray nozzie. The water that eniers the en-
closure cannot inierfore with satisfactory
operation. No water in of near the cable.

iP 65 PROTECTION AGAINST WATER
JETS « Subject the enclosure to a stream

ofwaterfroma125mm {fzinch) nozzie ata
pressure corresponding 10 & 10 meter head
of waler (14 P8I) from a distance of 3 me-

Type 8 enclosures are intended for indoor use in
focations classified as Class i, Groups £, F or G, as
defined in the National Elecirical Codg.

Type 9 enclosures shall be capable of preventing
the enfrance of dust. Enclosed heat generating
devices shali not cause external surfaces to reach
temperaiures capabls of igniting or discoloring dust
on the enclosure or igniting dust-air mixtures in the
surrounding atmosphere.

Group E - Atmosphere containing metal dust,
Group F - Atmospheres containing carbon
black, coal dust or coke dust.

Group G - Atmospheres containing flour,
stareh, or grain dust.

Dust penetration
Temperature

ters for 15 minutes. The water that enters
the enclosure cannct interfere with satis-
factory operation. No water near or in the
cable,

P 66 WATER FROM HEAVY SEAS -

Subiect the enclosure to a stream of water
froma 12.8mm {{zinch} nozzie ata pressure
corrasponding 1o & 10 meter head of water
{14 PShfromadistance of LS metersfor 15
minutes. No water may enter the enclosure,

iP 67 IMMERSION - Immerse the enclo-
sure under T meter of water for 30 minutes.
Nowater may enter the enclosure or the ca-

bie,
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NEMA Standards

MICRO SWITCH EVALUATION LABORATORY INTERPRETATION OF TESTS AS PERTAINING TO QUR PRODUCTS

NEMA TEST REQUIREMENTS

Until recently, the Evaluation laboratory has
been doing all NEMA sealing ests in ac-
cordance with NEMA Standards Publica-
Hon/Ne. 2501879, On December 7, 1988,
Fevision 2 of Publication 250 was issued.
We are now upgrading our procedures io be
in accordance with NEMA Standards Pubb-
cation/No. 250-1985, Rev. 2 Enclosures for
Blectrical Equipment (1000 Volts Maxi-
Ik

The following fa s summary of the most
commonly used NEMA tests according 1o
the latest rovision of NEMA Publication
260, Some of the wording is directly from
NEMA 250 and some of the wording is the
Evaluation Lab's irterpretation of the speai-
fication as it pertains to MICRO SWITCH
products,

ROD ENTRY TEST - A rod having a
diameter of 0125 - (3,175mm} Inch cannot
enler the enclosure.

RUST RESISTANCE TEST — This test
shall apply io af enclosures with externat
ferrous parts. Nonferrous enclosuras with
no exiernal ferrous paris need not be test-
ed. Subjectthe sample 1o 5% sall spray test
for 24 houwrs. Theare shalt be no rust except
at sliding surfaces.

RAIN TEST - A continuious water spray
for 1 hour at 18 inches per hour at 5 PSEL No
waier may enter the enclosure.

DUST TEST - Dust blast the enclosure
with Portland cement at 100 PSI or use ai-
jernate hose method. The hose method is
45 gallons of water per minute froma 1 inch
nozzle for 5 minutes. No dust or water may
eriter the enclosure. (NOTE: The Evalua-
tion Lab assurmes that any enclosure that
can pass the NEMA 4 hosedown test can
pasgs the dust test).

EXTERNALICING TEST - Buildupa®

inch coating of ice on the anclosure and
hold for 3 hours, The enclosure shall be
considered to

have met the requirerments of this tast i itis
tound to be undamaged after the ice has
melted. Enclosures which have no externat
cavilies to trap water when mounted in the
normal position shall be considered io be
acceptable and need not be tested. (NOTE
The Lab assumes that most MICRO
SWITCH products need not be tested be-
cause of this exclusion),

HOSEDOWN TEST ~ Subiect the enclo-
stire 10 a 65 gallon per minute stream of wa-
ter from a 1 inch nozzle for 5 minutes.

CORROSION - RESISTANCE - Sheet
metal encloswres shall be protected with
zinc or cadmium coatings or a suitable
pairt. A nonmetallic enclosure is 1o be
judged on the basis of the effect of expo-
sure o water and uffraviolet kight. Enclo-
sures of other materials shall meet the cor-
rosion-protection requirements of Ui 508,
According 1o UL 508, sheet extruded or
cast aluminum, die-cast zing, or another
metal shall be of a grade or afioy known to
be nonsusceptible to corrosion, or shall be
subjected to appropriate tests, additionally
protected against corrosion, or both. If test
ing is considered o be appropriate, the cor-
rosion resistance testis a 200 hour, 5% salt
spray test.

SUBMERSION TEST — Immerse the
enclosure under 6 feet of water for 30 min-
utes. No water may enter the enclosure.

AR PRESSURE TEST - For an unpot-
ted enclosure with a condult fitting, pressur-
ize the enclosurs 1o 6 PSIG, seal off, and
hold 24 hours. The enclosure is considered
1o have passed this test if the pressure drop
after 24 hours does not excead 2 PSIG,

if the enclosure does not have connections
for pressurizing the interior, the external
pressurization fost may be used as an al-
ternate to the infernal prossurization test
above. The external pressurization lost re-
auires that the enclosure be held under 6
feet of water for 24 hours. No water may en-
ter the enclosure.
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DRIP TEST - Sublect the enclosure o
deipping water at a drip rate of 20 drops of
water per minute for 30 minutes.

DUST TESY - {6.51.2 Indoor Dust Test)
Ciroutating Dust Test. Subject the enclo-
sure to Portland cement dust circulatingina
chamber at a velocity of 1000 ft./min. for 6
mirnutes. As an alternate to the dust test, an
atomized-water method of testing may be
used. No dustorwater may enter the enclo-
sure.

Cl. EXCLUSION TEST - Subject the
enclosureio a 2 gallon per minute streamof
test figuid through a % inch nozzle from a
distance of 12 inches for 30 minutes. The
test liquid is water with & wetling agent add-
ed.

EXPLOSION TEST ~ Provide a degree
of protection 1o a hazardous gas erviron-
ment from an internal explosion or from op-
eration of internal equipment,

Withstand a series of internal explosion de-

sign tests which determine:

{1} The maxdmum pressure affects of the
gas mixture

{b) Propagation effects of the gas midures.

HYDROSTATIC TEST - Withstand, with-
out rupture or permanent distortion, an in-
tornal

hydro-static design test based on the maxi-
mum irdernal pressure obtained during ex-
plosion tests and on a specified safety fac-
tor.

TEMPERATURE TEST ~Donot develop
surface termperatures which exceed pre-
geribed mits for the specific gas come-
sponding to the aimospheres for which the
enciosure is infended, when internal equip-
ment is operated at rated load.

DUST PENETRATION TEST - With-
stand a series of operation design tests
while exposed 1o & circuiating dust-air mix-
wre, 1o determine that dust does not enter
the enclosure and that operation of davicas
does not cause ignition of the surrounding
atmosphere. :
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MICRO SWITCH Controls in this Catalog

Reference standards

NEMA TYPES™

4X

6

6P

12

13

AL 7B L 7C 1 TR 1 SE

FiE3

FE7A

IPad

FE7B

IP&4

FEVC

{2

FEID

IP&g

CP18 Series

iP&?

MP Series

HDMP Series

LR BN NN

FES5F

P60

P47

P65

FESH

1PE7

FE-MC2X/R2X

FE-MLS52

FE-MLS4

* 88

FE-MLSS

% (& i | @

FE-MLSY

L IEE NN BER JEN J

FE-MLSS

FE-MLS9

L IEE N BN IS AR

LR IR BN IR

FE-MLS10

Incandescent
Exptosion Proof

* L L * »

* Applt n aete: Enclosures are based, it ganeral, o the broad definitions owllined in NERMA standasds. Therefore, { wil be necessary to ascertain that a particular enclosurs wilt be

adsquaie whﬂn axpogad o the speciic condifions that might exist in intended applications. Extept as might otharwise be noted, all referencns 1o products relative to NEMA enclosurs fypes are

based on MICHC BWITCH avaieation oy,

= Optional.
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Other MICRO SWITCH products

MICRO SWITCH Ali-Materigds Proximity
Sensors Incorporate the fatest develop-
ments in ultrasonic technology to detect
whether or not an object is present ata pre-
determined  sefpoint  distance, without
touching the target. These sensors have an
acoustic ransducer which vibrates at ultra-
sonic frequencies. Pulses are emitted in a
cone-shaped beam and aimed at a target
object. Pulses reflected by the target to the
sensor are detected as echoes. The time
defay between each emitted and echoed
pulse is measured fo accurately determine
sensor-to-target distance, thus supplying
background supprassion.

30men Diameter Ultrasonic Precision
Distance sensors are self-contained, pro-
viding NPN or PNP ouiputs. 940 Series |-
trasonic Digital Setpoint Sensor Liter-
ature.

841 Series Ultrasonic sensors provide
Analog or Switched digital outputs. 841 Se-
ries Liltrasonic Position Sensor Litera-
fure, : '

842 Series Ultrasonic sensors are avail-
abie with a choice of three different ampii-
fiers to provide Switching, Analog or Digital
(BCD or Hex) oulputs, 942 Series Ultra-
sonic Position Sensor Literature.

945 Serles Ulrasonic Position Sen.
sors are only 18mm in diameter. Plastic
housed sensors have fixed internal setpoint
and exiernal set-point adiustment. Stain-
less steel housed sensors feature analog
output covering 100 to 600 mm sensing
range.
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