
www.SteamPoweredRadio.Com

electronic 
components 

wigfi
Stolen 2 Line

http://www.SteamPoweredRadio.Com
wigfi
New Stamp



www.SteamPoweredRadio.Com

AB 
QUALITY 

electronic 
components 
index 2-5 

FIXED RESISTORS 7-33 

RESISTOR NETWORKS 35-78 

PANEL POTENTIOMETERS 79-155 

TRIMMING POTENTIOMETERS 151-184 

ADJUSTABLE ATTENUATORS 185-199 

terms of sale 200-202 

sales offices 203.205 

sales offices- international 206-201 

1 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

comprehensive product index 

DESCRIPTION TYPE PAGE DESCRIPTION TYPE PAGE 

I FIXED RESISTORS I THICK FILM (CERMET) NETWORKS 

1-iOT-MOLOED C OMPOSIIION Standard Ceramic I-SIP (single-in-line) Series 59 
Package Cermet Resistor Networks 100-400 

1/8 Watt at 70° C RCR05 Type BB 10 Pull-up/ Pull-down Termination 

l/4 Watt at 70° C RCR07 Type CB 10 Parallel Termination 
TTL to ECL Translator Network 

1/ 2 Watt at 70° C RCR20 Type EB 10 
Standard Ceramic I-DIP (dual-in-line) Series 63 

1 Watt at 70° C RCR32 Type GB 10 Package Cermet Resistor Networks 314-316 
2 Watts at 70° C RCR42 Type HB 10 Pull-up/Pull-down Termination 

Parallel Termination 
Metal Clad (Copper) 8 Bit R/2R Ladder Networks 
Hot-Molded Composition TTL to ECL Translator Network 

Sense AMP/ Interface 3 Watts at 70° C 
Type GM "O" Pad (Balanced rr ) Attenuators 16 

4 Watts at 40° C Interconnect Networks 
4 Watts at 70° C Custom Thick Film Networks CoMull Faoc1o,y 

Type HM 16 
Application Notes 5 Watts at 40° C 

Digital System Resistor Arrays 71 
Reel Packaged ECL Terminator Networks 75 

Lead Tape 17 Resistive Attenuator Pads 77 

Body Tape 17 

Additional Data I PANEL POTENTIOMETERS I 
Application Information 19 CERMET 
Standard Resistance Values 20 3/ 8 (0.375) Inch (9,52 mm) Diameter - Type SP 132 
Evaluation Tests for Hot-Molded 

25 
1.0 Watt (70° C) 

Composition Resistors 5/ 8 (0.625) Inch (15,88 mm) Square - Series 72 142 

MIUT ARY NUMBERING SYSTEM 
1.0 Watt (70° C) MOD POT• 

33 
5/ 8 (0.625) Inch (15,88 mm) Square - Series 70 142 

2.0 Watts (70° C) MOD POT• 

I RESISTOR NETWORKS I 5/ 8 (0.625) Inch (15,88 mm) Square - Series 73 142 

fHIN FILM (PREC ISION) NETWORKS 
2.0 Watts (70° C) MOD POT• 

Precision Thin Film Resistor Networks Series FN 41 CONDUCTIVE PLASTIC 

R/2R Binary Code ladder Networks 10,0 mm Square - 0.1 Watt (40° C) TypeM 114 
1-2-4-8 BCD Code ladder Networks MINI METRIC• 
Current Summing Networks 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 72 142 Resistor Networks for ND • DI A 0.25 Watt (70° C) MOD POT• Conversion 
Network Substrates 5/ 8 (0.625) Inch (15,88 mm) Square - Series 70 142 

Standard Voltage Divider Resistor Series 51 
0.5 Watt (70° C) MOOPOr-

Networks FNPC207 5/8 (0.625 Inch (15,88 mm) Square - Series 73 142 
FN207 0.5 Watt (70° C) MODPOr-

Application Notes (continued on next page) 
R/2R Ladder Networks 45 
Voltage Divider Networks 53 
Handling and Soldering Procedures 56 
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comprehens ive produc1 index 

DESCRIPTION TYPE PAGE DESCRIPTION TYPE PAGE 

I PANEL POTENTIOMETERS I HOT-MOLDED C OMPOSITION 
MULTI-TURN 

HOT-MOLDED COMPOSITION Rectangular Configuration 
1/2 (0.5) Inch (12,70 mm) Diameter - TypeG 83 1-1/4 (1.25) Inch (31,75 mm) 

0.5 Watt (70° C) (Style RV6) Long Rectangular - 0.33 Watt (50° C) T ypeN 170 
1/2 (0.5) Inch (12,70 mm) Diameter - TypeW 118 1-1/4 (1.25) Inch (31,75 mm) 

0.5 Watt (70° C) Long Rectangular - 0.25 Watt (70° C) Type R 173 
1/ 2 (0.5) Inch (12,70 mm) Diameter - & Type GD 128 

0.5 Watt (70° C) (Dual) 

!ADJUSTABLE ATTENUATORS I 1/ 2 (0.5) Inch (12,70 mm) Diameter - Type WR 136 
0.5 Watt (70° C) 

HOT -MOLDED COMPOSITION 
1/2 (0.5) Inch (12,70 mm) Diameter - Type L 108 

1/ 2 (0.5) Inch (12,70 mm) Diameter - Type BT 192 0.8 Watt (70° C) 

1-5/ 32 (1.156) Inch (29,36 mm) Diameter - a T y peJ 91 
Bridged-T-Pads 0.25 Watt (50° CJ 

2.25 Watts (70° C) (Style RV.) 
1/ 2 (0.5) Inch (12,70 mm) Diameter - Type FD 196 

Bridged-T-Pads 0.5 Watt (70° C) 
1-5/ 32 (1.156) Inch (29,36 mm) Diameter - Type EJ 124 L-Pads 0.25 Watt (70° C) 

2.25 Watts (70° C) (Extra LIi•) 
1/ 2 (0.5) Inch (12,70 mm) Diameter - Type GD 196 

1-5/32 (1.156) Inch (29,36 mm) Diameter - Type K 100 Bndged-T-Pads 1.0 Watt (70° C) 
3.0 Watts (70° C) L-Pads 0.5 Watt (70° C) 

5/8 (0.625) Inch (15,88 mm) Square - Series 72 142 5/8 (0.625) Inch (15,88 mm) Square - MOD POT• 142 
0.5 Watt (70° C) MO D POT., Bridged-T -Pads 1.0 Watt (70° C) 

5/8 (0.625) Inch (15,88 mm) Square - Series 73 142 Bridged-H-Pads 1.0 Watt (70° C) 
0.75 Watt (70° C) 1.0 Watt (40° C) M OO POT"' L-Pads 0 .5 Watt (70° C) 

5/8 (0.625) Inch (15,88 mm) Square - S e ries 70 142 
Straight-T-Pads 0.5 Watt (70° C) 

1.0 Watt (70° C) MOD PO~ 1-5/ 32 (1.156) Inch (29,36 mm) Diameter - T ypeJ 188 
Bridged-T-Pads S Watts (70° C) 

MILITARY NUMBERING SYSTEM 154 Bridged-H-Pads 5 Watts (70° C) 
L-Pads 2.25 Watts (70° C) 

I TRIMMING POTENTIOMETERS I Straight-T-Pads 2.25 Watts (70° C) 

CERMET SINGLE TURN I TERMS AND C ONDITIONS OF SALE I 200 

Round Configuration 

3/8 (0.375) Inch (9,52 mm) Diameter - T ype S 160 I ALLEN-BRADLEY SALES OFFIC ES I 203 
0.5 Watt (85° C) 

0.467 Inch (11,9 mm) by Type90 163 I ALLEN-BRADLEY SALES I 206 0.393 Inch (10,0 mm) -
0.5 Watt (70° C) OFFICES - INTERNATIONAL 
l.0 Watt (40° C) 

HOT-MOLDED COMPOSfTION 
SINGLE T URN 

Round Configuration 

1/ 2 (0.5) Inch (12,70 mm) Diameter - TypeF 166 
0.25 Watt (70° C) 

1/ 2 (0.5) Inch (12,70 mm) Diameter - TypeY 177 
0.25 Watt (50° C) 

1/ 2 (0.5) Inch (12,70 mm) Diameter - & Type BT 192 
0.2s Watt (50° C) I 

1/ 2 (0.5) Inch (12,70 mm) Diameter D Type FD 181 
(Dual) - 0.25 Watt (70° C) I 

a Suited for adius1able atlenua1or apphca1,on,; 
Details ,n adiustable auenua1or sec1,on. 
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PRODUCT INDEX; 

by product category and type identification 

FIXED RESlSTORS 

Type Produc t Description 

BB Hot-Molded (RCR0S) 

CB Hot-Molded (RCR07) 

EB Hot-Molded (RCR20) 

GB Hot-Molded (RCR32) 

GM Metal Clad Hot-Molded 

HB Hot-Molded (RCR42) 

HM Metal Clad Hot-Molded 

RESISTOR NETWORKS 

Type Product Description 

Series Custom Precision 
FN (Thin Film) 

Series S d d V I o· 'd FN207 tan ar o tage 1v1 er 
FNPC207.(Precision Thin Film) 

Series Cermet 
100-400 (Thick Film) 

Series Cermet 
314-316 (Thick Film) 

PANEL POTFNTIOMET[RS 

Type Produc t Description 

Publication 
Reference a Page 

Number No. 

EC5021-2.1 10 

EC5021-2.l 10 

EC5021-2.l 10 

EC5021-2.1 10 

EC5021-2.1 16 

EC5021-2.l 10 

EC5021-2.1 16 

Publication 
Refere nce D Page 

Number No. 

EC5510-2.l 41 

EC5515-2. l 51 

EC5420-2. l 59 

EC5410-2.l 63 

Publica tion 
Refere nce a Page 

Number No. 

G Hot-Molded (0.5 watt) EC5605-2.l 83 

D J Hot-Molded (2.25 watts) EC5607-2.l 91 

K Hot-Molded (3 watts) EC5608-2.1 100 

L Hot-Molded (0.8 watt) EC5609-2.l 108 

M Conductive Plastic (0.1 watt) EC5610-2. l 114 

W Hot-Molded (0.5 watt) EC5612-2. l 118 

EJ 

B GD 

SP 
WR 

Hot-Molded (Extra Life) 

Hot-Molded (0.5 watt) 

Cermet (1 watt) 

Hot-Molded (0.5 watt) 

Se ries Hot-Molded, Cermet 
70 Conductive Plastic, 

MOD POT" Metal Shaft and Bushing 

Series Hot-Molded, Cermet 
72 Conductive Plastic, 

MOD POT" Plastic Shaft and Bushing 

Series Hot-Molded, Cermet 
73 Conductive Plastic, 

MOD POT" Metal Shaft and 

4 

Metal Bushing Molded 
into Plastic Face Plate 

EC5620-2.l 

EC5630-2. l 

EC5640-2.1 

EC5650-2.1 

124 

128 

132 

136 

EC5670,2. l 142 

EC5670-2.l 142 

EC5670 2. l 142 

TRIMMING POTENTIOMETERS 

Publication Page 
Type Produc t Description Reference a 

Number No. 

F Hot-Molded, Single Turn EC5806-2.l 166 

N Hot-Molded, Multi-Turn EC5815-2.l 170 

R Hot-Molded, Multi-Tum EC5820-2.l 173 

s Cermet, Single Turn EC5720-2.l 160 

V Hot-Molded, Single Turn EC5828-2.l 177 

D BT Hot-Molded, S ingle Turn EC5920-2.1 192 

D FD Hot-Molded, Single Turn, EC5838-2. l 181 
Dual 

90 Cermet, Single Turn EC5770-2.1 163 

ADJUSTABLE ATTENUATORS 

Publication Page 
Type Product Description Reference a No. Number 

J Hot-Molded EC5910-2.1 188 
BridgedTPads (5 watts) 
Bridged-H-Pads (5 watts) 
L-Pads (2.25 watts) 
Straight-T-Pads (2.25 watts) 

BT Hot-Molded EC5920-2.l 192 
Bridged-T-Pads (0.25 watt) 

FD Hot-Molded EC5930-2.l 196 
Bridged-T-Pads (0.5 watt) 
L-Pads {0.25 watt) 

GD Hot-Molded EC5930-2.l 196 
BridgedTPads (l watt) 
L-Pads (0.5 watt) 

MOD POT• Hot-Molded EC5670-2.1 142 
Bridged-T-Pads (1 watt) 
Bridged-H-Pads (l watt) 
L-Pads (0.S watt) 
Straight-T-Pads (0.5 watt) 

D Separate copies of individual product Technical Publicahons are 
ava1labl~. Please orde r by noted Publicalton number(s) from 
Catalog Service Department. 

D Suited for adjustable attenuator applications. Details in 

adjustable a ttenuator section. 
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PRODUCT INDEX: 

by type identification and product category 

Type Product Category Page Type Product Category Page 
No. No. 

F Trimming Potentiometer 166 FN Thin Film Network (Custom) 41 

G Panel Potentiometer 83 GB Fixed Resistor 10 

J Panel Potentiometer/ Adjustable 91 GO Pa nel Potentiometer/ Adjustable 128 
Attenuator Attenuator 

K Panel Potentiometer 100 GM Fixed Resistor 16 

L Panel Potentiometer 108 HB Fixed Resistor 10 

M Panel Potentiometer 114 HM Fixed Resistor 16 

N Trimming Potentiometer 170 SP Panel Potentiometer 132 

R Trimming Potentiometer 173 WR Panel Potentiometer 136 

s Trimming Potentiometer 160 Series FN207 Thin Film Networks (Standard 51 

w Panel Potentiometer 118 FNPC207 Voltage Divider) 

y Trimming Potentiometer 177 Series 70 Panel Potentiometer/ Adjustable 142 
Attenuator 

BB Fixed Resistor 10 
Series 72 Panel Potentiometer/ Adiustable 142 

BT Adjustable Attenuator/ Trimming 192 Attenuator 
Potentiometer 

Series 73 Panel Potentiometer/ Adjustable 142 
CB Fixed Resistor 10 Attenuator 
EB Fixed Resistor 10 90 Trimming Potentiometer 163 

EJ Panel Potentiometer 124 Series Thick Film Networks 59 
FD Trimming Potentiometer/ 181 100-400 

Adjustable Attenuator Series Thick Film Networks 63 
3 14-316 

publication reference to product type and category 

Publication Publication 
Reference Type/ Product Category Reference Type/Product Category 
Number Number 

EC5021-2.1 Type BB, CB, EB, GB, HB, GM, HM, EC5640-2.l Type SP, Panel Potentiometer 
Fixed Resistors (Hot-Molded) EC5650-2.l Type WR, Panel Potentiometer 

EC5410-2.l Series 314-316, Thick Film Networks EC5670-2.1 Series 70, 72, 73 Panel Potentiometers/ 
EC5420·2 .l Series 100-400, Thick Film Networks Adjustable Attenuators 

EC5510-2.l Series FN. Thin Film Network EC5720-2.1 Type S, Trimming Potentiometer 

EC5515-2. l Series FN207, FNPC207, Thin Film EC5770-2 .l Type 90, Trimming Po tentiometer 
Networks (Standard Voltage Divider) EC5806-2.1 Type F, Trimming Potentiometer 

EC5605-2.l Type G, Panel Potentiometer EC5815-2. l Type N, Trimming Potentiometer 
EC5607-2.l Type J, Panel Potentiometer EC5820-2.l Type R, Trimming Potentiometer 
EC5607-2.2 Type J, Panel Potentiometer/ Vernier EC5828-2. l Type Y, Trimming Potentiometer 
EC5608-2.l Type K, Panel Potentiometer EC5838-2.1 Type FD, Trimming Potentiometer/ 
EC5609-2.l Type L, Panel Po tentiometer Adjustable Attenuator 

EC5610-2.l Type M, Panel Potentiometer EC5910-2.l Type J, Adjustable Attenuator 

EC5612-2.l Type W, Panel Potentiometer EC5920-2. I Type BT, Adjustable Attenuator/ Trimming 

EC5620-2.1 Type EJ, Panel Potentiometer Potentiometer 

EC5630-2.l Type GD, Panel Potentiometer/ EC5930-2. l Type FD, G D, Adjustable Attenuators 

Adjustable Attenuator 
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Hot-molded resistors provide 
low temperature coefficient 

and unmatched reliability. 
The Resistance Temperature Coefficient of Allen-Bradley hot-molded fixed resistors is 

typically less than 200 PPM over the entire resistor range shown in the normal equip
ment operating temperature of + 15° C to + 75°C. Excellent RTC ratings have al

ways been an A llen-Bradley benefit. And consistency of Allen-Bradley resistors 
means repeatable results and tight performance patterns. Allen-Bradley 

resistors offer the lowest cost- on the board- where it counts! 

~ 
is unsurpassed. Over 950 
million unit test hours with
out a single failure. 

?h-~ 
Insulation and resistance 
element integrally molded 
into one solid structure. 

1Me~ 
characteristics o ffer out
standing protection against 
surges and transients. 

Quality in the best tradition. 
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fixed 
resistors 
HOT-MOLDED 
COMPOSITION 
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fixed resistors 
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comprehensive product index 

DESCRIPTION TYPE PAGE 

HOT-MOLDED COMPOSITION 

a Hot-Molded Composition 
1/8 Watt at 70° C RCR0S 

1/4 Watt at 70° C RCR07 

1/2 Watt at 70° C RCR20 

1 Watt at 70° C RCR32 

2 Watts at 70° C RCR42 

U Metal Clad (Copper) 
Hot-Molded Composition 

Type BB 10 

Type CB 10 

Type EB 10 

Type GB 10 

Type HB 10 

3 Watts at 70° C 

4 Watts at 40° C 
Type GM 16 

4 Watts at 70° C 

5 Watts at 40° C 
Type HM 16 

D Reel Packaged 
Lead Tape 

Body Tape 

Additional Data 
Application Information 

Standard Resistance Values 

Evaluation Tests for Hot-Molded 
Composition Resistors 

MILITARY NUMBERING SYSTEM 

17 

17 

19 

20 

25 

33 

D HOT-MOLDED COMPOSITION 
RESISTORS, IN STANDARD RESISTANCE 
VALUES, ARE AVAILABLE FROM STOCK 
AT ELECTRONIC DISTRIBUTORS. 

f.l NOT AVAILABLE FROM ELECTRONIC 
DISTRIBUTORS. 

II REEL PACKAGING CAN BE ORDERED 
THROUGH ELECTRONIC 
DISTRIBUTORS. 
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SELECTOR GUIDE 

Power Resistance T ype 
at 70° C Range 

BB 2.7 Ohms to 
100 Megohms 

¼ Watt 2.7 Ohms to 
RCR0S 22 Megohms 

CB 
2.7 Ohms to 
lOOMegohms 

¼ Watt 2.7 Ohms to 
RCR07 22 Megohms 

EB 
l.0Ohm to 

½ Watt 
100 Megohms 

LO Ohm to RC R20 
22 Megohms 

GB 
1.0 Ohm to 

1 Watt 
100 Megohms 
2.7 Ohms to 

RC R32 22 Megohms 

HB 
10 Ohms to 

2 Watts 
lOOMegohms 
10 Ohms to 

RC R42 22 Megohms 

GM 3 Watts 
2.7 Ohms to 
22 Megohms 
10 Ohms to 

HM 4 Watts 22 Megohms 

, . 

fixed resistors 
HOT-MOLDED 

HB-RCR42 

Gf3.RCR32 

E8,RCR20 

-------CB-RCR07 

BB-RCROS 

NOTTO SCALE 

Approved: Allen-Bradley Style RCR resistors not only meet all 
requirements of MIL-R-39008 but also exceed the S level 
(best level) of Established Reliability ol 0.001% failure rate 
per 1000 hours. And only Allen-Bradley resistors are 
available in S level reliabiity in all five wattage sizes over the 
entire resistance range. The S reliability level is indicated 
by a yellow 5th color band on the resistor body. 

Voltage Maximum Dimensions In Inches (millimeters) 
T olerance Rating Ambient 

(RMS) T emperature A l B I C I D I E I F 

Hot-Molded 

±5, 10, 20% 
0.145 0.062 1.000 0,015 

150V +130• C 
(3,68) (1,59) (25,40) (0,38) 

±5, 10% 

±5, 10, 20% 
0.250 0.090 1.500 0.025 

250V (6,35) (2,29) (38, 10) (0,64) 
±5, 10% 

±5, 10, 20% 
350V 

0.375 0.140 1.500 0.033 
(9,52) (3,56) (38,10} (0,84) 

±5, 10% 

±5, 10, 20% 
500V +150• C 0.562 0.225 1.500 0.041 

(14,29) (5,72) (38,10) (1,04) 
±5, 10% 

±5, 10, 20% 750V 
0.688 0.312 1.500 0.045 

±5, 10% 500V 
(17,46) (7,94) (38,10) (1,14) 

500V 
0.562 0.225 1.500 0.041 0.305 0.438 

(14,29) (5,72) (38,10) (1,04) (7,75) (11,11) 
±5, 10% 

0.688 0.312 1.500 0.045 0.391 0.562 
750V (17,46) (7,94) (38,10) ( 1,14) (9,92) (14,29) 

DIMENSIONS 

HOT-MOLDED 

C A C ·1 ~ 0 MIDI I I 

T 
(Types 88-CB-EB-GB-HB) 

~ 0 

t:E ff 
~ 1 

t- F ~ (Types GM-HM Only) 

Page 

I G 
No. 

10 

10 

10 

10 

10 

0.656 16 (16,67) 

0.766 
(19,45) 16 
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Outstanding characteristics 

Uniform quality Consistent performance for 
over 35 years, no difference in quality regardless of 
value, rating or tolerance purchased: One grade -
the finest. 

Reliable Recognized as the most reliable of all 
electronic components, Allen-Bradley hot-molded 
resistors provide freedom from catastrophic failure 
when used within ratings. 

Predictable performance:! - Because of their 
outstanding uniformity, Allen-Bradley hot-molded 
resistors exhibit consistent responses to environment 
and loading. 

Conservative ratings - All performance 
specifications are based on extensive testing and 
massive field experience. 

Rugged construction The solid, integral 
structure, combining leads, insulation, and resistance 
material in the exclusive Allen-Bradley hot-molding 
process provides exceptional strength and resistance 
to damage in automatic handling machinery. 

Wide range of values Available in standard 
preferred number values from 1 ohm to 100 
megohms. Special values available on request. 

High resistance values - Resistance values from 
100 megohms to 1 million megohms (1 teraohm) are 
available on special order, in Types BB, CB, and EB . 

. 10 

Types BB, CB, E~, GB, 
, HB,GM,nM 

Hot-Molded 
Fixed 
Resistors 
1/8, 1/4, 1/2, 1, and 2 Watts (70° C) 
1 Ohm to 1 T eraohm 
± 5%, ± 10%, and ± 20% Tolerance 

FEATURES 
e Reliable 

• Uniform Quality 

• Predictable Performance 

• Conservative Ratings 

• Rugged Construction 

Solderable/ weldable leads - Hot solder coated 
leads remain easy to solder even after long periods 
in stock. The oxygen-free copper leads are reaqily 
weldable and allow considerable weld-schedule latitude. 
Stocking of resistors with two different lead materials is 
unnecessary. 

Tracking - Allen-Bradley resistors exhibit 
extremely uniform tracking characteristics. For 
example, in flip-flop circuits, resistors used in pairs 
which are drawn from the same package or reel (a 
normal mass production practice) will track with 
each other throughout changes of temperature, 
humidity, and load. This assures reliable circuit 
performance throughout the design life of the 
equipment. 

Durable color coding Baked-on color code 
paints are resistant to solvents, and also resist the 
abrasion and chipping associated with automatic 
handling. They remain bright and easily readable 
even after long periods of use. 

Temperature stable Between 0° C and 85° C, 
Allen-Bradley hot -molded resistors exhibit a very low 
temperature characteristic, typically less than two 
percent deviation from room temperature values, 
less in low resistance values. 
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Outstanding features 

All measurements made at room temperature except 
during Temperature Characteristics Test and Load 
Life Test. 

C haracteristics 
1,i Watt 

Ty pe BB 

S tanllard Resistance Range D 2.7 ohms to 
No,mr,al EIA ,and MIL Values (See Page 20) 100 megOhm, 

Slandard Tolerances 
± 5'1.,±10'\., 

I- 20'I 

Power Rating 
Maximum a.:ontlnuou, rdted walls at 70" C 0.125 watt 
dmbtenl based on Lo.id Life Test (6.121 

Rated Continuous Working Voltage (RCWV) 
✓0.125 x R 
or 150 volts, 

Ba,ed on ,,om,n11l resistance (R) in ohms wh,c hewr ,s les,, 

Ma•imum Ambient Temp11rature 
Power rahng d.,rated hnedrly to zero al + 130" C 
th!$ temperatur<' 

Weight Re~•~tor w,th nom,n.il lenglh leads 0077gm 

(ApprOXlm.ll!!) Lead~ \per m1lhme1er) 1:l m9,mm 

D MIL R 390088 Re~1s111nce Range 
2 7 ohrru. 10 22 megohms 101 •• • ,, <1nd 1 w.111 
I ohm to 22 megohms lor wall 
10 ohms to 22 meqohms ror 2 walls 

Performance characteristics 

Characteristic!io '• Wall 
Type BB 

Ins ulation Resi~tance (6.61 10.000 meqohms 
Mm,mum 

Dielectric At S.•a I ,•vel 1\1 mnsrhen< Press J(j() volts 

With~tanding A, J 4" (tlb,36 mm) Hq (S1mul.i1ed 
Voltage (6.51 50.000 (t ( 15240 meters)) 200 v1llts 

!OK - 0 020·1, volt 

Re,,stance-Voltdg</ Coerfkienl (6 4] IOOK - 0 03i) 
Max,mu,n 10',t<1nlaneo w, lht-Jll~_. tn 1e,1~t IMN - 0045 
M"' pc.>r suit b<1scd on 6 R lor 6 V of 
( l II O ll HCWV 10 M"g - 0050 

Nomindl Resi~tanc e 22 MPq - 0050 
\ohms) 

100 M"9 - 0055 

L<><>d Lile 16 12) 
+- 4,1 1000 h11u1s up,,ra1111q "' RCWV ~I Maximum 

70 C dmb,~nt ro, dutv ~yde ol I - 6' 

hnur "on 0, hou, .,off'' Petmunent re 
Typ1cdl - 3'1 ... ,::.-1,,nc e ch,lnQ.':' 

Load Lile (temperature-derdled) 
1000 hours O • hour ''on" hour 
"oll"\ ~, RCWV tle,,1111d per t\'rnp,!rd 

Md,umum + ,1,, 
1ure accordtng 10 chan on Page 13 - 6' 
I vsh,d .,1 temperalu1e~ between 70° C 
and mt1~1mum ambient tPmpera lyJ)l(.;I - 4'1 
lune Permanen1 rl-'~t!'ttarn . .:e chanc«' 
(6.12 rnod,hed w11h ,e~pect to volt 
age <1DPhed. <>S de~c 11bed <1bow I 

Tv1x·!. DO. CO. ED. GD 
HD,GM, HM 

For specific conditions such as mounting, test 
procedures, sequence of tests, etc., refer to Allen
Bradley Publication EC5021-2.2. Applicable test 
procedure numbers are listed in brackets [] below. 

H o t -Molded Fixed Resistors 

'I, Watt \~ Watt 1 Watt 2 Watt 

Type CB Type EB Type GB Type H B 

2 7 ohms to IO ohm to l O ohm 10 10 ohms lo 

100 megohms 100 meqohms l(X) megohms 100 megohms 

t 5'\., ± 10'(,, ±5~ •. ±10'\,, ± 5·1., ± 10', . ± 5'\,, ± 10'(,. 

t 20'1, :+- 20'\, +2~. + 20'\, 

02S wall 0.5 wall IO Wdtl 2 0 walls 

✓0.25 "R ✓o.s,. R ✓1 .0" R -./2.0ilf 
or 250 volts, or 350 volts. 01 500 volts, or 750 \A'llts, 

wh1ch'1V~• u, less whichever ,s less whichever ,s less wh,dw~er ,s less 

➔ 150 C + 150" C + 15<>• C + tso• C 

028 •1m (lt,J \llll l 45 gm 2 80 gm 

2,9 mqlrnan 5,0 mq mm 8.0 mg.mm 9,4 mg•mm 

Hot-Molded Fixed Re6i,.tors 

1,. Watt 'z Wa tt l Watt 2Watt 
T ype C B Type EB Type G B Type 11B 

10,000 nwqohms 10,000 m-,qohm, 10.000 rneqohms 10,()00 nwqohms 

5()0 vults 700 vohs 1000 vuhs l!\O(J volts 

325 volts 450 volts 625 volts b25 volts 

- 0015'\, vol! - 0010\, voh - 0 007'\, vol! _ 0 (IIO . ~olt 

- 0020 -0015 - 0012 - 0015 

- 0.025 -0.020 - 0(1)5 -0020 

0030 - 0030 - 00'.!0 - 0020 

- 0035 - 0.035 - 0 020 - 0020 

- 0035 -0035 - 0025 - 0025 

+ 4 1 + 4, + 4 I ~4 
- 6 ' -6 - 6 - 6 

- 3' - 3 ' - 3 ;, - 3' 

+ 4,. + 4,, +•l, • 4 
- 6 ' - 6 - 6 - f, 

- 4'1 1' 4'\ - 4 

11 
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Types 00, CO, ED, GO 
HO,GM,HM 

Performance characteristics 

Characteristics 
Hot-Molded Fi>,ed Resistors 

¼ Wall ¼ Wall ½ Watt l Watt 2 Watt 
Type 88 Type CB Type EB Type GB Type HB 

Short-Time Overload [6.11) Vohage L1m1ts 200 volts 400 110l1s 700 volts 1000 volts 1000 vohs 
5 seconds at 2½ times RCWV; voltage 

Maximum •(2.S'\. •· 0 OS ohm) • (2'1, + 0.05 ohm) • (I'\,+ 0.05 ohm) •(I'\, • 005 ohm) i: (I'".-• 005ohm) hm11 as stated Maximum permanent 
resistance change, Typical .. 05'1, • OS'\. • 05'\, - 05,, .... 0 5'\, 

Terminal Strength (6.13) + (!% • 0.05 ohm) 
5 lb. (2,27 Kgm) Pull Test. T hree lurn Twist Test. (2 lb. PuU Test) •(1% .,. 0.05 ohm) +(l'b • 0.05 ohm) ;,c(I% • 0 .05 ohm) ± (1%- 0.05 ohml 
Maximum permanent resistance change. (0.91 Kgm) 

Effect of Solder Heat (6.14) 
Leads immersed to .125 in (3. 18 mm) of body in + (:!'t + 0.05 ohm) 

-1. (2% .... 0.05 ohm) :t:(3"{, + 0.05 ohm) -,: (3~, ~ 0.05 ohm) ~ (3'\, • 0.05 ohml 350°C solder for 3 seconds. Maximum permanent (250°C Solder) 
resistance change. 

Vibration (6.17) Mechanical or 
No Damage No Damage No Damage No Damage No Damage 

10-2000 Hz, 0.06 inch Electrical Damage 
(1,52 mm) peak-to-peak or Maximum Permanent 
20G, whichever is less. Resistance Change .!'. (1% + 0.05 ohm) + (l't • 005 ohm) ..t(l% + 0 .05 ohm) !.(1% + 0.05 ohm) :t(I~ + 0.05 ohm) 

Shock [6.16) Mechanical or No Damage No Damage No Di!mage No Damage No Damage 
100g, 6 ms, sawtooth, Electrical Damage 

10 shocks, Maximum Permanent 
:t (2% + 0.05 ohm) + (l!'l', + 0.05 ohm) 4 (2% + 0.05 ohm) ,;,:(2't • 0 OS ohm) + (~. • 0.05 ohm) 2 planes. Resistance Change 

Moisture Resistance (6.9) Maximum • 15'\, • 12 • 14 • 8, + 7 

Temporary resistance change. 0 - o 't, 0 '\, 0 I, - o""' 

See comment on Page 14 Typical • 9", 6't. ·• X S't • 4% 

, Maximum ·• 8,1, .. 5 + 4~ • 3 • 3 
0 o"' - 0 o'° o ... 

Humidity Characteristic 10 
Typical 4'\, •3"' .,.2'\, ... ZC\, .. n, 

(steady s1a1e) (6.101 
• 9 + 6, -~ ... 4 240 hours al • 40• C and Maximum 

.. 4 
01, o" - o" o,.· o'\, 95% relallll(! hum1d1ty. Tem 

1000 porary resistance change. Typical • 5-.; ➔ 4'1, + 4't + 2% ◄-2" 

Maximum + JI'\, - 9 .,. ~ • S,1, .,. 5% 
Nominal Resistance • - o - o<t. - 0 - o - 0 

(ohms) IOOK 
Typical + 8~, ·• 6'\, .. 6'l. ,-3"' • 2.5'l. 

10 Meg. Maximum • 13'\, •· 10 + 9 ·• 5 • 5'\, 
and 0 0 % -o"· o"' 0 

100 Meg. Typical • !)'1, •S"l. + n, ... J't • 2.5'\-. 

Low Temperature Operation (6.7) 
Alter I hour at - 65, + 0 -5" C , apply 
RCWV lor 45 minutes. Remove RCWV, 

Maximum .!'. (2'1, ➔ 0 OS ohm) ~(2'\. .... 0.05 ohml + (2'\, + 0.05 ohml c!c(~ - 0 OS ohm) • (2% .,. O 05 ohm) 

return to room temperature Res1stanc11 Typ,cal • 0.5'\, + 0.5 ... + 0.5'\, + 0.5~ + 0.5'l. 
change measured 24 hours alter rest 

Temperature Cycling 16.8) Maximum ;,- (2'\, • 0 05 ohm) + (~ ... 0.05 ohm) .,. (2'\, .,. 0.05 ohm) •(2% .,. 0.05 ohm) + (2'\, + 0.05 ohm) 
L1m1ts: - 55° C and+ 85' C . 

Typ,cal 4 0 S'\, ,. 0 S'l. + 0.5% + OS'\, .,. 051\. Resistance change alter five cycles. 

Temperature characteristics 
In addition to the maximum values given in this table, typical curves o r temporary 
restStance change due to temperature are illustrated al the top of the next page. 

ss· c - 25• C - ts• C o• C +25" C • 55" C + 65° C + 85° C -,.105• C 

Range Range Range Range Nominal Range Range Range Range 
Resistance - ('\,) ('t) ('\,) (%) Ohms (%) (%) (%) (%) 

Temperature 
Characteristic ➔·0,210 + 2.6 - 0.2 lo+ 1.3 - 0.2 to • l .O 0.2 lo .. 0.6 I 0.4 to + o.5 - 0.5 to +0.7 - 0.5 to+ 1.3 - 0.4 to+ 2.0 

16.3) + 0.2 to -+ 3.8 - 0.3 to ... 2.0 - 0.3 to + 15 - 0.3 lo ➔ 0.9 10 - 0.6 10 + 0.8 - 0.7 to+ 1.1 - 0.8 to+ 2.0 - 0.6to+ 30 

Maximum tempo- + 0.3 to + 5. 1 - 0.3 10 + 2.7 - 0.4 to+ 2.0 - 0.4 to • 1.1 100 - 0.8 to+ 1.0 - 0.9 to + LS - 1.0 to+ 2.6 - 0.8 to+ 4.0 

rary resistance +0.3 to+ 6.4 - 0.4 to +3.4 - 0.5 to.,. 2.5 - 0.5 to+ 1.4 1000 - 1.0 to+ 1.3 - 1.2 to-+- 1.8 - 1.3 to+ 3.3 - 1.0 to.,. 5.0 
change lrom the .. o.4 to + 7.7 - o.s to-+-4.0 - 0.6to -,. 3.0 - 06to .. 17 !OK - 1.2 to+ 1.5 - 1.4 to• 2.2 - 1.5 to+ 3.9 - 12 ,o - 6.0 + 25" C inihal 
resistance value + 0.5to + 8.9 - 0.6 to ➔ 4.7 - 0.7 to + 3.5 - 0.7 to + 2.0 lOOK - l.4 to .,.. 1.8 - 1.6 to + 2.6 - 1.8 to+ 4,6 - 14 to+ 7 I Note - Linear inter-
polation approxi• +0.5 to + 10.2 - 0.7 to ,. 5.4 - 0.9 to• 4.0 - 0.8 to + 2.3 I Meg - 1.6 to + 2.0 - 1.9 to + 3.0 - 2.0 to+5.2 - l .6to + 8.1 
mates intermediate 

+ 0.6to • 11.5 0.8 to• 6.0 - 0.9 to + 4.5 - 0.9 to +2.6 JO Meg - 1.8 to • 2.3 - 2.1 to-+- 3.3 - 2.3to+5,9 - 18 to + 9.1 values. 
->-0 6 to + 11.9 0.8 to +- 6,3 - 0.9to+ 4.7 0,9 to + 2.6 22 Meg - 1.9 to+ 2.4 - 2.2 to+3.5 - 2 4 10+6) - 1.910 + 9.4 

➔ 0.7 to+ 12.8 - 0.8to ➔ 6.7 I.O to ... 5 0 - 09 to ... 2.8 100 Meg - 2.010 - 2.s - 2.4 to+ 3.7 - 2.5 to -+ 6.6 2.0 to+ 10.l 

12 
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Typical resistance - temperature characteristics 

1ype5 oo, ~o. EY, GO, 
HB,GM,nM 

7 

6 

C 5 
0 ·:: 
·~ 4 
0 

1-..Jlio---+---- ---+-------+-- ----4-------1--------~ Nominal 
Ohms 

1--~-~....--+-------+--------1-------1------1------~ at 25° C 
10 Meg . .. 

C 
II 3 IOOK 
~ :. 

2 ...,_ __ .......;~.......;:...,.~r---+-----~~----+--- ---+-----c:-,,,C-~~ --74 lK 

10 
1 

0 
- 55 -25 0 25 55 85 105 

Ambient Temperature °C 

Percent Resistance Deviation From 25° C Value for Various Nominal Resistance Values and Temperatures. 

Derating with respect to ambient temperature 

100 

90 

80 

70 
Ill 
t: 
(0 

3 60 
'l:I 
~ 

~ 50 a: 
0 - 40 C 
II 
V ... 
~ 30 0.. 

20 

JO 

" ~ ~ 
\' '\. Type C B 1/ 4 Watt -\" Type EB 1/ 2 Watt 

' Type G B 1 Watt 

\ ~ 17 Type HB 2 Watt 

I \ ~ 
\ I"\. }.. 

/ \ '\. 
Type BB '\. 
1/ 8 Watt '\ 

"' \ ' \ "\ 
0 

60 70 80 90 100 110 120 130 140 150 

Ambient Te mperature ° C 

Derating - For resistors operated in 
ambient temperatures above 70° C, the 
change in resistance after 1000 hours under 
conditions similar to the Load Life Test will 
be less than + 4% to - 6% when the load 
wattage is derated in accordance with the 
curve shown. The most significant factor in 
proper derating to achieve minimal 
permanent resistance change over long 
periods of operation is the resultant surface 
temperature of the resistor. (See note 7 
under Application Information.) 
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Types DO, CD, E~, GD, 
HD,GM,nM 

S1111able (o r soldering and 
welding even alter long 
periods 111 stock. 

SOLIDLY EMBEDDED 
LEADS 
Lead wne:. are formed to 
provide large contac t area and 
high pull s trength 

PERMANENT COLOR ~ RESISTANCE 
CODING ELEMENT 
Bright, baked on colors ar~ 
highly resislanl 10 solvents, 
abrasion and ch1ppmg Colors 
rem,un clearly readable .ifter 
long service. 

Resistance miltenc1I hdS larqot 
cross sec tion resullmg 1n low 
current density and high 
overlo,1d capacity Un1form1tv 

UGGED CONSTRUCTION 
Resistors a re hot molded, 
Resistance malenal, insulation 
mdterial and lead wires are 
molded at one time into a sohd 
integral structure, of rnatenal e hm111a1es "hot spots" 

Resistor test voltages - In measuring resistance, 
it is important to take into account the effects of 
heating due to voltage application and the "offset" of 
resistance due to its voltage coefficient. Maximum 
voltage coefficients are listed on Page 11 of this 
publication. The voltage used should be applied for 
as short a time as possible, to minimize the effect of 
heating. For reference purposes, the voltages listed 
below should be used. 

Nominal Resistance 
Range 

1 0 to 9. l ohms 
10 to 91 ohms 
100 to 910 ohms 
1000 to 9100 ohms 
l0K to 91K ohms 
lOOK ohms and higher 

Recommended Test 
Voltage (DC Volts) 

0.3 volt 
1.0 volt 
3.0 volts 

10 volts 
30 volts 

100 volts 

Moisture resistance testing The results ob• 
tained from lhis test, defined in Publication EC5021-2.2 
paragraph 6.9 which parallels MIL-STD-202 Method 
106 have been found to vary because of the involved 
equipment required, the inclusion of several destruc
tive-type procedures. and the poor reproduceability 
of the test. Isolation of the effects of moisture on 
resistors can be better achieved using the Steady 
State Humidity Test, paragraph 6, 10 in Publication 
EC5021-2.2, paralleled by MIL-STD-202, Method 103. 
Maximum and typical values of resistance change for 
both tests are shown in the table on Page 12 of this 
publication. 

Solderability - Allen-Bradley hot-molded fixed 
resistors meet the solderability requirements of MIL
R-39008 and MIL-STD-202, Method 208. 

Resistant·e to solvents - The color code remains 
legible after resistors are subjected to the Resistance 
To Solvents test of MIL-STD-202, Method 215. Also, 
the resistors will withstand the Color Code Solvent 
Resistance test described in Paragraph 6.20 of 
Publication EC5021-2.2, which includes ultrasonically 
agitated liquids at elevated temperature. 

Military qualification - The Allen-Bradley hot
molded fixed resistors meet or exceed all applicable 
military specifications including MIL•R-39008, Re
sistors, Fixed, Composition (Insulated), Established 
Reliability, and are fully qualified in all wattage sizes 
and all resistance values to the best reliability level, 

14 

the "S" level, with a failure rate lower than 0.001% 
per 1000 hours. 

Resistance measuring techniques - Measured 
resistance value is dependent upon the resistor 
temperature, the test voltage, and the degree of 
resistor dryness. Accurate correlation between 
repeated measurements, especially at different times, 
and different locations, requires that these three 
conditions be essentially the same. 

Slight variations in resistor body temperature are not 
s ignificant in room temperature measurements. 
However, the temperature of the resistor body may 
increase appreciably when tested at too high a 
voltage or when the voltage is applied for too long a 
time causing excessive heating. 

The test voltage is very important and sometimes 
misunderstood or overlooked. This is because a 
tester is often unaware of the actual voltage that the 
instrument used is applying to the resistor under 
test. Commonly used instruments such as highly 
accurate resistance bridges or digital voltmeters 
employ relatively low voltages to make measure
ments, usually around 1 volt and seldom higher than 
10 volts. This does not cause significant differences 
for low resistance values wh~re the use of low test 
voltages is specified. However, for higher resistance 
values such as IOOK ohms or higher, a test voltage 
of 90 or I 00 volts is specified and use of a low 
voltage test instrument will result in a substantial 
difference in readings. 

It is important to recognize that apparent out-of. 
tolerance on the + side can be caused by excessive 
moisture, and when such a condition is observed the 
test sample should then be conditioned in a dry oven as 
described in Publication EC5021-2.2. 

Since both moisture and too low test voltages make 
the resistance value appear higher than when tested 
under s tandard conditions, it can be easily seen how 
these two effects when combined together may 
produce a significant measurement difference. 

O ther A·B hot-molded resistor pubhcat ions -
Resistor Test Procedures - Publication EC5021-2.2 
covers resistor test procedures and contains a cross 
index of Allen-Bradley resistor test methods and the 
equivalent or near-equivalent methods specified in 
MIL-R-11, MIL-R-39008, MIL-STD-202 and EIA 
Specification RS-186. 
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Typical high frequency characteristics 

Types BO. CO, E~, GD, 
HO,GM,nM 

Measurement conditions - The curves below give typical values of impedance to DC resistance ratio and 
phase angle from 100 KHz to 100 MHz. Care was taken in test fixture design to prevent distributed 
capacitance to ground along the length of the resistor from contributing to measured values. Lead length was 
held at one quarter inch to standardize the lead inductance contribution. User's circuit variations from test 
conditions in mounting position and lead length can have a significant effect on the high frequency 
characteristics. 

1.0 

0.9 

0.8 

.g 0.7 

~ 0.6 

1W 0.5 
0 
-:. OA 
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a: 0.3 

0.2 
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10 100 IK !OK lOOK IMq. 
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QI 
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Types DO, CO, E~, GD, 
HD,GM,nM 

Typical high frequency characteristics 

1.0 

0.9 

0.8 

V 0.7 "0 
IX ...._ 

0.6 

~ 
0.5 

0 
·..:: 0.4 (II 

IX 
G.3 

0,2 

0.1 

0 

10 100 IK I0K IOOK 

Nominal Rdc in Ohms 

2 Watt Type HB 

Metal clad fixed resistors 

I M•g. 10 M<u 

The Allen-Bradley Type GM and HM resistors are 
insulated Type GB and HB fixed composition 
resistors fitted with metal clamps which surround the 
major portion of the resistor. The metal clamps 
provide rigid mounting and efficient heat transfer 
from the resistors to the metal chassis or panels on 
which they are mounted. 

It has been well established that Allen-Bradley fixed 
composition resistors exhibit superior reliability. 
When used according to published ratings and 
recommendations they do not open circuit nor 
exhibit large erratic changes of resistance value. The 
standard units are available up to and including 2 
watt ratings. 

Type GM and HM resistors make this same reliable 
performance AVAILABLE UP TO AND IN
CLUDING 5 WATTS. 

Performance characteristics - The performance 
characteristics for Types GM and HM are the same 
as for Types G B and HB respectively, as shown in 
the tables on pages 11 and 12, with the following 
exceptions. 

Nominal resistance range -
Type GM - 2.7 ohms to 22 megohms 
Type HM - 10 ohms to 22 megohms 

Standard tolerances ± 5%, ± 10% 

Power rating - When mounted on the equivalent of 
a steel panel 4 inches (101,60 mm) square and 0.05 
inch (1 ,27 mm) thick 
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Type 

GM 
HM 

70°C Ambient 

3 watts 
4 watts 

40°C Ambient 

4 watts 
5 watts 

• 20 
(/) 
(II • to 
(II 

"" ~ 0 
(II 

Q 10 

.5 - 20 
0 ~ 

30 
(II 

01 
C 

- 40 

< -so 
(II 
(/) -60 
Ill 

J: - 70 ~ 

-80 

-90 

10 100 IK I0K IO0K I M• g 10 t,1,9 

Nominal Rdc in Ohms 

2 Watt Type HB 

Rated continuous working voltage (RCWV) 
Type GM ~ or 500 volts, whichever is less 

Type HM ~ or 750 volts, whichever is less 

Weight Approximate, with nominal length leads 
Type GM 4. 7 gm 
Type HM 8.0 gm 

Insulation resistance - 100,000 megohms mini
mum between resistor leads and metal clamp 

Dielectric withstanding voltage - At sea level, 
1500 volts 

Short time o~erload - z (2.5% + 0.05 ohm), 
maximum 

Capacitance - Between resistor leads and metal 
clamp 

Type GM 5.6 pF, approximately 
Type HM 9.0 pF, approximately 
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Reel packaged resistors 
Types BO, CB, E~,GB, 

HB,GM,nM 

Reel packaged - Allen-Bradley hot-molded fixed 
resistors may be obtained reel packaged for use 
directly on automatic assembly equipment. 

36-inch leader - A minimum of 36 inches (914,40 
mm) of free tape are provided at each end of the 
reel for splicing purposes on lead tape reels. For 
body tape, a 12-inch (304,8 mm) leader at the core 
and a 36-inch (914,40 mm) leader on the outside end. 

Heavy duty reel construction The octagonal 
reels are made from corrugated fiberboard sides 
glued to a heavy fiberwound core. The reel is 
provided with metal bearings having a .562 inch 
(]4,27 mm) hole. 

Expendable - Since these reels are intended to be 
used as one-time dispensers of resistors, there are 
no storage problems, no returns. 

Note: Long term storage of adhesive taped reel
packaged resistors is not recommended due 
to normal adhesive aging. 

General requirements 

BODY TAPE 

LEAD TAPE 

1. Exposed adhesive of tape shall be less than 0.031 (0,79) in any area where it comes in contact with 
components or leads. 

2. Standard reel packaging is with standard full length component leads. Lead trimming is available upon 
request for Types CB and EB, such that e xtension of lead ends beyond outside edges of lead tape is less 
than 0.031 (0,79). 

3. A maximum of 0.25% of the components per reel quantity may be missing without consecutive missing 
components. 

4. Cumulative pitch tolerance on "C" dimension shall not exceed 0.059 (1,5) over six consecutive components. 

Tape spacing 
Inside Tape Sl)<)Cing D • 0.062 0.57) 

A-B Type 
Class I Class II Class Ill 

BB I 812 
(46.01) 

CB 2.062 D 2.500 2 875 2438 
(52.39) (63.5) (73.03) (61.93) 

EB 
2.062 D 2.500 2875 2.438 

(52.39) (63.5) (73,03) (61,93) 

GB 2875 U 2.438 3062 
(73.03) (61.93) (77,27) 

HB 2.875 D 2.438 3.062 
(73.03) (61,93) (77.77) 

D Standard 
Note: D1rnens10ns shown in parentheses are in millimeters 
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Types 00,CO, E~,GO, 
HD,GM,nM 

Reel packaging dimensions 

MIL MIL•R 
A-B Rll 39008 Rating 

Type Style Style (Watts) 

BB RCOS RCROS 1/8 

BB RCOS RCR05 t/8 

CB RC07 RCR07 1/4 

Body EB RC20 RCR20 1/2 Tape 

EB RC20 RCR20 1/2 

G B RC32 RCR32 I 

HB RC42 RCR42 2 

BBB RCOS RCR05 1/8 

BBfl RC05 RCROS 1/8 

CB RC07 RCR07 1/4 

Double 
Lead CB RC07 RCR07 1{4 
Tape 

EB RC20 RCR20 1/2 

EB RC20 RCR20 1/2 

GB RC32 RCR32 I 

HB RC42 RCR42 2 

Across Across 
Hubs Flanges 

Standard A AA 
Quar11ity Max. Approx. 
(per re<?I) Inches Inches 

1000 D 2.468 2.406 
(62.69) (61,11) 

4000 D 2.468 2.406 
(62,69) (61,11) 

2500 D 3.625 3.562 
(92,08) (90,47) 

2500 3.812 3.750 
(96,82) (95.25) 

5000 3,812 3.750 
(96,82) (95,25) 

2000 
4.062 4.000 

(103.17) (101,60) 

1000 4.062 4 000 
(103,17) (101.60) 

SOO D 2,688 2.625 
(68,28) (66,68) 

2000 D 2.688 2,625 
(68,28) (66.68) 

2SOO D 3.625 3.562 
(92,08) (90,47) 

3.625 3 562 sooom (92,08) (90,47) 

2500 3.812 3.750 
(96,82) (95,25) 

5000 8 
3 812 3.750 

(96,82) (95,25) 

2000 4 062 4 000 
(l03,17) (101.60) 

1000 4.062 4.000 
(103,17) (101,60) 

Across Across Resaslor Between Tape 
Poirils Flats Spacing Hub Holes Width 

B BB C E F 
M~K. Max. Approx. 

Inches Inches Inches Inches Inches 
4.062 3 750 ,076 max. 1.593 125 

(103,17) (95,25) (l,93) (40,46) (3.18) 

6.500 6.000 .076 max. 1.593 .125 
(165,10) (152,40) (1,93) (40.46) (3,18) 

6500 6.000 120 max, 2.750 . 188 
(16S,10) (152,40) (3,05) (69,85) (4,78) 

9.750 9.000 170 max, 2938 2 50 
(247,65) (228.60) (4.32) (74.63) (6.35) 

13.188 12.188 .170 max. 2.938 .250 
(334,98) (309.58) (4.32) (74,63) (6,35) 

13.188 12.188 .270 max. 3.188 .375 
(334,98) (309,58) (6,86) (80,98) (9,53) 

13.188 12.188 .385 max. 3 188 .375 
(334.98) (309,58) (9.78) (80,98) (9,53) 

4.062 3.750 .200.!. .015 1.812 250 
(103,17) (95,25) (5 ,08 ' 0,38) (46,02) (6,35) 

6.500 6,000 .200~0.1s 1.8 l2 .250 
(165,10) (152,40) (S,08• 0,38) (46,02) (6.35) 

9.750 9.000 .200 -" .015 2750 .250 
(247,65) (228,60) (5,08c!- 0,38) (69,85) (6,35) 

13.188 12.188 .200.!..0JS 2.750 .250 
(334,98) (309,58) (S,08 c+ 0,38) (69,85) (6,35) 

9.750 9000 .200+ 015 2.938 25() 

(247,65) (228.60) (5.08 • 0 38) (74,63) (6,35) 

13.188 12.188 ,200+ 015 2.938 250 
(334,98) (309,58) (5,08 ·0,38) (74,63) (6,35) 

13 188 12.188 .375 .t .015 3.188 250 
(334,98) (309.58) (9.53 ◄ 0.38) (80,98) (6,35) 

13.188 12.188 .375 ◄ .015 3.188 .250 
(334,98) (309,58) (9,53.!.0,38) (80,98) (6,35) 

a Krafl paper tS wound between layers ol Types BB and CB for full length ol reel. For Types EB, GB, and HB 1t is wound only as far as necessary for adequate 
prolecuon. 

fl Available upon request 
Note, Dimens,ons shown in parentheses are ,n m~limeters. 

c-C 

LEAD TAPE 
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Application information 

The following information has been compiled to aid 
in the everyday selection and application of Allen
Bradley hot-molded resistors. The statements on this 
page should be helpful in evaluating the use of all 
types of A-B hot-molded resistors in broad general 
terms, and are not to be interpreted as precise. A 
comprehensive list is made of the standard nominal 
resistance values in their available tolerance 
categories, the rated continuous working voltages for 
all hot-molded types, the part numbers, and color 
codes - all information provided for all values from 
l ohm to 100 megohms, taking into account the 
available range of values for each type as of the date 
of this publication. 

I. Low-value resistors exhibit less change due to 
humidity, temperature and voltage than high-value 
resistors 

2. Resistance changes due to increase in moisture 
content are always positive. 

3. Resistance changes due to humidity are 
temporary, and, in the case of Allen-Bradley 
resistors, are reversible. 

4. Change of resistance which has occurred due to 
humidity may be essentially eliminated by 
conditioning the resistor at 100°C or by dry 
storage. 

5. T he effects of humidity may be minimized by 
operating the resistor with as little as 1/ 10 rated 
wattage load. 

6. Resistance change due to load life is permanent 
and usually ultimately negative. 

7. Resistance change due to load life can be 
minimized - 1% to 2% in many thousands of 
hours by 50% derating. This same result can be 
attained by limiting the maximum operating 
surface temperature of the resistor under load to 
100°C. Permanent resistance changes as the 
result of storage at temperatures below l00°C are 
negligible. even for extended time periods. 

"Types DO, CD, ED, GD, 
HD.GM.HM 

8. Resistance change due to soldering is positive 
and may be permanent if the resistor has 
excessive moisture present in its body. It can be 
greatly minimized if resistors are dry at the time 
of soldering. 

9. The temperature characteristic of Allen-Bradley 
resistors is positive above + 80° and below 
- 10°c . 

10. The temperature characteristic of the Allen
Bradley resistor is negligible from - 10°C to 
+ 80°C . 

11. The voltage charac teristic (negative) and the 
temperature characteristic (positive) tend to 
cancel one another in an Allen-Bradley resistor 
under average operating conditions, where both 
significant voltage and elevated temperature are 
present. 

12. The heat sink to which a resistor is connected 
affects its rating. Resistors operated in multiple 
should be derated unless adequate heat sinks 
are provided. 

13. The quality and reliability of Allen-Bradley 
resistors is the same for, and independent of, 
any resistance tolerances shown on the resistor. 

14. Years of accumulated experience have shown 
that Allen-Bradley hot-molded resistors are 
unequalled for uniformity, predictable 
performance, appearance, and freedom from 
catastrophic failure. Allen-Bradley resistors are 
made by an exclusive hot-molding process on 
automatic machines - developed, built, and 
used only by Allen-Bradley. There is such 
complete uniformity from one resistor to the 
next - million afier million - that long term in, 
circuit performance can be predic ted with usable 
accuracy, When used according to published 
ratings and recommendations, Allen-Bradley hot• 
molded fixed resistors will not open circuit nor 
exhibit erratic changes of resistance value. They 
are probably the most reliable of all electronic 
components. 

19 
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Types 00, CB, E~, GB, 
HB,GM,nM 

Standard resistance values 

Nominal Resistance 
in Ohms 

TOLERANCE COLOR CODE 
Rated Continuous Working Voltage (RCWV) 

- -mii--= 
1 

I 
~,h BAND 

I ' , a ·~ Q 

Gold Silver None BB CB S',, • 10'\, 20'\. 

1 0 1 0 10 - -
1 1 -
l.2 1.2 - -
l 3 
l 5 1.5 1.5 - -
l 6 - -
l.8 18 - -
20 - - - -
22 22 22 - -
24 -
2.7 2.7 - 0581 0822 
30 0612 0.866 
3.3 33 3.3 0642 0908 
36 - 0671 0.949 
39 39 - 0698 0 987 

43 - - 0.733 1.04 
4 7 47 4 7 0766 l.08 
51 - - 0798 1 13 
56 56 0.837 1.18 
62 0880 1 24 

68 68 68 0922 1.30 
75 0.968 1.37 
82 82 1 01 1.43 
91 - 1 07 1 51 

10 10 10 I 12 1.58 

ll - 1 17 166 
12 12 1 22 l 73 
13 - - 1 28 180 
IS 15 15 I 37 1.94 
16 1 41 2 00 

18 18 I.SO 2 12 
20 158 2 24 
22 22 22 I 66 2 34 
24 - l.73 2.45 
27 27 - l 84 2 60 

30 - 1.94 2 74 
33 33 33 2 03 2 87 
36 - 2 12 3 00 
39 ;19 2.21 312 
43 232 3 28 
47 47 47 242 3 43 
51 2.52 3 57 
56 56 2 65 3 74 
62 2 78 3 94 
68 68 68 2.92 4 12 

75 - 3 06 4 33 
82 82 - 3 20 4 53 
91 337 4 77 

JOO JOO 100 354 5 00 
110 3,71 5.24 

120 120 387 5 48 
130 - - 4 03 5 70 
150 150 150 4.33 6 12 
160 4 47 6.32 
180 180 474 6.71 

200 5 00 7 07 
220 220 220 5 24 7 42 
240 5 48 775 
270 270 5.81 822 
300 6. 12 866 
330 330 330 c, 42 9.08 
360 - ()71 9 4q 

390 390 698 9.87 
430 7 33 10 4 
470 470 470 7 66 10 8 

D Rdhn9 al 70' C, der111ed 10 zero JI 130' C 

0 Rahng JI 7<1° C, der111ed lo zero al 150" C 

20 

') Q 

EB 

0707 
0.742 
0 775 
0806 
0866 

0.894 
0.949 
1 00 
1 OS 
J 10 

l 16 
1 22 
128 
1.34 
1.40 

1 47 
1.53 
160 
1.67 
1 76 

1.84 
1 94 
2 02 
2 13 
2 24 

2 .34 
2 •15 
2 .55 
2 74 
2 .83 

3 00 
3 16 
332 
3 46 
3 67 

3 87 
4 06 
4 24 
4 42 
4 64 

4 85 
5 05 
5 .29 
5 57 
5 83 
6.12 
640 
6 74 
7 07 
7 42 

7 75 
806 
8 b6 
894 
9 4q 

100 
105 
110 
11 6 
122 

12 8 
13 4 
14 0 
14 7 
153 

DC or RMS Volts 

WATTAGE and TYPE 

I D 2 0 3 0 4 0 4 D S D 

GB HB G M GM HM HM 

I 00 - - -
l 05 
I 10 - - -
I 14 - - -
l 22 - - -
l 26 -
1.34 -
I 41 - - - - -
l 48 - -
155 

164 2 8.5 3.29 -
1.73 3.00 3 46 -
l 82 3 15 3 63 - -
190 3 2<I 3 79 
l 97 3.42 3 95 -
2 07 3.59 4 15 -
2 17 ~ 76 4 34 -
2 26 - 3 91 4.52 -
2.37 4 10 4 .7) -
2 49 4 31 4 98 -
2.61 4.52 5 22 
2 74 4 74 548 
2.86 - 4.96 5.73 -
3 02 5 22 C, 03 - -
3 16 4 47 5 48 6 32 632 7.07 

3.32 4 69 5 74 6.63 6.63 7 42 
3.46 4.90 6 00 6 93 6 93 7 75 
3 61 5 IO 6 24 7 21 7-21 806 
3 87 5 48 6 71 175 7 75 8 66 
4 00 566 6 93 8 00 8 00 894 

4.24 6.00 7 35 8 48 8 48 9 49 
4.47 6.32 7 75 8 94 l.!.94 10 0 
H,') b63 8 12 9 .38 9.38 10.5 
4 Cl() 6.93 8.48 9 80 980 11.0 
5 20 7 3S 9 00 10 4 10 4 11 6 

548 7 75 9 49 ll 0 II 0 12 2 
5 74 812 9 95 IJ .5 11.5 12.8 
600 848 10 4 12.0 12.0 13 4 
6.24 8.83 10 8 12 5 12 5 140 
6.56 927 1 l 4 13 I 13.1 14 7 
6 86 '170 11 9 13.7 13 7 )5.3 
7 14 10 1 12 4 14 3 14 3 16.0 
7 48 10.6 13.0 15 0 15 0 16 7 
7 87 111 13 6 15 7 15 7 17 6 
8 25 117 14 3 lb 5 lb.5 18.4 

8 66 12 2 15.0 17.3 17 3 19 4 
9 06 12.8 15 7 18. J 18. I 20.2 
9.54 135 16 5 19 I 19.1 21..l 

100 14 1 17 3 20 0 20 0 22 4 
10 5 148 18 2 21 0 21.0 23 5 
11 0 155 19 0 21 9 21.9 2•15 
114 161 19 7 228 228 25 5 
12.2 17 3 21 2 24.5 24 .5 27 4 
12 6 17 9 21 9 253 25.3 28.J 
13.4 190 232 26 8 26 8 300 
14 l 200 24 S 28.3 2S3 31 6 
148 21 0 25 7 29 7 29 7 332 
15 5 21 9 268 31 n 31.0 34 6 
164 23.2 28 5 J2 9 J2 9 JC, 7 
17.3 24.5 30.0 34.6 34.6 38.7 
18 2 25 7 315 36.3 36.3 400 
l<l 0 266 32 9 37 9 37 9 42 4 
l<l 7 27 9 34 2 39 5 ;IQ 5 44 2 
20 7 293 35 9 41 5 41 S 46 4 
21 7 307 37 6 43 4 434 -IB 5 

D Rnhn~1 ,11 40 C. dNall•d tn ,ero di 150' C 

Resistor Resistance Color Code 
Part Number -=-~=-Type 

Toler• 
ance 

88 5 = 5'1, 
CB Value l ~ 10'\ hi 2nd 3rd 

EB Code 2=20'\ BAND BAND BAND 

etc Numh<!r ol 
Isl 2nd zer05 .,J'1er 

d1~:1:1t d,9,1 1st •nd 2nd xx 000 X d,g,l 

IOG Brown Black Gold 
JIG Brown Brown Gold 
12G Brown Red Gold 
13G Brown Orange Gold 
tSG Brown Green Gold 

16G Brown Blue Gold 
18G Brown Gray Gold 
20G Red Black Gold 
22G Red Red Gold 
24G Red Yellow Gold 

27G Red Violet Gold 
30G Orange Black Gold 
33G Orange Orange Gold 
36G Orange Blue Gold 
39G Orange White Gold 

43G Yellow Orange Gold 
47G Yellow Violet Gold 
S IG Green Brown Gold 
56G Green Blue Gold 
62G Blue Red Gold 

68G Blue Gray Gold 
75G Violet Green Gold 
82G Gray Red Gold 
91G Wh,te Brown Go ld 
100 Brown Black Black 

110 Brown Brown Black 
120 Brown Red Black 
130 Brown Orange Black 
150 Brown Green Black 
160 Brown Blue Black 

180 Brown Gray Black 
200 Red Black Black 
220 Red Red Black 
240 Red Yellow Black 
270 Red V10le1 Black 

300 Orange Black Black 
330 Orange Orange Black 
360 Orange Blue Black 
3<l0 Orange White Black 
430 Yellow Orange Black 

470 Yellow V1ole1 Bla,k 
510 Green Brown Black 
51,() G reen Blue Black 
620 Blue Red Black 
6l«l Blue Gray Black 

750 Violet Green Black 
820 Gr3y Red Black 
910 Wh11e Brown Black 
I0J Brown Black Brown 
111 Brown Brown Brown 

121 Brown R~d Brown 
Bl Brown Orange Brown 
151 Brown Green Brown 
161 Brown Blue Brown 
181 Brown Gray Brehm 

201 Red Black Brown 
221 Red Red Brown 
241 Red Yellow Brown 
271 Red Violet Brown 
301 Or.:ing~ Black Brown 

JJl Orange Orange Brown 
361 Orange Blu~ Br0111n 
3'll Oranqe Wh11e Brown 
4Jl Y~llow OrJn<ie Brown 
471 Y~llow v.,1e1 Brown 
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Standard resistance values 

Nominal Resista nce in Ohms 

TOLERANCE COLOR CODE 
Rated Continuous Working Voltag-, (RCWV) 

I 

- -.iiii--
I 

I '·$ a ¼B 4th81'.NO 

Gold Silvn None BB CB 
" 5'\. ~ 10~ ' 20'\. 

510 - - 798 11.3 
560 560 - 8.37 11.8 
620 - - 8 80 12.4 
680 680 680 9.22 13.0 
750 - - 9.68 13,7 

820 820 - 10.1 14.3 
910 - - 107 15.1 

1000 1000 1000 11.2 15.8 
llOO - - 11,7 16.6 
1200 1200 - \2.2 17.3 
1300 - - 12.8 18.0 
1500 1500 1500 13.7 19.4 
1600 - - 14,1 20.0 
1800 1800 - 15.0 21.2 
2000 - - 15.8 22.4 
2200 2200 2200 16.6 23.4 
2400 - - 17.4 24.S 
2700 2700 - 18.4 26.0 
3000 - - 19.4 27.4 
3300 3300 3300 20.3 28 7 

3600 - - 21.2 30.0 
3900 3900 - 21.1 31.2 
4300 - - 23.2 32.8 
4700 4700 ,HOO 24 2 34.3 
5100 - - 25.2 35.7 
5600 5600 - 26,5 37.4 
6200 - - 27.8 39.4 
6800 6800 6800 29.2 41.2 
7500 - - 30.6 43.3 
8200 8200 - 32.0 45.3 
9100 - - 33.7 47.7 

10000 10000 10000 35.4 50.0 
11000 - - 37 I 52.4 
12000 12000 - 38.7 54.8 
13000 - - 40.3 57,0 
15000 15000 15000 43.3 61.2 
16000 - - 44 7 63.2 
18000 18000 - 4H 67 I 
20000 - - 500 707 
22000 22000 22000 52.4 74.2 
24000 - - 54.8 77.5 
27000 27000 - 58,1 82 2 
30000 - 61.2 86.6 
33000 33000 33000 64.2 90.8 
36000 - - 67.l 94,9 

39000 39000 - 69.8 98.7 
43000 - - 73.3 104 
47000 47000 47000 76.6 108 
51000 - - 79.8 113 
56000 56000 - 83.7 118 
62000 - 88.0 124 
68000 68000 68000 92.2 130 
75000 96.8 137 
82000 82000 101 143 
91000 - - 107 151 
om1na es1s1a1 ce rn ego ms N . I R . . M h 

0.1 0.1 0.1 112 158 
0.11 - - 117 166 
0,12 0 12 - 122 173 
0 13 - - 128 180 
0,15 015 0. 15 137 194 
0,16 - 141 200 
0 18 0 18 - 150 212 
0.20 - 150 224 
022 0 22 0.22 150 234 
0,24 - - 150 245 

D Rating ~I 10• C. derated to z.e,o al 130° C 
IJ Rating Ill 10· c. derated to zero al 1so• C 

DC or RMS Volts 

WATTAGE and TYPE 

\~ a I B 2 & 3 lfl 4 11 4 B s II 

EB GB HB GM GM HM HM 

16.0 22.6 31.9 39.1 45.2 45.2 50.5 
16.7 23.7 33.5 41.0 47.3 47.3 52.9 
17 6 24.9 35.2 43.1 49.8 49 8 55.7 
18.4 26.1 36.9 45.2 52.2 52.2 58,3 
19.4 27.4 38.7 47.4 54.8 54.8 61.2 
20.2 28.6 40 5 49 6 57.3 57.3 64.0 
21 3 30 2 42 7 52 2 60.3 60.3 67 S 
22.4 31.6 44 7 54 8 63.2 63.2 70 7 
23.4 33.2 46.9 57 4 66.3 66.3 74.2 
24.5 34.6 49.0 60.0 69.3 69.3 77.5 
25.5 36.1 51.0 62.4 72. l 72 I 80.6 
27.4 38.7 54 8 67 1 77.5 77.5 86.6 
28,3 40.0 56,6 69.3 80.0 80.0 89.4 
30.0 42.4 60,0 73.5 84.8 84.8 94.9 
31.6 44 7 63.2 77.5 89.4 89 4 100 
33,2 469 66 3 81 2 93.8 93.8 105 
34 6 49.0 69.3 84 8 98 0 98 0 110 
36.7 52.0 73.S 90.0 104 104 116 
38,7 54.8 77.5 94.9 110 110 122 
40.6 57 4 81.2 99.5 115 tl5 128 
42 4 60.0 84 8 104 120 120 134 
44.2 62.4 88,3 108 125 125 140 
46.4 65.6 92.7 114 131 131 147 
48.5 68.6 97.0 119 137 137 153 
50.5 714 101.0 124 143 143 16() 

52.9 74.8 106 130 150 150 167 
55 7 78.7 Ill 136 157 157 176 
58.3 82.5 117 143 16S 165 184 
61.2 866 122 ISO 173 173 194 
64.0 90.6 128 157 181 181 202 
67.4 95.4 135 165 191 191 213 
70.7 100.0 141 173 200 200 224 
74.2 105 148 182 210 210 235 
77.5 110 155 190 219 219 245 
80.6 114 161 197 228 228 255 
86.6 122 173 212 245 245 274 
89.4 126 179 219 253 253 283 
94.9 134 190 232 268 268 300 

100.0 141 200 245 283 283 316 
105 148 210 257 297 297 332 
110 155 219 268 310 310 346 
ll6 164 232 285 329 329 367 
122 173 245 300 346 346 387 
128 182 257 315 363 363 406 
134 190 268 329 379 379 424 
140 197 279 342 395 395 442 
147 207 293 359 415 415 464 
153 217 307 376 434 434 485 
100 726 31<l 391 452 452 505 
167 237 335 410 473 473 529 
176 249 352 431 498 498 557 
184 261 369 452 500 522 583 
194 274 387 474 500 548 612 
202 286 405 496 500 573 640 
213 302 427 500 500 603 675 

224 316 447 500 500 632 707 
234 332 469 500 500 663 742 
245 346 490 500 500 693 750 
255 361 510 500 500 721 750 
274 387 548 500 500 750 750 

283 400 566 500 500 750 750 
300 424 600 500 500 750 750 
316 447 632 soo 500 750 750 
332 469 663 500 500 750 750 
346 490 693 500 500 750 750 

U Ratong al 40• C. dera1ed lo zero "I 150' C. 

Resistor 
Part Number 

Toler· 
Type ance 

BB 5 = 5", 
CB Value l = lD"I 
EB Cod e 2 = 20'I, 
etc 

xx 000 X 

511 
561 
621 
681 
751 
821 
91l 
102 
112 
122 
132 
152 
162 
182 
202 
222 
242 
272 
302 
332 
362 
392 
432 
472 
512 
562 
622 
682 
752 
822 
912 
103 
113 
12:! 
133 
153 
163 
183 
203 
223 
243 
273 
30.1 
333 
363 
393 
433 
473 
513 
563 
623 
683 
753 
823 
913 

104 
114 
124 
134 
154 
164 
184 
204 
224 
244 

Types 00, CIB, E~1 GB, 
HB,G1M,MM 

Resisl11nce Col,or Code 

-,iiii--
I-~ ~ ---1-

111 2nd 3rd 
8,._ND BM,jD SANO 

Numbor <ll 
l•t 2nd .l.~tOS oftM 

d1g11 d1q11 t.1 ond 2nd 
d191t 

Green Brown Brnwn 
Green Blue Brown 
Slue Red Brown 
Blue Gray Brown 
Violet Green Brown 

Gray Red Brown 
White Brown Brow11 
Brown Black Red 
Brown Brown Red 
Brown Red Red 

Brown Orange Red 
Brown Green Red 
Brown Slue Red 
Brown Gray Red 
Red Black Red 
Red Red Red 
Red Yellow Red 
Red V1ole1 Red 
Orange Black Red 
Orange Orange Red 

Orange Blue Red 
Orange White Red 
Yellow Orange Red 
Yellow Violet Red 
Green Brown Red 

Green Blue Red 
Blue Red Red 
Blue Gray Red 
VIOiet Gree" Red 
G,ay Red Red 
White Brown RQd 
Brown Black O,ar1ge 
Brown Brown Orange 
Brown Red Orange 
&own Oraflge Orange 

Brown Green Orange 
Brown Blue Orange 
Brown Gray Orange 
Red Black Orange 
Red Red Orange 

Red Velk,w Orange 
Red V1ol~t Orange 
Orange Black Oraflqe 
Orange Orange Orange 
Orange Blue Or~nge 

Orange White Orange 
Yellow Orang<, Orange 
Yellow V1ole1 Orange 
G,e~n Brown Or~nge 
Green Blue Or~nge 

Blue Red Orange 
Blue Gray Orange 
V10let Green Oran9e 
Grav Red Orange 
White Brown Orange 

Brown Black Y~llow 
Brown Brown Y9llow 
Brown Red Yellow 
Brown OrangE· Yellow 
Brown Green Yellow 

Brown Blue Yellow 
Brown Gray Yellow 
Red Black Yellow 
R~d Red Yellow 
Red Yellow Yellow 
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fypes DO, CB, E~, GB, 
HB,GM, MM 

Standard resistance values 

Nominal Re,;is1ance. in Ohms 

TOLERANCE COLOR CODE Rated Continuous Working Voltage (RCWV) 

- ~ -
I 

I I , D ,, D 
41h BAND 

Gold Silver None BB C B 5'1, · 10'1, • 20'<, 

0 27 0 27 - 150 250 
0.30 150 250 
0,33 0 3:1 0.33 150 250 
0 36 150 250 
0 39 039 - 150 250 
0 43 150 250 
0 47 0 47 0 47 150 250 
0,51 150 250 
056 05b - 150 250 
062 150 250 
0,68 0 68 0,68 150 250 
0 75 150 250 
082 0 82 - ISO 250 
091 150 250 
l 0 I 0 I 0 150 250 
11 150 250 
12 I 2 150 250 
I 3 - 150 250 
1.5 1.5 1.5 150 250 
1,6 150 250 
18 I 8 - 150 250 
20 - - 150 250 
22 22 2.2 150 250 
24 150 250 
27 2 7 - 150 250 
30 150 250 
33 3.3 3.3 150 250 
H - 150 250 
39 3.9 - 150 250 
4 3 - - 150 250 
47 4 7 47 150 250 
5 I 150 250 
56 56 150 250 
62 150 250 
68 6!I 68 150 250 
7.5 150 250 
8.2 82 150 250 
91 150 250 

10 10 10 150 250 
II - 15() 250 
12 12 150 250 
13 150 250 
15 15 15 150 250 
16 - 150 250 
18 18 150 250 
20 150 250 
22 22 22 150 250 
24 - - 150 250 
27 27 - 150 250 
30 - 150 250 
33 33 33 150 250 
36 - 150 250 
39 39 - 150 250 
43 - 150 250 
47 47 47 150 250 
51 - - 150 250 
56 56 150 250 
62 150 250 
68 68 68 150 250 
75 150 250 
82 82 - 150 250 
91 150 250 

100 100 100 150 250 

D Rating at 70' C. derat~d to zero at 130" C 
D Rating a! 70' C. dera1ed 10 iero al 150" C 

22 

DC or RMS Volts 

WATTAGE and TYPE 

I D I Q 2 0 3 0 4 0 4 0 so 

EB GB HB GM GM HM HM 

350 soo 735 500 ~00 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 7S0 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 5110 750 500 500 750 750 
350 ~00 750 500 500 750 750 
350 ',O\J 750 500 500 750 750 
350 ··UO 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 5QO 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 soo 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 soo 750 750 
350 500 75() 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 7S0 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 
350 500 750 500 500 750 750 

D Rating al 40' C, deraled 10 zero at 150' C. 

Resistance Color Code 
Resistor 

Part Number - -.iii--To ler· Type 
ance .-rd -.k; - -1-BB 5 = 5'!, 

CB Value I = 10'1, 
111 2nd 3rd 

EB Code 
BAND RAND BAND 

2 • 20'\, Numtx-r Cit 
etc I.I 2nd '-e,o,, i.'lll1tr 

diq1t d1~11 hi and 2nd 
xx 000 X d1911 

274 Red V1ole1 Yellow 
304 Orange 81.ick Yellow 
334 Orange Oranqe Yellow 
364 Orange Blue Yellow 
394 Orange While Yellow 
434 Yellow Orange Yellow 
474 Yellow V,olel Yellow 
514 Green Brown Yellow 
564 Green Blue Yellow 
624 Blue Red Yellow 

684 Blue Gray Yellow 
754 V,olet Grl'en Yellow 
824 Gray Red Yellow 
914 Wh11e Brown Yellow 
105 Brown Bl>1ck Green 
115 Brown Brown Green 
125 Brown Red Green 
135 Brown Orange Green 
155 Brown Green Green 
165 Brown Blue Green 

185 Brown Gray Green 
205 Red Black Green 
225 Red Red Green 
245 Red Yellow Green 
275 Red Violet Green 
305 Orange Black G,een 
335 Oranqe Orange Green 
365 Orange Blue Green 
395 Orange While Green 
435 Yellow Orange Green 
475 Yellow Violet Green 
515 Green Brown Green 
565 Green Blue Green 
625 Blue Red Green 
685 Blue Gray Green 

755 V,olet Green Gleen 
825 Gray Red Green 
915 While Brown Green 
106 Brown Black Blue 
116 Brown Brown Blue 
126 Brown Red Blue 
136 Brown Or~nge Blue 
156 Brown Green Blue 
166 Brown Blue Blue 
186 Brown Gray Blue 

206 Red Black Blue 
226 Red Red Blue 
246 Red Yellow Blue 
276 Red Violet Blue 
306 Orange Black Blue 
336 Orange O1ange Blue 
366 Oranqe Blue Blue 
396 Orang.- Whue Blue 
436 Yellow Orang;, Blue 
476 Yellow Violet Blue 

516 Green Brown Blue 
566 Green Blue Blue 
626 Blue Red Blue 
686 Blue Gray Blue 
756 Violet G•een Blue 
826 Gray Red Blue 
916 White Brown Blue 
107 Brown Black V1ole1 
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EXPLANATION OF PART NUMBERS 
Types DO, CB, E~, ~O, 

HB,GM,MM 

All Allen-Bradley fixed composition resistors are identified by a Part Number which will provide information as 
to the type of resistor, resistance value, and tolerance. The Part Number is merely for identification on 
drawings, specifications, ordering, and other areas where it is convenient to use a Part Number to describe a 
particular resistor. The only markings that appear on the resistor are the Color Code bands. 

INDUSTRIAL TYPE DESIGNATION-- [85145 
L-,-J' .. ' 

l 7 

Res••tance 

Expressed in ohms and identified by a three,digil number First lwo 
digits represent s,gnifount figures. Last digit specifies the number ol 

Typ<' or Srd .. 

Raring 
Allen• (Watts) MIL-R-11 

zeros 10 follow, e~cepl below 10 ohms (see below). 
RE::,ISTAN( E 

FOR VALUES BELOW 10 OHMS: fOLERA"<Cf 

ALU·.N-BRAOLE'I MIL Allen- MIL 
Bradley (at 10• C) Style 

MIL-R-39008 
Style O1:.!,IGNA TION OESIGNA TION Bradley Tolerance Oaignation 

BB 1/8 RC05 RCROS 
CB 1/4 RC07 RCR07 
EB 1/2 RC20 RCR20 
GB RC32 RCR32 
HB 2 RC42 RCR42 

The letter "G" 1s substituted tn The letter "R" is substituted in 5 :!: 5% J 
place of the third digit. The de- place of a significant di91t to rep- 1 + 10'). K 
sired resistance value is then the resent the decimal point , The fol-
first two digits multiplied by 0.1. lowing digits represent significant 2 ..t20% -

f,gures. 

EXAMPLE 
G M 3 

Mil fAILURE R/\TE LEVEL 
HM 

Allen·Bradlt~ RP,ie,t,i)'r\Ce Df'!t1gn._,tion At 50% rated wattage 

27G 2.7 Ohm 2R7 expressed in %/1000 hrs. 

M : 1.0% 
P : 0.1"' 
R = 0.0,'\o 

Fixed Compos111on Resistors, 
Insulated, Established 

Reliab,lily S : 0.001'-

MIL-R-39008 TYPE DESIGN ATION ~ R~ R ~ G51 JS 

MIL-R-I i TYPE DESIGNATION------
1R~~d 1J~~1~J 

' MAXIMUM AMBIENT TEMPERATURE AND 
RESISTANCE TEMPERATURE CHARACTERISTIC 

(Refer to MIL-R-11 or MIL-R-39008 
Specifications as Applicable) 

Standard co lor code and preferred numbe r series 

1iii,i 
First Band - Jst Digit __j~ t I t 
Second Band - 2nd Oigit___J L--------, 

I Reliability Level 
'-------J (Percent Per 1000 Hour5) 

Color Digit Multiplier Tolerance (When Applicable) 

Black 0 
Brown 1 
Red 2 
Orange 3 
Yellow 4 
Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 
Gold 
Sliver 
No color 

1 
10 
100 

1000 
10.000 

100,000 
1.000,000 
10,000,000 

0.1 - 5'b 
.!. JO% 
= 20't 

M = 1.0'\, 
P = 0.1% 
R = 0.01~ 
S = 0.001~ 

Perfened Number Serie.s 

1: 5% 10 15 22 33 

Tolerance 11 16 24 36 

(E24) 
12 18 27 39 
13 20 30 43 

~ 10% 
10 15 22 33 Tolerance 

(E12) 12 18 27 39 

:!: 2()% 
Tolerance 10 15 22 33 

(E6) 

47 68 
51 75 
56 82 
62 91 

47 68 
56 82 

47 68 
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Types 00,CD, E~,GD, 
HB,GM,nM 

DIMENSIONS 

3 Watt 
Type GM 

-1 Watt 
Type HM 

1.0001 .125 1.0001..125 

1(25.40'!3, 18) ~ -125,4013, 18)7 .015± .003 
.145:t.015 .062±.004 (0,38±0,08) 

(3,68±0,38) , _ £ t1,57i 0,10) j_ 
... T T 

1.500:t.125 1.500±.125 
1

1 Wall 
'l ype CB 

f-- (38. 10 ±3. 18) ~(38.10t 3.18) I .025±.002 

I 
.250±.015 .0901 .008 (0,6410,05) 

(6,35±0.38) ___ _ r ,2.2910,20, _L 
---------.. , T -t-

1.500±.125 1.5001 .125 

½ Watt 
Type EB r (38,10±3,18) ~ t-- (38, 10t3,18)1 .0331.002 

.3751 .03 1 I r :~4o1.ooa ro,8410.051 
t9,5310,19) • • • _ £ t3,56±0,20, j_ 

----------.1 ... - -t- IT 

.562:t.031 

I Watt 
Type GB 

1.500.!..125 (14,27±0,79) 1.500±.125 
I- t38. 1013.t8J - L I J - t38, 1013, 18J -l .041±.002 
1 ~ r .2251.ooa I , 1,04±0.051 

1n-....--L_[ (5,72t0,20J _L ----- --=1-"•-= -♦ t 
.688±.031 

1.500:t.125 (17,41Jt.0,79) 1.500:t.125 

2 Watt 
Type HB I (38, 1lh3, 18J -t J . 'f---(38,101.3,18) 

,-----i~ .312 ±.008 
I ■ ■ ■ - (7,921-0,20/ 

=====~4 -1.J, 

--j .045±.003 

I f:' 4±0.081 

T 
.562±.031 

1.500:t.125 (14,27±0,79) 1.500:t.125 r (38, 10±3, 18) -t____l___J- (38, 10±3, 18) --, .041± .002 

1 · -1 I ,1.04±0,05, 

--~ ~==r- - ----,_L 
0 0 

.167:t.010 r 
.140 ~:~ (4,24±0,25)-,-+--+--+----L- .156:t.010 

G +02v ~ .JT'3.96.t0,25) 

,S6·0,00 .438.t.016 
Mounting Hole (IT, 13 t 0,4 IJ 

.688±.03 1 
1.SOOi .125 (17,48±0,79) 1.500±.125 

f---- (38,70:1.3, 18)----j. ♦ _l---(38,10t 3,18J - 1 .045±.003 

1 r-~ __ .,_1 , , . 14±0,08) 

,,----- ~--~i ........ .-------n=----===--- -==i _t_, 

+.OlO .156±.010 ~ 
.140-.000 (3,96-t0,25).--1---+--........ 

1 +0,251 
\3,56-o,ooJ 
Mounting Hole 

1- ~ t .562'1.016 
(14,27:t.0,41) 

.1561:.0 10 
(3,96±0,25} 

T 

T 
_J I_ .305-t.010 
-I 1 ,1,1510.251 

.656±.0 16 r t I ,,._i .• _.,, 
-l I .090i. .010 

- (2,29±0,25) 

I I .391:1.0 10 7 - (9,93 :t0,25) 

I 
.766±.0 16 

(19,46±0,41) 

l 
11 .090±.010 

-i f- (2,29±0,25) 

D1mens1ons shown ,n parenlheses are ,n millimeters 
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General - This publication defines standardized 
methods for testing discrete fixed resistors, including 
basic environmental tests to determine the ability of 
the resistor to withstand climatic stresses, as well as 
physical and electrical tests to determine production 
assembly durability and operational life. The 
laboratory conditions specified are designed to give 
results which are indicative of what may be observed 
under similar stresses which may be encountered in 
field use. However, they are not intended to be 
exact or conclusive representations of any specific 
actual service operation. They are intended to be 
standardized such that reproducible results can be 
obtained in repetitive tests or comparison 
evaluations. 

Standard test conditions - Unless otherwise 
specified herein, or in applicable referenced 
specifications, all measurements and tests shall be 
made at temperatures of + 15°C to _,.. 35°C, at air 
pressure of 650 to 800 millimeters of mercury, and 
relative humidity of 45 percent to 75 percent. 
Whenever these conditions must be closely 
controlled in order to obtain reproducible results, for 
referee purposes the ambient temperature shall be 
23°C ,_ 1 °C, and the humidity 50 percent _!.. 2 
percent. 

Cross reference - At the end of this publication is 
a cross index table comparing these test methods to 
similar procedures specified in applicable military or 
industrial specifications. Wherever the tests are not 
identical, notations are given regarding the 
differences. 

Resistance measuring techniques Measured 
resistance value is dependent upon the resistor 
temperature, the test voltage, and the degree of 
resistor dryness. Accurate correlation between 
repeated measurements, especially at different times, 
and different locations, requires that these three 
conditions be essentially the same. 

Types BB, CB, ED, GD 
HB,GM, HM 

Hot-Molded 
Fixed 
Resistors 
EVALUATION TESTS 
• Measurement Methods 

• Test Procedures 

• Test Sequence 

Slight variations in resistor body temperature are not 
significant in room temperature measurements. 
However, the temperature of the resistor body may 
increase appreciably when tested at too high a 
voltage or when the voltage is applied for too long a 
time causing excessive heating. 

For accurate measurements to determine the 
resistance value tolerance, the test voltage is very 
important and sometimes misunderstood or 
overlooked. This is because a tester is often unaware 
of the actual voltage that an instrument may be 
applying to the resistor under test. Commonly used 
instruments such as highly accurate resistance 
bridges or digital voltmeters employ relatively low 
voltages to make measurements, usually around 1 
volt and seldom higher than 10 volts. This does not 
cause significant differences for low resistance values 
where the use of low test voltages is specified. 
However, for higher resistance values such as 100K 
ohms or higher, a test voltage of 100 volts is 
specified and use of a low voltage test instrument will 
result in substantial difference in readings. For 
comparison measurements to determine the 
resistance change which may occur due to some 
electrical or environmental stress, either the 
standard test voltage or a low voltage may be used, 
since only the resistance change is being examined, 
independent of the absolute resistance value. The 
principal requirement is that the same meter be used 
for both initial and final measurements. 

It is important to recognize that apparent out-of• 
tolerance on the • side can be caused by excessive 
exposure to high humidity. To eliminate this 
potential humidity offset, all test samples are to be 
conditioned in accordance with Paragraph 3.2 ptior 
to commencement of testing. In this manner, the 
effects of any electrical or environmental stress can 
be examined separately, without any confusion with 
possible moisture resistance offset. 
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Types 00, CO, EO, GO 
HO,GM,HM 

SCOPE 
1.1 Scope 

2 DEFINITIONS 
2.1 Power Ratings 
2.2 Voltage Rating 

3 SAMPLE SELECTION 
3.1 Sample Selection 
3.2 Conditioning 

4. TESTING SEQUENCE 
4.1 Testing Sequence 

5. RESISTANCE MEASUREMENTS 
5.1 Resistance Measurements 
5.2 Reference Test Voltages 

6. PERFORMANCE CHARACTERISTICS 
6.1 Visual and Mechanical Inspection 
6.2 Resistance Tolerance 
6.3 Resistance-Temperature Characteristic 

6.3.1 Procedure 

6.4 Resistance-Voltage Coefficient 
6.4 .1 Significance 
6.4.2 Procedure 

6.5 Dielectric Withstanding Voltage 
6.5.1 Mounting 
6.5.2 Procedure 

6.5.2.1 Sea Level Atmospheric 
Pressure 

6.5.2.2 High Altitude Atmos
pheric Pressure 

6.6 Insulation Resistance 
6.6.1 Mounting 
6.6.2 Procedure 

6.7 Low Temperature Operation 
6. 7 .1 Mounting 
6. 7 .2 Procedure 

6.8 Thermal Shock 
6.8.1 Procedure 

6.9 Moisture Resistance 
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6.9 .1 Mounting 
6.9.2 Procedure 

6.9.2.1 Cycles 
6.9.2.2 Load 
6.9 .2.3 Vibration 
6 .9.2.4 Measurements 

6.10 Humidity Characteristic (Steady State) 
6.10.1 Significance 
6.10.2 Procedure 

6.11 Short Time Overload 
6.11.1 Procedure 

6. 12 Load Life 
6.12.1 Test Conditions 
6.12.2 Procedure 

6.13 Terminal Strength 
6.13. l Procedure 

6. 13 .1.1 Pull 
6.13 .1.2 Twist 

6.14 Resistance to Solder Heat 
6.14.1 Procedure 

6.15 Solderability 
6.15.1 Apparatus 
6.15.2 Materials 
6.15.3 Procedure 

6. 16 Shock 
6.16.1 Mounting 
6.16.2 Apparatus 
6.16.3 Procedure 

6.17 Vibration 
6.17 .1 Mounting 
6.17.2 Procedure 

6.18 Pulse Applications 
6.18.1 Significance 
6.18.2 Procedure 

6.19 Color Code Solvent Resistance 
6.19.1 Procedure 

6.20 Low Temperature Storage 
6.20.1 Mounting 
6 .20.2 Procedure 

7 CONDITIONING 
7.1 Significance 
7.2 Procedure 
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1. SCOPE 
1.1 Scope - The tests described in this publication are 
considered appropriate for the evaluation of molded and 
film type composition resistors. 

2. DEFINITIONS 
2.1 Power ratings - The maximum continuous power 
ratings of Allen-Bradley resistors are as indicated in Table 
1 on Page 31. and are dependent on the ability of resistors 
to meet the load life test requirements. See Allen-Bradley 
Technical Publication EC5021-2.1 for rating details. 

2.2 Voltage rating - The maximum rated continuous 
working voltage (RCWV max.), DC or sine wave RMS at 
commercial line frequency, which must not exceed the 
maximum listed in Table 1, is equal to -./PR, where Pis 
the power rating in watts and R is the nominal resistance 
in ohms. 

3. SAMPLE SELECTION 
3.1 Sample selection - Resistors with the narrowest 
standard commercial tolerance shall be used. Resistance 
values selected for test shall include the lowest and highest 
standard values listed by the manufacturer, also the critical 
values. The critical resistance value is defined as the 
lowest standard value to which maximum rated continuous 
working voltage can be applied without exceeding rated 
continuous wattage at + 70° C ambient temperature. See 
Table 1. Ten resistors of each type and resistance value 
should be used for each test group. 

3,2 Conditioning - Resistors which are NOT truly 
hermetically sealed by means of enclosures made of metal, 
glass or ceramic material with appropriate seals, must first 
be treated in accordance with Paragraph 7, Conditioning. 
After conditioning, such resistors should be kept in a 
desiccator except when under another specified test 
environment in accordance with the test requirements of 
Table 2 on Page 3 1 

4. TESTING SEQUENCE 
4 .1 Testing sequence - All resistor test specimens shall 
be subjected to Group 1 tests. Separate samples selected 
from those tested under Group 1 shall be used for each 
additional test group. Within a group, tests shall be 
conducted in the order specified. 

5. RESISTANCE MEASUREMENTS 
5 . l Resistance measurements - Resistance 
measurement error shall not exceed one-tenth the 
allowable resistance change due to testing or 0.5 percent, 
whichever is less. Unless otherwise specified, the same 
instrument, temperature (within ::-2°C), and DC test 
voltage listed in the table below (because of instantaneous 
voltage characteristic) applied for as short a time as 
practicable (to avoid heating during the measurement), 
shall be used throughout any one of the performance 
characteristic tests. Wheatstone Bridge test equipment is 
preferred. 

5.2 Reference test voltages - In the event of a 
difference in resistance readings attributable to the test 
voltage used, the specified test voltage listed below shall be 
used. 

Nominal 
Resistance Range 

1.0 to 9.1 ohms 

10 to 91 ohms 
100 to 910 ohms 

lK to 9.1K ohms 

!OK to 91K ohms 
0.1 Meg. and Higher 

Recommended 
Test Voltages (DC Volts) 

0.3 

1.0 

3.0 

10 
30 

100 

Type DD, CD, ED, GD 
6. PERFORMANCE CHARACTERISTICS HD, GM, HM 
6. J Visual and Mechanical Inspection - Conformance 
with manufacturer's catalog specifications shall be verified. 

6.2 Resistance tolerance - Resistance shall not exceed 
the specified limits when measured at ... 25°C .1.. 2°C using 
the test voltages listed above. 

6.3 Resistance-temperature characteristic 

6 .3 I PTocedure - Resistors shall be maintained within 
1: 1°C at each of the ambient temperatures listed in Table 
3 on Page 31, and in the order shown. The use of forced 
circulating air is recommended to assure temperature 
stability and uniformity. Resistance measurements shall be 
made at each temperature 15 minutes after air 
temperature has stabilized at the specified temperature. 
The percent difference in resistance referred to the 
resistance at + 25°C shall be computed with the following 
formula: 

Percent Resistance Difference = (R - r) x lOO 
r 

Where: R is the resistance at test temperature 
r is the resistance at _... 25°C 

6.-i Resistance-voltage coerficient 

6.4. t Significance - The instantaneous voltage 
coefficient is normally important only with respect to 
incoming inspection testing and in the comparison of 
results obtained in evaluation testing. 

6.4.2 Procedure - The resistance shall be measured at 
one-tenth the RCWV and at full RCWV. Application of 
voltages shall be momentary to minimize heating effects. 
The resistance-voltage coefficient shall be calculated with 
the following formula: 

Voltage Coefficient _ (R - r) x 100 
Percent Per Volt - r x 0.9 (RCWV) 

Where: R is the resistance al full RCWV 
r is the resistance at one-tenth RCWV 

6.5 Dielectric withstanding voltage 

6.5. l Mounting - The resistors shall be clamped in the 
trough of a 90° metallic V-block of such size that the 
resistor body does not extend beyond the ends of the 
trough. The resistor leads shall be positioned such that 
they are no closer to the V-block than if they were parallel 
to the sides of the V-block. This prevents unnecessary 
proximity of the leads to the block, while permitting 
complete seating of the resistor body in the block. 

6.5.2 Procedure - Sine wave RMS voltages from an 
alternating current supply at commercial line frequency not 
more than JOO Hertz as specified in Table I shall be 
applied at the rate of approximately 100 volts per second 
between resistor terminals connected together and the V
block, and held for 5 seconds. 

6.5-2.1 Sea level atmospheric pressure - The 
procedure in 6.5.2 shall be carried out at a normal sea 
level atmospheric pressure of approximately 30 inches 
(1016 mbats) mercury using the appropriate voltage 
specified in Table I. 

6.5.2 2 High altitude atmospheric pressure - The 
procedure in 6.5.2 shall be carried out at a pressure of 
approximately 3.4 inches (115 mbars) mercury using the 
appropriate voltage specified in Table l. This pressure is 
approximately equivalent to an altitude of 50,000 feet 
(15240 meters). 

6 6 Insulation resistance 

6.o.1 Mounting - Resistors shall be clamped between a 
round non-conducting rod at right angles to the resistor 
body and a conducting resilient material approximately 
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Tvpes DD,CD, ED, GD 
HD,GM,HM 

0.075 inch (1,90 mm) thick conductively attached or 
bonded to a rigid metal strap. See Figure 1. The clamping 
pressure shall be such as to embed the resistor color 
bands in the resilient material and provide intimate 
electrical contact over the entire length of the resistor 
body along a surface line parallel to the longitudinal axis of 
the resistor. The metal strap and resilient conductive 
coating shall be at least as wide as the length of the 
resistor body, and the resistor body shall be approximately 
centered on the strap. See Figure 1. For types GM and 
HM, connection may be made to the attached metal clamp 
in lieu of the coated metal strap described above. The 
resistivity of the resilient conducting material shall be less 
than 1000 ohm-centimeters. 

6.6.2 Procedure - Avoiding excessive handling to 
minimize the effects of perspiration or other contaminants, 
connect the lead wires of the resistor together and 
measure the resistance between them and the metal strap 
using a DC test voltage as specified in Table 1. 

Res ilient Conduc tive 

Co~;ng e✓:~••I Sn•~~-

/ 
Non-Conducting S ide View 

Rod 

Figure I 

6.7 low temperature operation 
6.7.1 Mounting - Resistors shall be mounted by their 
leads so that there is at least 1 inch (25,40 mm) of free air 
space around each resistor and the mounting is in such a 
position with respect to the air stream that it offers no 
appreciable obstruction to the now of air across and 
around the resistors. 

6 7.2 Procedure - Initial resistance shall be measured. 
The resistors shall then be exposed to the air stream at 

65°C ( , 0°C, - 5°C) for 1 hour with no voltage applied, 
and then 45 minutes with the RCWV applied, after which 
the resistors shall be placed at room temperature. 
Approximately 24 hours after return to room temperature, 
final resistance shall be measured. 

6.8 Thermal shock 

6.8 .l Procedure - Initial resistance shall be measured. 
Mounted as specified in 6.7.1, the resistors shall be 
subjected to the temperature cycle specified in Table 4 on 
Page 31 for a total of five cycles. performed continuously. 
Temperatures in Steps 1 and 3 shall be maintained by 
forced air circulation. The hot and cold chambers shall be 
of such capacity that the air temperature will reach the 
temperatures specified in Table 4 within 2 minutes after 
the resistors have been placed in the appropriate chamber. 
Final resistance shall be measured approximately 1 hour 
after completion of the fifth cycle. 

6.9 Moisture resistance 
6.9.1 Mounting - The resistors shall be fastened by their 
leads to suitable supports (to insure no mechanical 
resonances between 10 and 55 Hertz) so that the length of 
each lead between the resistor body and the supper! is 3/8 
inch (9, 52 mm). 

6.9.2 Procedure 
6.9.2.1 Cycles - Ten cycles shan be performed as 
specified in Figure 2. 
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6.9.2.2 load - During the first 2 hours of Steps 1 and 4. 
DC RCWV shall be applied to half the resistors of each 
type and resistance value on test. 

6.9.2.J Vibration - The mounted resistors shall be 
subjected to a simple harmonic motion having a maximum 
amplitude of 0.06 inch (0,15 mm) peak-to-peak, the 
frequency being varied uniformly from 10 to 55 and back 
to JO Hertz in one minute. This motion shall be applied in 
a direction perpendicular to the longitudinal axis of the 
resistors. 

6.9.2.4 Measurements - Initial resistance shall be 
measured before the lest. After Step 6 in the final cycle, 
the resistors shall be exposed to a temperature of + 25°C 
= 2°C and a relative humidity of 90 to 98 percent, for 1-1/ 2 
to 3-1/2 hours. Upon removal from the test chamber, 
resistors shall be permitted to dry for a maximum of 4 
hours at - 25°C :t 5°C at no less than 50 percent relative 
humidity. Such drying atmosphere shall not be forced, 
circulating air. At the end of the drying period, final 
resistance and insulation resistance (per 6.6) shall be 
measured. 

I I I I I I I I I I I I I I I 

10 I I I I ...... I _I I I I "°'"'"' I I I I I I 
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Figure 2 

6.10 Humidity characteri1tic (steady state) 

6.10. l Significance - Results from the moisture 
resistance testing specified in 6.9 have been found to vary 
because of the equipment required, and because the 
results obtained are largely a function of the particular 
apparatus used, size of chambe:, etc. Results obta,_ned 
with one apparatus cannot be directly compared with 
results obtained with other apparatus. The following steady 
slate humidity test is recommended in place of the 
moisture resistance test in order to obtain better isolahon 
of the effects of moisture. 

6.10.2 Procedure - Initial resistance values shall. be . 
measured. Excessive handling and surface contamination 
shall be avoided. Resistors shall then be placed in a 
chamber at a relative humidity of 90 to 95 percent at an 
ambient temperature of + 40°C =.. 2°C for a period of 240 
hours. After removal from the chamber, the resistors shall 
be allowed to dry at room ambient for 4 hours to remove 
surface moisture following which final resistance 
measurements shall be made. The resistors may then be 
subjected to the conditioning described in Paragraph 7 to 
determine whether the resistance changes due to moisture 
are permanent. 
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6.11 Short time overload 

6.11. l Procedure - A well regulated DC or sine wave 
RMS voltage 2.5 times (2 times for Types GM and HM) 
the RCWV, but not exceeding the limit values listed in 
Table 1, shall be applied for 5 seconds. Resistance shall be 
measured before and approximately 30 minutes after the 
application of the test voltage. 

6 12 Load life 

6.12.1 Test conditions - This test shall be conducted at 
an ambient temperature of + 70°C +- 2°C. Resistors shall be 
mounted by their leads soldered to lightweight terminals, 
and, in addition, for Types GM and HM, their metal 
clamps should be bolted to a 4 inch (101,60 mm) square 
steel plate 0.050 inch (1,27 mm) thick, one plate per 
resistor. The effective length of each lead shall be l ~ 3/ 16 
inch (25,40 .. 4.76 mm). Resistors shall be so arranged that 
the heat from any one resistor will not appreciably 
in0uence the temperature of any other resistor. There shall 
be no circulation of air directly over any resistor other 
than that caused by the heat of that resistor itself. RCWV 
shall be used. 

6.12.2 Procedure - After exposure of the resistors to 
the • 70°C ambient test temperature without load for 2 
hours, initial resistances shall be measured at the test 
ambient temperature. Then DC RCWV shall be applied 
intermittently 1-1/ 2 hour "ON", 1/ 2 hour "OFF" for a total 
of 1000 hours. Resistance measurements shall be made 
near the end of the 1/2 hour "OFF" periods at the test 
ambient temperature after 50 :r 8, 100 ~ 8, 250 + 8, 500 
= 12, 750 .::t 12, and 1000 ~ 12 hours have elapsed from 
the time the RCWV was first applied. 

6.13 Terminal strength 

6.13.1 Procedure 

6.13.1.1 Pull - Initial resistance shall be measured 
Resistor shall then be held by one lead, and a tensile force 
of 5 pounds (2,27 kgm) (2 pounds [0,91 kgrn) for Type BB) 
shall be gradually applied to the other lead in the direction 
of the longitudinal axis of the resistor. The specified force 
shall be maintained for 5 seconds. 

6.13.1.2 Twist - Following the test in 6.13.1.1. the leads 
shall be bent 90° at a point 1/4 + 1/64 inch (6,35 • 0,40 
mm) from the resistor body with the radius of curvature at 
the bend approximately 1/32 inch (0,80 mm). The free end 
of the lead shall be clamped at a point 3/64 • 1/64 inch 
(1,19 + 0,40 mm) away from the bend. See Figure 3 The 

Resistor Body 

1/ 4 • 1/64 inch 
(6,35 .- 0,40 mm) 

Bend Forming 
Bloc k 

ApproK. 1/32 inch 
(0,80 mm) Radius 

Figure 3 

resistor body shall then be rotated about the original axis 
of the terminal through 360° in alternating directions for 
three such rotations, at the rate of approximately 5 
seconds per rotation. After the final rotation, final 
resistance shall be measured. 

6.14 Resistance to solder heat 
6.14.1 Procedure - Initial resistance shall be measured. 
Resistor leads shall then be immersed, one at a time for 3 

Tvi ~ 00, CD, ED, GD 
HO,GM,HM 

1/2 seconds each, In molten solder at ..- 350°C i 5°C 
( · 250°C • 5°C for Type BB) to a distance of 1/8 to 3/ 16 
inch (3,18 to 4,76 mm) from the resistor body. Final 
resistance shall be measured 24 • 4 hours after the 
immersions. 

6.15 Solderability 

6.15.1 Apparatus - A heated still pot or a recirculating 
0ow type soldering machine capable of maintaining the 
solder at a uniform temperature of -;- 232°C -;- s•c shall be 
used. If a still pot is used, the stirring paddle and skimmer 
shall be made of stainless steel or other material which will 
not contaminate the solder. A dipping device capable of 
controlling the rate of immersion of resistor leads at 1 
~ 1/ 4 inch (25,40 ~ 6,35 mm) per second, and providing a 
dwell time of 5 ➔ 1/2 seconds in the solder bath shall be 
used. For examination, an optical system capable of 10 
power magnification shall be used. 

6.15.2 Materials - The flux shall consist of a minimum of 
35 percent by weight waterwhite rosin dissolved in 99 
percent isopropyl alcohol. Solder shall be nominally 60 
percent tin, 40 percent lead solder, conforming to Type S, 
composition Sn60 of Specification QQ-S-5710. a 
6.l5.3 Procedure - Both leads of each resistor shall be 
tested in "as received" condition, with care taken to 
prevent handling or other contamination which may 
influence the results of this test. The leads shall be 
immersed in 0ux, sufficiently to cover the surfaces lo be 
tested, for 5 to 10 seconds at room temperature. If a scum 
or dross has accumulated on the solder surface, it shall be 
skimmed off. If the solder is not circulating, it shall be 
stirred with the paddle to mix the solder and make the 
temperature uniform throughout. After stirring, the surface 
shall be skimmed again. The 0uxed leads should then be 
dipped into the solder once, to the same depth they were 
immersed in fiux, using the dipping apparatus. After 
dipping, the leads shall be allowed to cool in air. Residual 
nux may be removed from the leads by dipping in clean 
isopropyl alcohol and. if necessary, wiping with soft cloth. 
The surface of each lead shall be examined with the 
optical system 

6.16 Shock 

6.16. l Mounting - Resistors shall be mounted on 
appropriate fixtures with their leads supported at a 
distance of 1/ 4 inch (6,35 mm) from the resistor body. 
These fixtures shall be constructed so as to ensure that 
the points of the resistor mounting supports will have the 
same motion as the shock table. Test leads shall be 22 
AWG or smaller, and of minimum length. 

6.16.2 Apparatus - Apparatus shall be provided of such 
design as to impart a terminal-peak sawtooth shock pulse 
with a peak value of 100g and normal duration of 6 
milliseconds. The actual velocity change must be within 10 
percent of the ideal pulse velocity change of 9. 7 ft/sec. 

6.16.3 Procedure - Initial resistance shall be measured. 
The mounted resistors shall then be subjected to 10 
impacts in each of two directions: parallel and 
perpendicular to the longitudinal axis of the resistor. 
Electrical monitoring shall be provided during the test to 
detect resistor discontinuities of 0.1 millisecond or greater 
duration. Final measurements and examination for 
mechanical failures shall be made after the test. 

D QQS571D Available from Commanding Officer, Naval 
Supply Depot, 5801 Tabor Ave., Philadelphia. Pennsylvania 
19120, provided a mihtdrY contract 15 involved. 
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Types 00, CO, ED, GO 
HB,GM,HM 

6.17 Vibr.,tion 
6 .17. l Mounting - The mounting fixtures, with resistors 
mounted as in 6.16.1. shall be so constructed as to be free 
of mechanical resonances over the frequency range of 10 
to 2000 Hertz. 

6.17.2 Proc,:edure - Initial resistance shall be measured. 
The mounted resistors shall then be subjected to the 
vibration amplitude and frequency range shown in Figure 
4 . The vibration waveform shall be a simple harmonic 
motion having an amplitude sufficient to provide 20g 
constant peak acceleration, but not to exceed 0.06 inch 
(1.52 mm) peak•to-peak amplitude. The frequency shall be 
varied approximately logarithmically between the nominal 
limits of 10 and 2000 Hertz with a return sweep to 10 
Hertz. The entire sweep from 10 to 2000 to 10 Hertz shall 
be traversed in approximately 20 minutes. This sweep 
cycle shall be performed repeatedly for 6 hours in each of 
two directions: parallel and perpendicular to the 
longitudinal axis of the resistor. Interruptions are permitted 
provided requirements for rate of change and test duration 
are met. Electrical monitoring shall be provided during this 
test to detect resistor discontinuities of 0.1 millisecond or 
greater duration. Final measurements and examination for 
mechanical failures shall be made after the test. 

QI 

0.1 
(2.54) 

] i 0.01 
:= {) (025) 
Q, C ' 

: : 0.001 
C ~ (0,025) 
0 6 

10 

' 

"' " I\ 
100 1000 2000 

·~1 0.0001 
:€£ (0,003) 
> - Vibration Frequency (Hertz) 

(Dimensions shown in parentheses are in millimeters.) 

Figure 4 

6. 18 Pulte applications 
6.18.1 Significance - For circuit applications where 
pulses or transients whose peak values exceed steady 
state ratings are experienced, tests should be made to 
determine the suitabi[ty of the resistors being considered 
for use. 

6.18.2 Procedure - ln general, such tests should include 
life tests for at least 1000 hours under conditions which 
accurately represent the peak value, pulse waveform and 
repetition rate, under the environmental conditions which 
must be met. Tests under more severe conditions are 
recommended to establish the safety factors involved, 
bearing in mind that every type of resistor can be seriously 
damaged or completely destroyed if the stress levels are 
raised sufficiently. Such tests may be made by use of a 
noninductive capacitor of suitable capacitance value and 
voltage rating, charged at successively higher voltages and 
discharged each time through the resistor under test, 

30 

arranging the circuitry for a minimum and consistent 
inductance value. Resistance measurements should be 
made, initially and after each capa.citor discharge, by 
uniform method. 

6.19 Color code solvent resistance 

6.19. l Procedure - The purpose of this test is to verify 
that the color code will not become eligible or discolored 
on the resistors when subjected to solvents normally used 
to clean printed wiring assemblies. The following solvents 
shall not cause mechanical or electrical damage and 
markings shall remain legible. 

1. A 3 to 1 Mixture of mineral spirits and isopropyl 
alcohol. 

2. 1-1-1 trichloroethane. 

3. Freon TMC. 

The test sample shall be divided into three equal groups, 
with one group subjected to solvent (1.), the second group 
to solvent (2.) and the third group to solvent (3.). The 
solutions shall be maintained at room temperature and 
samples immersed for one minute. Immediately following 
emersion, the resistor shall be brushed with a hard bristle 
toothbrush with normal hand pressure for ten strokes in a 
forward direction across the body surface. Immediately 
after brushing, this procedure shall be repeated two 
additional times. After five minutes after completion the 
resistor shall be examined. 

6.20 Low temperature storage 

6.20.1 Mounting - Resistor mounting shall be the same 
as described in 6.7.1. 

6.20.2 Procedure - Initial resistance shall be measured. 
The resistors shall then be exposed to the air stream at 
- 65°C ± 2•c for a period of 24 :!: 4 hours, after which the 
resistors shall be placed at room temperature. After 
approximately 2 to 8 hours, final resistance shall be 
measured. 

7. CONDITIONING 
7 .1 Significance - All resistors except those which are 
truly hermitically sealed by means of enclosures made of 
metal. glass or ceramic materials with appropriate seals 
such as metal lo glass, or metal to ceramic, may absorb 
moisture which can affect resistance values to a varying 
degree, dependent upon their materials, construction, 
dimensions and the duration of exposure lo atmospheres 
having a high relative humidity. To eliminate this variable 
from test results, moisture removal by conditioning with 
warm DRY air is mandatory if a meaningful comparison of 
results is desired. Use of a ventilated oven in an air 
conditioned space is recommended. 

7.2 Procedure - Allen-Bradley resistors, as well as 
competitive makes of similar physical size, should be 
conditioned in DRY ...- 100°C ( ... 5°C, - 0°C) air for the 
approximate time listed in Table 1. This is normally 
sufficient to remove absorbed moisture. Longer drying 
may be required where resistors have been stored for long 
periods of time under unusually high relative humidity. 
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Types 00, CD, ED, GO 
HD.GM.HM 

TEST LIMITS AND PROCEDURES FOR HOT-MOLDED FIXED RESISTORS 

TABLE 1 

Maximum Maximum Dielectric With11anding 

Continuou• Rated Voltage 

Power Rating Continuoua Volta 
at + 1o·c Working At At 

Raiator 
Ambient Voltage 

30 in. Hg 3.4 in. Hg 
Type (RCWV) (1016 mbara) (115 mban) 

(Except as Noted) 
DC or RMS Sea Level 50,000 ft. 

Walla Volta (15240 
meten) 

BB 1/ 8 150 300 200 

CB 1/ 4 250 500 325 

EB 1/2 350 700 450 

GB 1 500 1000 625 

HB 2 750 1500 625 

GM 3 500 1000 625 

GM 4 at 40°C 500 1000 625 

HM 4 750 1500 625 

HM 5 at 40°C 750 1500 625 

TABLE 2 

G roup 1 
6.1 Visual and Mechanical Inspection 
6.2 Resistance Tolerance 

Group 2 
6.3 Resistance-Temperature Characteristic 
6.4 Resistance-Voltage Coefficient 
6.5 Dielectric Withstanding Voltage 
6.6 Insulation Resistance 

G roup 3 
6.7 Low Temperature Operation 
6.8 Thermal Shock 
6.20 Low Temperature Storage 
6.9 Moisture Resistance 
6.10 Humidity (Steady State) - Alternate 

test for 6.9 
6.11 Short Time Overload 

Group 4 
6.12 Load Life 

G roup 5 
6.13 Terminal Strength 
6.14 Resistance to Solder Heat 

Group 6 
6.15 Solderability 

Group 7 
6.16 Shock 
6.17 Vibration 

G roup 8 
6.18 Pulse Applications 

G roup 9 
6.19 Color Code Solvent Resistance 

lnaulation 
Ruiatance 

Tut Voltage 

Volla 
:!. 10% 

100 

100 

500 

500 

500 

500 

500 

500 

500 

. 
Recom· 

Short-Timit mended Critical 
Overload Conditioning Reaiatance 

Voltage Limit Time at Value 

+ 1oo· c + 
50

c 
(See 3.1) 

- 0' 

Volta Hours Megohms 

200 25 0.18 

400 50 0.27 

700 75 0.27 

1000 120 0.27 

1000 130 0.30 

1000 120 0.091 

1000 120 0.068 

1000 130 0.15 

1000 130 0.12 

TABLE3 

Temperature Ch11J'11cteri1tlc 
Tut Sequence (See 6.3) 

Ambient 
Sequence Temperature 

·c 

A • 105 

B ~ 85 

C + 55 

D + 25 

E 0 

F - 25 

G 55 

TABLE 4 

Thermal Shock 
Teat Sequence (See 6.8) 

Temperature Time 
Step ·c Minutes 

1 - 55 + O 
- 3 30 

2 + 25 ± 5 5 

3 1- 85 
I 3 

30 0 

4 + 25 J:5 5 
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Types DD, CD, ED, GO 
HD,GM, HM 

CROSS lNDEX OF RESISTOR TEST METHODS 
FOR HOT·MOLDED FIXED RESISTORS 

The table below lists the Allen-Bradley test methods used and equivalent or similar methods specified in military 
and industrial specifications with information to make the tests equivalent. 

Technical MIL-R-39008B MIL-STD-202E EIA-RS-172-B 
Test Publication Paragraph Number Method and Paragraph Number 

Description EC5021-2.2 and Delails Details and Details 
Paragraph Number 

Resistance 
4.7.2 3.2.2 

Measur·emenlS 
5 l. Vollllges per Paragraph S 2 303 I. Voltages per Paragraph 5.2 

4.7.3 304 3.2.3 
Resistance - 1 Temperatures pe, Table 3, 1. Compute percent resistance I. Temperatures per Table 3, 

Temperature 6.3 Page 3 1 difference per Paragraph Page 31 
Characteristic 2. Omits recommendation for 6.3 I 2, Omits recommendadon for 

forced circulating air forced clrculattng air 

Resistance -
3.2.4 

I. Voltage application should 
Voltage 6.4 4.7.4 309 be momentary to minimize 

Coefficient heating effects 

301 
4.7.5 I. Test duration 5 seconds. 3.2.5 

Dielectric I. Test 110lt11ge to be 1500 volts 1. Test vol111ge to be 1500 110lts 
With1tanding 6 .5 for 2 watt per Table 1 105C for 2 watt per Table 1 

Voltage I. Test Condition B. Test 
duration 5 seconds. 

302 

Ins ulation 
L Test condition A{¼ and ¼ 

Resistance 6.6 4.7.6 watt) No Equivalent Test 
2. Test condition B (\I,, 1 and 2 

wall)• 

Low Temperature 6.7 4.7.7 No Equivalent Test 3.2.7 
Operalion 

Low Temperature S tor11ge 6.20 4.7.17 No Equivalent T esr No Equivalent T esr 

1070 3.2.8 
Therm11I Shock 6.8 4.7.8 I. Test Condition A I. Test sequence per Table 4 

Moisture Resistance 6.9 4.7.9 1060 No Equivalenl T es1 

1038 
3.2.9 

Humidily I. Post Condltlon!ng per 

(Steady State) 6.10 No Equivalent Test I. Test Condition A Par11graph 6 .10.2 
2. Paragraph 3 .1 not applicable 

Short Time Overload 6.11 4.7.10 No Equivalent Test 3.2.6 

Lo11d Life 6.12 4.7.15 
108A 3.2. 10 

I. Test Condition D, + 70' C 

211A 
l. Test Condirion A (II. wall) 

Terminal Strength 6.13 4.7.11 - 2 lbs. (0,91 kg); others 3.2. 11 
5 lbs. (2,27 kg). 

2. Test Condition D 
210A 

Resist11nce 10 6 .14 4.7.12 
I. Test Condition A for all styles 3.2.12 

Solder Heat except ¼ wan shall be 
+ 25o•c + s•c. 

Solderabili1y 6.15 4.7. 16 208C 
EJA-RS• I 78-B 

I. Test Condition l 

Shock 6.16 4.7. 13 
2138 No Equivalent Test 

l. Test Condition I 
204C 

1. Test Condition 0 
Vibration 6.17 4.7.14 2. Vibrate 6 hours In each of No Equivalent Test 

lWO planes per Paragraph 
6.17.2 

Pulse Appliutions 6.18 6.5 No Equivalenl Test No Equivalenl Test 

Color Code 
215 

6.19 No Equivalent Test I. UltrasQnlc agitation in various No Equivalent Test 
Solvenl Resist11nce solvents at + 40' C. 

4.4.2 3.1.3 
I , nme and temperarure per No Equ,valenr Procedure I. Time and Temperature per 

Conditioning 7 f'age 30 Page 30 
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• 
Military 
Numbering System 
Fixed Resistors 

MIL-R-11 (RC) Ral7GF153K 
GF RC07 

Style/Power Characteristic 
153 

Resistance Value 
(See Tables 

I and 2) 
"G" = 70°C max. ambient 
temperature for full load 
operation. "F" = temperature 
coefficient which varies (with 
resistance) from ±625 ppnV"C 
to ±3100 ppm/"C. 

First two digits are significant, 3rd digit "number of zeros." 

D MIL-R-39008 (RCR) RCR07Gl53JS 
RCR07 G 

Style/Power Characteristic 
(See Tables 1 and 2) "G" indicates a ma><. ambient 

temperature of 70°C for full load 
operation, and a TC which varies (with 
resistance) from ±625 PPnV"C 
to .tl900 ppnV°C. 

MIL·R-10509 (RN) RN55D1003F 

RNSS D 
Style/Power Characteristic 

153 : 15,000 Ohms 

153 
Resistance Value 

First two digits are significant, 
3rd digit "number of zeros." 

153 = 15,000 Ohms 

1003 
Resistance Value 

J 
Tolerance 

(See Table 4) 

J =::!:: 5% 

(See Tables (See Table 3) First thtee digits are significant. 4th digit "m1mbet of zeros." 
1 and 2) 

D = ±100 ppm/"C 

U MIL-R-55182 (RNR) RNRSSH 1003FS 

RNRSS H 
Style, Terminal and Power Characteristic 

(See Tables 1 and 2) (See Table 3) 
RNR = Solderable Leads 
RNC = Solderable/Weldable Leads H = ±SO ppm/°C 
RNN = Nickel Leads 

MIL-R-22684 (RL) RL07S 153J 
RL07 S 

Style/ Power T erm.inal (Lead) 

1003 = 100,000 Ohms 

1003 
Resistance Value 

First three digits are significant, 
4th digit "number of zeros." 

1003 = 100,000 Ohms 

153 
Resistance Value 

F 
Tolera nce 

(See Table 4) 

F=± l% 

(See Tables "S" = Solderable First two digits are significant, 3rd digit "number of zeros." 
1 and 2) 

153 = 15,000 Ohms 

II MIL·R-39017 (RLR) RLR07Cl 502GR 
RLR07 C 1502 G 

Style/Power Terminal (Lead) Resistance Value Tolerance 
(See Tables 1 and 2) "C" = Solderable/Weldable First three digits are significant, (See Table 4) 

4th digit "number of zeros." 
G =::2% 

1502 = 15,000 Ohms 

K 
Tolerance 

(See Table 4) 

K =- .:10% 

s 
Failure Rate 
(See Table 5) 

S = .001% 
/ 1000 hours 

F 
Tolerance 

(See Table 4) 

F =:::: 1% 

s 
Failure Rate 
(See Table 5) 

S = .OCH% 
/ 1000 hours 

J 
Tolerance 

(See Table 4) 

J=:5% 

R 
Failure Rate 
(See Table 5) 

R = .01% 
/ 1000 hours 

II NOTE: The Established Reliability specification (i.e .• MIL-R-39008. MIL•R-39017, and MIL-R-55182) supersede MIL-R-11, MIL-R-22684, and MIL•R-10509 
respectively, for all new design. Resistors qualified to the three Established Reliability specifications may be substituted, without limitation, wherever the older 
MIL devices are specified. 

Tllf!LE I Rul1tor St!ll• TABLE 2 - Ru lotor Pow•• TABLE 3 Cl,aract1nttin TABLE 4 -----------------+------------------p-.,...-,-----1-------------1 Totnanc• 
RC A,ced ComP<>O•oon Rt1istor (MIL,R ll) l'iomlnAI Body SIH (al 10"C U"- RJ\I 
RCR Flied ComP<>OiUo!> Rt1"'°'• Est>bloshod Rthaodity l..vnsth • 0,a, (tn.) Olh<n.,w St•1tdl B .!.500 ppm/"C 

(Mll..-R-39008) C !. 50 pp..,.,.C (Tl!I 
RL foed Flm R_,., (MIL R-22684) RC . RCR - RL. RLR ~ t: ~~ g~/ll 

RLR Fl,ed Film Ra1St0<, Eslobh•hed Rdiobiltty ~::: : : : : F !. 50 ppm/"C 
(MIL-R-l90l7) 375 , 138 20 1/2 RNR/ 

RN F0<ed Resift<><, Hl!;I Stol,,J,ty (MJL.R-10509) ,562' ,225 32 I RNC 
RNII Flied F~m Rn11l<><. Eslobl1Shed R•h•bt!~y 688 • 138 ,2 2 H • 50 ppnv•C (11) 

(MIL-R-551821 RN (Charact<mtlc CJ . RNII J ! 25 ppm/"C (T9J 
,150, ,066 50 l/20 •• l:!!>'C K !100 ppm/"C (TO, TII 
250 • 109 ss 1/10 01 12S•C 
375 • .125 60 1/8 at 125"C 
,62$, ,188 65 1/4 at 125'C 
~-~ ro w~-c 

t.062 • .375 75 1 at 125'C 

RN !Charoc:1•1111,c OJ 
.250 • , 109 :IS 1/8 
.375 • 125 !,O 1/4 
,625 X 188 65 1/2 
750 • 250 70 :1{4 

NOTE: Th«e ldi no leTT\Pt!f61Unt 

~"""'' dt.o,goat,on for tho RL 
numbcnog syste:n,, al UNlt. are .1100 
ppflV"C 

K :111 110\. 
J • .!,S'to 
G • •2'!. 
F • ♦1\. 
o ••os~ 
C • 7o 25'1. 
B • :i°O 10,. 

TABLE 5 
F ailur• Ratt 

tOOOHoun 
(!,O'I, 

Conficltncd 
M • IO'I. 
P • 0 l'I. 
R • 01'\, 
S • 001'\ 
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Interested in network variety? 
Select from a spedrum of 542 standards. 

34 

Allen-Bradley has the popular configurations you need. Pull-ups. Pull-downs. Line Termi
nators. Networks to complement Core Memory Sense Amplifiers. TTL to ECL Translators. 

O-Pad Attenuators. R/2R Ladders. Interconnect Networks. All styles available from 
your Allen- Bradley Electronic Distributor. Call for specs or check your EEM Catalog. 

If you need specials, contact your local Allen-Bradley district office for fast turn
around. Ask for Publication EC5410-2.1. A-B is an experienced twin-film 

manufacturer, i.e. precision thin film and thick film. 

~ ~ ~ 
as a special feature. ~ 

~~~-=-
for mechanical stability. 

~~ 
aids orientation and indicates 
number of pins. Blue-14 pin; 
green- 16 pin. 

~of~~evucv 
. . . room for more 
resistors, higher 
power ratings, larger 
resistance values. 

&x~~~ 
for visual inspection. 

Quality in the best tradition. 
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~ 14 

8 ('it)FN207 

resistor 
networks 

THIN FILM (PRECISION) 
THICK FILM (CERMET) 
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resi~;tor networks 
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comprehensive product index 

DESCRIPTION TYPE PAGE 

D THIN FILM (PRECISION) NETWORKS 

Precision Thin Film Resistor Networks Series FN 
R/2R Binary Code Ladder Networks 
1-2-4-8 BCD Code Ladder Networks 
Current Summing Networks 
Resistor Networks for ND - DI A 

Conversion 
Network Substrates 

Standard Voltage Divider Resistor Series 
Networks FN207 

FNPC207 

Application Notes 
R/ 2R Ladder Networks 
Voltage Divider Networks 
Handling and Soldering Procedures 

THICK FILM (CERMET) NETWORKS 

Standard Ceramic I-SIP (single-in-line) Series 
Package Cermet Resistor Networks 100-400 

Pull-up/ Pull-down Termination 
Parallel Termination 
TTL to ECL Translator Network 

D Standard Ceramic I-DIP (dual-in-line) Series 
Package Cermet Resistor Networks 314-316 

Pull-up/ Pull-down Termination 
Parallel Termination 
8 Bit R/2R Ladder Networks 
TTL to ECL Translator Network 
Sense AMP/ Interface 
"O" Pad (Balanced rr ) Attenuators 
Interconnect Networks 

Custom Thick Film Networks Corwult Facto,y 

Application Notes 
Digital System Resistor Arrays 
ECL Terminator Networks 
Resistive Attenuator Pads 

II NOT AVAILABLE FROM STOCK AT 
ELECTRONIC DISTRIBUTORS. 

El STANDARD VALUES OF I-DIP 
NETWORKS IN 2% TOLERANCE ARE 
AVAILABLE FROM STOCK AT 
ELECTRONIC DISTRIBUTORS. 
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NEW CERAMIC 
I-DIP PACKAGE 

HO,,., .. 
'0(1\11'1,1CAflOH 

t"- ,;;;, _.,. SUON 

1-. _ __..-+-------~ ... 
11,541 

\ J:- ,,~ __j-!';;,-t ,:.~!oOOJ, 
~ )10MAJt 2..lr100;,n:~ - -010 •010 

" "'' - ,,,.:,oi,; 

t 
1n~o•1 

l:J4JS0,JII 

resistor networks 

SELECTOR GUIDE: STANDARD THICK FILM (CERMET) DIP RESISTOR NETWORKS 

314A 

I 
314B 314E 316L08 314Mll0 314Ml30 

I 
316T110 314Xl01 3142 

316A 316B 316E 314Ml20 316Xl01 
314Ml25 

APPUCA TIONS 

Pull-Up Resistor Transmission Digital Line 8 BIT R/2R Complement Core-Memory TTLtoECL Interconnect Fixed Voltage 

Arrays for Line Termination Ladder the 7520 Sense Line Translator Networks Attenuation 
Unused TTL Termination ECLandTTL 

Network for Series of Core Applications Network Shorting with Impedance 
Gates Power Gate Applications O/AandA/D Memory Sense with Two 711 Applications 

Matching 
Converter Ampg Dual Voltage 

Parallel High Pull-Up with Bi Polar Comparators Matrix 
Speed Circuitry Current or CMOS lntercoMections 
Wired OR Con· Limiting Switches Test Plugs 
figurations logic Level 
Pull-Down Translation 
Applications 

TTL-MOS 
Interfacing 

Digital Pub.e 
Squaring 

Page Number 63 
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resistor netwc,rks 

FEATURES 
I-SIP CERMET NETWORKS 

-
• Solid Cermic Body 

• Triple-Strength Leads 

• 0.100 Inch (2,54 mm) Lead Spacing 

• 2 Package Heights (.200 Inch, .350 Inch) 

• 6, 8 and 10 Pins 

SELECTOR GUIDE: STANDARD HUCK FILM 
(CERMET) SIP RESISTOR NETWORKS 

106A 1068 106E 
108A 1088 108E 
II0A 1108 HOE 

406A 4068 406E 
408A 4088 408E 
410A 4108 410E 

APPLICATIONS 
Pull-Up Resistor Transmission Digital Line 
Arrays for Line Termination 
Unused TTL Termination ECLand TTL 
Gates Power Gate Applications 
Parallel High Pull-Up 
Speed Circuitry Current 
Wired OR Con• Limiting 
figurations Logic Level 
Pull-Down Translation 
Applications 

TTL-MOS 
Interfacing 

Digital Pulse 
Squaring 

Page Number 59 
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resistor networks 

THIN FILM (PRECISION) CUSTOM RESISTOR NETWORKS AND 
CHIP AND HYBRID NETWORK SUBSTRATES 

APPLICATIONS: 

These precision networks are ideally suited for use 
on any electronic equipment requiring close 
tolerances and/or low temperature coefficient 
resistors. Some of these applications are listed 
below. 

Ladder networks 
Digital multimeters 
Current summing applications 
Precision attenuators 
ND .ind 0 / A converters 
Communication equipment 
Precision voltage dividers 

- Telemetry equipment 
- Coding and decoding circuitry 
- Measurement bridges 
- Paging systems 

SELECTOR GUIDE: VOLTAGE DIVIDER NETWORK (Decade Attenuator) FNPC207, FN207 

Resistance Tolerance on Total Resistance (RT) at 25° C 
RT = R1+R2+R3+ff.i +R5+!0 Megohms± 0.05% 

Ratio Tolerance at+25° C and from Oto 1000 volts: 

R1+ R2+R3+ff.i _ l Megohm _ O + % 
RT - 10 Megohms - ,l _ 0.03 

R1 + R2+R3 100 K ohms 
RT 10 Megohms = O.ot :t:0.03% 

R1+R2 1 Kohm 
~ 10 Megohms = O.OOl ± 0.03% 

R1 = 1 Kohm 
RT 10 Megohms = O.OOOl ± 0.03% 

Temperature Coefficient of Resistance . . . . :t 25 ppm/° C 
TCR Tracking ..... ... ...... ... .. ....... ± 5 ppm/° C 
Operating Voltage (between pins 1 & 6) .. 1000 volts max. 
Operating Temperature ... . ... . ........ . 0° C to+70° C 
Storage Temperature .. . .. .. ...... . .. -65° C to +175° C 

Page 
Numbe r 

51 

39 
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DIP, SIP and chip networks and discretes 
for virtually any resistor needs. 

40 

Allen-Bradley can satisfy most- if not all-of your fixed resistor needs. Networks and discretes. 
Thin film, thick film and carbon composition. Standards where you expect customs. Examples: 

Our I-DIP cermet networks are available in 542 stock configurations. Our discrete 
carbon composition resistors are available in custom high ohmic values at a million 

megohms in standard small body sizes. Write for technical information today. 

RESISTOR RtSISTANCE POW£R TOLERANCE TCR TYPE RANGE RATING 

Carbon I ohm to 100 mcgs liW to 4W ±5% lo ±20' Typically less than 250 
Comp (custom to I m,11,on megs ) •· • 10°c PPM/°C from + 15cc to + 75cc --

22 ohms to I mcg 100 lo 500 mW 
l•DIPs (customs lor other values) per res,sto, ..t l "I,. ±2% .t: 100 and ±200 PPM 0 c 

" + 10°c 

22 ohms to I mcg 125 lo 500 mW ➔ 2% or • I ohm 
l·SIPs pc, rcs,c;to, whichever :t- 100 PPM 0 c (customs tor other values! 

al + 70°C is R•ratrr -
IO to 250 mW as low as 

Chops 50 ohms to 10 megs pr, resistor + 015'1\, "'-25 PPM/ °C 
at t 125°c 

Quality in the best tradition. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Thin Film Resistor Networks 
Conformally Coated and Chip Styles 

SPECIFICAT IONS 
Introduction 

Allen-Bradley thin film resistor networks consist of 
integrated films of chromium cobalt vacuum 
deposited on specially selected glass substrates 
resulting in networks having precision tolerance and 
stability. They can be calibrated to tolerance at 
Allen-Bradley or they can be designed for functional 
(active) trimming by customer. 

For additional information on chromium/cobalt 
technology refer to Allen-Bradley Publication EC90. 

General capabilities 

J ilm stability Unique chromium cobalt thin film 
provides consistent long term stability. 

Interconnection reliability - Metal film 
interconnections and bonding pads are reliable; no 
soldered or welded joints. 

flec1rical uniformitv Resistance change due to 
temperature (TCR) is low and uniform across 
substrate (TCRT). 

Performance rf'peatahility Network-to
network, circuit performance is reliable and 
repeatable. 

Consistent qualitl,' From prototype to high 
volume production, quality is a major factor. 

SenesfN 
Precision 
Thin Film 
Custom Resistor 
Networks 
FEATURES 
• 1 K Ohms to 10 Megohms 

• J.. 0.015% Tolerance 

• ..!: 0.015% Ratio 

• r 25 ppm/°C TCR 

• ± 5 ppm/°C TCR Tracking 

• Conformally Coated Package Styles 

• Chip Resistor Networks 

Applications 

These precision networks are ideally suited for use 
on any electronic equipment requiring close 
tolerances and/ or low temperature coefficient 
resistors. Some of these applications are listed 
below. 

- Ladder networks 
- Digital multimeters 
- Current summing applications 
- Precision attenuators 
- A/ D and D/ A converters 
- Communication equipment 
- Precision voltage dividers 
- Telemetry equipment 
- Coding and decoding circuitry 
- Measurement bridges 
- Paging systems 

For application information refer to the following 
Allen-Bradley Application Notes: 

- R/ 2R Ladder Networks: ECSSl0-4.2 
- Voltage Divider Networks: ECSSIS-4.2 

For handling and soldering procedures refer to 
Allen-Bradley Product Data EC5570-5. l. 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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5eriesfN 
Electrical capabilities 

Resistance range - lK ohms to 10 megohms 
standard. Single substrate range; 10,000 to l. 

Tolerance (absolute) - As low as ± 0.015 percent 
at + 25°C. 

Resistance matching or ratio - As low as 
± 0.015 percent at + 25°C. 

T emperature coefficient of resistance (TCR) -
± 25 ppm/°C standard. 

TCR tracking - Between resistors in the same 
network is ± 5 ppm/°C standard. 

Temperature ranges of operation - - 55°c to 
+ 125°C military; 0°C to + 70°C industrial. Other 
ranges available. 

Temperature range of storage - - 65 °C to 
+ 115°c. 

Power rating - 50 milliwatts per resistor standard. 
Up to 250 milliwatts per resistor special. Power 
ratings specified at + 125°C derated linearly to 0 
milliwatt per resistor at + l 75°C. 

Frequency response - Excellent non-inductive 
high frequency characteristics. Fast rise time. less 
than 100 nsec. for packaged precision thin film 
resistors. 

Noise index - Measured on Quantech Model 315 
Mll-STD-202D, Method 308, - 60db to - 25db. 
Shelf life stability (no load) - /:. R < 0.005% per 
year. 

CHIP AND HYBRID NETWORK SUBSTRATE SPECIFICATIONS 

Hybrid Network Substrates 

Hybrid network substrates - Allen-Bradley 
hybrid network substrates contain resistors, 
bonding pads and interconnections used in 
producing hybrid networks. Allen-Bradley does not 
manufacture complete hybrid circuits, but does 
manufacture the basic hybrid network substrates. 

T ermination and bonding pad material - Gold, 
with a minimum thickness of 5000A, is used for all 
termination pads, bonding pads and inter
connections. This material is compatible with 
ultrasonic and thermocompression bonding 
methods for attaching gold or aluminum wire, 
integrated circuit dice, LID's or beam leaded !C's. 
Chip capacitors can be attached by reflow solder 
methods. 

Substrate material - Corning 7059 glass (Barium 
Alumino Silicate • electrically inert [Alkali-free]) .032 
= .005 inch (0,81 0,13mm) thick . 

User trimmable option - Chip and hybrid 
network resistors can be trimmed to tolerance by 
Allen-Bradley or, if needed, resistors can be 
designed for active trimming by the user during final 
hybrid assembly operations to meet predetermined 
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Chip Resistor Network 
R & Resistor P= Bondmg Pad 

Hybrid Network Substrate 

functional requirements. The amount of adjustment 
available is dependent on the initial resistance value, 
resolution, final value and available substrate area. 
The active trimming results in a positive resistance 
change only and can be done by mechanical 
methods or a laser. These networks are designated 
as UTRN's (user trimmable resistor networks). 

Standard substrate sizes (in inches) -

.150x.150 .350x.150 .200 x .200 .600x .200 

.250 X • }50 .450 X .150 .400 X .200 .250 X .250 

Bonding pad sizes - 10 mils x 10 mils (down to 5 
mils x 5 mils minimum). 

Resistance range - lK ohms to 10 megohms. 

Tolerances - Absolute: as low as ± 0.015% at 
+ 25°C. Ratio: as low as ± 0.015% at + 25°C. 

TCR - ± 25 ppmj°C 
TCRT - ± 5 ppm/°C 

Temperature ranges of operation - - 55°C to 
+125°C or 0°C to + 70°C. Other ranges available. 

Power rating - Up to 50mw per resistor. 
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DIAGRAMS 
Thin film custom resistor network suggestions 

A/D - D/ A Converter Networks 
4 32R 4.32R 

T 12 ll 10 9 8 7 6 0 

Binary Code - Summing Ladder Network 1-2-4-8 BCD Code Ladder Network 

R R R R R R R R R R R R R 

2R 2RT 

T 14 13 12 11 10 9 8 6 5 3 0 

Binary Code - R/2R Voltage Ladder Network 

24 23 22 21 20 19 18 17 16 15 14 13 
Rl6 

kl lK 

Rl3 Rl4 Rl5 R!7 , .. l__hl 
IOK 14K lK l3SK SK SK K 

RI R2 R3 R4 R6 R7 R8 R9 RIO Rll Rl2 
!OK 20K 40K SOK 20K 40K 80K. lOK 20K 40K 80K 

2 3 5 6 8 9 10 II 12 

Voltage Dividers 

1000 9000 9K 90K 900K 9 MEG r11~rrr1 ITl FR 
Matched Resistor Arrays 

R R R 

R R R R 
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Typical performance test capabilities 
Order 

Test Of Test Mt•thoJ Group Te&t Examination or Test Post Test Rt qu1rementi. 

1 Visual and Mechanical MIL-STD-883, Method 2008, 
I Examination Test Condition A. In accordance with applicable requirements. 

2 DC Resistance MIL-STD-202, Method 303. 

1 
Temperature Cycling 

MIL-STD-883, Method 1010, 
Resistance change ± 0.05 percent maximum Test Condition B. 

2 Low Temperature MIL-R-10509F, Paragraph 
Resistance change :t: 0.1 percent maximum Operation 4.6.5. 

II 3 
Short Time Overload MIL-R-10509F, Paragraph 

4.6.6. Resistance change ± 0.2 percent maximum 

4 
Terminal Strength 

MIL-STD-883, Method 2004, 
Resistance change ± 0.1 percent maximum. Test Condition A, 3 lb. 

5 Resistance to Solvents MIL-STD-202, Method 215. Resistance change± 0.05 percent maximum. 
Markings shall remain legible. 

MIL-STD-202. Method 301, 
1 Dielec tric Withstanding SOOV RMS. Method IOSC. 

Resistance change ± 0.1 percent maximum. Voltage Test Condition B with 300V 
RMS applied for 60 ± 5 sec. 

2 Insulation Resistance MIL-STD-883, Method 1003, 
1012 Ohms minimum. Test Condition D. 

Ill 3 Temperature Cycling MIL-STD-883. Method 1010, 
Test Condition B. Resistance change± 0.05 percent maximum. 

4 Resistance to Soldering MIL-STD-202, Method 210, Resistance change ± 0.05 percent maximum Heat Test Condition B. 

5 MIL-STD-883, Method 1004, 
Moisture Resis tance Figure 1004-1. Omit Resistance change± 0.1 percent maximum. 

Paragraphs 3.1 and 3.6.1. 

1 
Resis tance Temperature MIL-STD-202. Method 304, 

(Over Specified Operating Within specified limits. Characteristic Temperature Range) 

IV 2 MIL-STD-883, Method 1006, 
Life 125°C. 1000 hrs. 1 1/ 2 hours Resistance change± 0.1 percent maximum. 

on, 1/ 2 hour off. 

1 Solderability MIL-STD-883, Method 2003. Resistance change ± 0.1 percent maximum. 
V 2 Vibration, Fatigue Mll -STD-883, Method 2005, Resistance change± 0.05 percent maximum. Condition A. 

3 Shock MIL-STD-202, Method 213A, 
Test Condition I. Resistance change± 0.05 percent maximum. 

INSPECTION CONDITIONS : Unless otherwise 
specified, all measurements are understood to be made at 
the following initial inspection conditions: 

NOTE: During an inspection or qualification, all the 
networks shall be subjected to the inspections of Test 
Group I. The total samples are then divided into Groups II 
to V inclusive, and subjected to the tests and inspections 
of the particular group. 
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Normal atmospheric pressure. 
Relative humidity of 40 ± IO percent. 
Ambient temperature of 24°± 2°C. 
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Synopsis - This application note discusses the 
terminology, operation, usage and des ign 
considerations of the R/2R ladder network 
(Figure 1), one of the most commonly used 
precision resistor networks used for digital to 
analog (D/ A) and analog to digital (ND) 
conversion. For further information see Allen· 
Bradley Technical Publication EC5510-2.1. 

R R 

T N NI 

R 

ooo~ OUT 

2R t 2R t 
2 I 

Fi911r-e I N Bit R 2R Laddl"r Network 

The b,u,ic R 2R ladder network The term 
ladder network is derived from the ladder-like 
configuration of this class of circuits. The R/ 2R 
ladder receives its name because it is composed of 
R-valued resistors in the series legs and 2R-valued 
resistors in the shunt legs. In Figure 1, each of the 
positions numbered 1, 2, . . , N-1, N is referred to 
as a bit. The bits of the ladder are the points at 
which input signals are presented to the ladder. The 
inputs may be either serial or parallel with the aid of 
various solid state registers. Position T, the 
terminating resistor, is always connected to ground. 
The function of the terminating resistor is to 
terminate the ladder such that the output impedance 
of the ladder is R as measured from the terminal 
labeled OUT to ground with all bits grounded and to 
provide the proper output voltages. The position 
labeled OUT is the point at which the output is 
taken from the R/ 2R ladder. The output terminal is 
commonly used to drive an operational amplifier. 

Ideal D A conversion The relative simplicity of 
0/ A conversion in comparison to ND conversion 
makes it convenient to use D/ A conversion for this 
discussion. Ln D/ A conversion, digital information is 
presented to the bits of the ladder in the form of 

R/2R 
Ladder 
Network 
by John Blanchard 

Electronics Application Engineer 

zeros and ones. Common convention is that of 
positive logic in which ground represents a zero and 
a positive precision reference voltage represents a 
one. In order to change the input of a bit from a 
zero to a one or vice-versa, some form of switch is 
required. For the ideal case of perfect switches, i.e., 
one being a short circuit when closed and an open 
circuit when open, a bit is either tied to ground or to 
a voltage source depending upon the absence or 
presence of digital information at a bit respectively, 
To assist in this discussion, a four-bit ladder will be 
studied. To simplify matters, all resistors, switches, 
and the reference voltage will be considered as ideal 
elements. 

The first case to be analyzed is the condition of a l 
applied to Bit l and O's applied to all other bits 
(Figure 2). Bit 1, as will be seen, contributes the 
most voltage to the output and is called the most 
significant bit (MSB). When the output voltage is 
measured for this input condition (the binary word is 
1000), it will be Vref/2 . Thus, the voltage ratio of the 
output voltage to the input voltage for the MSB 
energized is nominally .5000000. If the input 
condition is changed to 01()() (Bit 2 "ON" and all 
other bits "OFF"), the output voltage becomes 
Vref/4 and the output voltage ratio becomes 
.2500000. Energizing Bit 3 with all other bits 
grounded provides a voltage ratio that again is half of 
the preceding voltage ratio or .1250000. This 

R R R 

2R 

I V,ef 

Figure 2 Four- Bit R 2R bdJl•r 
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progression continues in that the voltage ratio for a 
given bit ideally is half that of the previous bit, thus 
making the circuit a binary R/ 2R ladder. 

Bit 4 in the example produces the smallest output 
voltage ratio (.0625000) and is called the least 
significant bit (LSB). The LSB voltage also 
represents the smallest voltage change that occurs at 
the output. For example, when V ref equals one volt, 
the change in the output voltage that results by 
applying Vref to Bit 4 is 62.5mV. 

The principle of superposition applies to the R/ 2R 
ladder because it is a linear circuit. For example, 
when both Bits 1 and 2 are energized to Vref, the 
output voltage is a summation of the individual 
output voltages for each of the energized bits, i.e., 
Vref/2 • Vref/4 = 3/4 Vref- The superposition 
principle applies to any combination of energized 
bits. 

The voltage ratio concept can be extended to any 
number of bits as shown in Table 1. 

Bit No. 
1 (MSB) 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Voltage Ratio VVo 
ref 

.5 

.25 

.125 

.0625 

.03125 

.015625 

.0078125 

.00390625 

.001953125 

.0009765625 

.00048828125 

.000244140625 

.0001220703125 

.00006103515625 

.000030517578125 

.0000152587890625 

It is obvious that as the number of bits increases, the 
LSB voltage decreases, i.e., the percent contribution 
that the LSB voltage makes to the output voltage be
comes less and less. This results from the fact that 
the summation of the voltage ratios approaches 
unity, or alternately, with Vref = 1 volt and all bits in 
the 1 state, the output voltage approaches 1 volt. 
The condition m which all bits are energized is 
referred to as f ult scale operation of the ladder, The 
result is the full scale output voltage which can be 
expressed mathematically as m Equation 1: 
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R/2R 
Ladder 
Network 

n 
Full Scale Output Voltage = Vre_f x r 

i = ] 
where n = number of bits. 

n 
limit V ref x l: 

n ➔ oc i=l 

1 
2i = Vref 

Equ,,tion I 

As an example, the LSB of a 16-bit ladder is only 
15µ V for Vref = 1 and it contributes only .0015 
percent to the full scale output voltage. 

Full c;cal~ "tcuracy - To this point the discussion 
has involved only ideal components. To relate to the 
real world, resistor inaccuracies and stray reactances 
must be taken into consideration. It now becomes 
important to determine how the accuracy of an R/2R 
ladder is specified. A normal accuracy specification 
for any R/2R ladder is -:: 1/2 LSB. For example, this 
means that when an n bit ladder has all of its bits 
energized to the l state with Vref equal to 1 volt, the 
output voltage is: 

n n n 
1 1 l 1 1 r 1 r 2i :t 2 LSB = 1: 2i~ 22° = 2i ~~ 

i = 1 i = l i = 1 

Using the example of the 4-bit ladder operating at 
full scale with Vref = 1 volt, the output voltage for a 
• 1/ 2 LSB specification is .93750 -+ .03125 volts. The 
• 1/ 2 LSB accuracy specification 1s sufficient to 
insure that when the LSB is energized to the 1 state, 
the output it causes is indeed due to a voltage on 
the LSB and not due to resistor errors in the ladder. 
A tighter, but necessarily more costly, specification is 
~ 1/4 LSB which requires that resistor errors be at 
least a factor of two less than those allowed for the 
• 1/2 LSB specification. 

In the real world, resistor inaccuracies affect the 
nominal voltage ratios of Table 1. In practice, the 
differences between the measured or actual voltage 
ratio and the nominal voltage ratio for a given bit 
become the concern. To determine the accuracy of 
a ladder, the voltage ratio errors are measured for all 
bits as illustrated for the 15-bit R/ 2R ladder in Table 
2. The bit error column, labeled percent bit error, 
shows the voltage ratio errors for each bit as a 
percent of full scale. 

Some bit errors have positive signs; others have 
negative signs. A worst case condition exists when 
all bits of like (positive or negative) accuracy are 
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energized at the same time. Therefore, :he 
summation of all negative bit voltage ratio errors is 
compared with the sum of all positive bit voltage 
ratio errors. The larger of the two summations 1s 
chosen as the worst case combination of errors. In 
Table 2,the worst case error is .00066 percent as 
related to full scale. 

When the larger summation is less than 1/ 2 LSB ol 
the ladder, the resistor errors are small enough for 
the ladder to function properly. In other words, the 
maximum error that the ladder output can have 
while operating at full scale is ::: 1/ 2 LSB. When it 1s 
recalled that an LSB represents a percent of full 
scale, ladder accuracies may be conveniently 
expressed in percent of full scale, or what is referred 
to as Full Scale Accuracy (FSA). For example, a 
• 1/2 LSB specification on a 12-bit ladder is identical 
to · .0122 percent FSA. In the example of Table 2. 
the ladder accuracy specification is • .00066 percent 
FSA. 

15 Bit Ladder Network 
Design Objective =• .0015% FSA 

+25°C 
Nominal Measured Percent 

Pin BIT Volt Ratio Ratio Bit Error 

R 3 1 0.5000000 0.5000035 0.00035 
R 5 2 0.2500000 0.2499970 -0.00030 
R 7 3 0.1250000 0.1249995 -0.00005 
R9 4 0.0625000 0.0624990 -0.00010 
Rll 5 0.0312500 0.0312488 -0.00012 
R13 6 0.0 156250 0.0156245 -0.00005 
RIS 7 0.0078125 0.0078123 -0.00002 
R17 8 0.0039062 0.0039060 -0.00002 
R19 9 0.0019531 0.0019538 0.00007 
R21 10 0.0009766 0.0009766 0.0 
R23 11 0.0004883 0.0004883 0.0 
R25 12 0.0002441 0.0002441 0.0 
R27 13 0.0001221 0.0001221 0.0 
R29 14 0.0000610 0.0000610 0.0 
R31 15 0.0000305 0.0000305 0.0 

SUM+ 0.00042 
SUM- - 0.00066 

PERCENT FSA = 
Worst Combination of Percent Bit Errors . 
Table 2 . 15 Bit R/ 2R Ladder Ac;tual Test Data 

TCR and TCR tracking - Ladders are seldom 
used at only one temperature. More realistically a 
customer will specify a required accuracy for a 
particular temperature range, such as the industrial 
range of 0°C to • 70°C, or the military range of 

55°C to , 125°C. Hence, for an R/2R ladder to 
have an accuracy of .:. 1/2 LSB over a given 
temperature range, the ladder resistors must have 
similar temperature coefficients of resistance (TCR). 
This means that the ladder resistors must trac k each 
other with temperature accurately enough so that 
the • 1/ 2 LSB accuracy holds anywhere in the 
specified temperature range. When temperature 
fluctuations are of concern. the FSA should be 
specified over a temperature range. For ex.ample, a 

12-bit ladder that must have - 1/2 LSB accuracy 
from 0°C to - 70°C would be specified as +- .0122 
percent FSA over that range (see Table 1). Thus, it 
is not as important to specify TCR as it is to specify 
FSA over a temperature range. 

TCR trac king is an important consideration, 
particularly when application resistors are fabricated 
on the same substrate to work in conjunction with 
the ladder. Common examples of application 
resistors are resistors that provide gain or olfsets for 
operational amplifiers. They are usually matched to 
the output impedance of the ladder. In order to 
maintain tight matching over a temperature range, 
the TCR tracking between the resistors of the ladder 
and the application resistors is important. 

A typical TCR tracking specification for Allen
Bradley thin film resistor networks is • 5 ppm/°C. 
This insures that no two resistors at • 125°C are 
matched any worse than .OS percent more than their 
room temperature matching. An increasingly more 
common yet necessarily more costly tracking 
specification is ·• 2 ppm/°C over a SS°C to 
, 125°C temperature range. For example, the 

resistors associated with the operational amplifier of 
Figure 3 have been specified so as to have a room 
temperature gain of 2 ' 0. 1 percent and a gain at 

125°C of 2 , 0.12 percent. When the resistors are 
adjusted to a , 0. 1 percent match at , 25°C, the 
match may change only an additional .02 percent 

RI IOK 
"N-

v111 

Figure 3. TCR l racking Examphe 

over the 100°C temperature rise, which is a 
change that would result from 2 pprn/°C tracking. A 
more satisfactory and less costly way of specifying 
the resistors is to have a room temperature gain 
equal to 2 · 0.05 percent and the gain at • 125°C 
equal to 2 • 0.12 percent. This effectively loosens 
the tracking specification to 7 pprn/°C, while, at the 
same time, does not tax adjustment capabilities. 
Trade-offs such as this are significant from both 
design and cost considerations. 

Ladder resistance and switch resistances - The 
choice of the value for R in an R/2R ladder is 
dependent on both the desired rise time of the 
output voltage and the type of switch chosen for 
connecting each of the bits to either ground or the 
reference voltage. 

In general, the higher the value of R, the longer the 
rise time. This is due to stray capacitance associated 
with each resistor and its lead wires. The equation 
that expresses the 10 percent to 90 percent rise 
time or fall time for a resistor having stray 
capacitance is: 

10% - 90% rise time = RC In 9 = 2.2RC 
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The capacitance associated with an Allen-Bradley 
thin film resistive 1::lement is in the 1.0 to 1.5 pF 
range. Thus, for a constanl capacitance , the rise 
time becomes proportional to the value chosen for 
R. 

Both the "ON" resistance and the current 
capabilities of the switches govern the choice of R 
MOSFET switches, for example. are low power 
devices. Hence. the ladder res istance should be 
chosen so that the switch can safely conduct the 
current when a bit is energized. 

Transistor switches generally can handle more 
current than MOS devices; and as a result, the value 
chosen for the ladder resistance is less than that 
when MOS switches are chosen. Regardless of the 
type of switch used, compensation for the "ON" 
resistance of the device must be made . To 
compensate for switch resistances, the "ON" value 
of the switch resistance (T) is subtracted from each 
2R resistor of the ladder as shown in Figure 4. For 
example, given switches with an "ON" resistance of 
10 ohms, an ideal 10K/20K ladder becomes 
10K/ 19.990K. These values then become the values 
specified for manufacture of the ladder. The ' 'T" 
value need not necessarily be the same for each bit. 
When, for example, the switches for the first bits 

R R R 

2R f t 2R T 2R,T ~ 2R T : : 2R T 

rT1"7J\/lt- l,__,' OlJf 

I fl I ,r l 
f 4 3 2 I 

ri9ure '1 •l· Bh R. 2R l.Jdder With Comp1mw1inn 
Fo r Sl'mkonductor S,,i1ch Re!>istances 

differ from those for the last bits of the ladder. the 
"T" values differ. Resistor adjustment techniques 
make it posible to compensate for different switch 
resistances. 

The magnitude of the ''ON" resistance of the switch 
is important in determining the ladder resistance 
value. The "ON" resistance of typical switching 
transistors 1s 5-10 ohms, where a typical value for 
MOS devices is 250 ohms. These are nominal values 
only. Any deviations from nominal introduce 
unexpected errors in bit outputs for those bits that 
have been adjusted for the nominal value of the 
switch resistance. Thus, it becomes important to 
know not just the nominal switch resistance, but also 
the range of switch resistances to be encountered, 
so that any deviation from nominal contributes only 
a small error to each bit. 

The result of this criterion is that for switches having 
high "ON" resistances, the ladder resistance value is 
considerably higher than that required for switches 
having low "ON" resistances. A good rule of thumb 
1s lo have switch resistances less than . I percent of 
the 2R value. Further, since the TCR of 
semiconductor switches is considerably higher than 
that of the ladder resistors, the TCR tracking of the 

48 

Rand 2R branches is adversely affected when the 
''ON" res1stance is too large a percentage of the 2R 
branches. 

Once the ladder resistance value has been chosen, a 
tolerance must be assigned to the ladder. The 
tolerance of concern is that of the output 
impedance, Rout• In general, a ladder output 
impedance tolerance of ..c. 10 percent or ::. 20 percent 
is adequate, simply because the performance of a 
ladder depends on resistor matching and not 
absolute tolerance. Since application resistors are 
customarily specified with relationship to the ladder 
output impedance, a loose tolerance Rout will not 
interfere with the proper performance of the 
application resistors. Further, by specifying a loose 
output impedance tolerance, overall ladder costs can 
be reduced. 

Application resistors - Up to now, several points 
have been made with respect to application resistors. 
The first was that a room temperature matching or 
ratio specification must be made in addition to the 
TCR tracking specification. With the proper care, an 
application resistor can be specified such that it will 
perform as desired and take advantage of 
manufacturing techniques. Resistance ratio matching, 
however, is not the only method used for specifying 
application resistors. A second and less commonly 
used method involves a difference or voltage ratio 
error, instead of an actual percent match of the 
application resistor to the output impedance of the 
ladder. An example might illustrate a comparison of 
these two methods. 

Kl R 
Roul . R 

t'-
R R 

R ◄=-i 

l 
~ 2R 2R 12R 2R> 

~ r y 
_[ 
--

Figure 5. Ratio Matching Rl to Rout of l .-idder 

The measurement technique that is used to match 
Rl to Rout in Figure 5 provides one of the following 
ratios, depending on how the test equipment is 
connected: 

Rl Rout 
Actual Output Voltage Ratio = Rl R or Rl R 

+ out + out 

When R l matches Rout perfectly, both the above 
voltage ratios are .5000000 (Rl = Rout). The 
hypothetical example below shows that the matching 
is not perfect: 

N ominal Actual Difference Percent 
O utput O utput or V oltage M atch 
V oltage V oltage Ratio of R l to 

Ratio Ratio Error Rout 
.500000 .499878 .000122 .0488% 
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The nominal output voltage ratio represents the ideal 
situation where R 1 has been trimmed to match Rout 
perfectly. The actual voltage ratio represents the 
behavior of application resistor Rl in relationship to 
the output impedance of the ladder. In the example, 
the actual output voltage ratio differs from the 
nominal by 122 ppm, which represents the voltage 
ratio error method of specifying the application 
resistor. However, the 122 ppm difference does not 
mean that there is a 122 ppm (.0122 percent) 
resistance match to the ladder. To calculate the 
percent resistance match of Rl to Rout , the 
following equation is used: 

Actual Voltage Ratio - R R~ 
l + OUI 

Solving for Rout the following is obtained: 
Rl 

E4Udlion 2 

Roul 1 · Actual Voltage Rallo 
--=---------

R 1 Actual Voltage Ratio 

Equation J 

When the numbers from the example are substituted 
in Equation 3, the resistance ratio match of R 1 to 
Rout 1s .0488 percent and not .0122 percent! Thus, 
the method of specifying application resistor 
accuracy can be deceiving, particularly when a 
voltage ratio error is used as the specification. This 
is because the voltage ratio error can appear to be a 
much tighter specification than that of actual 
resistance ratio matching expressed in percent. 

Power Power is usually nor a major concern 
when specifying ladders. This is because the voltages 
applied to the bits are in the range of a few volts to 
12 or 15 volts. As a result, power dissipation is kept 
low and resistance change of the ladder resistors 
caused by self-heating is minimized. However, power 
considerations can be of concern for application 
resistors used as feedback elements for providing 
operational amplifier gain. With the operational 
amplifier summing point effectively at ground and 
connected for unity gain, for example, the full 
reference voltage can appear across the feedback 
resistor. To avoid detrimental self-heating effects, 
care should be taken to keep the maximum resistor 
dissipation below the rated power. Needless to say, 
the lower the dissipation, the less likely ladder 
performance will be degraded. Further, the lower the 
power levels, the easier it becomes to reduce the 
overall size of the ladder. 

The number of bits The selec tion of the number 
of bits a ladder is to have is effectively a specification 
for the resolut,on of the converter. For example. a 

specification of 0. 1 percent resolution on the analog 
output of a converter requires a 10-bit ladder (1/ 210 x 
100% = 0.0976%). The greater the number of bits, the 
better the resolution. For example, 12-bits provide 

.0244 percent while 14-bits provide .0061 percent. 
However, the more bits there are, the more difficult 
it becomes to manufacture ladders with • 1/2 LSB 

accuracies, with the practical limit at present b1?ing 
15 to 16 bits for an R/2R ladder. lt becomes 
extremely difficult lo manufacture ladders to less 
than • .001 percent FSA at • 25°C, regardless of 
the numbers of bits. 

Advantagvs of R;2R ladders - The R/2R ladder 
configuration has several advantages that distinguish 
it from other types of ladders. Only two resistor 
values are required. From a manufacturing 
standpoint, this means that thin film deposition 
techniques can be utilized to their fullest advantages. 
The two values of resistors are in a 2 to 1 ratio,, and 
hence. allow excellent TCR tracking and aging 
characteristics. The second ma1or advantage is that 
the impedance seen at any bit looking toward t:he 

,4 -R I ~ R 4R 
~-- I"' 001 

IR 2R lR 2R 

f igur.• 6 R 2H C um•nl L,uldt?r 

operational amplifier is fairly constant. The R/ 2R 
ladder also possesses a certain versatility that ,other 
ladders do not. Figure 6 shows the dual of the circuit 
in Figure 1. It displays the same binary R/2R ladder 
network that has been discussed, only here it 1s 
being driven by digital inputs derived from high 
impedance sources. i.e., current generators. Instead 
of an output voltage being of concern, an output 
current is fed to operational amplifier to generate the 
analog output. If it is desired to use an R/ 2R ladder 
as a current ladder, the manufacturer must be 
informed so that the resistor nodes are brought out 
of the package 

A comparison of R 2R laddc•r fabrication 
le<. hnic1uei. 

• Thin film -
Thin film networks are made by vapor dep<>siting 
a metal film on a substrate. By having all resistors 
on the same substrate, their characteristics 
closely match one another. The main advantages 
of thin film networks are that, in general, they 
have low TCR, tight TCR tracking, uniform aging, 
and the ability to be trimmed to very tight 
tolerances. 

• Thick film -
Thick film networks are made by screen printing a 
cermet material on a substrate. Thick film ladders 
generally have a slightly higher TCR and TCR 
tracking and cannot be adjusted as tightly as thin 
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film ladders. Thick films still have a TCR that is 
far better than discrete carbon film or carbon 
composition resistors. The range for thick film 
TCR is · 100 ppm/°C to .:... 250 ppm/°C and TCR 
tracking in the range of ~ 25 ppm/°C to 1- SO 
ppm/oC. 

• Discrete resistor R/2R ladder networks -
Discrete resistors may be used to make R/2R 
ladder networks, and initially the cost of discretes 
versus networks may be attractive. However, the 
ladder assembly cost disadvantages presented by 
discretes outweigh the parts cost advantage. To 
manufacture a ladder using discretes, tedious 
sorting must be performed to obtain the required 
resistor matching. After sorting, the individual 
resistors must be assembled. The TCR tracking of 
the resistors may be so poor that the resistors 
would have to be sorted for TCR matching. 
D1scretes may also be very inductive, which may 
result in problems with rise and settling time. 
Last, discretes age differently, and hence, cause 
overall ladder accuracy to change. 

GLOSSARY OF TERMS -
Application Resistor - Arw ruistor on the same substr.)te with ll 
ladder that is not directly a part of the ladder. but that is matched 
or ratioed to the ladder output impedance. 

Bit - Designation for the input leads of ladder nelwork.s. 

Current Ladder - An R/2R ladder whose bits are all lied to ground 
and whose inputs are derived from c urrent sourct!s that drive f h~ 
node• of the ladder. See Figure 6. 
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Full Scale - The condition of ladder operation in which all bits are 
energized. 

Full Scale Acc·uracy (FSA) - The maximum error encountered in a 
ladder as com pared to the full scale of the ladder. 

Ladder Network - A repetitive arrangement of precision resistors 
in a ladder-lilu? configuration that assists in D/A and N D 
conversion. 

Least Significz,nt Bit (LSB) - That bit In II ladder that produces the 
smallest outpa,r voltage ratio. 

Most Significant Bit (MSB) - That bit in a ladder that produces the 
largest output voltage ratio. In an R/2R ladder, the MSB is always 
designated bit I and produces an ideal output voltage ratio of 
.5000000. 

Resistor M111cl~ing or Ratio Matching - Maximum deviation 
permissible from the ratio of nominal resistance values of twa 
resistors mea~,ured at a given temperature. tr is uaudlly specified in 
percent or pprn wich one resistor selected as the reference resistor. 

·•r • Resisrancu or Switch Resistance - That value ot resistance that 
is removed fro,m the 2R branches of a ladder to compensate for the 
"ON" resist11n1ce of the switches used with each bit. 

Tempe rature Coefficient of Resistance (fCR) - TC R is the change 
in resistance dlue to a change in temperature. It has units nf '-l"C or 
ppm/"C. 

Temperature Coefficient of Resistance Tracking - TCR tracking is 
the difference in TCR of two or more resistors. A, an e,campfe, 
when one re.si,,tor has a TCR of , 10 pprnJ•C and ano1her has a 
TCR of , 8 ppm/•C. the two resistors trac k to , 2 ppm/°C, 

Terminating Resistor - Resistor located after the LSB connecr«d to 
ground to give 1he ladder proper output impedance and provide the 
proper output vollage levels. 

Thick Film - A manufacturing technique in which microelectronic 
circuits are fabricated by screen printing and firing cermet pastes 
onto a substrate. 

Thin Film - A, manufacturing technique in which microelectronic 
rircuita are fabricated by v11por depositing the resi,s1i11e malerials 
onto a substrate. 

Voltage Ratio - The ratio of the output voltage 10 the input voltage 
th...i is produc,ed by energizing any bit or combination of bits of an 
R/2R ladder. 
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FN207 
f 

SPECIFICATIONS 
Resistor connections 

Series FNPC207 
FN207 

Precision 
Voltage 
Divider 
Standard 
Thin Film Resistor Networks 

FEATURES 

• 10 Megohms Range 

• S Decades Attenuation 

• .03% Ratios 

• 0 to 1000 Volts 

• ± S ppm/°C Tracking 

• Temperature Coefficient of Resistance - ± 25 ppm/°C 

IK 9K 90K 9001( 9 MEG 

2 3 4 5 6 

Electrical capabilities 

• Resistance Tolerance on Total Resistance (RT) at 
+25°C: 

• TCR Tracking - ± 5 ppm/°C 

• Operating Voltage (between pins 1 and 6) 1000 
volts maximum 

• Operating Temperature - 0°C to +70°C 

• Storage Temperature - - 6S°C to +175°C 

• Operating Power at 1000 Volts: 

9 Megohms - 90 mw 
900K ohms - 9 mw 
90K ohms - .9 mw 
9K ohms - .09 mw 
lK ohms - .01 mw 

RT = R1 + R2 + R3 + R4 + Rs = 10 Megohms :t. 0.05% • Voltage Coefficient - 0.01 ppm/volt or less. 

• Ratio Tolerance at +25°C and from Oto 1000 volts: 

Rt + R2 + R3 + R4 1 Megohm 
R = 10 M h = 0.1 ± 0.03% T ego ms 

R 1 + R2 + R3 100 K ohms 
RT = 10 Megohms = O.Ol ± 0.03% 

R1 + R2 = 10 K ohms = 0.OOl ± 0.03% 
RT 10 Megohms 

R1 1 Kohm 
- = ---- = 0.0001 ± 0.03% 
RT 10 Megohms 

Applications 

- Input attenuation 

- Range selection 

- Digital instrumentation 

- Digital voltmeters 

- Digital multimeters 
Refer to Application Note ECSSlS-4.2 for additional 
information on Voltage Divider Networks. 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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Series FNPC207 
FN207 

Advantages 

The conventional method of satisfying precision 
attenuator requirements in digital instrumentation 
has been with voltage dividers assembled from 
discrete wirewound or film resistors. The 
FN207 / FNPC207 precision thin film voltage divider 
networks offer the following advantages over 
conventional voltage dividers: 

Uniform characteristics - All resistors are 
deposited onto the substrate simultaneously to 
provide similar electrical and environmental behavior. 

Reliability - All interconnections are metal film -
no soldered or welded joints. 

Siu reduction - The FN207 /FNPC207 combine 
resistance values from 9 megohms to 1 K ohm in a 
single package. This size reduction offers an inherent 
savings in instrument space, resulting in reduced 
instrument size and cost. 

Elimination of muJtimeter calibration adjust• 
men ls - Precision resistance matching tolerances 
combined with low temperature characteristics 

DIMENSIONS 

Packaged (Diallylphthalate Case) FN207 

200 Ma• 

240 firth~, (S.Oll) 

(6.10) F--------;---.-063

-
(1 .60) 

112S ,1, 063 

1 4 

J FN207 ii~, 

._,.,.1 ..,J.,..1 _......+,---... 6....J J w 

.100, ,010JJ-12,S4 • 0,25) 

2,00 • 010 
,~.Oils 0,25) 

LJ 
(211.581 1,601=t(:1 "_ ~?IA 

OXYGEN FREE 
COPPER WIRE 

.400 ,o, 010 60/40 SOLDER 
(10,16"' 0,25) COATED 

provide attenuator accuracies which eliminate most 
of the normal calibration requirements in digital 
multimeters. 

Cost savings - All resistors are deposited 
simultaneously on a single substrate, eliminating the 
cost of handling and ratio matching individual 
discrete resistors. In addition, there is only one part 
to stock, inspect, and assemble into a printed circuit 
board. 

Custom voltage dividers 

In addition to the standard FN207/ FNPC207 voltage 
divider listed herein, custom voltage divider networks 
can be manufactured with a large range of resistors 
and resistance values. They can be designed into a 
single package to meet specific applications in digital 
multimeter instrumentation. For more information on 
custom resistor network capabilities see Allen
Bradley Technical Publication ECSSl0-2.1 

Conformally coated (RTV Silicone) 
FNPC207 

• FNPC207 ~-.030 
(8,89"' 0,7SJ 

' 1.125 ± 063 I 
(28.58± l ,60) ,/~~ b~J--..L'-*~ 

(10,161 

Basic dimensions in inches. 
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Dimensions shown in parentheses are in millimeters. 

TOLERANCES 
Dimensional Tolerance + • . 015 (0,38) 

Except as Specified. 

NOTTO SCALE 
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Synopsis - This application note discusses 
resistive voltage divider networks and their use 
in digital instrumentation, particularly digital 
multimeters. An explanation of voltage divider 
operation and design guidelines is also given. 
(For supplementary information on the standard 
line of A-B FN207 /FNPC207 voltage divider 
networks, see Allen-Bradley Technical Publica
tion EC5515-2.l.) 

The basic voltage divider - Two or more 
individual resistors connected in series comprise a 
voltage divider (see Figure 1). The purpose of this 
connection of resistors is to scale down or attenuate 
a voltage applied across the entire series 
combination. Thus, instead of working with the 
applied voltage directly, only a fraction of that 
voltage is utilized. Such attenuation is necessary 
when the magnitude of the applied voltage is greater 
than system components can handle direc tly. 

2 3 4 S n 

RI R2 R3 R4 RS R6 Rn Rn • I 

F,gurt J &sic Voltage Divider G 

Ideal voltage division - When voltage Vin is 
applied between ground (G) and + V (see Figure 1), 
the voltage (Vi) that appears at any of the taps can 
be expressed as: 

n + 1 
l: R· . . 1 ) 

J : I+ 
Vi = -'----- x Vin 

n + 1 
!: 

j = 1 
RJ 

Where n 1s the (1) 
highest numbered 
tap. 

A commonly used voltage divider is the lK, 9K, 90K, 
900K, 9M string shown in Figure 2 which performs 
decade voltage division. 

Voltage 
Divider 
Networks 
by John Blanchard 

Electronics Application Engineer 

2 3 • 

9M 900K 90K 9K IK 

RI R2 R3 R4 RS 

Vin G 

Figure 2. FN207/ FNPC207 
Deade Voltage Divider 

Using equation l, the tap voltages can be d◄?ter• 
mined. For example, at pin 1, 

5 
!: Rj (1) 

V j = 2 V 900K + 90K + 9K + lK V 
1 =----x in =----------x in 

5 9M + 900K + 90K + 9K + IK 
!: 

j = 1 
Rj 

= .1 x Vin Volts 

S imilarly, it can be shown that V2 = .0lVin, V3 = 
.001Vin and V4 = .0001Vin, This can be simplified to 
l0 •iVin where i = 1,2,3 or 4. 

Applications of thin ffim voltage divider-s -
The most common application of thin film voltage 
dividers is in digital multimeters (DMM). Voltage 
dividers in these instruments provide a precision 
attenuator at the input terminals of the metier. Most 
voltage dividers used in this application havi? total 
resistances in the range of 10 megohms andl, hence, 
provide the meter with a high input impedance. This 
is necessary for voltage measurements to avoid 
loading the source which is tied to the Input 
terminals. 

The most frequently occurring divider confi!3uration 
is the decade voltage divider shown in Figure 2. 
Although decade dividers may differ in resistance 
value from meter to meter, they are similar in that 
they are high impedance devices that provide the 
decade division required for the decade range 
selection of the meter. 
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!OK 

90K 
Ra,,go S.lecuon 

900!< 

Figu,~ l 5lmpllf,ed Kiluhm Mt-.t~un-m,rnl D,,.gro>m 
in ., Oi<tital "1ultimNu 

In larger rack-mounted DMM's the voltage divider is 
used for DC voltage and ohms measurements only. 
In the case of DC voltages, the voltage to be 
measured is applied directly to the divider. The 
proper divider tap voltage is utilized as a function of 
the meter range selected by the internal electronics 
of the meter. Digital multimeters that can measure 
voltages from fractions of a volt to 1500 volts DC 
must contain an input divider that can perform the 
division accurately at all voltage levels. 

For ohms measurements, the input divider together 
with Vref define an accurate reference current (lre0 
as shown in Figure 3. The operational amplifier 
becomes a constant current generator for its 
feedback resistor,Rx , which is the resistor under 
test. In Figure 3 the range selection switch is set 

Vref 
such that lref = l00K . The voltage Vx measured by 

the high input impedance )MM is proportional to 

the resistance Rx (Vx = ~~~ Rx), thus providing for 

the determination of Rx . 

For other measurements, such as AC volts and 
millivolts, special functional boards are required and 
hence do not involve the input divider. In some 
smaller, portable DMM's, the voltage divider is used 
not only for DC voltage and ohms measurements, 
but AC voltage measurements as well. 

Often thin film resistors constitute only a portion of 
the input voltage divider. For example, the DMM 
manufacturer may find that his requirements are 
such that thin film resistors need be used for only 
two decades of his four of five decade divider. Allen• 
Bradley has the capability and will fabricate thin film 
resistor networks for such portions of a divider. 
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Voltage 
Divider 
Networks 
Oebign consideration1- for voltag.- dh iuer-. 
Resistor tolerance 1s the first concern once the 
number of ranges has been selected for the meter. 

There are three common ways of specifying resistor 
tolerance. The first is to specify one of the divider 
resistors as a reference that has an absolute 
tolerance and then to specify a ratio for the 
remaining resistors to the reference. A second 
method is to give all resistors of the divider absolute 
tolerances. The last and most preferable method of 
specification can be formulated by considering 
equation 1 which describes how a voltage divider 
performs functionally. In this instance an absolute 
tolerance is specified for the summation of all the 
resistors of the divider string with a ratio of the 
remaining resistors to the total. An example will 
illustrate this best. 

Rl R2 R3 R4 
-W-W-W-VV,- R 1 < R2<R3<R4 

R 1 + R2 + R3 + R4 = Rr ± Absolute T ol. (2) 

Rl + :2 + R3 X ~ A% (J) 
T 

Rl + R2 
RT 

Rl 
RT 

=Y ± 8% (4) 

= Z ± C% (5) 

Customarily, the matching percentages In equations 
3,4 and S represented by A,B and C respectively, are 
equal. Both the absolute and matching tolerances 
are usually il'I the range of 0.01 to 0.1 percent, 
depending on the overall accuracy of the instrument. 
A realistic lower limit for the absolute and matching 
tolerances is 0.01 percent. 

Another design consideration for voltage dividers is 
power coefficient. To explain power coefficient. it 
must be realized that most dividers operate at 
voltages to 1000 volts DC. For the purpose of 
discussion, it is assumed that 1000V are applied to 
the dividers shown in Figure 2. The following powers 
are dissipated in the divider resistors: 

9M 90mw 
900K 9mw 
90K .9mw 
9K .09mw 
lK - .0lmw 

Given this power dissipation condition, the power 
dissipated per unit area that each resistor occupies is 
highest for the 9M and lowest for the lK. As a 
result, the degree to which each resistor self-heats 
differs. The 9M resistor heats the most and the lK 
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heats the least. It is this differential heating that 1s 
the source of power coefficient. The only 
circumstance in which power coefficient can be 
neglected is the condition where the TCR 
(temperature coefficient of resistance) of the network 
is zero ppm/°C. For a zero TCR network, no 
resistance changes result due to self-heating. Such a 
condition, however. 1s unrealishc. Most resistors in 
discrete or network form have non-zero TCR's. 
Therefore a resistor changes a certain percentage 
equal to its TCR ltmes the temperature above 
ambient that it has risen ( t:. T) due to self-heating, 
i.e., l:IR(%} = TCR x t:i. T. Considering the differential 
heating that occurs in the network at 1000V, 
differential changes in the five resistors of the divider 
will occur. Fortunately, the only resistor with a 
significant change is the 9M resistor. The other 
resistors change negligibly in comparison. The fact 
that the 9M resistor changes does affect the voltage 
ratios that the divider produces at JOOOV It is 
precisely this change in ratio that is referred to as 
power coefficient and is expressed as the change in 
voltage ratio, from low voltage (up to lOOV) to high 
voltage (usually 1000V). Power coefficients are 
typically 0.03 percent over 100 to l0OOV in thin film 
networks. As in the case of matching and absolute 
tolerances, the power coefficient required is a 
function or the division accuracy that must be held 
over the voltage range of the meter. 

Voltage coefficient is not significant in a thin film 
voltage divider. Typical voltage coefficients are in the 
range of .005 ppm/ Volt to .01 ppm/Volt. Hence, 
for a 1000 volt change, voltage coefficient contributes 
roughly 10 ppm change to the division accuracy, 

One last parameter that is of concern is TCR 
tracking, i.e, the degree to which resistors exhibit 
similar behavior as the temperature is varied. Typical 
TCR tracking for thin film resistor networks is 5 
ppm/°C. An example demonstrates how TCR 
tracking affects division accuracy over the 
temperature range. Given two resistors in a network, 
lK and 9K, as shown in Figure 4, the effect of 5 
ppm/°C tracking will be examined. 

9K 11< 

RI R? 

Figuri• 4. Example Net"'ork 

Arbitrarily, the 9K resistor 1s assigned a 0 PPl'l'l°C 
TCR and the lK a 5 ppm/°C TCR, which provides 
the 5 pprn/°C tracking criterion. When the network 
resistors are adjusted to 0 percent off nominal at 
room temperature ( , 25°C), the voltage at pin 1 is 
0.1 Vin, which is also 0 percent off riominal. When 
the network is heated to • 75°C, for example, the 
9K resistor does not change due to its 0 ppm/°C 
TCR. The lK resistor, however, now becomes 
1000.25 ohm (1000 ohm X (1 • 50°C )( 5 pprn/0 C)]. 
At ..- 75°C, the voltage at pin l becomes .1000225 
Vin or .0225 percent off nominal due to TCR 
tracking. 

To see why this takes place, a generalized equation 
for a two resistor divider where R 1 has TCR 1 and 
R2 has TCR2 is shown in Figure 5. 

RI 

I Voll R2 

G 

Figu«- 5. Two Resistor Oividt'r 

At + 25°C, the voltage at pin l is R2 volts, and at 
Rl + R2 

T degrees centigrade above room temperature the 
voltage is R2 (1 + T x TCR2) 

Rl (I + T x TCRl) + R2 (1 + T x TCR2) 
in volts. It can easily be shown that the percent 
change in the voltage at pin 1 caused by raising the 
temperature T degrees centiqrade is 

{ R2 [ RI ~I + T x TCRJ) ] 
- 1 X 100% 

} 

(6) 

Rl + R2 R2 (1 + T x TCR2) 

which can be simplified lo: (7) 

{ 
Rl + R2 ~ 

R2 + Rl (1 + T (TCR1-TCR2)) 
} X 100% 

The important parameter in the equation is the 
factor TCR1-TCR2, which is the tracking between 
Rl and R2. This equation 1s shown more for 
academic than practical reasons because it shows 
directly how TCR tracking affects voltage division 
accuracy. Equations similar to equation 7 can be 
derived for dividers involving more than two 
resistors, although they become complex quickly and 
are of little value as design tools. The best guideline 
for TCR tracking is experience which indicates that 
5 pprn/°C tracking is adequate for all but the most 
highly specialized dividers. 
Voltage divider guideline summary-

• Number of resistors in divider - This 1s a 
function of the application. 

• Values of resistors in divider - This is a 
function of the voltage division ratios required at 
the taps and the meter input impedance. 

• Resistor tolerances - absolute and ratio at 
.... 25°C: The customary method is to place an 
absolute tolerance on the summation of all of 
the resistors of the divider string with a ratio of 
the remaining resistors to the total. See 
equations 2 through 5 on preceding page. The 
usual range for both absolute and matching 
tolerances is 0.01 to 0.1 percent at .- 25°C. 

• Maximum applied voltage across the divider: 
Although the divider can handle higher voltages, 
1000 volts is the maximum practical voltage to 
which Allen-Bradley will test and guarantee 
specification. 

• Power Coefficient - 0.03 percent is typical over 
100 to 1000V, 

• Voltage Coefficient - Allen-Bradley thin film 
resistor networks exhibit voltage coefficients 
from - .005 ppm/Volt to .01 ppm/ Volt. 

• TCR: Standard = ~ 25ppm/°C. 

• TCR tracking: Standard : ±: 5 ppm/°C. 
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Thir, 
Filrr1 
Networks 

HANDLING AND SOLDERING PROCEDURES 
The following recommended procedures have been established to minimize damage to thin film networks 
during handling and soldering. The procedures apply to packaged, conformally coated and chip networks. The 
packaged and conformally coated networks are available in either a modified flat pack, single in-line or dual in· 
line styles. The chip networks are available with or without leads. 

,\ { HIP IBARf: SURSTRAl El NETI\'ORk~ 
Willi OR \\/lrttOUT l EAD~ 
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Handlin~ 
1. The networks must be handled with utmost 

care using lint-free gloves and teflon-coated or 
plastic-tipped tweezers. 

2. Care should be taken not to scratch the CrCo 
metal film because scratches on the resistive 
film may change the resistance and have an 
adverse effect on the load life stability and 
integrity of the film. 

3. Dirt, grease or fingerprints may change the 
resistance and cause the resistors to fail due 
to electrolysis of the film under electrical load. 

':,uggeMed Clectninq Methods 
l. Dust can be removed from the networks by 

brushing the dust off with a soft camel hair 
brush. 

2. Removal of dirt and grease 
a.Bath of heated Alpha 563 (or equivalent) for 

five minutes (ultrasonic action preferred). 
Bath temperature should be • 130° F. 

b. Two baths with ultrasonic action of heated 
Freon TMC for four minutes each. 
(Preferably in vapor dryer-degreaser.) Bath 
temperature should be · 97° F. 

Jfocommended Protecllon f-or Res istive Him 
I. It is recommended that the thin film metal 

surfaces be coated with an RTV silicone 
adhesive-sealant (Dow Corning RTV3140) 
to protect the film from moisture and 
contamination from handling. 

l ead Bending 
1. The network leads being bent should be held 

firmly between the bending point and the 

network body, so that minimum force is 
applied at the junction of the lead and the 
network body. The leads must be held very 
firmly !by a clamping fixture, preferably lined 
with a material which is flexible but firm, such 
as leatlher. 

2. The minimum distance between the bend point 
and 1h12 body of the network is 1/ 16 inch. 

Le~d Cutting 
1. The ne·twork leads being cut should be held 

firmly between the cutting point and the 
network body, so that minimum force is 
applied at the junction of the lead and the 
network body. The leads must be held very 
firmly by a clamping fixture, preferably lined 
with a material which is flexible but firm, such 
as leather. 

\Udchm,ent Of ~ub..,trates Without ' ead., 
1. It is recommended that the substrates be 

attachEid with nonconductive epoxy die 
attachment material. A thin coat is 
recommended so that the substrate will not 
wobble· during bondin~. After bonding, the 
circuit can be coated with an RTV silicone 
adhesive-sealant (Dow Corning RTV3140). 

Bonding Of Substrates Without l eads 
1. Ultrasonic or thermal-compression bonding 

with l mil gold wire is recommended. The 
networks are calibrated assuming the bonds 
are pla,ced in the center of the bonding pads. It 
is necessary to bond as close to these centers 
as possible because the resistance changes as 
the position of the bonds change. 

-..olderinq Of Suh,,r,llC', \\i1h <• uh 
See Section D 
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13 CO~HJHMAI I\ CO,\lf D Nf TWOHhS 
\\ 11 tl OR WITHOUT LEAO", 

Jl.andling 

l. The networks must be handled with utmost 
care to avoid cracking of the substrate. 

Protec11on Of Re!>i'>tii.e Film 

l. The substrate is coated with an RTV silicone 
adhesive-sealant (Dow Corning 3140) to 
protect the resistive film from moisture 
and contamination from handling. 
If the resistive film becomes exposed, 
the same RTV silicone coating should be 
applied to the substrate. 

I l'.id B.,ndin!! 
l. The network leads being bent should be held 

firmly between the bending point and the 
network body, so that minimum force is 
applied at the junction of the lead and the 
network body. The leads must be held very 
firmly by a clamping fixture, preferably lined 
with a material which is flexible but firm, such 
as leather. 

2. The minimum distance between the bend point 
and the body of the network is 1/16 inch. 

I e.id t utl mg 

1. The network leads being cut should be held 
firmly between the cutting point and the 
network body. so that minimum force is 
applied at the junction of the lead and the 
network body. The leads must be held very 
firmly by a clamping fixture, preferably lined 
with a material which is flexible but firm, such 
as leather. 

-\ttachment Of Sub~trate~ Without lead~ 
I. It is recommended that the substrates be 

attached with nonconductive epoxy die 
attachment material. A thin coat is 
recommended so that the substrate will not 
wobble during bonding. After bonding, the 
circuit can be coated with an RTV silicone 

Thin 
Film 
Networks 

adhesive-sealant (Dow Corning RTV314Q). 

llondmg Of ~ub-.traJte-. \\ ithout Lead~ 

l . Ultrasonic or thermal-compression bonding of 
1 mil gold wire is recommended. The networks 
are calibrated assuming the bonds are placed 
in the center of the bonding pads. It is 
necessary to bond as close to these centers as 
possible because the resistance changes as the 
position of the bonds change. 

~olderinq Or Nrtworl.., With I , ~cl, 

See Section D 

L Pt\CKAC.,[0 NF. I WORK~ 

I ••c1d Bending 
1. The network leads being bent should be held 

firmly between the bending point and the 
network body, so that minimum force is 
applied at the junction of the lead and the 
network body. The leads must be held very 
firmly by a clamping fixture, preferably lined 
with a material which is flexible but firm, such 
as leather. 

2. The minimum distance between the bend point 
and the body of the network is 1/ 16 inch. 

I ,•.id Cutting 
1. The network leads being cut should be held 

firmly between the cutting point and the 
network body, so that minimum force is 
applied at the junction of the lead and the 
network body. The leads must be held very 
firmly by a clamping fixture. preferably lined 
with a mater ial which is flexible but firm, such 
as leather. 

~oldermg Of Pack.sg~ci Nr.l\.,ork~ 
See Section D 

Adduional Potting 
1. Packaged networks are encased in diallyl 

phthalate boxes. The network inside the box 
has a protective layer of Dow Corning 
RTV3140 as a conformal coat. The network is 
then placed in the box and the air space is 
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filled with General Electric's 616 black RTV 
silicone rubber. If, however, it is desired to pot 
the packaged network, only those silicone 
rubbers of the General Electric 616 family or 
equivalent are recommended 

D. SOLDERING OF CHIP NETWORKS WITH 
LEADS, CONFORMALLY COATED 
NETWORKS AND PACKAGED 
NETWORKS 

Particular caution must be exercised when 
soldering chip and conformally coated thin film 
networks to printed circuit boards and other similar 
mounting bases. The following procedures are 
designed to minimize the effects of soldering on 
both the mechanical and electrical peformance of 
the network. 

Handling And lead Bending 
L Refer to Sections A and B that detail the 

proper procedures for handling and bending 
the leads of Allen-Bradley thin film chip 
networks and conformally coated thin film 
networks respectively. Also, refer to Section C 
that details the proper procedure for bending 
the leads of packaged networks. 

Heat Sinking 
1. Following insertion into the printed circuit 

board, all leads should be heat sinked at a 
point as close to solder fillet as possible. This 
is done to minimize the effect of the solder 
heat on the tightly trimmed thin film resistors. 
Further, in the event of an accidental over• 
temperature setting on a wave solderer or 
soldering iron, heat sinking will reduce the 
likelihood of reflowing the solder at the fillet. 
The maximum temperature that the lead and 
solder fillet should see during soldering is 
..._ 525° F. 

Heat Application 
1. The duration of heat application should be 

held to a minimum, with the maximum 
duration being 10 seconds. 

Solder 
l. A recommended solder for use with Allen· 

Bradley thin film networks 1s 60/ 40 solder 
which has a melting temperature of • 374° F. 
This is the same solder that is used to coat the 
leads of Allen-Bradley thin film networks. 

Te mperature Regulation 
1. It is recommended that prior to soldering the 

thin film network, the temperature of the wave 
solderer or soldering iron be known and be 
capable of regulation. This is particularly true 
of soldering irons whose lip temperatures can 
be considerably higher than the • 525° F 
maximum for the network. So that the • 525° 
F maximum is not exceeded, it is suggested 
that if an iron is to be used, it have some form 
of tip temperature regulation. 

fluxes 
1. Non-activated water white rosin fluxes or very 

mildly active fluxes should be sufficient to use 
during the lead attachment operation. 
Activated fluxes should be avoided because of 
the conductivity of their residues. 

Solvents 
l. Following soldering, cleaning of the network 

may be accomplished by using perchlorethy• 
lene as a flux remover and Freon TF as a 
degreaser. Dwell time in either solvent should 
be in accordance with usual and recom• 
mended practices which generally does not 
exceed three minutes. Ultrasonic agitation can 
be used with proper procedures. 

NOTE - IMPORT ANT NOTICE - READ BEFORE HANDLING PRODUCT - "Beca use Allen• 
Bradley Company cannot foresee or control the varied conditions under which this information or the 
company products may be used, the company does not guarantee, nor will be responsible for, the 
applicability or accuracy of the information contained in this publication, any modifications and results 
of such modifications of company products by the user or other parties, to include additional coating, 
potting or the like, or the suitability of the products in any specific situation or application. Users of the 
products should make their own tests to determine and satisfy themselves as to the compatibility of 
coating and/or potting components with the product as supplied by Allen-Bradley Company as well as 
the suitability of the product, including any modifications such as coating or potting, for the user's 
specific purpose of applications. Nothing herein shall be construed as a recommendation for uses 
which infringe valid patents or as extending a license under valid patents." 
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SPECIFICATIONS 
General capabilities 

(-SIP - Single In-Line Package: 

• A unique new packaging concept for single in-line 
resistor networks. 

• Provides standard cermet resistor networks and 
custom network designs. • 

• Standard circuits available in 6, 8 and 10 pin 
packages and in two package profiles. 

Applications 

- Pull-up and pull-down arrays 

- Transmission line terminators 

- Current limiting resistors 

- ECL terminating networks 

- A wide array of custom designs 

For Applications Information ref er to the following 
Allen-Bradley Application Notes: 

- Digital System Resistor Arrays: EC5410-4 .1 
- ECL Terminator Networks: EC5410-4.2 
- Resistive Attenuator Pads: EC5410-4.3 

Seriesi00 
400 

Cermet 
Resistor 
Net'Norks 
I-SIP 
Single In-Line Package 

FEATURES 

• Solid Ceramic Body 

e Trip le-Strength Leads 

• 0.100 Inch (2,54mm) Lead Spacing 

• Two Package Heights 
(0.200 in., 0.350 in.) 

• 6 , 8 and 10 Pins 

Tough new package 

Triple-Strength Leads 

0 Epoxy-To-Lead 
Connection 

r-:;\ Solder 
\V Joint 

Cross section of the 
soltd ceramic body 
at a lead hole location. 
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Series100 
400 

Standard resistance values 

Series 406A. 408A 410A 406B, 408B and 4 10B 
Resistor Networks 

22 
47 

100 

220 
470 

1000 

R (Ohms) 
2200 
4700 
lOK 

22K 
47K 

lO0K 

220K 
470K 

lM 

For intermediate values between 22 ohms and 1 
megohm not listed above, consult Allen-Bradley Co., 
Milwaukee, Wisconsin. 

Series 406E, 408E and 410E Resistor Networks 

Rl/ R2 
220/330 
3K/ 6.2K 

Zo ( Characteristic 
Impedance) 

132 
2.02K 

Series 106A 108A, llOA 106B, 108B, 110B, 106E, 
108E and 11 OE Resistor Networks: 
Consult Allen-Bradley Co., Milwaukee, Wisconsin for 
available resistor values. 

Standard network schematic diagrams 

Low Profile 
High Profile 

106A 
406A 

Cermet 
Resistor 
Networks 
Standard network specifications 

Resistor tolerance - ± 2% or ± 1 ohm whichever is 
greater. 
Temperature coefficient of resistance -
± 100 ppm/ 0 C. 

Operating temperarure range -
- 55° C to +125° C. 

Power - Network 
Serles 

Designation 

I 06A. 1 OBA. I JOA 
406A. 408A. 410A 

1068. 1088. 1108 
4068, 4088. 4108 

106E. 108E. IIOE 
406E. 408E. 4 I OE 

D Power 
Dissipation Rating 

(up 10 70° C Ambient) 

iJ 125 mw/per resistor 
0 250 mw/per resistor 

0 250 mw/per reslstor 
0 500 mw/per res1S1or 

125 mw/per res1Slor 
0 250 mw/fX!_r res1Stor 

0 Al ♦ 70° C power derales linearly from lull rated power 10 0 ~llc>ge at 
+ 150° C 

0 Rated continuous working voltage (RCv.N), based on nominal res1Stance 

(R) in ohms. 1s / lnd1111dual Res151or Power Raung (see Table l x R or 
I 00 volts. whichever IS less 

0 Rated continuous working voltage (RCv.N). based on nominal res1s1ance 

(RI in ohms. is / lnd1111dual Res1Slor Pov.,er Ra11ng (see Table) x R or 
150 vohs. wluche~r 1s less. 

108A 
408A 

110A 
410A 

nnn nnnn n n 11 n n 
' .. 
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' . 
Low Profile 
High Profile 

106B 
4068 

mu·· 
11444¾' 
' . 

Low Profile 
High Profile 

106E 
406E 

' . 
108B 
408B 

108E 
408E 

110B 
410B 

llOE 
410E 
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Custom resistor networks 

When an Allen-Bradley standard resistor network does 
not fit your exact application, consider our custom 
resistor networks. The following is a summary of 
Allen-Bradley custom single-in-line resistor network 
capabilities: 

Resistance range - 10 ohms to 10 megohms. 
Requests for custom resistor networks can best be met 
when the total number of different resistor values is 
limited to a small number. 

Tolerance (absolute) - Standard ± 2%. Special to 
± 1.0%. 

Resistance matching or ratio - Low as ± 1 %. 
Temperature coefficient of resistance (TCR) -
± 250 ppm/ ° C and ± 100 ppm/ ° C. 

TCR tracking - Depends on resistance range and 
number of resistors. Typical tracking is ±50 ppm/ ° C 
or ± 100 ppm/ 0 C. 
Temperature range of operation - Industrial (0° C 
to + 70° C), Military (- 55° C to + 125° C) and other 
ranges available. 

DIMENSIONS 
Low profile 100 series 

,12l t .o,o 
t3.u , o.:m 

r .. ,. .... 010,. 0.25, 

PAAT NO. 

OATlCOOE 

.100 
• .010NON-1:UMULATI\/E 

/1,64 , 0,15/ 

~AX. 

$ 'w 
·-10,64/ 

.CM0 •.010 
11,11, 0.25/ 

.080MAX. 
11.2!/IAAXJ 

High profile 400 series 

.125 ~ .010 
IJ.'3 , 0.25/ 

.039 
/0$9/ ·-11.26/ 

r .,. .... 010 ,. 0.15,7 

' - PAAT NO. .J50 MAX. 

~ ------.,0.-AT .... E~COOE.......,. f I' 
.02li 

/0,64/ -J_100 ~ .CMG • mo 
t ,010 NO...CUMULATI\/E /l,l1 • 0.15/ 

11.54 • 0.151 ,~~:, 

.020 
OIAAOET£R 

♦ .002 
- .003 

( 0.51 • 0116 ) 
• 0.0, 

.020 
OIAMETEII 

• .002 
• .l)03 

(0,5 I • 0,06) 
• O,Otl 

Series100 
400 

User-trimmable option - Resistor networks can be 
designed to permit the user to actively calibrate the 
networks in a system. Resistors can be trimmed under 
actual circuit operating conditions, providing in-circuit 
settability. Trimming methods include lasers, sand 
abrasion, and mechanical. 

PACKAGE POWER RATINGS (WATTS) 
(up to 70° C ambient) D 

Package Number of Pins 
Height 
(Profile) 6 8 10 

Low Profile .6 .9 1.1 
(.200" Max.) 

High Profile 1.0 1.3 1.8 
( .350" Max.) 

0 At + 70° C power derates linearly from lull rated power to 0 
wanage al + 150° C 

Pkg. No. of .. A" 
Style Pins Dimension 

106 6 .578 (14,68) 

108 8 .778 (19.76) 

110 10 .978 (24,84) 

Pkg. No. of .. A" 
Style Pins Dimension 

406 6 .578 (14.68) 

408 8 .778 ( 19,76) 

410 10 .978 (24,84) 

Basic dimensions in inches. 
Dimensions shown in parentheses are in millimeters. 

TOLERANCES 
Dimensional Tolerance ±.005 (0,13) 

Angular Tolerance ± 5° Except as Specified. 

NOTTO SCALE 
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Series100 
400 

Cermet 
Resistor 
Networks 

EXPIANATION OF PART NUMBERS 
408Al03 
I II I 

I ~ I 
Series 

Designation Resistance Value 

406A First two digits a re significant figures 
408A and the third indicates the number of 
410A zeros following the first two digits -
4068 Examples: 101 = lOOOhms 
4088 102 = 1000 Ohms 
4108 122 = 1200 Ohms 

Typical performance test capabilities 

Series 
Designation 

406E 
408E 
410E 

Rl R2 

Resistance Value 

First two digits are significant figures 
and the third indicates the number of 
zeros following the first two digits -

Examples: 101 = 100 Ohms 
102 = 1000 Ohms 
122 = 1200 Ohms 

01der Test Method 
Test Of Per MIL-R-83401 

Group Test E.xanunation or Test (Par.iqraph) Post Test Requirements 

1 Visual and Mechanical 4.6.2 In accordance with applicable requirements. 
I Examination 

2 Thermal Shock 4.6.3 Resistance change ± 0.25 percent maximum. 

3 DC Resistance 4.6.5 In accordance with applicable requirements. 

1 Solderability 4.6.6 Resistance change ± 0.25 percent maximum. 

II 2 Resistance to Solvents 4.6.7 Resistance change ± 0.25 percent maximum 
Marking shall remain legible. 

1 Resistance Temperature 4.6.8 Within specified limits (normally ± 100 
Characteristic ppm/ ° C or ± 250 ppm/ ° C). 

Ill 2 Low Temperature Operation 4.6.9 Resistance change ± 0.25 percent maximum. 

3 Short Time Overload 4.6.10 Resistance change ± 0.25 percent maximum. 

4 Terminal Strength 4.6.11 Resistance change ± 0.25 percent maximum. 

1 Dielectric Withstanding 4.6.12 Resistance change :t:0.25 percent maximum. 
Voltage No mechanical damage. arcing or breakdown. 

IV 2 Insulation Resistance 4.6.13 1011 Ohms minimum. 

3 Resl.stance to Soldering 4.6.14 Resistance change ± 0.25 percent maximum. 
Heat 

4 Moisture Resistance 4.6.15 Resistance change ± 0.5 percent maximum. 

V 1 Shock (Specified Pulse) 4.6.16 Resistance change ± 0.25 percent maximum 

2 Vibration, High Frequency 4.6.17 Resistance change ± 0.25 percent maximum. 

VI 1 Life 4.6 .18 Resistance change ± 0.5 percent maximum. 

VII 1 High Temperature Exposure 4.6.19 Resistance change ± 0.5 percent maximum. 

2 Low Temperature Storage 4.6.20 Resistance change ± 0.25 percent maximum. 

INSPECTION CONDmONS: Unless otherwise specified. all measurements 
are understood to be made al the follolMng initial lnspecl\on condil\ons: 

NOTE: During an Inspection or qualificat,on, aU 1he nelWOrks shaU be 
subjecled to the Inspections of Test Group I. The total samples are then 
divided Into Groups U 10 VII inclusille. and subjec1ed 10 lhe lests and 
Inspections of the particular group. 

62 

Normal atmosphenc pressure. 
Relattw humidity of 40 :r. 10 percent 
Ambient temperature of 24° :r. 2° C. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SPECIFICATIONS 
Standard network applications 

314A 3148 314E 3l6L08 
316A 3168 316E 

Pull Up Resistor T ransm,ssion Digital Line 8 BIT R/2R 
Arrays for Un- Line Termination Ladder 
used TTL Gates Termination 

ECL and TTL 
Network for 

Parallel High Power Gate Apphcat10ns 
O/ A and A/D 

Speed Circuitry Pull-Up 
Con11erter 
with Bo Polar 

Wired OR Con· Current or CMOS 
figurations Limiting Switches 

Pull Down Log,c Level 
Apphcatoons T ranslat ,on 

TTL-MOS 
Interfacing 

D1g1tal Pulse 
Squanng 

Applications information 

For application information refer to the following 
Allen-Bradley Application Notes: 

- Digital System Resistor Arrays: EC5410-4. l 
- ECL Terminator Networks: EC5410-4.2 
- Resistive Attenuator Pads: EC5410-4.3 

Series 314, 
316 

Cermet 
Resistor 
Networks 

I-DIP 
Dual In-Line Package 

FEATURES 
• Solid Ceramic Body 

• Solder Coated Leads 

• 0.100 Inch (2,54mm) Lead Spacing 

• Low Profile 
• 14, 16 and 18 Pin Construction 

• Automatically lnsertable 

NETWORK 

3l4MII0 3l4Ml30 3!6Tl10 314XI0I 
3l4Ml20 316XI0I 
3l4M l25 

APPLICATIONS 

Complement Core-Memory TTL to ECL Interconnect 
the 7520 Sense Lme Translator Networks 
Senes o f Core Applications Network Shorting 
Memory Sense with Two 711 Applicahons 
Amps Dual Voltage 

Comparators Matnx 
lnterconnec t,ons 

Test Plugs 

Custom resistor networks 

3142 

Foxed Voltage 
Attenuahon 
w11h 
Impedance 
Matching 

When a s tandard Allen-Bradley network does not 
mee t your requirements, a c ustom network can be 
designed to your specifications. See suggestions as 
shown later in this publication. 

63 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

SERIES 314A, 314B, 316A AND 316B 
Applications 

Series 314A and 316A -
Pull-Up resistor arrays for unused TTL gates. 
Parallel high speed circuitry. 
Wired OR configurations. 
Pull-Down applications. 
TTL-MOS interfacing. 
Digital pulse squaring. 

Series 3148 and 3168 -
Transmission line termination . 
Power gate pull-up. 
Current limiting. 
Logic level translation. 

Standard network schematic diagrams 

14 13 12 11 ,o 

R R R R R 

R R R R R R 

3 

Series 314A 

,. 13 12 1 1 

R R R R R R 

4 5 6 

Series 3148 

16 15 14 13 12 11 ,o 9 

R R R R R 

R R R R R R 

2 3 5 7 

Series 3 16A 

16 15 ,. 13 12 11 10 9 

R R R R R R R 

3 

Series 3 168 
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R 

" 

Standard network specifications 

Resistor tolerance - ± 2%, also optional tolerance 
of ± 1 % available for certain values. 

Temperature coefficient of resistance -
+ l00ppm/°C . 

Operating temperature range - - 55°C to 
-+- 125°C . 

Power dissipation rating - Up to 70° C ambient D 

Individual Total 
Series Resistor Rating Package Rating 

314A 
3148 
316A 
316B 

125 mw D 1.6 watts 
250 mw D 1.6 watts 
125 mw D 1.8 watts 
250 mw u 1.8 watts 

D At , 70°C powe.r derates linearly from lull rated power to O wattage 
al • 130°C. 

D Rated continuous working voltage (RCWV), based on nominal resisrance 
(R) in ohms. ,s ✓125 x. R or 150 volts , whichever is less. 

II Rated continuous working voltage (RCWV). based on nominal resistance 
(R) in ohms, is ~ or 350 volts, whichever IS less. 

Standard resistance values -

R (Ohms) 

22 110 560 3000 13K 68K 
24 120 620 3300 15K 75K 
27 130 680 3600 16K 82K 
30 150 750 3900 18K 91K 
33 160 820 4300 20K lOOK 
36 180 910 4700 22K 120K 
39 200 1000 5100 24K !SOK 
43 220 1100 5QQO 27K 180K 
47 240 1200 6000 30K 220K 
51 270 1300 6200 33K 270K 
56 300 1500 6800 36K 330K 
62 330 1600 7500 39K 390K 
68 360 1800 8200 43K 470K 
75 390 2000 9100 47K 560K 
82 430 2200 lOK 51K 680K 
91 470 2400 IIK 56K IM 

100 510 2700 12K 62K 

* Bold figures ,n above Table denote available ,n • l '\i Tolerance (Add F 
lo Part Number). 

Explanation of part numbers 

Series 
Designation 

314A 
3148 
316A 
3168 

314AI03 F 

*For 1% Tolerance 
add F to Part Number. 

Resistance Value 

First two digits are significant figures 
and the third indicates the number of 
zeros following the first two digits -
Examples : 101 = 100 Ohms 

102 = 1000 Ohms 
122 = 1200 Ohms 
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SERIES 314E AND 316E 
Applications 

Series 314E and 316E -
Digital line termination. 
ECL and TTL applications. 

Standard network specifications 

Resistor tolerance - ± 2%. 

Temperalure coefficient of resistance -
± 100ppm/°C. 

Standard network schematic diagrams Operating temperature range - - 55°C to 
+ 125°C . 

14 13 

15 ,. 

12 11 10 

3 5 

Series 314E 

13 12 

s 

Series 3 16E 

8 

6 

11 10 

Power dissipation rating - Up to 70°C ambient a. 

Series 
314E 
316E 

Individual 
Resistor Rating 

125 mw 
125 mw 

Total 
Package Rating 

1.6 watts 
1.8 watts 

D At • 1o•c power dera1es linearly from full rated power to O wallage at 
~ 13o•c . 

Standard resistance values -

R (Ohms) 

Rl/R2 Zo 
(Characterialic Rl/R2 Zo 

(Charac teristic 
Impedance) Impedance) 

81/ 130 so 220/330 132 
120/200 75 330/390 179 
9-0/WJ 80 330/470 194 

130/210 80 330/680 222 
160/260 100 1.5K/3.3K 1.03K 
220/270 121 3K/6.2K 2.02K 
180/39-0 123 

Explanation of parl numbers 

Series 
Designation 

314E 
316E 

314E 221 331 

Rl R2 
Resistance Value 

First two digits are significant figures 
and the third indicates the number of 
zeros following the first two digits -
Examples: 101 = 100 Ohms 

102 = 1000 Ohms 
122 = 1200 Ohms 
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SERIES 316L08 
Applications 

Series 316L08 -
8 bit R/2R ladder network for D/ A and A/D 
converter with bi-polar or CMOS switches. 

Standard network schematic diagram 

11 15 ,. 13 12 11 10 
0 0 0 0 0 0 

A A A A A A A 

:Ill lR lR 2A :Ill 2A :Ill 

3 5 7 • 
Series 316L08 

S tandard network specifications 

lR 

:Ill 

Ladder ne two rk resistance tole rance - ± 2%. 
Temperature coefficien t of resistance -
:1: 100ppm,/°C. 

Operat ing te mperature range - 0°C to + 70°C. 

Power dissipation rating Up to 70°C ambient. 

Series 
316L08 

Individual 
Resistor Rating 

50mw 

Total 
Package Rating 

1.8 watts 

Ladder network accuracy - ± 1/2 LSB from 0°C 
to +70°C. 

Standard resistance values 

R (Ohms) 

ill K 
K 

Explanation of part numbers 

Series 316L 08 104 
Oe~igna t ion 1----__;=,---

Number o f 
BITS 

66 

Resis ta nce Value 
First two digits are significant figures 
and the third indicates the number of 
zeros following the first two digits -
Examples: 104 = 100K Ohms 

SERIES 316Tll0 
Applications 

Series 316Tl 10 
TTL to ECL translator network. 

Standard network schematic diagram 

15 14 13 1% 11 

316T110 

Standard network s pecifications 

Resis to r tole rance - ± 2%. 

10 

T empera ture coefficient of resis tance -
± 200 ppm,/°C. 

9 

0 

Al • 1801\. 

R2, 270J\ 

R3• 820 J\ 

Operating tempera ture range 0°C to + 70°C. 

Power dissipation ra ting - Up to 70°C ambient. 

Series 
316Tll0 

Individual 
Resistor Rating 

125 mw 
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SERIES 314M110, 314M120 AND 
314M125 
Applications 

Series 314Mll0, 314Ml20 and 314Ml25 -
Complement the 7520 series of core-memory 
sense amps. 

Standard network schematic diagrams 

14 13 12 11 10 9 8 

R2 
100A 

0 
3 4 5 6 

314M110 

14 13 12 11 10 9 8 

RI R2 RS 
120.1\. 120.J\. 151(.J\. 

314Ml20 

R7 RS R6 

120A 120.1\. 10.J\. 
314Ml20 

2 3 4 5 6 1 

314Ml20 or 3J4MJ25 

Standard network specifications 

Resistor tolerance -
314Mll0 
314M120 and 314Ml25 

± 2%; ± 5% RB only 
± 2%; ± 5% R6 only 

Temperature coefficient of resistance 
314M110 ± 200 ppm/°C 
314M120 and 314Ml25 ± 100 ppm/°C 

Operating temperature range - 0°C to + 70°C. 

Power dissipation rating - up to 70°C ambient. 

Series 

314Mll0 

314M120 and 314M125 

Resistance ratios -

314Mll0 

314Ml20 and 314Ml25 

Individual 
Resistor Rating 

500 mw (Rl and R2) 
100 mw (R3 through R8) 

100 mw 

R3/ R4 ± 1.5% 
R5/ R6 ± 1.5% 
R7/ R8 ± 2% 

R l/R2 ± 1.5~, 
R3/ R4 ± 1.5% 
R5/ R6 ± 1.5% 
R7/ R8 ± 1.5% 
R9/Rl0 ± 1.5% 

SERIES 314Ml30 
Applications 

Series 314Ml30 -
Core-memory sense line appijcations with two 711 
dual voltage comparators. 

Standard network schematic diagram 

14 

0 

R11 

120.1\. 

13 

2 3 

11 10 

4 s 

3 14Ml30 

Standard network specifications 

Resistor tolerance - ± 2%. 

Temperature coefficient of resistance 
± 200 ppm/°C . 

9 

0 
6 

8 

0 

7 

Operating temperature range - 0°C to + 70°C . 

Power di!>sipation rating - up to 70°C ambient. 

Series 
314 130 

Individual 
Resistor Rating 

100 mw 
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SERIES 314X101 AND 316X101 
Applications 

Series 314Xl01 and 316Xl01 -
Interconnect networks. 
Shorting applications. 
Matrix interconnections. 
Test plugs. 

Standard network schematic diagrams 

14 13 12 11 10 9 I 

I I I I I I I 
3 6 

314Xl01 

11 IS U 13 12 11 10 9 

I I I I I I I I 
2 4 S I 7 I 

316Xl01 

Standard network specifications 

Conductor resistance value = 1 ohm maximum. 

Operating temperature range - - 55°C to 
+ 125°C. 
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SERIES 3142 
Applications 

Series 3142 -
Fixed voltage attenuation with impedance matching. 

Standard network schematic diagrams 

U lllllt• 0.21A .,. ,u. JOlll ./\ 

, .. 
1'51Jll • >U1A 
lnl lll•IOIAA 

31421001 

, .. 
•••• , •••• J\. 
• n ••n•li,tA 

0 

0 

111161tt •JIJ.tA 
•l&lllll• I.Jl1A 

31421002 

0 

Standard network specifications 

Resistor tolerance - ± 1%. 

Temperature coefficient o( resistance -
± 200ppm/°C. 

Operating temperature range - 0°C to + 70°C. 
Characteristic impedance - 600 ohms. 
Attenuation tolerance (db) - ± 1%. 
Attenuation change due to temperature - ± 1% 
additional. 

Frequency response - Flat to 1MHz. 
Power dissipation rating - Up to 70°C ambient . 

Series 

3142 

Individual 
Attenuator Rating 

150 mw at 70°C 
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CUSTOM RESISTOR NETWORKS 
When an Allen-Bradley standard resistor network 
does not fit your exact application, consider our 
custom resistor networks. The following is a 
summary of Allen-Bradley custom dual in-line 
resistor network capabilities: 

Resistance range - 10 ohms to 10 megohms. 
Requests for custom resistor networks can best be 
met when the total number of different resistor 
values is limited to a small number. 

Tolerance (absolute) - Standard± 2%. Special to 
±1.0%. 

Resistance matching or ratio - Low as± 1%. 
Temperature coefficient of resistance (TCR} -
± 250 ppm/°C and ± 100 ppm/°C. 
TCR Tracking - Depends on resistance range and 
number of resistors. Typical tracking is 50 ppm,1°C 
or 100 ppm/°C. 

DIAGRAMS 
Custom resistor network suggestions 

.. ,, " 
.. ll " 

0 

,. " 
,, .. 

.. •• ll 1 I·· I·· I·· 1-- 1-· 1·· W· t., I·· I., i·· i., I·· l 
' ) . • • ' m· 

.. ll " It •• .. " " 

l I I I I I 1 
I ' ' . • • ' 

It 

" 0 

0 . 

Temperature range of operation - Industrial 
(0°C to+ 70°C), Military (-55°C to + 12.5°C) and 
other ranges available. 

Power dissipation rating -

14 pin DIP - 1.6 watts up to 70°C; derated linearly 
to O watts at 130°C. 
16 pin DIP - 1.8 watts up to 70°C; derated linearly 
to O watts at 130°C. 

18 pin DIP - 2.0 watts up to 70°C; derated linearly 
to O watts at 130°C. 
User•trimmable option - Resistor networks can 
be designed to permit the user to actively calibrate 
the networks in a system. Resistors can be trimmed 
under actual circuit operating conditions, providing 
in-circuit settability. Trimming methods include 
lasers, sand abrasion, and mechanical. 

.. u 1J " " 

.. ll " It .. 
• • • • r I·· I·· I-· I·· I·· }·· w 

l I·· I., IQ I·· I·· l"' m ' ) . • • ' 

" 0 0 0 0 0 

" " ., 
., 
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Senes314. 
316 

Typical performance test capabilities 

Order Test Method 
Test Of Per MIL-R-83401 

Group Test Examination or Test (Paragraph) Post T~t Requirements 

1 V isual and Mechanical 
Examination 

I 2 T hermal Shock 

3 DC Resistance 

1 Solderability 

II 2 Resistance to Solvent1s 

1 Resistance T emperatl!lre 
Characteristic 

Ill 2 Low T emperature Opieration 

3 Shor t Time O verload 

4 Terminal Strength 

1 D ielectric W ithstanding 
Voltage 

IV 2 Insulation Resistance 

3 Resistance to Solderin g 
H eat 

4 Moisture Resistance 

V 1 Shock (Specified Puls,e) 

2 V ibration, High Frequency 

VI l Life 

V II 1 High Temperature Ex1posure 

2 Low Temperature Storage 

INSPECTION CONDITIONS: Unless otherwi!;e specified, all 
measurements are understood to be made at the following initial 
inspection conditions: 

Normal atmosphenc pressure 
Relative humidity of 40 :±: 10 percent 
Ambient temperature of 24°± 2°C. 

DIMENSIONS 
"A" Maximum Number 

Decimal Metric of Leads 

.745 18,92 14 

.845 21,46 16 

.945 24,00 18 

Basic dimensions in inches,. 
Dimensions shown in parentheses are in millimeters. 
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TOLERANCES 
Dimensional Tolerance ± .005 (0,13) 

Angular Tolerance = 5° Except as Specified. 

NOTTO SCALE 

4.6.2 In accordance with applicable requirements. 

4.6.3 Resistance change ± 0.25 percent maximum. 

4.6.5 In accordance with applicable requirements. 

4.6.6 Resistance change± 0.25 percent maximum. 

4.6.7 Resistance change± 0.25 percent maximum. 
Marking shall remain legible. 

4.6.8 Within specified limits (normally± 100 
ppm/°C or± 250 ppm/°C). 

4.6.9 Resistance change± 0.25 percent maximum. 

4.6.10 Resistance change± 0.25 percent maximum. 

4.6.11 Resistance change± 0.25 percent maximum. 

4.6.12 Resistance change± 0.25 percent maximum. 
No mechanical damage, arcing or breakdown. 

4.6.13 1011 Ohms minimum. 

4.6.14 Resistance change± 0.25 percent maximum. 

4.6.15 Resistance change± 0.5 percent maximum. 

4.6.16 Resistance change± 0.25 percent maximum. 

4.6.17 Resistance change± 0.25 percent maximum. 

4.6.18 Resistance change± 0.5 percent maximum. 

4.6.19 Resistance change± 0.5 percent maximum. 

4.6.20 Resistance change ± 0.25 percent maximum. 

NOTE: During an inspection or qualification, all the networks 
shall be subjected 10 the inspections of Test Group I. The total 
samples are then divided into Groups II to VII inclusive, and 
subjected to the tests and inspections of the particular group. 

NO 1 PIN 
IDENTIFICATION 

STRIPE 050 
11.211 

100 • 010 125 t .015 
12.54 • 0,25/ /3,43' 0,38/ 

LEAD SPACING 
NQN,ACCUMULATIVE 

i----- - " A " MAXIMUM 

A·B PART NO. 
DATE COOE 

Standard Markings 
A-B Logo 
A-B Part Number 
Date Code 
Pin #1 
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Synopsis - This application note discusses 
prepackaged resistor arrays and their use in 
digital systems. Functional descriptions, design 
criteria, and applications for the arrays are 
provided. For supplementary information on 
digital system resistor arrays, see "ECL 
Terminator Networks" (Allen-Bradley Electron• 
ics Application Note EC5410-4.2) and Allen• 
Bradley Technical Publication EC5410-2.1. 

14 z 

R R 

R R R 

3 1 

Figure 1. Allen-BnidJey 314A 

Figure 2. Allen-Bradley 3148 

The computer system designer may find the 
compactness of prepackaged resistor arrays 
advantageous in certain sections of a system. The 
applicable areas of use are numerous and the 
number of resistors required depends upon the 
design criteria employed. This note discusses the 
principal areas in a system where resistors are used 
and the advantages of using them in an array. 

Commonly used resistor arrays are shown in Figures 
1 and 2. An array of the type shown in Figure 1 is 
useful where one side of all the resistors is tied to a 
common voltage level. The array of Figure 2 is useful 
where resistor isolation is required. 

The number of resistors used in a system depends 
upon the criteria employed by the designer and, in 
some cases, are dictated by the logic elements 
themselves. The following are a few examples of 
where these types of resistor arrays are employed in 
computer systems. 

Pigital 
~tern 
Resistor Arrays 
by Allen Salmela 

Electronics Application Engineer 

Pull-up - By common industry usage, a pull-up 
resistor is one connected to a positive supply voltage 
to provide a current source. It serves the several 
functions of providing added noise margin, improving 
rapid rise times or maintaining proper logic levels. 
Pull-ups may be placed at such locations as at the 
receiving end of long cables, at unused gate inputs, 
at open collector gates, or at a TTL to MOS 
interface. 

Figure 3 demonstrates the use of a pull-up resistor 
array in conjunction with open collector TTL gates. 
The resistance must fall within a range that is 
dictated by the current requirements of the TTL 
logic levels. Typically, they fall between 300 Ohms 
and 4000 Ohms, as calculated below. 

Vee 

Pull-Up 
Raiotort 

Component U,t 
IC 1, IC2 - Triple 3 Input NANO (Series 54, 74) 
IC 3, IC 4 - Dual J-K Flip Flop (Series 54, 74) 
Pull-Up - 13 Resistor Network (A-8 314A102) 

Figure 3. Pull-Up Application 

• Logical "1' level - For a proper logical "1" level, 
the resistance value must be low enough to 
ensure that sufficient load current and output off 
current is available. It's value, RL (max), may be 
calculated as follows: 

Vee - Vout (1) 
RL(max) = "=""---=--

I:lout (1) + I:lin (1) 
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Where: 

Vee = the bias voltage 

Vout (1) = the logical "1" voltage level required. 

Elout (1) = the summation of the off level reverse 
currents required. 

E lin (1) = the summation of the load currents 
required. 

The result of a pull-up resistor of a value greater 
than that calculated above is an undesirable 
decrease in the Vout (1) logical level. 

• Logical "0" level - To maintain the proper logical 
"O" voltage level, the current through the pull-up 
resistor must be limited to the maximum sink 
current capability of one open collector output 
transistor, less the current being sinked from the 
TTL loads. This current determines the minimum 
value, RL (min), of the pull-up resistor and is 
calculated as follows: 

Vee - Vout (O) 
RL (min) =--------

lsink - lsink from loads 

Where: 

Vout (O) 

lsink 

lsink 

= the required logical "O" voltage level. 

= the maximum current sinking capa
bility of one open collector output 
transistor. 

from load = the current sinked from the TTL 
loads. 

The result of using a pull-up resistor of a value 
less than the calculated RL (min) is an undesirable 
increase in the required logical "O'' voltage level. 

Note that the pull-up resistor values RL (min) and 
RL (max) depend upon the logic elements used 
and the configuration in which they are wired. 
Power dissipation will also be considered when 
selecting the value. If power dissipation is a 
significant factor, a value of RL near RL (max) 
rather than RL (min) would normally be chosen. 

Pull-down - By common industry usage, a pull
down resistor is one connected to ground or a 
negative supply voltage to provide a current sink. It 
serves the function of allowing negative excursions of 
the outputs of associated logic elements such that 
the proper logical "O" level is obtained. Pull-downs 
are used as a pair with pull-ups for pulse squaring 
purposes, at the outputs of open collector ECL 
gates, and at MOS to TTL interfaces. 
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Pigital 
SYstem 
Resistor Arrays 
Figure 4 shows the use of pull-down resistors in 
conjunction with a MOS to TTL interface along with 
an associated level translating resistor (see below). 
This arrangement is one of numerous schemes used 
in providing the interface match. The purpose of the 
pull-down resistor is to provide the necessary current 
sink for the TTL input. 

The voltage applied to the TTL input from the 
resistor network should never exceed + 5.5 volts. 

+Vss 

IC I 

,,10s 
IC2 

TTL 

Pull-Down 
Ra.istor■ 

IC 1 
IC 2 
PuU-Down 

Voo 
Component List 

- MOS Device (ROM) 
- TTL Device (Series 54, 74) 
- 13 Resistor Network (A-8314A681) 

Level Translator - 7 Resistor Network (A-B3148152) 

Fisurl? 4. Pull-Down Applica11on 

Therefore: 

R2 
R R R (Vss) ~ 5.5 1 + 2 + O min 

Where, 

Vss = bias voltage 

Ro (min) = minimum ON resistance of MOS 
output transistor 

The voltage applied to the TTL input must exceed 
2.4 volts to provide the required noise margin. 

Therefore: 

R2 
------- (Vss) ~ 2.4 
R1 + R2 + Ro (max) 

Where, 

Ro (max) = maximum ON resistance of MOS 
output transistor 

To preserve the "O" level of 0.4 volts, the low level 
impedance must sink the required TTL current. 

Therefore: 

RL (max) = R2 / / [R1 + R1 (max)] 
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Where, 

RL (max) = known sink impedance 

R1 (max) = sink resistance of MOS transistor 

The value of R1 and R2 must satisfy the three above 
conditions for successful operation of this interface 
scheme. 

Level translator - A level translating resistor, in 
series with a pull-up or pull-down resistor, provides a 
voltage divider function which is commonly used 
when interfacing two different types of logic 
elements. The purpose of this resistor is to establish 
the proper voltage level at the input of the device 
being driven. ECL to TTL and MOS to TTL are 
typical interfaces where a level translating resistor is 
required. 
Figure 4 shows the use of a level translating resistor 
at a MOS to TTL interface. The resistance must 
satisfy the three conditions as described in the 
preceding pull-down resistor section. 

Line termination - A termination resistor is one 
placed at the end of a transmission line for the 
purpose of matching the impedance of the load to 
that of the line in high-speed digital systems where 
pulse reflections from unterminated lines may cause 
erroneous switching of gates. Line termination 
techniques are numerous, such as single-ended 
terminations, parallel terminations, and reverse 
terminations. 
Figure 5 shows the use of resistor arrays for 
terminating to a current sink (one resistor) and 
terminating to both a current source and current 
sink (two resistors). If the termination resistance, 
RT, is too high, the line ripples when the level is 
switched (an inductive-like effect). An RT lower than 
the line impedance has a capacitive effect causing a 
lengthening of the pulse rise time. 

Tranemllllng 
Device 

Component List 

Rocclvlng 
0.111<:e 

Array Ill - 13 Resistor Network (Allen-Bradley 314Al51) 
Array 112 - 13 Resistor Network (Allen-Bradley 3l4A331) 
Array 113 - 13 Resistor Network (Allen-Bradley 314Al01) 

Figure 5 Line Te1mint1tion Application 

Curr«>nt limiting - Current-limiting resistors are 
used in conjunction with such devices as LED's to 
keep the current at a safe value for the device, or to 
limit the current flowing through the associated 
integrated circuit. 

The schematic of Figure 6 shows the use of a 
current-limiting resistor array in conjunction with a 
decoder/ driver and seven segment LED display. 

-
. 

IC I 

I Cufffnt•Umltln 
Gnd. Ruleton 

9 

Component List 
IC 1 - Decoder/ Driver (Series 54, 74) 
IC 2 - Seven Segment Display (LED) 

V I cc 

,.JI --,,., ., ,,,, 

LI"' 
IC2 

Array - Seven Resistor Network (A·B3148152) 

F15unt 6 . CurrC'nt Limihng Applicahun 

The resistor value is calculated as follows: 

Vee - VF - VcE (sat) 
R = ---------

IF 
Where: 

Vee = bias voltage on the display 

VF 

VCE(sat) 
IF 

= the voltage drop across the segment 

= the low level logic voltage 

= the desired segment current 

These parameters can be selected from the 
appropriate device literature. 

Resistors are a significant cost element in a typical 
digital system. Real estate use, handling time and 
assembly time are the major cost factors, The 
incorporation of resistors in a prepackaged array 
can, in many cases, significantly reduce a system 
cost. 
Resistor arrays are presently available for 
incorporation in digital systems. The characteristics 
of the arrays are: 

• Standard packages: Dual in-line configurations 
compatible with automatic insertion equipment. 

• High density: Up to 13 resistors in a standard 14 
pin package. 

• Low volume: Component inventories are small. 
The number of components to be inserted into 
the printed circuit boards is reduced. 
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In addition to the characteristics listed on the pre
ceding page, these electrical characteristics are 
pertinent: 

• Resistor arrays are available in many standard 
values. 

• Resistor tolerances are available from a high of 
:!: 10% to a more precise ± 2% or better. 

• Temperature coefficient of resistance (TCR) and 
TCR tracking can be tailored to satisfy a specified 
requirement. 

• Long term stability is excellent. 
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For further information on Allen-Bradley's digital 
system resistor arrays, contact your local Allen
Bradley Sales Office or the Electronics Marketing 
Department, Allen-Bradley, Milwaukee 
(414) 671-2000. 
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Synopsis - This application note djscusses 
resistive termination techniques that are 
employed with commonly used ECL families. 
Functional descriptions, design criteria, and 
applications for ECL terminator networks are 
provided. For supplementary information on 
terminator networks, see "Digital System 
Resistor Arrays," Allen-Bradley Electronics 
Application Note EC5410-4.1 and Technical 
Publication EC5410-2.1. 

14 13 12 11 10 9 8 

R2 

2 3 6 

Flgur♦ l. &,ril',. 'U4E l::.Cl Tt-nnin.stor "etwotk 

In high speed logic systems that employ ECL 
(emitter coupled logic) elements wiring 
considerations become important. Even several 
inches of interconnection wire at the high speeds of 
today's ECL families can behave like a transmission 
line. Signal reflections and their effect on circuit 
operation become the main considerations. It is the 
purpose of this application note to discuss the use of 
resistive ECL terminator networks to eliminate the 
effects of unwanted signals and to obtain optimum 
system performance. 

With rise and fall times typically in the 1 to 2 nsec 
range, overshoot and undershoot become of 
concern. This ringing results because of capacitance 
and inductance of the interconnection line and by 
capacitance presented by the gate being driven. The 
minimization of undershoot is particularly important 
because of the nominal 200mV noise margin for 

ECL 
Terminator 
Networks 
by John Blanchard 

Electronics Application Engineer 

most ECL. A general rule is to limit undershoot to 
less than 10% of the logic swing. This will insure 
reasonable noise immunity for the gate. The 
overshoot should be limited to 35% of the logic 
swing to avoid saturating a gate input. By avoiding 
saturation, the typical ECL clock rates of 150MHz 
and higher can be utilized. In order to reduce the 
effects of ringing and to utilize the speed advantages 
of ECL, transmission lines or other controlled
impedance systems are used for interconnection. 

A resistor array that is designed for use with emitter 
coupled logic circuitry is shown in Figure 1. The 
circuit is referred to as an ECL terminator. and it 
serves a dual purpose. First, R2 is an emitter pull
down resistor and is normally tied to the most 
negative supply voltage. In its pull-down capacity, R2 
supplies the proper line currents. R 1 is the 
terminating resistor, which in parallel with R2, 
provides the characteristic impedance. Z O • of the 
transmission line. Rl normally is tied to ground. By 
having the line terminated in 20 , the reflection 
coefficient of the line is zero and no reflections 
occur. Thus, the tolerance on the characteristic 
impedance of the line determines what the tolerance 
should be on Zo of the terminator. Most coaxial 
cables have tolerances m the 2% to 5% range. 

The values of Rl and R2 are in part dependent upon 
the current capabilities of the logic elements, power 
consumption and the characteristic impedance of 
the transmission line. The discussion here will be 
limited to MECL UI, MECL 10000, Fairchild 9500, 
TI's SNlOOOO and ECL 2500 series, and Signetics 
1000 because each of these is capable of driving 
transmission lines. The design criteria for 
determining R 1 and R2 then becomes simplified to 
the use of simple equations. For the MECL III, 
MECL 10000, SNlOOOO, Signetics 10000, and 
Fairchild 9500 ECL lines of circuits, the values of Rl 
and R2 may be chosen by knowing the 
characteristic impedance of the line and by using the 
criteria: 

R2 = 2.620 and Rl = R2 

1.6 
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The following table lists common characteristic 
impedances and the corresponding values of Rl and 
R2: 

Z o (Ohm•) Rl (Ohm•) 
Akn-S.-actley 

R2 (Ohm.) Pan NLlfflbcr 

50 81 130 314E810131 

75 120 200 314El21201 

80 130 210 314E131211 

100 160 260 314El61261 

The recommended terminator resistance values for 
TI ECL.2500 are a 270 Ohm pull-down resistor 
connected to V'EE (-3.2V) and a 50 Ohm 
terminating resistor connected to ground. 

This type of ECL terminator (Figure 1) network is 
particularly advantageous when speed is the main 
concern. Neither the propagation delay nor the rise 
and fall time of the driving gate signal are affected by 
loading a long line that has been terminated 
properly. Another advantage is that there is no 
distortion of a pulse from a gate. Thus, instead of 
requiring that gates be lumped at the end of a line, 
they may be driven with short stubs at various 
points along the line. This is convenient for a large 
fanout. 

16 15 14 13 12 ll 10 9 

£Cl 2541 

123456 78 

Zo 

Figure 2. Transminion Line Tetminacion 

Figure 2 shows a properly terminated line, where 
VEE is the ECL vendor's recommended bias supply 
voltage. 

1300hna 

MECLII 

Vu: 

MECl IDOR 
MECL 10000 

figure 3. MECL II to MECL Ill or MECL 10000 Interlace 

Figure 3 shows Motorola's recommended interface 
network between MECL II and MECL Ill or MECL 
10000. 

1' IS 14 13 l2 ti 10 9 

£Cl 2$41 

1234$671 

Patte' Utl 

2 - ECL2541 
I - £CL T•nninalor 

N.twork(Allan-
8,adl.y 314E500271) 

RI 

R2 

RI • 5001una 
R2 • 2700hma 

Figurt' 4 Tl ECUSOO S.rie!~ 1 ermin.ttion 

Figure 4 shows a 4-bit binary counter using Tl 
ECL.2500 series circuits. Each gate is loaded with a 
270 Ohm pull-down resistor and a 50 Ohm 
terminating resistor. 
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For further information on Allen-Bradley's ECL 
terminator networks contact your local Allen
Bradley Sales Office or the Electronics Marketing 
Department, Allen-Bradley, Milwaukee. (414) 671-
2000. 
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Synopsis - This application note discusses 
resistive attenuator pads and their use in 
communication system.&. Design criteria and 
typical applications for attenuator pads are 
provided. The primary pad discussed is the 
balanced ff' "O" version. (For further 
information see Allen-Bradley Technical 
Publication EC5410-2.1.) 

Modern film technology has made resistive 
attenuator pads in pre-assembled DIP arrays 
economical. These arrays are useful in the 
communication circuits where signal level reductions 
are required. This application note shows how 
attenuator pads are used in typical communication 
circuits, 
The most commonly used resistive attenuator pads 
are shown in Figure 1. 

~··IT 
8ALANCED ir ro·) UNBALANCED " 

BALANCED T ("Hi UN8AI..ANCED T 

Resistive 
Attenuator 
Pads 
by Allen Salmela 
Electronics Application Engineer 

Values of the shunt and series resistors are a 
function of: 

• Attenuator Configuration 

• Input Impedance 

• Output Impedance 

• Attenuation Required 

When these four parameters have been selected, 
formulas for the calculation of the resistive elements 
can be derived. 

i:,cample A pad is required in a balanced system 
to match two equal impedances and to provide a 
given attenuation (dB). Since the system is balanced, 
a balanced pad is generally required, either the ff' or 
T version. The balanced ff' version shown in Figure 
2 will be used in this example. 

flgur(' 2 

The input and output impedances being equal 
results in a symmetrical pad; that is the shunt legs 
are equal (R2 = R3), the series legs are equal (R1 = 
R4), and the source, pad input, pad output and load 
impedances are equal (Zs = 2 in = 2o = ZL = 2). 
The Thevenin equivalent input impedance is: 

A voltage divider ratio generates the following 
equation: 

(1) 

(2) 
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By solving ( 1) and (2) for R 1 and R2, the following 
relatfons are obtained. 

R2 = Z (A+ 1)/ (A - 1) R1 = 2 (A+ l) (A - l)/4A 

Where: 

The value of A can be determined from the followmg 
pad relationship: 

I dB I = 20 l0910 (Vin / V0 ) 

Similar formulas for the calculation of the shunt i'lnd 
series resistors of the remaining three networks, 
shown in Figure 1, are listed in Table 1. The 
equations again are true only if the input and output 
impedances are equal. 

Pad Type Series Resistor (R1) Shunt Resistor (R2) 

Unbalanced T R1 : Z(A•l)/(A+l) R2 = 2AZ/(A 2 -1 
Balanced T (H) R 1 = Z(A-1 )/[ 2(A+ I)] R2 = 2AZ/(A 2 -1 
Unbalanced 1r R1 = Z(A :! -l)/ 2A R2 = Z(A+l)/ (A- 1) 

The derivation becomes more complex in the case 
of unequal input and output impedances. Detailed 
calculations are available in the appropriate 
engineering handbooks. 

Tran1m1uaon Urw 
Pl - Allon-Bradley Pltl No 31t21001 
P2 - Allen Bradley PM! No 31421002 

f igur~ 3 

Resistive pads are commonly used in two-wire 
switching systems to adjust for a desired signal level, 
as in Figure 3. Here we are considering the sending 
end terminals of this network to be the system zero 
transmission level point (OTLP). All other signal 
levels in the system are relative to this reference 
level and are appropriately labeled dBr (decibel 
relative). Since the signal level out of the transmitter 
in the above example is +7 dBr, the attenuator pad, 
Pl , is inserted to reduce the sending end level to the 
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Resistive 
Attenuator 
Pads 
desired OTLP. At the receiving end of the line, the 
summation of the losses in the line plus that inserted 
by the pad, P2, reduces the signal level to the - 16 
dBr desired at the receiver. A degree of variability 
may be required in pads Pl and P2 if the output 
level varies from transmitter to transmitter and the 
losses vary from line to line. 

Repeaters (amplifiers) and an associated balanced 
attenuator are commonly used in transmission 
networks to add gain if signal levels are below a 
minimum requirement. In the example of Figure 4, 
the signal level at point A is below the desired - 4 
dBr minimum. A repeater, with a gain of +23 db (for 
example), is inserted in the line, thus increasing the 
signal level to approximately +19 dBr at Point B. A 
balanced 1r attenuator pad, Pl, is inserted to reduce 
the signal level to the OdBr value required at Point C. 

Pl z: <-~Br -•l-~---1□ 0~ 

Transll\lSSIOl'I 
Line 

Pl - AJJ,fn-Bradley P~n No 31421001 •nd 3142Ul02 

In the above examples, balanced pads with 
selectable attenuation are required. This is typically 
provided by DIP pads shown in Figure 5. B-y 
cascading attenuator pads, attenuation selectable 
from 0.5 dB to 31.5 dB in 0.5 dB steps can be 
obtained. Modern film technology has made these 
pads available in the prepackaged arrays diagramed 
in Figure 5. 

S ·-E--EJ--, 
lRra-A.J 

1 c-UJ 4 ~ 6 
Allen-B<odley Port No. Jl4Z1001 

For further information on Allen-Bradley's resistive 
attenuator pads, contact your local Allen-Bradley 
Sales Office or the Electronics Marketing 
Department, Allen-Bradley, Milwaukee, (414) 671-2000. 
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panel 
potentiometers 

CERMET 
CONDUCTIVE PLASTIC 
HOT-MOLDED 
COMPOSITION 
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panel potentiometers 

80 

comprehensive product index 

DESCRIPTION TYPE 

CERMET 

3/ 8 (0.375) Inch (9,52 mm) Diameter - Type SP 
1.0 Watt (70° C) 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 72 
1.0 Watt (70° C) MOD POT• 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 70 
2.0 Watts (70° C) MOD POT• 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 73 
2.0 Watts (70° C) MOD POT• 

CONDUCTIVE PLASTIC 

10,0 mm Square - 0.1 Watt (40° C) TypeM 
MINI METRIC-

5/ 8 (0.625) Inch (15,88 mm) Square - Series 72 
0.25 Watt (70° C) MOO POT• 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 70 
0.5 Watt (70° C) MOO POT• 

5/ 8 (0.625 Inch (15,88 mm) Square - Series 73 
0.5 Watt (70° C) MOO POT• 

HOT-MOLDED COMPOSITION 
1/ 2 (0.5) Inch (12,70 mm) Diameter - TypeG 

0.5 Watt (70° C) (Sty!• RV6) 

1/2 (0.5) Inch (12,70 mm) Diameter - TypeW 
0.5 Watt (70° C) 

1/ 2 (0.5) Inch (12,70 mm) Diameter - II Type GD 
0.5 Watt (70° C) (Dual) 

1/ 2 (0.5) Inch (12,70 mm) Diameter - Type WR 
0.5 Watt (70° C) 

1/2 (0.5) Inch (12,70 mm) Diameter - Typel 
0.8 Watt (70° C) 

1-5/ 32 (1.156) Inch (29,36 mm) Diameter - II TypeJ 
2.25 Watts (70° C) (S1yl• RV4) 

1-5/ 32 (1.156) Inch (29,36 mm) Diameter - Type EJ 
2.25 Watts (70° C) (Extra Llf•) 

1-5/ 32 (1.156) Inch (29,36 mm) Diameter - Type K 
3.0 Watts (70° C) 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 72 
0.5 Watt (70° C) MOO POT" 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 73 
0.75 Watt (70° C) 1.0 Watt (40° C) MOO POT• 

5/ 8 (0.625) Inch (15,88 mm) Square - Series 70 
1.0 Watt (70° C) MOO POT• 

MILITARY NUMBERING SYSTEM 

II Suited for adjustable attenuator applications 
Details in adjustable attenuator section. 

MOD POT® POTENTIOMETERS ARE AVAILABLE AT ASSEMBLY CENTERS 
MAINTAINED BY ELECTRONIC DISTRIBUTORS 

AND THEY CAN ASSEMBLE TO YOUR REQUIREMENTS. 

PAGE 
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5 FRIL5 70 MOO PO T 
Modular design innovated 
by Allen-Bradley offers 
almost unlimited combina
tions: single, dual, triple or 
quadruple sections. OptionY 
include PC or solder lug 
terminals, variety or 
sw,tches, vernier drives, 
concentric shahs. hot
molded composition, cermet 
or conductive plastic 
resistance elements. 

SELECTOR GUIDE: 

Type 
Page Resistance 

Number Element 

Cermet 

Series 70 142 Composition 

Conductive 
Plastic 

Cermet 

Series 72 142 Composition 

Conductive 
Plastic 

Cermet 

Series 73 142 Composition 

Conductive 
Plastic 

J(RV4) 91 

EJ 124 

K 100 

G(RV6) 83 

GD 128 Composition 

L 108 

w 118 

WR 136 

SP 132 Cermel 

Conductive 
M 114 Plastic 

U All deplh dimeMIOr1$ ore mb•imum. 

Resistance 
Range and 
Tolerance 

100 Ohms to 
5 Megohms 

+10% 

50Ohmsto 
10 Megohms 
±10%, +20% 

IOOOhmsto 
1 Megohm 

±10%,+20% 

100 Ohms to 
5 Megohms 

±10% 
SO Ohms lo 
l0Megohms 
+10%,+20% 

100 Ohms 10 
l Megohm 

±10%.+2()% 

100 Ohms to 
5 Megohms 

+10% 

SO Ohms lo 
l0Megohms 
±10%,±20% 

100 Ohms to 
1 Megohm 

±1()%,±20% 

SO Ohms to 
5 Megohms 

±10%,±20% 

IOOOhms 10 
5 Megohms 

±10%,±20% 

50Ohmsto 
1 Megohm 

±JO% 
(5% available) 

JOO Ohms to 
l Megohm 

+2()% 

panel potentiometers 

SERlb7l 
MOD POT 
Similar to Series 
70, except the 
bushing and 
shah are non
metallic . Available 
in single or dual 
combmalion only. 

Power Voltage Operating 
Rating Rating Temperature 
(Linear (RMS or 
Taper) DC) Range 

2.0 Watts - 55• c to 
at 70° C + 150° C 

l.0Watt 
al 70° C -55" C to 

0.5Watt 
+ 12o· c 

al 70' C 

1.0 Watt 
al 70° C 

0.5 Wall -55°Cto 
at 70° C 350V +1oo·c 

0.25 Wall 
at 70" C 

2.0 Watts 
at 70' C 

0.75 Walt 
al 70" C -55" C 10 
LO Wall +120' C 
at 40• C 

0.5Watt 
at 70° C 

2.25 Watts 
at 70° C - 55• c 10 

2.25 Watts soov + 12o· c 
at 70" C 

3.0Watts -ss· c 10 

at 70° C + 1so•c 

0.5Watt -55• C to 
at 70" C + 12o•c 

0.8Watt -55• C lo 
at 70° C + 1so•c 

0.SWatt 
350V 

al 70° C 
-55° Clo 

0.5 Watt + 12o·c 
at 70° C 

1.0 Watt 300V 
-65° C 10 

al 70" C +150° C 

0.1 Wan -2s• c to 
90V at 40• C +1oo· c 

Number of 
Sections 
Available 

1, 2 
3 or 4 

1 or 2 

1, 2 or 3 

I or 2 

1, 2 or3 

I 

2 

1 

1 or 2 

!:if .Rll::S 71 
MOD POT' 
Similar to Series 
70, except the 
bushing ,s or a 
more economical 
design. Available 
in single or dual 
combination only. 

Case 
Dimensions 

in Inches 
(millimeters) 

0.625 ( 15,88) 
Square 

Lug Terminals 
0.594 (15,08) 

Deep 
Pin Terminals 
0.625 (15.88) 

Deep 
(Single 

Seclion) 

0.625 (15,88) 
Deep by 

1.156 (29,36) 
Diameter 

(Single 
Seclion) U 

ForG, Land W 
0.469 (11,91) Deep 

For GD: 
0.547 (13,89) Deep 

For WR: 
0.422 ( 10,72) Deep 

by 0.500 (12,70) 
Diameler 

Above dimensions 
lor 1ypes G and WR 
do not include the 

available swilch 
option a 

0.438 (11.11) 
Deep by 

0.375 (9.52) 
Diamete.r 

0.394 (10,0) 
Cubed 

All Versions 

Enclosure 

Dust 
and 

Spli:1sh 
Resistant 

Immersion 
Sealed 

Dust and Splash 
Resistant 

Immersion 

Dusi and Splash 
Resislant 
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panel potentiometers 

TYPE J (RV4): 
S1andard of lhe industry 
for quali1y. Hol•molded 
composilion, 50 ohm 10 
5 megs. :!: 10%and±20% 
(special values 10 1000 megs 
available). 2.25W al 70" C, 
smgle, dual, triple seclions 
available. Switch for single 
or dual secllons. 

TYPEG(RV61 
Hol•molded composi11on, 100 ohms 
10 5 megs, ± 10% and ±20%, 0.SW 
al 70" C, single section available 
wilh or wilhoul SPST swilch. 

TYPEW, 
Hol•molded compos111on, 
100 ohms lo 5 megs, .± 10% 
and± 20%, 0.SW a1 70' C , 
single section. 

TYP E. l. 
Hot•molded composilion, 
100 ohms lo 5 megs, ± 10% and 
±20%, 0.8W at 70" C, single 
section. 

TYPE SP: 
Cerme1 50 ohms 10 l meg, 
± 10%, I .OW at 70' C, single 
seclion. Only ¼ inch diameter. 

Standard options for most types include linear and non-linear 
tapers, a variety of shafts, bushings, shaft endings, shaft 
lengths, and hardware 

Types GD, J and the multi-section MOD POT® with 
composition tracks are well suited for attenuator applications. 

TYPE EJ: 
Extra long life version of 
1he Type J wilh rotational 
life exceeding one million 
ro1ations, single or dual 
configurations. Slip clutch 
avadable. 

TYPE Kc 
A 3.0W at 70" C version 
of lhe popular Type J. 

TYPE GD. 
Dual section version of 
TypeG. 

TYP E W R. 
RadiaJ.Jead version of Type W. 
Available wilh or without switch. 
Switch versions offer contacls Iha! 
close at start of clockwise rotalion 
(TYPE WRS) or with switch with 
contacts that close at start of 
counler-clockwise rotation 
(TYPEWRH). 

TYPEM 
Minialure condu.:tive plastic, 
100 ohms to 1 meg,± 20% 
0.lW at 40' C, single and 
dual sections available with 
or without swi1ch. 5 terminal 
options. Non·melallic case, 
bushing and shaft. 

STANDARD VALUES AND POPULAR SHAFT AND BUSHING COMBINATIONS OF 
TYPES G, J, W, GD, SP AND WR ARE AVAILABLE FROM STOCK AT ELECTRONIC 

DISTRIBUTORS. TYPES K, L, M AND EJ ARE AVAILABLE ON A SPECIAL ORDER BASIS. 
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• TypeG 
Hot-Molded 
Panel 

SPECIFICATIONS 
General 

Temperature range - - 55° C to + 120° C. 
Total resistance values Preferred nominal 
values listed below. Other values available. 

OHMS 
100 lK lOK lOOK 1.0 Meg. 
200 2K 20K 200K 2.0 Meg. 
220 2.2K 22K 220K 2.2 Meg. 
250 2.SK 25K 250K 2.5 Meg. 
470 4.7K 47K 470K 4.7 Meg. 
500 SK SOK SOOK 5.0 Meg. 

Total resistance tolerances - :t 20% or ± 10%. 
Tapers Available in the following resistance 
ranges: 

TAPER TOTAL RESISTANCE RANGE 
u 100 Ohms to 5.0 Megohms 

A, B, S. & DB 500 Ohms to 2.5 Megohms 

See chart on Page 85 for explanation of tapers. 
Special tapers, where practical, can be supplied. 

End resistance - See chart on Page 85. 

Switches - Two types of single pole, single throw 
switches are available. One turns "ON" at start of 
clockwise shaft rotation, the other at the start of 
counterclockwise shaft rotation. The switch reduces 
effective electrical rotation to 248° nominal. 

Potentiometers 
1/2 (0.50) Inch (12,70 mm) Diameter 
0.5 Watt (70°C) 
100 Ohms to 5.0 Megohms 
FEATURES 
• Linear and Non-Linear Tapers 

• Immersion Sealed 

• Style RV6 

• Switches Available 

Switch rating for resistive loads are 0.5 ampere 125 
volt 60 Hertz and 1.5 amperes 28 volt DC. 
Switches can be operated 5000 cycles at full rating. 

Applicable military specification - Many of the 
variable resistors without switches may be ordered 
as Style RV6 of MIL-R-94. 

Electrical 

Power - 0.5 watt maximum at + 70° C for "U" 
linear taper provided voltage rating is not exceeded. 

Power derahng - Derate power linearly from 
+ 70° C to zero a t + 120° C . Derate power 50 
percent for non-metallic mounting and for resistors 
with "A", "B", "S", and "DB" tapers. For rheostat 
applications, derate power directly with shaft or 
actuator position. 

Voltage 350 volts maximum working volta~ 
(RMS or DC), or as determined by Emax =✓ PR, 
whichever is less (at sea level). 

Dielectric withstanding voltage - Maximum 
continuous voltage 350 volts (RMS or DC) at sea 
level. Will withstand a one second test of 750 volts 
(RMS) at sea level or 350 volts (RMS) at 3.4 inches 
(86,36 mm) mercury. 

Insulation resistance - 1000 megohms minimum 
for clean and dry conditions at +25° C. 
Voltage characteristic - 0.005 percent per volt or 
0.5 ohm, whichever is greater. 
(Electrical specifications continued on next page.) 
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Electrical 

Capacitance - The capacitance between terminal 
#1 and #3 with terminal #2 "floating" is approxi
mately 0.5 to 0. 75 pf at 1 KHz. 

The capacitance between terminal #1 (grounded to 
bushing) and terminal #3 (shaft in extreme clockwise 
position) approximately 3.0 to 3. 7 pF at 1 KHz. 

The capacitance between all terminals shorted 
together and the bushing is approximately 5.5 to 6.5 
pf at 1 KHz. 

In all cases capacitance indicated is for resistor only 
and does not include capacitance of measuring lead 
wires on test fixtures. 

Operational 

Load life - 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in stiJI air at ...-- 70° C 
(1.5 hour "ON", 0.5 hour "OFF"). 

Rotational life - 10 percent maximum change in 
total resistance as a result of a 50,000 cycle life test 
without load. 

Mechanical 

Shafts - Diameter of shafts .125 inch (3, 18 mm). 
Minimum length .312 inch (7,94 mm). Maximum 
length 2.500 inches (63,50 mm) with plain, 
screwdriver slotted or flatted shaft endings. Preferred 
shaft lengths and endings are listed in the tables 
below. 

PREFERRED SHAFT LENGTHS 
Plain Round 

Inches .500 .625 

mm 12,70 15,88 

Screwdriver S lotted 
Inches .375 .438 .500 .625 .750 .875 

mm 9,52 11,11 12,70 15,88 19,05 22,22 

Other lengths available in 1/ 64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of the 
shaft. 

Bushings - All bushings have a 32-NEF-2A thread 
and are .250 inch (6,35 mm) in diameter. Bushing 
lengths and types are shown in the table below. 

Panel Panel 
Watertight Watertight 

Plain Locking Plain Locking 
Inch mm Inch mm Inch mm Inch mm 
.250 6,35 .375 9,52 .250 6,35 .375 9,52 
.375 9,52 .500 12,70 .375 9,52 .500 12,70 
.500 12,70 .625 15,88 .500 12,70 

After lock nuts on locking bushing are tightened with 
a torque of 8 inch-pounds (9,22 kgf-cm) shafts will not 
tum with torques up to 20 inch-ounces (1,44 kgf-cm). 
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Hardware - Resistors are normally supplied with 
mounting nut, M-4721, and one internal tooth lock 
washer, M-4748. Resistors with shaft lock bushings 
are supplied with one lock nut, M-4761, in addition 
to the above. Unless otherwise specified, all 
hardware shipped in bulk. 

Mounting bracket B-28868 and printed wiring board 
F-19942 can also be supplied (separately or mounted 
on unit) to adapt bushing type resistors for 
horizontal mounting on printed wiring board. See 
dimensions on Page 88. 

Locating lugs - Four locating lugs can be provided 
so resistors may be indexed with respect to the 
surface on which they are mounted. See dimensions. 

Turning torque - 0.5 to 3 inch-ounces (0,036 to 
U,22 kgf-cm) at + 25° C and 13 inch-ounces (0,94 
kgf-cm) maximum at - 55° C. 

Maximum additional torque required to actuate the 
switch is 5 inch-ounces (0,36 kgf-cm). 

Stop torque - 4 inch-pounds (4,61 kgf-cm) 
minimum. 

Rotation - Mechanical rotation for resistors with 
or without switch is 295° ± 5°. 

Electrical rotation is 270° nominal without switch and 
248° nominal with switch. 

Backlash - 3° maximum. 

Const ruction - Materials are corrosion resistant 
and essentially non-magnetic; terminals are treated 
for easy soldering. 

The resistor incorporates an internal "O" ring 
between the shaft and bushing. External surfaces are 
given special treatment so that the entire resistor is 
immersion sealed. 

A panel "watertight" bushing is available. This 
bushing is provided with an external "O" ring in 
addition to the internal "O" ring supplied as 
standard. 

Immersion - No continuous stream of bubbles (4 
or more) emanating from the resistor as a result of 
the immersion test (1 minute in water at + 85° C). 

Weight - The exact weight of individual resistors 
depends on the precise mechanical specifications 
involved. Table below lists approximate net weights 
of typical Type GA resistors including hardware 
normally specified. 

Bushing Shaft 
Weight 

Ounces Grams 
. 250 in. .750 in . 0.24 6.8 (6,35 mm) Plain (19,05 mm) 
. 375 in. .438 in . 0.24 6.8 (9,52 mm) Lock (11,11 mm) 

Marking - Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible, limited to maximum of 16 characters in each 
of two lines for resistors without switch and 9 charac
ters in each of two lines for resistors with switch. 
A-B monogram plus "Type G" always included. 
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Environmental 

Vibration - 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204, condition "C" of 
MIL-STD-202.) 

Shock - 2 percent maximum change in total 
resistance. 5 percent maximum change in resistance 
setting. (Tested per method 213, condition "I" of 
MIL-STD-202.) 

Moisture resistance - 10 percent maximum 
change in total resistance. (Method 106 of MIL-STD· 
202.) 
Corrosion resistance - Materials show no 
corrosion after a 200 hour salt spray test. (Method 
101 of MIL-STD-202.) 

Effect of soldering - 2 percent maximum change 
in total resistance as a result of immersing the 
terminals in + 350° C solder to within 0.62 inch (1,57 
mm) of the resistor body for 5 seconds. 

Temperature cycling - 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test (five cycles - 55° C to 
+ 120° C). 

Taper data 

IOOK 

SOK 
Ill 
E 70K 

.i:: 
0 
.5 60K 

QI 
<J 
C 

SOK 

ill 40K .. 
Ill .iii 

30K QI 
er: 

20K 

IOK 

TAPERS 

Nominal Resistance-Rotation 
Characteristics or Tapers,.,,_...__,,,,_._,,__, 

for Tota I Resistance 
of IOOK 

0 10 20 30 40 SO 60 70 80 90 100 
Percent Mechanical Clockwise Rotation 

Ordering information 

1. Type (GA, GB, GH, GP or GS). 
2. Taper. 
3. Total resistance. 
4. Total resistance tolerance. 
5. Bushing type. 
6. Bushing length. 
7. Shaft ending. 

Low temperature operation - 2 percent 
maximum change in total resistance as a result of 
the low temperature operation test ( - 55° C for two 
hours without load and 45 minutes with rated load.). 

Low temperature storage - 2 percent maximum 
change in total resistance as a result of the storage 
test (24 hours at - 6.3° C). 

Temperature characteristics - Maximum percent 
temporary total resistance change from the -,. 25° C 
value. See table below. 

Nominal D egrees C 1 · e SIUS - mear T aper 

Resistance _ 55• - 25° o· + 25" + ss• + 85" + 120° 

100 Ohms + 4.5 + 2.5 +1.5 0 ± 1.0 ± LS + 3.5 
1,000 Ohms + 5.5 + 3.0 + LS 0 ± 1.0 ± 2.0 + 4.5 

10,000 Ohms + 7.0 + 3.5 + 2.0 0 ± LO ± 2.5 + 5.5 
100,000 O hms + 8.0 + 4.0 + 2.0 0 ± 1.5 ± 3.0 -t- 6.0 
l Megohm + 10.0 +5.0 +2.5 0 ± 1.5 ± 3.5 ,... 7.5 

For ''S", "A", ''B" and "DB" tapers multiply percent
age figures shown above by 1.25 

END RESISTANCE 

MINIMUM MINIMUM 
RESISTANCE RESISTANCE 

TAPER BETWEEN BETWEEN 
TERMINALS TERMINALS 

1 and 2 2 and 3 

U&S D D 

A D D 

B D D 

DB II D 

D "Less than .004% of total resistance," or "less than JS ohms" 
whichever is greater. 

fl "Less than 1% of total resistance," or "less than 15 ohms" 
whichever is greater. 

II Less than 15 ohms. 

8. 
9. 

10. 
11. 
12. 
13. 

Shaft length. 
Locating lug option. 
Mounting hardware. 
Your part number. 
Marking required. 
Remarks. 
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DIMENSIONS 
Resistor with lug terminals 
Plain Bushing 

3 Holes---.088 
(1, 231 

Min. Ole. 

,469Mu, 
(1 1.91/ 

Locking Bushing 

Standard Bulh1ng L1ngth1 '--1--+'-◄'-+\-.-J .200± .005 
#1 /5,08.! 0,131 

CT_ . 100 ! .005 
(1,54 .t0./3/ X 

.094 
/2,38/ 

Ref1ttnce Pom t 
Shalt Length, 

.375 19.511 - .500 I 12,701 - .625 I 15,881 
Maximum Mountmg Pitnet Th1ckneu 

R~1uon ot Terminats fo, Slot w1l1 accomodlta 
2 solid# 20or 3 
,olld # 21 wim 

Stenclonl Bulhlng 
Lengths 

from .312 17.94/ to 2.500 /63,50/ 
Max. Chamfer .016 /0 40/ • 45• 

v.tlen uied whh standard mounung h1rdw1,.. 
.062 (1,511 - . 188 (4,761 - .312 /7,94/ 

Prinied Circui t Spoclng 
.250 - .375 - .500 

/6,351 (9,521 /11.lO/ 

Resistor with pin terminals 

Pm Tetmtnal 
.028 t .002 Dia. 

(0,71 .! 0,051 1547 t 500Ma~. /13,89/ / 12.701 Mounting 

✓ Surfaca 

!~ 
• 100!..005 

12,54 !. 0,13/ 

Panel watertight bushing 
Plain 

.594 /15,08) 
Max. 

S1andard 
Bulhing L111gth1 

,250 - .375 - .500 
16.351 /g 511 I 12,701 

Lug options 

Shilt Length• 
from .312 (7.94/ 102.375 160,32) 
Max, Ch>mfer .016 (0,40) • 45" 

Locking 

~ 
St-,dl,d Bu,hmg Lengths 

.375 - .500 
19,52/ / 12.701 

Ma••mum Mounting Panel Th1cknen 
'Nhen uted wtth stMdard hardwi re. 

.062 188 
11,571 /4,76/ 

Basic dimensions 
in inches. 

Dimensions shown 
in parentheses are in 
millimeters. 

TOLERANCES 
Dimensional tolerance 
± .016 (0,40) 
Angular 
tolerance ± 5° 
Except as specified . 

NOTTO SCALE 

Shah endings 
Screwdriver • .o,o 

Slotted -Jh ·031
- .ooo 

foBC • 0.15) , ... ,,,.,,~___,_ .J... \' • - 0,00 

l' l ' l 'l'V-~T 

Slot .031 ! ,005 
(0.BC !.. 0. 131 

Shoft ln btreme 
Count11rclockw11o1 Pos,t1on 
Screwdri¥M S.01 ,n tine with 
MoYllble Contact 

Flatted 

Resistor 
Connections 

~t/2 

~f' 
Clock..,. 

Plain and Locking Bushing Panel Watertight Bushing 

86 

.245 .!. .005 
16,22! 0,13) 

Oot1on No. 2 
Standard H Shown 

Utld lJnln1 
Othorw,,a S-Hled 

Op1lon No. 1 
One Lug jn 
Po1hion A 

Op1lon No. 3 
One Lug In 
Po1ition B 

Option No. 4 
No LUVJ 

,091 t .006 
(2,31 ! 0,13/ 

.245 :t .005 
/6,22!..0,'31 

Op11on No. 2 
Stand.Jrd • Shown 

U,adUnleu 
Othlfwdl Spec,fied 

Option No, 1 
One lug 11 9 o·ctock 

Opt,on No. 3 
One Lug 11 3 o'clock 

Option No. 4 
No Lugs 
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DIMENSIONS 
Resistor with switch 

,469 M&K. 
/11,J}I/ Plain Bushing 

#2 

#3 

1 
1 

.1251 .001 Dio. 
nung /3, I8.t 0,031 

lTf .172 
(4,311 

Sundoro Bulhl•e 
Longth> 

.250 - .376 - .500 
(6.35} (9.51/ fl 1,10/ 

{ 

Sh•II lffl911u .469 
111,911 

Switches 

Slot WIU accomodam 
2 solid # 20 or 3 
IOhd # 21 Wlrt1 

Minimum Langth .312 11.!Jf/ 
Muimum L.,gm 2.500 (63,501 
M ... Cllomlor .016 (0,40/ • 45" 

TYPE GS TYPE GH 
Tum1 o,, Tuffll on 
lcontllCIS dOM) (conlllCO dOM) 
•·t start o f at stlf1 of 
CW Rotation CCW Rotat,on 

~ Roqui...i ..._-#-<H'M-I H-H~ ~-J-- R.:,'9<1 
Oper1tt Sw,tch to Opo,-0111 

15.5' 

I t of Movabl• Con1.1e1 
M!h Shah 1n E,ctrt:rnt 
Counuirdockwn,e P01111on 

~•ch 

t of Mov- Conlll<t 
w.th Shaft tn fxt,wme 

ClockwiM Posct,on. 

Panel watertight bushing 

.024 ± .005 
(0.61 .t 0, 131 

'L:- -+- Standofd Bu\htng 
longths 

Shalt Lengtt,s 

.250 - 375 - .500 
/6,351 (9,511 /11.101 

ltorn .312 / 1,!Jf/ to 2.315 160.32/ 
Mu. Chomfe• .016 /0,40/ • 45' 

.203 
(5, 161 

.688 
(ll,46/ 

.203 
(5, 161 

Basic dimensions 
in inches. 

Dimensions shown 
in parentheses are in 
millimeters. 

TOLERANCES 
Dimensional tolerance 
± .016 (0,40) 
Angular 
tolerance = 5° 
Except as specified. 

NOTTO SCALE 

Shaft endings 
Screwdriver .031 : :~ 

Slotted 

Shih ,n £•\time 
Coon•rclockwile POMOon 
Sc,.-wdn-,. Stot in hne With 
Movllbts ConhCt 

Flatted 

Resistor 
Connections 

Flot wlN utend to within .CM2 /1.57/ of 
moundnt bu•hine w....,• 1h•tt ~•h w Uf 

nol Plfmil 1"- •t..ndetd tt.t, 

Sheh.,.. E•tJWtne 
Coun•rdock w.N 

Po\1t10ft Flat oppowt• 
Movllblo Con!11Ct 

.094 1 .002 
12.38 i 0 ,05/ 

Lug options 
Plain Bushing 

.010 1. ,005 
10.25 .to. 13/ 

Panel Watertight Bushing 
.245 1. .005 

~ (6,22L 0,13) 
Opnon No. 2 

Sundord as S/lown 
Usod Unloa 

Otherwise Specified 

OptJon No. 1 
Standard • Shown 

U10d Unlou 
Otl,orw>M $j)ecifiod 

Donon No. 4 
No lu90 

Opnon No. 1 
Ono Lug II 9 o'clock 

Opt,on No. 3 
One lug ot 3 o'ctod< 

Oj,tion No. 4 
No Lu90 
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DIMENSIONS 

Resistor for printed circuit board mounting 
Plain Bushing 

45' 
.500 

02.10) 1/4 - 32 NEF - 2A Thn,oct 
M-4721 

Mounting Nut 

88 

.516 
/13, 10/ 

L"1 
094Mtx. 
12.38) - , 

, 
~ ~.. ... 

"2 

#3 

Pun(ed C"cu,t ~ 200 + 005 
Boo,d Thickneu is.oa-£ o.

131 
.2001 .005 

15,08L 0, 131 

.130 • •005 
-.000 ♦ 005 

1 ♦ .005 (3 30. o. 13) .109 - :ooo. 
· 09 - 000 . - o.oo • 0 13 

R1ftrenct Plane 
for Buffling 

ond Shaft Length 
Measurement 

1 
,801 

(vs:~:~ h~-1 f--/ / (vs_o.oo) 

, -1-- -.1...t;;J. 042' 003 

l l'i ½ I"' 1i.01io.os1 

Locking Bushing 

,;s:1°1 
I 11 I 111 _L_ty 

.200.1 .005 
(5.08 t 0,13/ 

.022 ~:= 
1056 •0, 13) ~· . -o.oo 

Rel1t1on of T ermln•ls for Pnnte.d C"cu1t Spacm; 

Basic dimensions 
in inches. 

Dimensions shown 
in parentheses are in 
millimeters. 

TOLERANCES 
Dimensional tolerance 
± .016 (0,40) 
Angular 
tolerance ± 5° 
Except as specified. 

NOTTO SCALE 

Resistor 
Connections 

~ '#2 

$f' 
Clockwise 

.125! .001 Dia. 
/3. 18 ~ 0.031 

t 
S""1detd Butlu ng 

Leng1hs 
.250 - .375 - .500 

16.35) /9,52/ 112.10) 

Shift Longlll1 
from .312 I 1,94) to 2.500 /63,50/ 
Mu. Chamfer .016 10,40/ • 45 • 

S""1de<d Bushing 
Lengths 

Y .. oo! .005 
110, 17 i 0, 131 

.375 - ,500 - .626 
(9,521 f/2.10/ /15,88/ Slo1> Aondomly Locatad 

Shaft endings 

Screwdriver 
Slotted .031: ·~ 

-ii-- 1
080

, 0,25) 
II J_ ~• · -o.oo 

T 
Slo1 .031 ! ,005 

/0,80 ! 0,13/ 

Shah tn E•tre~ 
Counte,cloc:kwew Position 
Sctewdnver Slot tn tine with 
MowM)t,e Contact 

Flatted 
Flo1 wl" ut- lo wil.hln ,002 11.57) of 

,6·~~
1 

Mounting bu1hlng where 1holt length win 
,. • not permit the •t• ndard fft1. 

~ I 32S 

Shih tn Extreme 
Counte,clockwue 
Po11t100 Flat Oppolite 

Movable Cont.cl 
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DIMENSIONS 
Hardware 

.312 
(7,941 _l:j;-- .078~ :!M! 

©_~ ( 1.98!8;~1 

r 
Mounhn11 Nut M-4721 

.396 /10,061 

.408 (10,361 

W
L .045 /t. 1'/ a r =~:~;.., 

Loclt W..,,_, M-4748 

.312 
/7.941 

I _ . 156 1.:1 i-13.911 

~ R 
T 

Lock Nu1 M-4761 

0 8 
± -if- L .500 1 Moun11n11 Plau B-28868 

. 1 .005 r 112.101 

10_,5io,131 ffl--1. 
.6"1 [= 0 .250 

( 16,271 ~J 
. 126 

r--,3.181 

I0.84t.0.13J---lf.- r ~ /2.f;4 t0.13/ 
.033 t .006 ..j . 1oot .oos 

. 1001 .005 
(2.54 :to. 131 

1
.-m . 126 .6"1 ., /3.181 
( 16.27) _L 

.031 _L 
10.801 

~.- ~HI_,oot .005 
-1001 -00517 /2 54 :o 13/ 

12.54 ! 0.131 . ' 
.125 1 .005 

13,1810,131 Wlnftll Board F-19942 
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EXPLANATION OF PART NUMBERS 

Basic Type 
GA - Basic Type G 

GS - Type GA with switch 
actuated at start of 
clockwise rotation 

GH - rype GA with switch 
actuated at start of 
counterclockwise rotation 

GB - Type GA with mounting 
bracket and printed 
wiring board mounted 
on resistor 

GP - Basic Type G with pin 
terminals 

I 

locating 
lug 

Option 

I 

1 Not available with 
21_____ switch unless panel 
~ watertight bushing 
4 is used 

.--, .--, 

GA2G056S501UA 

Total Resistance Value 

First two digits are significant 
figures and the third indicates 
the number of zeros following 
the first two digits -

Examples: 101 = 100 Ohms 
SO 1 = 500 Ohms 
255 = 2.5 Megohms 

I 

I 
L-J I ~---------, 

G 

N 

H 

M 

l 

s 

T 

p 

E 

y 

z 

90 

I 
Bushing Type and length Shah Le ngth 

-
-
-

-

-
-

-

-
-
-

-

Plain .250 inch 
(6,35 mm) long 
Plain .375 inch 
(9,52 mm) long 
Plain .500 inch 
(12,70 mm) long 
Locking .375 inch 
(9,52 mm) long 
Locking .500 inch 
{12,70 mm) long 
Locking .625 inch 
( 15,88 mm) long 
Panel Watertight - Plain 
.250 inch (6,35 mm) long 
Panel Watertight - Plain 
.375 inch (9,52 mm) long 
Panel Watertight - Plain 
.500 inch (12,70 mm) long 
Panel Watertight - Locking 
.375 inch (9,52 mm) long 
Panel Watertight - Locking 
.500 inch (12, 70 mm) long 

Measured fr om mounting 
ches and surface in in 

sixty-fourths 

Example: 
032 = 32/ 64 or .500 inch 

0 mm) (12,7 
200 = 2. OOOinches 

(SO, 80 mm) 
056 = 7/8 or .875 inch 

(22, 22 mm) 

Shaft Ending 

andard Slot 
in Round 

andard Flat 

s - St 
p - Pia 
F - St 

CAUTION: Part number format does not allow for exclusion 
invalid mechanical and/ or electrical combinations. Check par 
limits in preceding text. 

J-lardware Combinations 
Mounting Lock• 

Nut washer lockn ut 

A - (l)M-4721 (l)M-4748 --
E - (2)M-4721 (l)M-4748 --
C - (l)M-4721 (l)M-4748 61 (l)M-47 
L - -- -- 61 (l)M-47 
z - (no hardware) 

Taper Type and 
Total Resistance Tolerance 
u - Linear (U), ± 10% 
M - Linear (U), ± 20% 
A - Clockwise Modified - Logarithmic (A), ± 10% 
R - Clockwise Modified 

Logarithmic (A), ± 20% 
8 - Counterclockwise Modified ~ 

Logarithmic (B), ± 10% 
T - Counterclockwise Modified 

Logarithmic (8), ± 20% 
D - Clockwise Exact 

K -
Logarithmic (DB), ± 10% 
Clockwise Exact 

of Logarithmic (DB), ± 20% 
meter s - Modified Linear (S), ± 10% 

y - Modified Linear (S), ± 20% 
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• Type_) 

Hot-Molded 
Panel 
Potentiometers 

SPECIFICATIONS 
General 

Temperature range - -55° C to + 1200 C. 

Total resistance values - Preferred nominal values 
listed below. Other values available. 

OHMS 
50 750 7.SK 75K 750K 

100 lK 10K 100K 1 Meg. 
200 2K 20K 200K 2 Meg. 
250 2.5K 25K 250K 2.5 Meg. 
500 SK SOK SOOK SMeg. 

Total resistance tolerances - ±20% or ± 10%. 

Tape rs - Available in the following resistance ranges: 

TAPER TOTAL RESISTANCE RANGE 
u 50 Ohms to 5.0 Megohms 

A.B. S&DB 250 Ohms to 5.0 Megohms 

See chart on Page 93 for explanation of tapers. Special 
tapers, where practical, can be supplied. 

End resistance - See chart on Page 93. 

Switches - Single pole, Single throw snap switch that 
"turns on at start of clockwise rotation". Unde!Wtiter 
rating 2 amperes 125 volts RMS 60 Hertz. Unde!Wtiter 
Laboratories approval file number E-10392. Also rated 
10 amperes 10 volts direct current noninductive. Meets 
3 ampere 117 volts MlL-R-94 specification. Switches 
can be operated 5000 cycles at full rating. 

1-5/32 ( 1.156) Inch 
(29,36 mm) Diameter 

2.25 Watts (70° C) 
50 Ohms to 5.0 Megohms 

FEATURES 

• ± 20% or ± 10% Tolerance 

• Linear and Non-Linear Tapers 

• Hot-Molded Composition 

• Single, Dual and Trip le Sections 

• Switches UL Approved 

• Style RV4 and 2RV7 

Attenuators - See Allen-Bradley Publication 
EC5910-2.l for L, Bridged-T, Straight-T and Bridged
H pads. 

Applicable military specification - Many of the 
single variable resistors listed herein may be ordered as 
Style RV4 of MIL-R-94; and many of the duals may be 
ordered as Style 2RV7 of MIL-R-94. 

Electrical 

Power - 2.25 watts maximum at + 70° C (single 
resistors only) provided voltage rating is not exceeded. 

Power derating - Derate power linearly from 
+ 70° C to zero at + 120° C. Derate 50 percent for 
non-metallic mounting and for resistors with "A", "B", 
"S", and "DB" tapers. For rheostat applications see 
Page 94. 

For derating of Dual and Triple resistors refer to Page 94. 

Voltage - 500 volts maximum working voltage (RMS 
or DC), or as determined by Emax. = --./PR, 
whichever is less (at sea level). 

Dielectric withstanding voltage - Maximum 
continuous voltage 500 volts RMS at sea level, 300 
volts RMS at 3.4 inches (86,36 mm) mercury. Will 
withstand a one second test of 1000 volts RMS at sea 
level or 500 volts RMS at 3.4 inches (86,36 mm) 
mercury. (Elecbical specifications continued on Page 92.) 
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Electrical 

Taps - Single electrical taps are available at 35 
percent, 50 percent or 65 percent of rotation. 
Resistance tolerance ± 20 percent. Unless otherwise 
specified low series tap resistance is provided. See 
dimensions on Page 97 for t~p tenninal locations. 
Consult factory for other available taps. 

Capacitance - See Page 94 for explanation. 

Operational 

Load life - 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated power 
across entire element in still air at + 70° C ( 1.5 hour 
"ON", 0.5 hour "OFF"). 

Rotational life - 10 percent maximum change in 
total resistance as a result of a 100,000 cycle life test 
without load (single section resistors o nly). 

Mechanical 

Shafts - Diameter of shafts .250 inch (6,35 mm). 
Minimum length .250 inch (6,35 mm). Maximum 
length 6 .000 inches (152.40 mm). Preferred shaft 
lengths and endings are shown in the table below 

PREFERRED SHAFT LENGTHS 
Plain Round 

Inches .500 .625 .750 .875 2.000 
mm 12,70 15.88 19,05 22,23 50,80 

Screwdriver Slotted 
Inches .500 . 625 750 .875 

mm 12.70 15.88 19.05 22,23 

Other lengths available in 1/ 64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of the 
shaft. Special shaft endings can be supplied. 

Bushings - All bushings have a 32-NEF-2A thread 
and are .375 inch (9,52 mm) in diameter. Bushing 
lengths and types are shown in the table below. 

Panel and 
Standard Special Shaft Shaft 

Plain Locking Locking Watertight Watertight 

Inch mm Inch mm Inch mm Inch mm Inch mm 
.125 3.18 500 12,70 .375 9.52 250 6.35 .281 7,14 
.250 6.35 .500 12,70 .375 9,52 .406 10,32 
. 375 9,52 .500 12,70 
.500 12,70 

All bushing lengths are measured from the mounting 
face of the resistor and include the bushing washer. 

Standard locking bushings will prevent shaft rotation 
with torques up to 40 inc~·ounces (2,88 kgf-cm) after 
lock nuts have been tightened with a torque of 10 inch· 
pounds (11,52 kgf-cm). 

92 

Hardware - Resistors are normally supplied with one 
mounting nut, M-2786, and one internal tooth lock 
washer, M-2898. Resistors with standard locking 
bushings are normally supplied with one lock nut, 
B-13750, in addition to the above. Standard locking 
bushings with MAXIMUM shaft extension of .125 inch 
(3,18 mm) beyond the bushing can be supplied with 
acorn lock nut, M-3236, instead of lock nut, B-13750. 
Unless otherwise specified, all hardware shipped in 
bulk. For hardware dimensions see Page 97. 

Locating lugs - Two locating lugs are provided so 
resistors may be indexed with respect to the surface on 
which they are mounted. Lug option 1 standard. See 
dimensions on Page 97. 

Turning torque - At + 25° C minimum torque 1 
inch-ounce (0,07 kgf-cm). Maximum torque as follows: 

Single - 6 inch-o unces (0.43 kgf-cm) 
Dual - 12 inch-ounces (0,86 kgf-cm) 

Dual concentric types have a maximum torque of 6 
inch-ounces (0,43 kgf-cm) on each shaft. Triple 
concentric types have a maximum torque of 6 inch· 
ounces (0,43 kgf-cm) on the outer shaft and 12 inch· 
ounces (0,86 kgf-cm) on the inner shaft. Immersion 
sealed types require an additional torque of 6 inch• 
ounces (0,43 kgf•cm). 

Stop torque - 12 inch-pounds (13,82 kgf-cm) 
minimum. 

Rotation - Mechanical rotation without switch is 312° 
± 3°, with switch 333° ± 3°. Electrical rotation is 292° 
nominal. 

Backlash - Maximum backlash: single resistors 
± 1-1/ 2°, dual resistors ± 3°, triple resistors ± 6° . 

Construction - Materials are corrosion resistant and 
essentially non-magnetic; terminals are treated for easy 
soldering. 

Immersion sealed types, commonly referred to as 
"watertight", are optional. These immersion sealed 
types incorporate an internal "O'' ring between the 
shaft and bushing. External surfaces are given special 
treatment so that the entire resistor is immersion 
sealed. This feature is not available when concentric 
shafts or switches are required. 

A panel-shaft "watertight" bushing is also optional. This 
option is provided with an external "O" ring plus the 
features of the immersion sealed type. This feature is 
not available when concentric shafts are required. 
When furnished with a switch the assembly is not 
immersion sealed . 

Immersion (Immersion sealed types only) - No 
continuous stream of bubbles (4 or more) emanating 
from the resistor as a result of the immersion test ( 1 
minute in water at + 85° C). 

Marking - Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible, limited to maximum of 13 characters in each of 
two lines. AB monogram plus "Type J" always included. 
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Environmental 

Vibration - 2 percent maximum total resistance 
change and 5 percent maximum resistance setting 
change. (Single and dual resistors tested per method 
204, condition "C" of MlL-STD-202. Triple resistors 
tested per method 204, condition "A" of MIL-STD-
202.) 

Shock - 2 percent maximum total resistance change 
and 5 percent maximum resistance setting change. 
(Single and dual resistors tested per method 213, 
condition "I" of MIL-STD-202. Triple resistors tested 
per method 213, condition "G" of MIL-STD-202.) 

Moisture resistance - 10 percent maximum total 
resistance change. (Tested per method 106 of MIL
STD-202. Resistors with solid shafts only.) 

Corrosion resistance - Materials show no corrosion 
after a 200 hour salt spray test. (Method 101 of MIL
STD-202.) 

Effect of soldering - 2 percent maximum change in 
total resistance as a result of immersing the terminals in 
350° C solder to within 0 .125 inch (3,18 mm) of the 
resistor body for 5 seconds. 

Temperature cycling - 3 percent maximum change 
in total resistance as a result of the temperature cycling 
test (five cycles - 55° C to + 120° C). 

Taper data 

TAPERS I IOOK 
minal Resistance-Rot 

90K racteristics or Ta 

IIOK 

,, '" e 70K 

..c 
l•Q 60K 

.s 
L ~ SOK 

\,l 

1! 40K 

"' -~ JOK 
IX 

20K 

I0K 

0 10 20 30 40 50 60 70 80 90 100 

Percent Mechanical Clockwise Rotation 

Ordering information 

1. Type (Single, dual or triple). 
2. Taper (each element on multi-section controls). 
3. Total resistance value (each element on multi· 

section controls) in ohms. 
4 . Tolerance (each element on multi-section controls) 

percent. 
5. Bushing type (plain, locking, shaft watertight, o r 

panel and shaft watertight). 
6 . Bushing length in inches. 

Low temperature operation - 3 percent maximum 
change in total resistance as a result of the low 
temperature operation test (-55° C for two hours 
without load and 45 minutes with rated load). 

Low temperature storage - 2 percent maximum 
change in total resistance as a result of the storage test 
(24 hours at - 63° C). 

Temperature characteristics - Maximum percent 
temporary total resistance change from the +25° C 
value. See table below. 

Degrees Celsius - ~u" UnearTaper 
Nominal 

Resistance -55° _250 oo +250 + 55° +85° +120° 
lOOOhms + 4.5 +2.5 + 1.5 0 :!:l .0 :t:1.5 +3.5 

1,0000hms + 5.5 +3.0 +1.5 0 :!: l,Q :!:2.0 +4.5 
10,000 Ohms + 7.0 +3.5 + 2.0 0 ± 1.0 :!::2.5 +5.5 

100.000 Ohms + 8.0 +4.0 + 2.0 0 ± 1.5 :!:3.0 +6.0 
1 Megohm +10.0 +5.0 +2.5 0 ± 1.5 :!:3.5 +7.5 

For "S", "A", "B" and "DB" tapers multiply percentage 
figures shown above by 1.25. 

END RESISTANCE 

MINIMUM MINIMUM 
RESISTANCE RESISTANCE 

BElWEEN BElWEEN TAPER 
TERMINALS TERMINALS 

land 2 2 and 3 

U&S D D 

A D H 

B . H D 
DB D H 

D "Less than .004% of total resistance." or "less than 4 
ohms·· whichever is greater. 

H "Less than 1 % o f total resistance," or "less than 4 ohms'' 
whichever is greater. 

D Less than 4 ohms. 

7. Shaft ending (plain, slotted or flatted). 
8 . Shaft length from mounting surlace in inches. 

9. Switch required? 
10. Locating lug option (1, 2, 3 or 4). 
11. Mounting hardware (AB Standard or Other). 
12. Part number you have assigned, if any. 
13. Marking required on the part, 

14. Special features. 
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Additional ratings 

Multiple resistor power derating - The permissible 
power dissipation in one resistor element is a function 
of the power dissipation in the other elements. 
Maximum continuous power rating in watts with entire 
resistor elements in the circuit are as follOVJS: 

( 
wt ) 2 + (W2)2 + (W3)2 = I (MaXJmuml 
225 1.8 1.8 

Where W 1 = Watts in entire first or panel resistor element 
W2 = Watts in entire second or middle resistor 

element. 
W3 = Watts in entire third or rear resistor element. 

Derating " 1th respect ro roll!tion - rheostat 
applkalion 

Multiply 
Percent Wattage Percent 
Rotation Rating By Rotation 

100 1.00 40 
90 0.99 30 
80 0.98 20 
70 0.% 10 
60 0.93 0 
50 0.89 

DIMENSIONS 
Single section resistors 

.121 .ZIO 
IJ, Ill (l.3SJ 

With or Without S...tch Plain Shaft Ending 
With Plain Bushing or Shah Waterught Bushing 

1.000 Mu . 
1:/5,40 / 

Multiply 
Wattage 

Rating By 

0.81 
0.68 
0.49 
0.23 
0.11 

...... J - nNU - v. T-
......... ~. 
.m - .600 
19 511 (11,IOJ 

f . j l"""" ,,_ .MIO / r,.101 ..,.,_ 
':':---.. ( ,o 1.000 flS2."1/ _..._ 
-...,,.. --

With or Without S...tch Pla,n Sh.,ft Ending 
With Special Locking Bushing (For Use With Jc,m Nut M 36381 

94 

Capacitance - The capacitance between terminals 
#l and #3 with terminal #2 "floating" is approximately 
2 to 3 pF at 1 KHz. 
The capacitance between terminal #1 (grounded to 
bushing) and terminal #J (shaft in extreme clockwise 
position) is approximately 10 to 12 pF at 1 KHz. 
The capacitance between all terminals shorted together 
and the bushing is approximately 15 to 20 pF at 1 KHz. 
In all cases capacitance indicated is for resistor only 
and does not include capacitance of measuring lead 
wires on test fixtures. 

Arst or Panel S«ood or Middle Third or Rear 
Resistor Element Resistor Element Rnlstor Element 

Wt W2 WJ 
225Watts 0 Watt -
200Watts 083 Wan -
1 75 Watts 1.13 Watts -
I SO Watts 134 W.sns -

DUAL 1 25 Watts 1 49 Watts -
SECTION 1 OOWatts 1.61 Wans -

075 Watts 1.70 Watts -
0SOWans 1 76 Watts -
025Wans I 79Wans -
0 Watt I 80Wa11s -
2.0 Watts 05 Wa11 0.65Wan 
15 Wans 10 W11n 089Wan 
15 Watts 05 Wan I 24 Watts 
I 0 Watt 1.5 Wlltts 059Wan 

TRIPLE 10 Wa11 10 Wan 127 Watts 
s ECTION 1.0 Wlln 05 Wan 153Watts 

0.5 Wa11 15 W11ns 090 Watt 
0.5 Wlltt I 0 Wllll 144Watts 
0.5 Wan 0.5 Walt I 68Warts 

See Page 96 for additional dimensions common to all units. 

- A" j -l2Nlf - 2ATIW-

-.... 
L..,.,.. "°"' .Gll /15,M/ "'IO l .000115,.40/ __ --

W,rh or Wtthout Switch Plain Shafi Ending 
With Stllndard. Locking Buslung 

"A- l - J2 NEF - ZA~ 

ma.a l 
,,,_,, £ O,IDI 

I ' i.....,.,. ___ /IO,»J -

7 • •-- t•60.0I/---..... $.,rl-

With or Without S...rch Pla,n Shalt Ending 
Wuh Panel Shalt Watertight Bush,ng 
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DIMENSIONS 
Dual section resistors See Page 96 for additional dimensions common to all units. 

Plain or Shaft Watertight Bushing 

.531,1 .005 
/13,49 L 0. /J/ 

.175 L .031 
172,21 L 0,fl0/ 

Standard Locking Bushing 

,~ j 
Mumnum ,:,t'-up of mounttnt ~-~ct,~ 
~ . mount•nt lock wa.h« • Lengttu from .625 115.881 m,n1mum 
mourit•nt tMJI 250 (6.35} to t .000 f 151,401 M&1umum 

Movntu~ 
Surf-

With or Without Switch P1ain Shah Ending Four randc,m\y locat~d slots on all locking bushings 

Special Locking Bushing 
(For Use With Jam Nut M·3638) 

f -32 NEF - 2A Tl1•eod 

Stondo,d 
-+---.Sulh1nt L•notn• 

.375 _ .500 
19.5:;>J I 11,10/ Mu.1m4,11n o,tlt 1r,1p o4 rnount,ne 

~ - mounttnt tock •--& "'°""""" ""' .260 /6.35/ 
t Lengths from .500 (12,101 mantmum 

' 10 I 000 / 151.40/ .............. 

Mounhng 
Surf ... 

Four randomly loa,ted slots on d1i lock1n9 bush,ngs 

Sland#d----✓ 

8""'i11tl .... dot 
.125 - .2!iO - .37$ - .500 

13.18/ 16.35/ /9.fi1/ 0'1.101 

f -32 NEf - 2A Thfeod 

Triple section resistors 

Plain or Shaft Watertight Bushing 

f 
,.;:;:,o...Ma.:.~ -4--#---lt--~it-..fffl--ti 

i 

11w11.,. l_.;,s 
• 12!> .2!iO .375 .500 

13. 18/ - (6,35J - /9,521 - 112,,01 

531 • 005 
(IJ,49L 0, /.J/ 

.,is .. 006 / 
/3, 18 L 0. 13/ 

•

1166 
119.36/ 
Ota Mo 

__,j __ 

.J. l~ 
. , ♦ 000 

.250 _ :ooi 011. 

/,:35. 0.00) 
,· ~ 0.05 

.876 L ,031 
122.n • 0,801 

; - 3l NEF - 2A Thrud 

With or Without Sw.rch 

t t l•nvtht hom •06 110 37} "11f\ll1'\ll'fl l 'o 5 906 t 150 OIi mb1mum 

Moun1ino 
Wuh Panel Shah Wa1e rt1ght Bushing 
Plam Shah Ending 

S..rllCI 

,531 * .006 
/13,49 L 0. 13/ 

With or Without Sv.,,1ch 
Separa1c Concentnc Shdfts for lndepend~n, Operat,on ol Earh Res,sto, 
Outer Shah Operah!S Panel S..'<:t1on 
Inner Shc,ft Operates Sv.,,tch and Rear S<?c11on 
Pla,n Shdft Enchng 

See Page 96 for additional dimensions common to all units. 

.~1 • .006 
/t.J.4!h 0.13/ 

.115 t .OJI 
122.22 • 0.801 

1'111,n Shah End,ng 

Standard Locking Bush ing 

Mulffl!Jm Pl .. up of rnountu)II 
~ . mOuftllnf todi WIii.,_,. • 
rnot.1nlfnt l'lll .260 f6.35J 

j - Jl NEF - 2A lhfud 

-''A'':J r
;~; .):;i;-

L~l"lfffi* from .625 I 15,881 m1,umuM 'to 6.000 1,52 I0l tnt:.1tffllt,jffl 

iti4ount1nt 
s.rt-

Four randomly 
located slots un 
all locking bu~h,ng, 

95 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

DIMENSIONS 
Tnple section resistors 

f 
1.156 o,. Mu. 

.. 531 <c .. 005 
/13,49 • 0,13/ 

Special Locking Bushing 
(For Use With Jam Nut M -3638) 

¾ • l2 NEF - 2A Thnod 

119.:161~1 ____ 1" .. 875 i 031 
171,.11 "- 0,80/ 

W,1h P~nel Shafi Wa1ert1gh1 Bushing 
P1111n Sh~ft Ending 

• 000 
250 - :002 o ... 

16,35 • 0,00) 
\' - 0 .. 05 

. 1:lfi 
/3, 18/ J . 1:lfi ♦ . :is, 

-:r,1 .. . 
h 1hOJ 

·;.. 

.531.i .OCfi 
/ 13,.49• 0,.13/ 

"A" ¾ - l2 NEF - 2A ThlMd 

" E" 

,1175 ... .. 031 
112.72 • 0,80/ 

Maa,mum p•I• "P of mountif't 
PIML n,ounu,,. lode wl:IMI 6 
mounung nut .260 (6,351 

,,-A 
Mounhnt 
Sutfeic. 

ltnf1h• from .500 I 12,.lOJ m.nmum 
to 6.000 f t52.40J mu ,rnum 

With or W,thoul Swilch 
W11h Concentnc Shahs 
Ou1er Shalt Opera1es P<1nel Section 
Inner Shah Opera1es S..,1ch. 
Middle <1nd Rear Secllons 
Plain Shaft Ending 

e..111.,. L.,.,,,, H 
.. 126 .250 .J7S .. 600 "A"· 250 /6.351 "''"""""' 1011.000 / 152 .. 40/ rnulmllm (0.,,-C-11lcl 

13. 18/-/6,.35/-(9,52/( 17,.70/ ~dnt "'E" • .125 13 .. 18/ ml_,,, 109,000 / 151,40/ .,..;.,,.,.. (I- C-lricl 

Surf-

DIMENSIONS COMMON TO ALL UNITS 
Mounting holes 

.531 _. .OCfi 
113.49• 0. 131 

-40e o .. , Min""""' 
/ 10,32/ ......... .._ ..... 

128 Oll. Minwnum 
/3.15/ 

Moun11ng dimension for res,s1ors with pl.l,n bushings. shah warertlghl bushings. 
and locking bushings 

Standard slotted shaft ending 

Slol .047 ._ .DOS Wido 
/ I 19i 0, 13/ 

ecc • 2•· • s· 
/. ,w11t1 Switch. In,_, 

Sh•tt 3" • ... 

.031 : .. ::: 

loso • O.J~ 

SNh tn eatterne 
-+-~.-+ countatc:~WIM 

,. . - o.oo r .12s • . 001 o ... 
,,,_ ,.,__ 13. 18 t 0.031 
$Nit ~ 

S101 .031 < .OCfi Wodo 
/0,80• 0.13/ 

poamon 

Sc,l"#fd,1¥tf »ot 
tn tine with monbt• con11e1 

Dtmens,ons for resistors wilh concenlnc shafts 

Basic d1mens1ons in ,nchl!s 
Dimensions shov,n 1n 
PARENTHESES are in 

m1lllme1ers. 

TOLERANCE 
D1mens1onal Tolerance ± 016 

(0.40). 
E>cepl as Spec1f,ed 

NOTTO SCALE 

.S31 t. .OCfi 
/13,49 • 0 IJJ . 121113.~ 0.. M1.-.m 
~..__.,,__~ Min-;::: :":.;':,!I, 191 

128 (3,251 Ola, Minunum 
M,n.,,.,m dOpd, ,047 I 1,19/ 

UIR-• odl 

from,.., ot penef --+----"!li;-+-t-t---.1'--t-

Mounting dimenslOn for res,slor wirh panel shaft walertight bushings 

ecc • 2• · , 1~ 

--Wid,Sw11ch l"• .. , 

Shih ,nPD"efflt 

cou"t•doekwl.M 
po.snion 

Scnwdrffll' dot 
1n tine with mov.W. contact 

Dimensions for res1s1ors wilh solid shahs. 

All 250 (6,35) diameter shahs supphed wirh maximum 
chamfer 031 10.80) x 45° at lhe shah end 

96 
All 125 (3.18) dlamcler shahs supplied wilh maximum 

chamfer 016 (0,40) x 45° at the shah end 
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DIMENSIONS COMMON TO ALL UNITS 
Standard flatted s haft ending 

o.. ... 
5'1111 

Shlh1n e,n....,,. 
oounwck:ldlwi.t 

po111.on 

fl•b oppouta --Dimens1ons for resistors with concentric shafts. 

TenninaJ conne<.iions to resistance element 

#1 bO'efflilC'°'4nt8'dodtWt•End 

112 M0¥1bteConl.lC18Nlft 

# 3 Extnmt Cloow!• End 

#78 
#7A 
#7 ,.., 

'14 ,-.., 1611 Effect,.. o, Spoclll -
50ll....S100% 

Locating lug options 

.631 t .001 ,. ... W 
°""°" "' S-.t L-~"I lut 

tulOd u..- _ ,,. Spoc.fiodl 

Mounting hardware 

# 1 r.., - Effect,.. C_w._ 
1110 Tep 35V. Etfectiw Clockwi• ot 

S.-,iol-Oond5o,,; 
T..,Locot_ T_.._"-~ 

.631 i .OOI 

$ 
()i,tlon #2 

.250 : ::: o. •. 
(635 • 0-00 ) 
I' · - o.05 

-r 
.211£ .002 

15.'9 ,. 0,061 

fl.et wtlt e:alllnd to • •••" .G31 t0,80J of 
mount"'I .... .,,...,-. ,,,_h......,. w~I 

not s-nu1 ,t:andl,,d flet. 

FO.t _ ,. 

mowlt)lit cont.Kt 

DimenslOns for resostors with sohd shafts. 

All 250 (6.35) diomet•r sh<lfli wppll<!<! wnh '"",amum 
chamfer 031 (0.SOl • 45° •t the wh end 

Alt 125 (3.181 diameter shalt, wppll<!<! "'11h ma'""'um 
chamfer 016 10.40) • 45° OI the sh<,ft end 

11~1 • (1~~ 1 Slot W>ll 
.............,. .. , #12, 2 # 160< 

3 q208 6 $ - '°'ld 
Of ttr ...... ..,.,.. 

~oor; 
.062 , l09 #18 #lA ,;1 

/I .51/ • (1. ]8/ Slot w,U 

moow.-•2 '1110, 
3 112086S- '°'od 

Of..,...a.t ... 

When Specified, Any of the Hardware lllustrated can be supplied (See Page 92) ... ,:~,\~, @[::,;~, 103 ,St r HQ-i-1 IS I f / -1 r- ,g ,1,1 
.ll 16) .Jt .1$0 ©~·g @,;:f·I ,, LL. 19 ()l.1151 

* Mounting Washer M-3462 Mounting Washer M-3461 Lock Nut 8 -13750 

~ r. :..°::.I Lock Nut M-3318 ~r ,,·· , r,;~, SM a•-== O'r- :-rr-"'°''1 
"ff' . 'T' ©~B @_£8) 

Lock Washer M-2898 l ock Washer M-3252 Jam Lock Nut M-3638 ·- ·- Acom lock Nut M-3236 
1r,~, , r /2,M/ ,va,--, t-

@~ @}:~ @}] 
Mounting Nut M-2786 Mounting Nut M-1766 Pal Nut M-2907 
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Hot-Molded 
Panel 
Potentiometers 

EXPIANATION OF PART NUMBERS 

JA - Single J 
JS - Single J with SPST Swttch 
JD - OualJ' 
JB - Dual J w,th SPST Switch. 
JE -TripleJ' 

• II the electncal sped hcatoons are not 
Identical for each section. a special number 
will be required, 

I 
Hu,hmif 1 \.Jlt' ,th,f I ,·u11t1 

R - Plain. I25mch (3.18mm)long 
G - Plain, ,250 mch (6.35 mm) long 
N - Plain .. 375 inch (9.52 mm) long 
H - Plain. 500inch (12.70mm)long 
L - Standard Locking - (slotted 

& bevelled) 
.500 ,nch (12.70 mm) long 

M - Special Locking - (slotted only) 
.375 Inch (9.52 mm) long 

K - Special Locking - (slotted only) 
.500 inch (12.70 mm) long 

F - Shalt Watertight. 
.250 inch (6.35 mm) long 

D - Shalt Watertight. 
,375 inch (9.52 mm) long 

W - Shalt Watertight. 
,500 inch 02.70 mm) long 

P - Panel Shalt Watert.ighL 
.281 inch (7.14 mm) long 

E - Panel Shalt Watertight 
.406 inch (10.32 mm) long 

1.,., 1111111 lw1 
l )111uiu 

l 
2 
3 
4 

JA1N056S501 UA 
I I I 

',h,,h l,·11<Jih 

Measur ce ,n ed from mounting surf a 
nd s1x1y,fourths inches a 

Example: 
032 = 3 2/ 64 or .500" ( 12,70 

/8 or .875" (2222 mm 
000" (50.80 mm) 

mm) 
056 = 7 
200 = 2, 

Letter 

s 
p 
F 

._h,,11 I 111h11<t 

Type 
Standard Slotted 
Plain Round 
Standard Flatted 

) 

f CAlJTION: Part number format does not allow for exclusion o 
invalid mechanical and/ or electrical combinations. Check param eter 
limits in preceding text. 
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-

luMl H,~,,,1,H1(, \; ,hw 

Arst two digits are s,gn,ftcant hgures and the 
third indicates the number of zeros followong 
the first two digits -

Elcamples: 101 100 Ohms 
501 = 500 Ohms 
255 ; 2 5 Megohms 

f IJtdV..,IH ( rnnt,11,r1lihllt. 

Mounting Nut Loc.kwasher Locknut 

A - (I )M-2786 (l)M,2898 - - -
E - (2)M-2786 (l)M-2898 - - -
C - (l)M-2786 (l)M-2898 (1)8-13750 
J - (J)M 2786 (J)M-2898 (l)M-3318 

W - (I )M-2786 (J)M-2898 (l)M-3236 
Y - (l)M-2786 (l)M-2898 (l)M-3638 
N - (l)M-I766 (l)M-3252 - - -
Q - (2)M-I766 {l)M-3252 - - -
S - (OM-I766 (l)M-3252 (1)813750 
U - (J)M•l766 (I )M-3252 (l)M-3638 
L- - - - - - - (1)8-13750 
X - ll)M-2907 - - - - - -
Z - (no hardware) 

f ljlt'f h.pe rmJ T11t.,I Rl·~,-,r,u,n_• lult•r,UH t-· 

U - Linear (U). ±10% 
M - Unear(U). ± 20% 
A - Clockwise Modified 

Loganlhmic (A). ± 10% 
R - Oockwtse Modified 

Logarithmic (A). ± 20% 
B - Counterclockw,se Modified 

Logarithmic (Bl. ± 10% 
T - Coun1erclockwlse Modified 

Loganthm,c (8). ± 20% 
D - Clockwise &act 

Logarithmic (DB). ± JO% 
K - Clockwise Exact 

Logarithmic (DB). t 20% 
S - Modified Linear (S), :e: 10% 
Y - Modified Linear (SJ. :!:20% 
C - Unear (U). z-10% with 50% (cented Tap 
F - Linear (U). 1:2()% with 50% (center) Tap 

Pa,I T \(k' ,11111 

I th\rt.U i.·,h.th. t1111wd,u,, •· 1,,1.,tdrh·,, 

E - Attenuator L -Pad "' 15% 
L - Attenuator L-Pad '.!: 2()% 
N - Attenuator Bndged T Pad : 15% 
P - Allenuator Bridged T-Pad :!:.20% 
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• TypeJ 
™ Hot-Molded 

Panel 
Potentiometers 

SPECIFICATIONS 
General 

Both coarse and fine rheostat or potentiometer 
adjustments are now possible in a single-knob 
single-turn control due to the special coupling 
between front and rear sections of this Type J 
variable resistor. It's lower in price than concentric 
construction and needs the panel space of only 
one control. 

Typical circuitry 

As a rheostat 

~ -
{ R2re 

As a potentiometer 

A 

B 

Four-Terminal 
Circuit 

This lifts Terminal C 
above Terminal B by 
an amount equal to 
the voltage in the 
lower portion of the 
RI section. 

Vernier Adjustment 
1-5/32 ( 1.156) Inch 

(29,36 mm) Diameter 
2.25 Watts (70°C) 
50 Ohms to 5 Megohms 

FEATURES 

• ± 20% or ± 10% Tolerance 

• Hot-Molded Composition 

• Single-Knob, Single-Turn 

R2 (rear section) is usually the higher value, 
generally by a factor of about 10 times Rl (greater 
than 20:1 ratio is not recommended). Built-in 
backlash will permit R2 to "idle" while a "backing 

. off" adjustment is made in Rl. Mechanical inde
pendence of Rl covers about 40°. 

:---R+--j •~ RI : 
A 

R2 

B C B C 

Three-Terminal Parallel Three-Terminal Modified 
Circuit 

In this case, the R2 section is the 
lower resistance, the RI is 
higher. A ratio of 5: I is prob• 
ably a good one here due to 
the loading effect of R2 on 
Rl adjustments. 

Circuit 

This maintains continuity 
between B and C but results 
in a changeable overall 
resistance between Terminal 
A and 8 . 

For additional specifications, please refer to Technical Publication EC5607-2. l. 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRlBUTORS. 
99 
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SPECIFICATIONS 
General 

Temperature range - 55° C to + 150° C. 

T oral resistance values Preferred nominal 
values listed below. Other values available. 

so 
100 
250 
500 

lK 
2.SK 

SK 

OHMS 
IOK 
25K 
SOK 

IOOK 
250K 
SOOK 

1 Meg. 
2.5 Meg. 

5 Meg. 

Total resistance tolerances - ± 20% or ± 10%. 
Tapers - Available in the following resistance ranges: 

TAPER TOTAL RESISTANCE RANGE 

u 50 Ohms to 5.0 Megohms 

A, B,S& OB 250 Ohms to 5 0 Megohms 

See chart on following pages for explanation of 
tapers. Special tapers, where practical, can be 
supplied. 

End resistance - See chart on following pages. 

Electrical 

Power - 3 watts maximum at + 70° C for "U" 
linear taper only, (single resistors only) provided 
voltage rating is not exceeded. 

Power derating - Derate power linearly from 
• 70° C to zero at • 150° C. Derate SO percent for 

TypeK 

Hot-Molded 
Panel 
Potentiometers 
1-5/32 {1.156) Inch 

(29,36 mm) Diameter 
3.0 Watts (70° C) 
50 Ohms to 5.0 Megohms 

FEATURES 
• Single, Dual and Triple Sections 

• Linear and Non-Linear Tapers 

• :!: 20% or :± 10% Tolerance 

non-metallic mounting and for resistors with "A", 
"B", "S", and "DB" tapers. For rheostat applications 
derate directly with shaft or actuator position. 

For derating of Dual and Triple resistors refer to 
following pages. 

Voltage - 500 volts maximum working voltage (RMS 
or DC), or as determined by Emax. = ~ 
whichever is less (at sea level). 

Dielectric withstanding voltage - Maximum 
continuous voltage 500 volts RMS at sea level. Will 
withstand a one second test of 1000 volts (RMS or 
DC) at sea level or 500 volts RMS at 3.4 inches 
(86,36 mm) mercury. 

Capacitance - The capacitance between terminals 
#1 and #3 with terminal #2 "floating" is 
approximately 2 to 3 pF at 1 KHz. 
The capacitance between terminal #1 (grounded to 
bushing) and terminal #3 (shaft in extreme clockwise 
position) is approximately 10 to 12 pF at 1 KHz. 
The capacitance between all terminals shorted 
together and the bushing is approximately 15 to 20 
pF at 1 KHz. 
In all cases capacitance indicated is for resistor only 
and does not include capacitance of measuring lead 
wires on test fixtures. 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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Operational 

lodd life - 10 percent maximum change in total 
resistance as a result of a 1000 hour test al rated power 
across entire element in still air at + 70° C ( 1.5 hour 
"ON", 0.5 hour "OFF"). 

Rotational lift - 10 percent maximum change in 
total resistance as a result of a 100,000 cycle life test 
without load (single section resistors only). 

Mee hank al 

Shdft, Diameter of shafts .250 inch (6.35 mm). 
Minimum length .250 inch (6.35 mm). Maximum 
length 6.000 inches ( 152.40 mm). Preferred shaft 
lengths and endings are shown in the table below 

PREFERRED SHAFT LENGTHS 
Plain Round 

Inches 500 .625 .750 875 
mm 12.70 15.88 19.05 22.23 

Screwdriver Slotted 

Inches . 500 625 .750 

mm 12,70 15.88 19.05 

2.000 
50,80 

.875 
22,23 

Other lengths available in 1/64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor lo the free end of the 
shaft. Concentric shafts available, see DIMENSIONS. 

Bushings - All bushings have a 32-NEF-2A thread 
and are .375 inch (9,52 mm) in diameter. Bushing 
lengths and types are shown in the table below. 

Panel and 
Standard Special Shaft Shaft 

Plain Locking Locking Watertight Watertight 

Inch mm Inch mm Inch mm Inch mm Inch mm 

.125 3.18 .500 12.70 375 9.52 .250 6,35 .281 7.14 

.250 6.35 .500 12.70 375 9.52 406 10.32 
375 9.52 .500 12.70 
500 12.70 

All bushing lengths are measured from the mounting 
face of the resistor and Include the bushing washer. 

Standard locking bushings will prevent shaft rotation 
with torques up to 40 inch-ounces (2,88 kgi-cm) after 
lock nuts have been tightened with a torque of 10 inch
pounds (11.52 kgf-cm). 

Hardware - Resistors are normally supplied with one 
mounting nut, M-2786, and one internal tooth lock 
washer, M -2898. Resistors with standard locking 
bushings are normally supplied with one lock nut, 
B-13750, in addition to the above. Standard locking 

TypeK 
bushings with MAXIMUM shaft extension of .125 inch 
{3.18 mm) beyond the bushing can be supplied with 
acorn lock nut, M-3236, instead of lock nut. 8-13750. 
Unless otherwise specified, all hardware shipped in 
bulk. For hardware dimensions see Page 106. 

Lo dlinq lugs Two locating lugs are provided so 
resistors may be indexed with respect to the surface 
on which they are mounted. Four lug options 
available. Lug option 1 standard. See DIMENSIONS. 

l urnmq torque - At ... 25° C minimum torque 1 
inch-ounce (0,07 kgf-cm). Maximum torque as 
follows: 

Single - 6 inch-ounces (0,43 kgf.cm) 
Dual - 9 inch-ounces (0,65 kgf-cm) 

Triple - 12 inch-ounces (0,86 kgf-cm) 
Dual concentric types have a maximum torque of 6 
mch-ounces (0,43 kgf-cm) on each shaft. Triple 
concentric types have a maximum torque of 6 inch• 
ounces (0,43 kgf-cm) on the outer shaft and 9 inch
ounces (0,65 kgf-cm) on the inner shaft. Immersion 
sealed types require an additional torque of 6 inch
ounces (0,43 kgf-cm) . 

':ilop 1tm-tu• 12 inch-pounds (13,82 kgf-cm) 
minimum. 

Hotation Mechanical rotation is 312° .... 3°. 
Electrical rotation is 292° nominal. 

Oilt \(!..,.,t, - Maximum backlash; single resistors 
_ 1-1/ 2°, dual resistors ~ 3°, triple resistors :: 6°. 

l onstruct,on Materials are corrosion resistant 
and essentially non-magnetic; enclosure is dust and 
splash resistant; terminals are treated for easy 
soldering. 

Immersion sealed types, commonly referred to as 
"watertight", are optional. These immersion sealed 
types incorporate an internal "O" ring between the 
shaft and bushing. External surfaces are given special 
treatment so that the entire resistor is immersion 
sealed. This feature is not available when concentric 
shafts are required. 

A panel-shaft ''watertight" bushing is also optional. This 
option is provided with an external "O" ring plus the 
features of the immersion sealed type. This feature is 
not available when concentric shafts are required. 

lmrner~1on 'lmm,•r~eon St!ctled 1ype~ <•nil) - No 
continuous stream of bubbles (4 or more) emanating 
from the resistor as a result of the immersion test ( 1 
minute in water at + 85° Cl 

Ma1kin11 Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible. limited to maximum of 13 characters in each of 
two lines. A-B monogram plus "Type K" always 
included. 
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TypeK 
Environmental 

Vibration - 2 percent maximum total resistance 
change and 5 percent maximum resistance setting 
change. (Single and dual resistors tested per method 
204. condition "C" of MlL-STD-202. Triple resistors 
tested per method 204, condition "A" of MIL-STD· 
202.) 

Shock - 2 percent maximum total resistance change 
and 5 percent maximum resistance setting change. 
(Single and dual resistors tested per method 213. 
condition "I" of MIL-STD-202. Triple resistors tested 
per method 2 13. condition "G" of MIL-STD-202.) 

Moisture resistance - 10 percent maximum total 
resistance change. (Tested per method 106 of MIL
STD-202. Resistors with solid shafts only.) 

Corro:,,ion resistance - Materials show no corrosion 
after a 200 hour salt spray test. (Method 101 of MIL
STD-202.) 

Effect of soldering - 2 percent maximum change in 
total resistance as a result of immersing the terminals in 
• 350° C solder to within 0.125 inch (3,18 mm) of 
the resistor body for 5 seconds. 

I emperature cycling - 3 percent maximum change 
in total resistance as a result of the temperature cycling 
test (five cycles - 55° C to + 150° C). 

Tdper data 

TAPERS 
IOOK 

Nomlna.l Resistance-Rotation 
90K Characteristics or Tapers 

for Total Resistance 
SOK of 100K 

"' E 70K 
.c: 
0 60K 

.5 
<II 
V 

SOK 

C: 
~ 40K 

"' -~ JOK 
a: 

20K 

IOK 

0 IO 20 :lO 40 50 60 70 80 llO 100 

Percent Mechanical Clockwise Rotation 

Ordering information 

1. Type (single, dual or triple). 
2. Total resistance value (each element on multi

section controls) in ohms. 
3. Tolerance (each element on multi-section controls) 

percent. 
4. Taper (each element on multi-section controls). 
5. Bushing type (plain, locking, shaft watertight, or 

panel and shaft watertight) . 
6. Bushing length in inches or millimeters. 

7. Shaft ending (plain, slotted or flatted). 
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Lo~ temperature operatjon 3 percent maximum 
change in total resistance as a result of the low 
temperature operation test (- 55° C for two hour;s 
without load and 45 minutes with rated load). 

low temperature storage - 2 percent maximum 
change in total resistance as a result of the storage test 
(24 hours at - 63° C). 

TPmperature characteristics - Maximum percent 
temporary total resistance change from the + 25° C 
value. See table below. 

Degrees Celsius - •u• Linear Taper 

Nominal 
Resistance - ss• - 2s· o• .. 2s· + ss· +ss· + 120" + tso• 

100 .. 4.5 -+- 2.S • 1.5 0 ± 1.0 ±1.5 -' 3.5 I- 5.5 Ohm1 
1,000 + s.s +3.0 + 1.5 0 :!: 1.0 ::t:2.0 + 4.5 + 6.5 

O hms 
10,000 + 7.0 + 3.5 • 2 0 0 I- 1.0 +2.s .... 5.5 I- 8.5 
Ohm• 

100,000 • 8.0 + 4.0 + 2.0 0 ± 1,5 ±3.0 + 60 -t- ]0.5 
Ohms 

I + 10.0 +5.0 + 2.5 0 ± 1.5 :!: 3.5 +7,S + 12.5 Megohm 

For "S", "A", "B" and "DB" tapers multiply percent
age figures shown above by 1.25. 

END RESISTANCE 

MINIMUM MINIMUM 
RESISTANCE RESISTANCE 

TAPER BE'TWEEN BETWEEN 
TERMINALS TERMINALS 

I and 2 2 and 3 

U&S D D 

A D D 
8 D D 

DB D D 

D "Less than 004% of total re~istance," or "less than 4 
ohms" whicheve r is greater. 

D "Less than 1 % of total resistance." or "less than 4 ohms" 
whichever is greater. 

D Less than 4 ohms. 

8. Shart length from mounting surface in inches or 
millimeters. 

9. Locating lug option (1, 2, 3 or 4). 
10. Mounting hardware (A-8 standard or other). 
11. Part number you have assigned, if any. 
12. Marking required on the part. 
13. Special features. 
14. Remarks. 
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Additional ratings 

Multiple resistor power derating - The permissible 
power dissipation in one resistor element is a function 
of the power dissipation in the other elements. 
Maximum continuous power rating in watts with entire 
resistor elements in the circuit are as follows: 

( ~I )2 + (;!)2 + (;!)2 = I (Ma~mum) 

Where W1 = Watts in entire first or panel resistor element. 
W2 = Watts in entire second or middle resistor 

element. 
W3 = Watts in entire third or rear resistor element. 

Derating with respect ro rotation - rheostat 
application 

Multiply Multiply 
Percent Wattage Percent Wattage 
Rotation Rating By Rotation Rating By 

100 1.00 40 0,81 
90 0.99 30 0.68 
80 0.98 20 0.49 
70 0.96 10 0.23 
60 0.93 0 0.11 
so 089 

DIMENSIONS 

Plain or shaft watertight bushing 

Single 

_..__....____.._.1.156 o,a., 
129.361 Max. 

DUAL 

TRIPLE 

531 ± .005 
I 13,49 t 0 13! 

TypeK 

First or Second or Third or 
Panel Middle Rear 

Resistor Resistor Resistor 
Bement Element Element 

W1 W2 W3 
3.0 0 
2.75 0.96 
2.50 1.33 
2.25 1.59 
2.00 1.79 
1.75 1.95 
1.50 2.08 
1.25 2.18 
1.00 2.27 
0.75 2.32 
0.50 2.37 
0.25 2.39 

0 2.40 

Rt R2 R3 
2.5 Walls 1.0 Watt 0.87 Watt 
2.5 Watts 0.5 Watt 1.23 Watts 
2.0 Watts 1.5 Watts 0.97 Watt 
2.0 Watts 1.0 Watt 1.48 Watts 
2.0 Watts 0.5 Watt 1.72 Watts 
1.5 Watts 2.0 Watts 0.56 Watt 
1.5 Watts 1.5 Watts 1.44 Watts 
1.5 Watts 1.0 Watt 1.82 Watts 
1.5 Watts 0.5 Watt 2.02 Watts 
1.0 Watt 2.0 Watts 1.06 Watts 
1.0 Watt 1.5 Watts 1.70 Watts 
1.0 Watt 1.0 Watt 2.03 Watts 
1.0 Watt 0.5 Watt 2.20 Watts 
0.5 Watt 2.0 Watts 1.26 Watts 
0.5 Watt 1.5 Watts 1.83 Watts 
0.5 Watt 1.0 Watt 2.14 Watts 
0.5 Watt 0.5 Watt 2.31 Watts 

Dual 

Triple 

I .875 t .031 
122,22 I 0,801 

j 

i-._ 1,906 Max. 
I 148.41/ =7 Mounting 

.___.. Surf ace 

Bushong Length, 

.125 _ .250 _ .375 _ .500 , 
/3.18/ 16,351 19,521 112,70/ J 

Mounting 
Sudace 

3 
8 - 32 NEf - 2A Thread 

Length, from .250 16.351 minimum 
to 6.000 I I 52. 40/ m•<imum 
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TypeK 
DIMENSIONS 
~tandard locking bu~hing 

To onwre proper .tlaft locking, 
pole up of panel. lock walhe, 
and mounting nut lhould not 
uceed .250 16.35/. 

Special locking bushing 

Single 

Single 

.5311. ,005 
I 13,49 t 0.131 

J. 

.875 1. .031 
122,22 1 0,80/ 

Length• from .625 I 15,881 m1n1mum 
to 6.000 I 152,40/ m .. ,mum 

.531 !. ,005 
I 13 ,49 1.. o. 111 .018 t oos r I ,,..,----10.46 ,. 0. 131 

.125 
/3, 18) 

♦ .000 .250 __ 002 DIA. 
~ Slots Randomly Located 

/ 

Mounting Surhce --

{ • 000 ) 
,6.35 - 0'05 

i. . ♦ 

T 

3 B - 32 NEF - 2A Thread 

.875± .031 
(22.22 ct. 0,80/ 

! 

Lengths from .500 ( 12.10) minimum 
10 6 .000 I 152,40) max,mum 

To inwre proper shah locking. pole up of panel, IOCI< washer 
and mounting uut lhould not UCNd .250 (6.35). 

(For Use With Jam Nut M-36381 

l'crnel-shaft watertight bushing 

104 

.719 M 
/18,26/ ... 

Standard 
Bulhing Lengths 
.281 _ .406 

11. 141 I 10,321 

Single 
.531 .t.. 005 

( 13.49 t. 0, 13) 

I 

3 
8 - 32 NEF - 2A Thread 

.875.t .031 
(22.22 ct. 0,80/ 

Lengths from .406 I 10,321 m,n,mum 
to 5.906 (150,0 1/ ma.,mum 

Dual 
1.266 M 

--i 1n 151 ••· . I 
I 

Triple 

rrti~":;:j__ ·.:-.::o w ~ I. -

I I 

Dual 

Triple 

Dual 

Mounting 
Surface 

Triple 
I-- 2.000 Max. - ~ 

~~ 
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DIMENSIONS 

Concentric ~hah 

, 1.953 
- (49,61/ Mu. 

Dual • Triple 

.531.t .005 
(13,49 t 0.13/ 

TypeK 

1 156 
129,361 
Otil. Max. 

1.312 
133.34/ Ma• 

3 ii - 32 NEF - 2A Thrtad 

Standard 
Bushong Lengths 

.125 - .250 - 375 - .500 
13. 181 16.35/ 19,521 112.701 

On dual resinor11 outet shaft operates 
panel section ana inner shaft operates 
rear section. 

On triple resinors, outer lhaft operates 
panel saction and inner shaft operate• 
middle and rear section. 

"' Mounting 
Surface 

,/ 

. 125± .005 .875 ._ 031 
13.18 t 0.13/ 122.22 t 0.801 

(Oute, Concen1t1cl .250 16,35/ mrn,mun, 
cu 6.000 I 152,40/ maJtrmum 
(Inner Conuntr,cJ 125 13. 18/ m,n,mum 
to 6.000 (152.40/ma•omum 

DIMENSIONS COMMON TO ALL UNITS 
Bas!C d1me1JS1ons In !'!Ches 
Dimensions shown on 
PARENTHESES are ,n 
millime1ers 

TOLERANCE 
D,mensional Tolerance '· 016 

(0.40). 
&cepl as Specified 

Mounting h ole~ 

.6311 .OOli 
113,491. 0, 13/ 

Mounhng d,mens,on (or res1s1ors __,,h pla,n bush,ngs. shah wa1ert19h1 bushings. 
and locking bushmgs 

S wndard s lotted shaft ending 

Slot .047 ._ .006 Wodo 
11. 19< 0. 131 

,031 : :~ 
t080 •0.:l~ \' · - 0.00 ~ , 12!, _. .001 o ... 

1,._ , _ 11,1a i- o.ro, 
Shatt "' Sk>I .031 • .OOf> Wido 

(0.(1(}< 0, 131 

Shah 1nt-.tretnit 
-+- {alf--+ coun.-cklckwi• 

901,i.1ton 

--~OI 
14, Un,e _,th ~~ c:ont1c:1 

Dimensions for resistors with concentnc shafts. 

128 (J,15J o.a. Minimum 
M,n_,m dlc,11, .047 II, I 9/ 

NOT TO SCALE 

63h .. 00f> 
113,49 < 0 131 .IN 13,151 0.., Mln-m 
i-<...+_...f M,n...,mdopd, ,llt7 /l, t9/ 

t,om,..,ofpalllt 
IIIR- ••11 

ftom rsat of pentl _,L..._.:!!;....,i:..l,4,-..,U:~-!.-

Mounting dimension for resistor with pane) and shaft watertight bushings. 

..;: jEf-. ecc • 2•· • r 

I -\' g,.,ft ,n ••t"9ffW 
C011nt9tc:Jodlwttt-

Slot .00 t. .005 Wldlt potation 

11. 19 < 0. 13/ 

Scn-wdr-ml' ilot 
NI Unt w,dl mo¥1bt1 cont K1 

Dlmvnslons for r11s1stors wtth solid shafts 

All 250 (6.35) diameter shahs supplied with maximum 
chamfer 031 (0.801 x 45° at the shalt end. 

All 125 (3.18) dlameter shafts supplied ""th ma~mum 
chamfer 016 (0.40l x 45° at the shalt end 

105 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

TypeK 
DIMENSIONS COMMON TO ALL UNITS 
Standard flatted shaft ending 

Sl\eh inu~ 
cown•~•m 

-•Ion 
flm-• --DtmenslOns lor reslSlors w,fh concentnc shafts 

T enninaJ connections to resistance element 

# 1 ( Utliffll CCM.tftttitt~w•• End 

11 1 --Con-, lln,tt, 

Locating lug options 

Option :, 1 
S-.iL-t ... l"I 

IUlld U--YO S-,hod) 

Mounting hardware 

JtJ E•t:Nlml Ctodlwi• End 

Ir 1 T.., - ENOC1M1 C-w;,a 

.S31 i. .005 
(IJ.49 L 0, IJ/ 

w 
0p,-112 

• 000 
250 - .ooz 0.. 

(6JS • 0.00 ) 
I' - oos 

-r 
.Z16 L 002 
IS,4!H 0,/15/ 

Fl.et wtU ••l:ltnd to w.i1hin .O:ll tO .. IIOJ of 
"IOI"'''"" butfu,111 ..._.. Nh ....... •tel 

not Pl'fn'Ht tlllndlrd flit. 

SNtt ~ u,,..... 
ooumMdoc\wl• 

_ ... ft 

Dimensions for resistors w,lh solid shafts 

All 250 16.35) d1am1ter wits wppbed -.,oh ma,umum 
chamfer 031 10.80) x 45° •• tlw shoft end 

A.I 125 (3.18) d!ometer wits suppl10d .. ,h m.uJmum 
chamfer 0I6 I0.40)x45° ol the shoh end 

m~m 
/I 511 ' /1,78/ Slot w.11 

ICCIOJIMiLOdttlt 2 1:.11 Of 

3 112088$-IOlld 
Olftr.-ldidWffl 

.531 .t .OO!i 
/13,49 L 0, IJ/ 

w $ 
Op,-,,, Option #4 

(No l.ouling Lug) 

When Specified, Any of the Hardware Illustrated can be supplied (See Page 101) ... ,:.:,~~, ffl::.~~ . JOl J!,9 

i E0-,-1 1$ ,0/ ~ ~ ,,u, j 
,. .NJ 

©~ B @+I ff LL. 11.911 '"i°'/ 
Mounting Washer M-3462 Mounting Washer M-3461 Lock Nut B-13750 

J r. :.".:.' Lock Nut M-3318 j_ .. ,. '"' ~--a I ,::r-.:::::, O'r- ., t' (J '" :--rr,,,o.,J 
"fl ,;;, ©~B @-2_8) 

Lock Washer M-2898 Lock Washer M-3252 Jam Lock Nut M-3638 - - Acom Lock Nut M-3236 
~ r ,;:, 1 r 11.J1, ,1J11.., ~ 

@~~ @~~ @3:~ 
Mounting Nut M -2786 Mounting Nut M-1766 Pal Nut M -2907 
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EXPIANATION OF PART NUMBERS 

Basic Tvpe 
KA - Single K 
KO - Dual K* 
KE - Triple K" 

•If the electrical specifications are not 
identical for each section, a special number 
will be required. 

I 

I oc:\ting 1 ug 
Oi>lion 

1 
2 
3 
4 

n 
KA1N056S501UA 

Bushing Type and Length 

R - Plain, .125 inch (3,18 mm) long 
G - Plain, .250 inch (6.35 mm) long 
N - Plain, .375 inch (9,52 mm) long 
H - Plain . . 500 inch (12,70 mm) long 
L - Standard Locking - (slotted 

and bevelled) 
.500 inch (12,70 mm) long 

M - Special Locking - (slotted only) 
.375 inch (9,52 mm) long 

K - Special Locking - (slotted onl11) 
.500 inch (12,70 mm) long 

F - Shaft Watertight, 
.250 inch (6,35 mm) long 

0 - Shaft Watertight, 
.375 inch (9,52 mm) long 

W - Shaft Watertight, 
.500 inch (12,70 mm) long 

P - Panel Shaft Watertight, 
.281 inch (7,14 mm) long 

E - Panel Shaft Watertight 
.406 inch (10,32 mm) long 

Shah Le ngth 
Measured from mounting surface in 
inches and sixty-fourths 

Example: 
032 = 32/ 64 or .500 in. (12,70 mm) 
056 = 7/ 8 or .875 in. (22,22 mm) 
200 = 2.000 in. (50,80 mm) 

Preferred Shaft Lengths and Endings 
Plain Round 

Inches .500 .625 .750 .875 2.000 
mm 12,70 15,88 19,05 22,23 50,80 

Screwdriver Slotted 
Inches .500 .625 . 750 .875 

mm 12,70 15,88 19,05 22,23 

CAUTION: Part number format does not allow 
for exclusion of invalid mechanical and/or 
electrical combinations. Check parameter limits 
in preceding text. 

-

~ 

TypeK 

T utal Re~t!>tanlP Value 
First two digits are significant figures and the 
third indicates the number of zeros following 
the first two digits -

Examples: 101 = 100 Ohms 
501 = 500 Ohms 
255 = 2.5 Megohms 

Hardware Combination .. 
Mounting Nut Lockwasher Locknut 

A - ( l )M-2786 (l)M-2898 - - -
E - (2)M-2786 (l)M-2898 - - -
C - ( l)M-2786 (l)M-2898 (l)B-13750 
J - (1)M·2786 (l)M-2898 (l)M-3318 

W - (l)M-2786 (l)M-2898 (l)M-3236 
Y - (l)M-2786 (l)M-2898 (l)M-3638 
N - (l)M-1766 (l)M-3252 - - -
Q - (2)M-1766 (l)M-3252 - - -
S - (l)M-1766 (l)M-3252 ( l)B-13750 
U - (l)M-1766 (l)M-3252 (l)M-3638 
L - - - - - - (l)B-13750 
X - ( l)M-2907 - - - - - -
Z - (no hardware) 

Taper T.,me and 
T ot,,I Resil,tan<. l' 1 olera11i:• 

U - Linear (U) . .:!: 10% 
M - Linear (U), ~ 20% 
A - Clockwise Modified 

Logarithmic (A), 1: 10~ 
R - Clockwise Modified 

Logarithmic (A), :t: 20% 
B - Counterclockwise Modified 

Logarithmic (B), ±. 10% 
T - Counterclockwise Modified 

Logarithmic (B), .:::. 20% 
0 - Clockwise Exact 

Logarithmic (DB), .= 10% 
K - Clockwise Exact 

Logarithmic (DB), .::::. 20% 
S - Modified Linear (S), :::: 10% 
Y - Modified Linear (S), ~ 20% 
C - Linear (U), ±. 10% with 50% 

(center) Tap 
F - Linear (U), ± 20% with 50% 

(center) Tap 

Letter 
s 

Type 
Standard Slotted 
Plain Round 
Standard Flatted 

p 
F 
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• Typel 
w Hot-Molded 

SPECIFICATIONS 
General 

Temperature range 55° C to • 150° C . 

r otal resistance values Preferred nominal 
values listed below. Other values available. 

100 
250 
500 

lK 
2.SK 

SK 

OHMS 
l0K 
25K 
SOK 

lOOK 
250K 
SOOK 

1 Meg. 
2.5 Meg. 

5 Meg. 

fotal l"esistance tolerances , 20% or , 10%. 

Tape rs - Available in following resistance ranges: 

TAPER TOTAL RESISTANCE RANGE 
u 100 Ohms to 5.0 Megohms 

A, B, S, & DB 500 Ohms to 2.5 Megohms 

See chart on following pages for explanation of tapers. 
Special tapers, where practical, can be supplied. 

tnd resistance See chart on following pages. 

Electrical 

Power - 0.8 watt maximum at , 70° C , for "U" 
linear taper, provided voltage is not exceeded. 

Power derating - Derate power linearly from 
~ 70° C to zero at I 150° C. Derate power 50 
percent for non-metallic mounting and for resistors 
with "A", "B", "S", and "DB" tapers. For rheostat 
applications, derate power directly with shaft or 
actuator position. 

Voltage 350 volts maximum working voltage 
(RMS or DC), or as determined by Emax. = ./PR, 
whichever is less (at sea level). 

Panel 
Potentiometers 
1/2 (0.50) Inch (12, 70 mm) Diameter 
0.8 Watt (70° C) 
100 Ohms to 5.0 Megohms 

FEAfURES 
• Linear and Non-Linear Tapers 

• Immersion Sealed 

• Lug or Pin Terminals 

D,eleclric withstanding voltage - Will withstand 
a one second test of 750 volts (RMS or DC) at sea 
level or 350 volts (RMS or DC) at 3.4 inches (86,36 
mm) mercury. 

Insulation resistance - 1000 megohms minimum 
for clean and dry conditions at +- 25° C. 

Voltage characteristic - 0.005 percent per volt or 
0.5 ohm, whichever is greater. 

Capacitance The capacitance between terminal 
#1 and #3 with terminal #2 "floating" is approxi
mately 0.5 to 0.75 pF at 1 KHz. 

The capacitance between terminal # 1 (grounded to 
bushing) and terminal #3 (shaft in extreme clockwise 
position) is approximately 3.0 to 3.7 pF at 1 KHz. 

The capacitance between all terminals shorted 
together and the bushing is approximately 5.5 to 6.5 
pF at 1 KHz. 

In all cases capacitance i~dicated is for resistor only 
and does not include capacitance of measuring lead 
wires on test fixtures. 

Operational 

Load life 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in still air at , 70° C 
(1.5 hour "ON," 0.5 hour "OFF"). 

Rotational life - 10 percent maximum change in 
total resistance as a result of a 50,000 cycle life test 
without load. 

Mechanical 

Shafb - Diameter of shafts .125 inch (3,18 mm). 
Minimum length .312 inch (7,94 mm). Maximum 
length 2.500 inches (63,50 mm) with plain, 
(Mechanical specifications continued on next page.) 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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screwdriver slotted or flatted shaft endings. Preferred 
shaft lengths and endings are listed in the table 
below. 

PREFERRED SHAFT LENGTHS 

Plain 
Round Screwdriver S lotted 

Inches .500 .625 .375 .438 .500 .625 .750 875 

mm 12,70 15,88 9,52 11,11 12,70 15,88 19,o.5 22.22 

Other lengths available in 1/ 64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of the 
shaft. 

Bushings - All bushings have a 32-NEF-2A thread 
and are .250 inch (6,35 mm) in diameter. Bushing 
lengths and types are shown in the table below. 

Panel Panel 
Watertight Watertight 

Plain Locking Plain Locking 

Inch mm Inch mm Inch mm Inch mm 
.250 6,35 .375 9,52 ,250 6,35 .375 9,52 
.375 9,52 .500 12,70 .375 9,52 .500 12,70 
.500 12,70 .625 15,88 .500 12,70 

After lock nuts on locking bushing are tightened with 
a torque of 8 inch-pounds (9,22 kgf-cm) shafts will 
not turn with torques up to 20 inch-ounces (1,44 kg(
cm). 

Hardware Resistors are normally supplied with 
one mounting nut, M-4721, and one internal tooth 
lock washer, M-4748. Resistors with shaft lock 
bushings are supplied with one lock nut, M-4761, in 
addition to the above. Unless otherwise specified, all 
hardware shipped in bulk. 

Mounting plate B-28868 and printed wiring board 
F-19942 can also be supplied (separately or mounted 
on unit) to adapt bushing type resistors for 
horizontal mounting on printed wiring boards. See 
DIMENSIONS. 

Locating lugs - Four locating lug options can be 
provided so the resistor may be indexed with respect 
to the surface on which it is mounted. Unless 
otherwise specified, resistors are supplied in 
accordance with Option No. 2. See DIMENSIONS. 

Turning torque - 0.5 to 3 inch-ounces (0,036 to 
0,22 kgf-cm) at .. 25° C and 13 inch-ounces (0,94 
kgf-cm) maximum al 55° C. 

Stop torque - 4 inch-pounds {4,61 kgf-cm) 
minimum. 

Rotation Mechanical rotation is 295° · 5°. 
Electrical rotation is 270° nominal. 

Backlash - 3° maximum. 

Construction - Materials are corrosion resistant 
and essentially non-magnetic; terminals are treated 
for easy soldering. 

The resistor incorporates an internal "O" ring 
between the shaft and bushing. External surfaces are 
given special treatment so that the entire resistor is 
immersion sealed or "watertight." 

A "panel watertight" bushing is available. This 
bushing is provided with an external "O" ring in 
addition to the internal "O" ring supplied as 
standard. 

lmm~rs1on - No continuous stream of bubbles (4 
or more) emanating from the resistor as a result of 
the immersion test (1 minute in water at ... 85° C). 

We,ght The exact weight of individual resistors 
depends on the precise mechanical specifications 
involved. An approximate net weight of typical 
resistor including hardware normally specified would 
be 0.24 ounce (6,8 gms). 

Marking Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible, limited to maximum of 16 characters in 
each of two lines. A-B monogram plus "Type L" 
always included. 

Environment al 

vibration 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204, condition "C" of 
MIL-STD-202.) 

Shoe I< - 2 percent maximum change in total 
resistance. 5 percent maximum change in resistance 
setting. (Tested per method 213, condition "I" of 
MIL-STD-202.) 

Moistur~ resistanc..c 10 percent maximum 
change in total resistance. (Method 106 of MIL-STD-
202.) 

Corrosion resistance Materials show no 
corrosion after a 200 hour salt spray test. (Method 
101 of MIL-STD-202.) 

Ufect of soldennq 2 percent maximum change 
in total resistance as a result of immersing the 
terminals in • 350° C solder to within 0.125 inch 
(3, 18 mm) of the resistor body for 5 seconds. 

Temperature c~cling 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test (five cycles 55° C to 
• 150° C). 

Low temperature operation 2 percent 
maximum change in total resistance as a result of 
the low temperature operation test ( 55° C for two 
hours without load and 45 minutes with rated load). 

I O\\ temp(>rature storag(, - 2 percent maximum 
change in total resistance as a result of the storage 
test (24 hours at 63° C). 

Temperature charactem,11cs Maximum percent 
temporary total resistance change from the • 25° C 
value. See table below. 

Nominal 
Degree,. Ceh,ius - "U" Linear Taper 

Resis1ance ss· 25• o· 25' • 55' , ss• • 120· • 150° 

100 Ohms . 4 5 • 2 5 IS 0 •1 0 ' i 5 '" 3 5 ' 55 
1,000 Ohms ♦ 55 • 3 0 . 1.5 0 + I 0 • 2.0 • 4 5 ' 65 

10,000 Ohms I 70 ' JS • 2.0 0 ' I 0 ' 2.5 • 5 5 ·• 85 
100.000 Ohm, ' 8 0 • 4 0 • 2 0 0 ' 1 5 1 3.0 • 60 • 105 
I Megohm + 10.0 • 5.0 • 2 5 0 1 I 5 ♦ ~ ~ I 7 5 I 12 fl 

For ''S", ''A'', "B" and "DB" tapers multiply percent• 
age figures shown above by 1.25. 
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Typel 
Taper data 

TAPERS 
IOOK 

'IOK 

Nominal Resistance-Rotation 
Characteristics or Taper~,,_-,__._..___. 

END RESISTANCE 
MINIMUM MINIMUM 

"' E 
.s::. 
0 
.!: 
~ u 
C 
la 
iii 
·;;; 
~ 

0:: 

IIOK 

70K 

601( 

SOK 

40K 

JOK 

20K 

IOK 

for Total Resistance 
t---+--+--+ of I 001< RESISTANCE RESISTANCE 

TAPER BETWEEN BETWEEN 
TERMINALS TERMINALS 

I and 2 2 and 3 
U&S a a 

A D B 
B fJ a 

DB D a 
a "Less than .004't of total resistance,'' or "less than 15 

ohms" whichever is greater. 

0 10 20 :JO <IO 50 60 70 110 90 100 

fJ "Less than I'\, of total resistance," or "less than 15 
ohms" whichever is greater. 

Percent Mecha nical Clockwise Rotation IJ Less than 15 ohms. 

Ordering information 

1. Type (LA, LB or LP). 
2. Taper. 
3. Total resistance. 
4. Total resistance tolerance. 
5. Bushing type. 

DIMENSIONS 
Re~istor with lug terminals 
Plain Bushing 

6. Bushing length. 
7. Shaft ending. 
8. Shaft length. 
9. Locating lug option. 

3 Holes 088 
(1}J/ 

Mm 01• 

23A M.,. 
15951 

703Mu 
1/J 861 

469 M•~ 
,,, 911 

081' 00S 
(1 06 ! 0 IJI 

T 

031 .O!M 
/0.801 X /1.381 

Rel111on ol Te1m1nals fo, 
Pt-1nt1d Ci,cuit Spa:1t'l9 

Slot will accOtnodet.e 
2 solid# 200< 3 
$0hd # 21 Vw4fft 

Resistor with pin terminals 

110 

54 7 --l--500 Moa. 
(IJ89/ I 112101 

Pin lftminal 

028 ! 002 °'" 
10 71 ~ 0.0~1 

100 ! 005 
1254! nu 

125 ~ 001 0,1 

,,,.,,w, ~ 

l,:r~. ~·-~···-~ l ~ Sholl Long1h, 
from J 12 / 194/ to 2 500 (6J 50/ 

--s-,.,- dM_ d_Bu_sh_ 1-;;;--- Mu. ChMnft, 016 ,o,o, Jl ,s· 
Le1>11th1 

250 - 375 500 
16.JS, 19 fv/ II? 101 

Shafts 
Flatted 

Flal WIii ••t•nd 10 w11tun 062 II f:JII ot 
mount'"Q bu1tung wh••• 1hatt tength will 
250 not pertt\41 th■ 1tar,dard flat 

lb .J51 

Shilt 1n E,ctreme 
Counw,clock-.•w 
PoM\•on 

fliH Oppoi1te 
Movat>te Con1ac1 

10. Mounting hardware. 
11. Your part number. 
12. Marking required. 
13. Remarks. 

Locking Bushing 

St¥ld11d 8u~tun9 Lengths 
.31619 52/ - 500 /1110/ - 625115 BBi 

M1J11"1'um Moun11n1 P.nel Th,ckotu: 
~ uled .,,th 11and6td mount,n9 h■,dwwe 

062 11.511 - 188 (4 /lj/ - 317 ,, 94. 

Screwdriver Slotted 

031•010 ©25 - 000 

<
0 80 • 0.25) I ,ilililltm_ ~ 0 00 

fill.lJ!]Jll-=TT- -
Slo1 031 ! 005 

(0/IO- 0 IJ/ 

Shih 1n E•Utfl'te 
Countt1tclocltw1M P0t1t100 
Screwrlm1e-r S101 111 hne wuh 
Movtbhe Contact 
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DIMENSIONS 
Panel watertight bushing 
Plain Bushing 

.594 /15,08/ 

Stondlrd 
Bushing LMgth1 

M ... 

.250 - .375 - .500 
(6.35) 19,52/ / 12,10/ 

lug options 
Plain and Locking Bushing 

Pos,1lon A 

. 245 ! .005 (6.22!. o. 13/ 

Pos,1100 8 

Shaft Longthl 
from .31211,94/ to 2.376160.32/ 
M ... Chomf1r .016 /0,40/ • 45° 

Option No. 2 
Stondo,d os Shown 

UMd Unl<tls 
Othtrwi• Sl)eclfled 

Option No. 1 
Ono Lug tn 

Poa111on A 

Option No. 3 
Ono Lug in 

Pos,11on 8 

Option No. 4 
No Lugo 

Resistor for printed circuit board mounting 
Plain Bushing 

Locking Bushing 

~ 
Stondlrd Bushing Longth1 

.375 - .600 
19,52/ 112.lOJ 

Mutmum Mounting Pentl Thickn11s 
when uled with st1ndard ha,dWlf'W, 

.062 - ,188 
11,51/ (4,161 

Panel Watertight Bushing 

,245! .005 

,io;,1:0~/ w(6,22to,131 

.016! ,005~ 
(0,40! o. 13/ 

Option No. 2 
Si..do,d • Sho

UNd uni.., 
Othorwite Specified 

Option No. I 
Ono Lug 11 9 o'clock 

Option No. 3 
Ono Lug 11 3 o'dock 

Option No. 4 
No Lu91 

.500 
( 12.10} 1/4 - 32 NEF - 2A Throed 

M◄721 
Mountmg Nut 

.516 
( 13,10/ 

L'II 
_094 Me,c. 

/2,381 - , 

' If 2 

113 

Board Thick-. ,200 - .005 
Ponied Circuit f-T • 

15.08 ! 0.131 
.2001 .005 

15,08J. 0,13/ 
r 

R1f1renca PIIIM 
fo, Bushing 

and Sholl Length 
Mtnurement 

1 
IJ()/ 

_j_ 

.125 ! .001 Oil. 
13. ,st. o.ro1 

Lengths 

M◄748 

. 250 - .375 - .500 { 

Stondo<d Bu,h,ng 

i-- - --< /6,35/ (9,521 (12,10/ 

{ 

Shift Lon9th1 
from .312 ( l ,94/ to 2.600 (63,SOJ 
Mu. Chomlor .016 (0,40/ • 45 • 

Locking Bushing 

Standard Bulhing 
Longth1 

I .375 - .500 - ,625 
/9,52/ OVOJ (15,88/ 

t 

Y .,oo i .005 
110.11to,131 

Slob Rondoml~ L~ 
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Type l 

DIMENSIONS 

Shafts for resistor for printed circuit board mounting 
Screwdriver Slotted Flatted 

. 031::~ ._;\'t (o.M '. :_:~_)--1-----((...i4--l-

Slo1 .031 t .005 
/0,80 !: o. 13/ 

Shah In Exrft!:me 
Counte,clockwt50 Position 
Screwdnver Sloe iri line with 
Movab-.Comact 

Hardware 

112 

.312 
(7,941 

.078~ :!Ml 
11.98~8:~1 o=8 

Cnting Nu1 M-4721 

.396 /10,06/ 

.408 /10,36/ .045 /I, 14/ 

~7App,oximatt Y,-H When Moun1ed 

Lodi Wa,her M-4748 

Basic dimensions 
in inches. 

Dimensions shown in 
PARENTHESES are in 
millimeters. 

TOLERANCES 
Dimensional Tolerance 
± .016 (0,40) 
Angular 
Tolerance ± 5° 
Except as specified. 

NOTTO SCALE 

Flat will ••·tend to within .062 fl , 57J ot 
mounting buahl~ wh♦r• thah length wlU 

not permit th• 1tand.wd flit . 

Shaft 1n E 11Ctrame 
Covnterclockwtse 
Po1i11on 

FIii opposite 
Mov•ble Contac1 

~ 
,0941 ,002 

12,38% 0.051 

L .SOO J Mounting Plalo 8·28868 

.018 :t.oos - II . r 1121017 
/0,461.0,131 --ir 1· _l 

.641 .250 
I 16,:HJ 16,35/ ,-

.125 
:r-13, 18/ 

.OOH .005 I I_ ~ I-+- . 100; .005 
10.84±0.131---Jr 1 ,2_54.0.131 

.100 1.005 
(2.54 t 0, 13/ 

1
-i-~ .125 .641 ~ (3, 181 
(16,271 J_ 

.031 J_ 
10,801 

~- _..l.J LJI .100± .006 
,lOOf .005 l7 r , --12.54~0. 13/ 

12,54 to. 13/ 
. 1251.005 --,+-+

(3,181 0,/31 

Resistor 
Connections 

~#2 

~f 
Clockwise 

Wning Board F-19942 
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Typel 

EXPLANATION OF PART NUMBERS 

NOTE: Part number format a llows development of some part numbers which cannot be manufactured. (Example: LA2N400Pl0 IAA 
which has an invalid shaft length and invalid resistance value for an "A" taper.) Check parameter limits in preceding text, when developing 
a part number. 

Combinations which are valid and do not fi t into a part number . (Examples: Special tapers, special shahs. etc.) will be assigned a special 
part number by the factory. Reier to ·'Ordering Information". ,n the preced,n!l texr , for the required data for the assignment of a special 
part number by the factory. 

Basic T~•pe 
LA Basic Type L 

LB Type LA with mounting plate 
and printed wiring board 
mounted on resistor 

I ocating L U!l 
Option 

l 
2 
3 

LP - Basic Type LA with pin terminals 4 

Bushing T\,•pe and Ler191h 

G - Plain .250 inch 
(6,35 mm) long 

N - Plain .375 inch 
(9,52 mm) long 

H - Plain .500 inch 
(12,70 mm) long 

M - Locking .375 inch 
(9,52 mm) long 

L - l ocking .500 inch 
(12, 70 mm) long 

s - Locking .625 inch 
(15,88 mm) long 

T - Panel Watertight - Plain 
.250 inch (6,35 mm) long 

p - Panel Watertight - Plain 
.375 inch (9,52 mm) long 

E - Panel Watertight - Plain 
.500 inch (12,70 mm) long 

'V - Panel Watertight - Locking 

z -
.375 inch (9,52 mm) long 
Panel Watertight - Locking 
.500 inch (12,70 mm) long 

LA2G056~501 
I 

I 
Shaft Len 

Measured from 
9th 
mounting 

and surface in inches 
sixty-fourths 

Example: 
032 = 32/ 64 or .500 inch 

m) (12,70 m 
056 = 7/ 8 or .8 75 inch 

m) (22,22 m 
200 = hes 2.000 inc 

s 
p 
F 

(50,80 m m) 

Sh.:tfl End, ng 

-
-
-

Standar d Slot 
ound 
d Flat 

Plain R 
Standar 

JI 

Total Resistance Value 
First two digits are significant 
figures and the third indicates 
the number of zeros following 
the first two digits -

Examples: 101 = 100 Ohms 
501 = 500 Ohms 
255 = 2.5 Megohms 

Hardware Combination!> 
Mounting Lock· 

Nut washer Locknut 

A - (l)M-4721 (l)M-4748 --
E - (2)M-4721 (l)M-4748 --
C - (l)M-4721 (l)M-4748 ( l)M-4761 
L - -- -- ( l )M-4761 
z - (no hardware) 

Taper T\,pe and 
Total Resislance Toleranc" 

U - Linear (U), • 10% 
M - Linear (U), .. 20% 
A - Clockwise Modified 

Logarithmic (A), ._ 10% 
R - Clockwise Modified 

Logarithmic (A), ~ 20% 
B - Counterclockwise Modified 

T -
logarithmic (B), ... IO% 
Counterclockwise Modified 
Logarithmic (B), 1- 20% 

D - Clockwise Exact 
Logarithmic (DB), Y 10% 

K - Clockwise Exact 
Logarithmic (OB), ' 20% 

s - Modified Linear (S), ..t 10% 
y - Modified Linear (S), ±' 20% 
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• TypeM 
Conductive 
Plastic 

SPECIFICATIONS 
General 

Temperature range - - 25° C to + 100° C. 

Total resistante values - Preferred values. 

100 
220 
470 

lK 
2.2K 
4.7K 

OHMS 
lOK 
22K 
47K 

100K 
220K 
470K 

l.0Meg. 

T,1 al r •si-..t1nc toll,ran ~s - ± 20%. 

rc1pl'rs - Tapers available in the following resistance 
ranges: 

TAPER TOTAL RESISTANCE RANGE 
u 100 Ohms to 1.0 Megohms 

A&B 4 70 Ohms to 4 70 Kilohms 

See chart on page 115 for explanation of tapers. 

In J, 1wndl•nt li,wantv - 5 percent (linear taper). 
100 ohms through 1 00K. 

1 ,nd resbt;mn, - 3 ohms maximum. 

0 •tem - Types "MA" and "MD" may be supplied 
with a detent at the clockwise or counterclockwise end 
of rotation. Oetent travel is 33 degrees. 

H, t,uy swih.h - Two switches are available, see page 
115 for drawings and explanation. 

Panel 
Potentiometers 
The MINI-METRIC® 
0.1 Watt (40° C) 
10,0 MM Cube 
100 Ohms to 1.0 Megohm 

FEATURES 

• ± 20% Tolerance 

• Linear and Non-Linear Tapers 

• Plastic Shaft, Bushing and Case 

• Single (Type MA) and Dual (Type MD) Resistors 

e Switches (Type MS) 

Electrical 

Power - 0.1 watt on the panel section; 0.05 watt on 
the rear section at +40° C, for "U" linear taper, 
provided voltage is not exceeded. 

Powl'r derating - Derate power linearly from 
+40° C to zero at + 100° C. Derate power 50 percent 
for resistors with "A" and "B" tapers. For rheostat 
applications, derate power directly with shaft or 
actuator position. 

Voltage - 90 volts maximum working voltage (RMS 
or DC), or as determined by Emax. = '\1'15R, whichever 
is less (at sea level). 

DiC>lectn<. withstanding voltage - Maximum 
continuous voltage 90 volts (RMS or DC) at sea level. 
Will withstand a one second test of 1000 volts (RMS) at 
sea level. 

Insulation resistance - 1000 megohms minimum for 
clean and dry conditions at + 25° C. 

Operational 

Contac I resistance variation - Linear taper: less 
than 2 percent or 3 ohms, whichever is greater. 'A' or 
'B' tapers: less than 4 percent or 6 ohms, whichever is 
greater. (Operational specifications continued on Page 115.) 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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Operational 

Load lifr· - 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated power 
across entire element in still air at + 40° C (1.5 hour 
"ON'', 0.5 hour "OFF"). 

Rotiltional life - 10 percent maximum change in 
total resistance as a result of a 10,000 cycle life test. 

Mechanical 

Shahs - Diameter of shafts 3,0 mm plain shaft 
ending. Standard shaft lengths in mm ( ± 0,51 ): 10,0, 
12,5, 16,0. 20,0, 25,0. All shaft lengths are measured 
from the mounting face of the resistor to the free end 
of the shaft. 

Bushings - 7 mm long, 7 mm diameter. plain 
bushing with M7 x 0.75 thread. 

Turning torque - 1,7 to 21 mN-m (0.24 to 3.0 Inch
ounces) at + 25° C. 

Mounting torque - Torque applied to mounting nuts 
should not exceed 900 mN-m (8 inch-pounds). 

"itop torque - 225 mN-m (2 inch-pounds) minimum. 

Rotation - Mechanical travel 300°. electrical travel 
220°. 

Terminc1I~ - As shown on Page 116. Mounting bracket 
60136-035-01 may be used with terminal option C. 

Construction - Materials are corrosion resistant and 
essentially non-magnetic: enclosure is dust and splash 
resistant. Shaft and bushing are plastic. 

Marking - Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible: 8 characters in each of three lines. A-B 
monogram plus "Type M" always included. 

Rornrv switch~ 

Type 1001 or 2001 as shown. Each switch consists of 
sliding contacts bearing on a metal plate or substrate to 
achieve the "ON" and ''OFF" positions. Switch 
actuation travel is 33 degrees. 

The switches will be electrically and mechanically 
operative after a 10,000 cycle life test: make and break 
0.4 amps. 17 volts. DC at + 25° C with resistive load. 

#4~ # 5 ji 
# 6 

Switch Number 1001 Shown in Detent at CCW End 
of Rotation. Available o n Rear Section Only. 

......-,/~ 
# 1 # 2 # 3 

# 1~ # 2 . H 
# 3 

Switch Number 2001 Shown in Detent at CW End 
of Rotation. Available on Panel Section Only. 

\'ibration - 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204. condition "C" of 
MIL-STD-202.) 

Shock - 2 percent maximum change in total 
resistance. 5 percent maximum change in resistance 
setting. (Tested per method 2 13, condition "I" o f 
MIL-SID-202.) 

Humiditv - 6.5 percent maximum change in total 
resistance. (Method 1038, condition "B" of 
MfL-SID-202. l 
Corrosion reststan<.:e - Materials show no corrosion 
after the 96 hour test. (Method 101 of MIL-SID-202.) 

Effect , r ~oldering - 1 percent maximum change in 
total resistance. (Method 210A condition "E" of 
MIL-SID-202). Temperatures over 280° C may 
permanently damage the variable resistors. 

Temperature cycling - 3 percent maximum change 
in total resistance as a result of the temperature cycling 
test. (Five cycles at - 25° C to + 100° C.) 

Low t~mperature operation - 3 percent maximum 
change in total resistance as a result of the low 
temperature operation test. (- 25° C for two hours 
without load and 45 minutes with rated load.) 

Ordering information 

1. Taper (each section on dual controls). 
2. Total resistance (each section on dual controls). 
3. Total resistance tolerance (each section on dual 

controls). 
4. Switch type. 
5. Shaft length. 
6. Detent (CW or CCW) 
7. Your part number. 
8. Marking required. 

Taper data 

TAPERS 
100 

,o 

10 

\ , 

J 

\ 
\ 
B 

/ 
~ 

u 
\ J 
\' 
/, 

\. ---

I/ 
I 7 

f I 
' 

/ A, 
I 

I 

I 
J 
--i---1---....._ 

,( 

10 ~ ~ ~ ~ " m ~ ~ ~ 
Percent Mechanical Clockwise Rotation 
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Terminal options 

Dual 
Terminal 
Option 'A' 

~ 
~s,· 

I 

Dual 
Terminal 
Option 'B' 

-1•- --•'•us 

~ I i s-

Dual 
Terminal 
Option 'D' 

Conversion table 

MM INCH MM INCH 
0.025 001 2.12 084 
0.076 .003 2.50 .098 
0.13 .005 2.54 .100 
0,20 008 2.67 .105 
0.25 .010 3.00 .118 
0.30 .012 3.1 5 .124 
0.38 .oi5 4.30 .169 
0.41 016 4.32 .170 
0.64 025 5.00 .197 
0.70 .028 5.08 200 
0.94 037 7.00 276 
1.00 039 8.23 .324 
1.02 040 8.74 344 
1.22 04H 9,65 :~8() 

116 

Single 
Terminal 
Option 'A' 

• 37 

~ 
~ 7 s, t 

I 

Dual 
Terminal 
Option 'C 

~ I , s-

MM 
9.75 

10.00 
10.41 
10.77 
11.05 
12.00 
12.50 
12.70 
12.95 
lo.00 
20.00 
25.00 

Dual 
Terminal 
Option 'E' 

INCH 
:384 
.394 
410 
424 
435 
472 
492 
500 
.510 
630 
787 
<)84 

Resistor Connections 

=1- 3 

~ ~ 
I - - 1 T 

Clockw,.., - Clockw,.., 

Rear Section Panel Section 

DIMENSIONS 
Dimensions apply to types MA MD and MS except 
terminals 1, 2 and 3 are omitted from type MA. 

Basic dimensions in millimeters. 

Terminal spacing determined at the mounting surface. 

TOLERANCE 
Dimensional tolerance ..t:0.25 Except as Specified 

100•038 

10 OJ 

10.0 • 051 
12.~ 
1so L 
20.0 
250 

10,0 · 0 38 0 7 • 0 2 

NOTTO SCALE 

0076 OIA 

0 38 
J15 

06• 038 ..JL 
.... , ,os ..... 

. ·~ 
• J 

' " ' 
I 07 ~ 0 1)- • 8 14 j 

.. 10 11 -' 

Mounting Bracket 60136-035 0 1 
for Terminal Option C 

007S 

Mounting Nut 
29340-901-23 

(Q) ·4" E:·· .. 
Layout Dimensions for 

Mounting Bracket 
Lock Washer 

29309-901-23 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

EXPLANATION OF PART NUMB ERS 

Ilu,hhlq 

2 - Plain 7 mm, M7 x 075 

Conductive 
Plastic 
Panel 
Potentiometers 

T dp~, 1 yp,• .ind lot.ti 
Re-s1S>ttttu·,• lnl••r,,nt•• 

or ~u:ltrh 

2 - Linear (U) ±20% 
3 - CW Modified Log (Al -"20't 
4 - CCW Modified Log (Bl ±20't 
5 - Swirch 
6 - Type MA- Panel 5'-ctlon 

PANEL SEcnON I 
REAR SECTION 

I 
r ~r1nut.11 ()~t 1nn!t 

shown on Page 116) (as 

-
MD2BA2E3A---TER-M-IN-AL_O_PTI_O_N--t 

I 

A 432mmP/CPln 
B - 12,95 mm P/C P,n 
C - 2 54 mm Rear Form 
D - 2.54 mm Front Form 
E - 5,00 mm J Hook REARSEcnON 

PANEL SEcnON I 
MA - Single Vanable 

Resistor '>h11h le 11q1h 

MD - Dual Vanable 
Resistor 

MS - Vanable Resistor 
with a Switch 

Example: MA2B66G2B 

A - 10,0 
B - 12.5 
C - 16,0 
D - 20,0 
E - 25.0 

Denotes: MA - Single Variable Resistor 
2 - Plain 7 mm Bushing 
B - Shaft Length Of 12.5 mm 

mm 
mm 
mm 
mm 
mm 

6 - MA- Panel Section t No Element in 
6 - MA- Panel Section i First Section 
G - lOKn Resistance Value 
2 - Linear Taper ± 20% 
B - 12,95 mm Long Straight Terminals 

MS2E25K4D 

1 01.tl H, .. ~,· I.UH •• v,,lut 
or <,-.u, h lqw 

A - lOOOhm 
B - 220Ohm 
C - 470Ohm 
D - IK 
E - 22K 
F - 47K 
G - !OK 
H - 22K 
J - 47K 
K - IOOK 
L - 220K 

M - 470K 
N - 1 Meg 
1 - 1001 Switch (CCW detentl 

(Rear Sec11on Only) 
2 - 2001 Switch (CW deten1) 

(Panel Section Only) 
6 - Type MA- Panel Section 

Denotes: MS - Variable Resistor with a Switch 
2 - Plain 7 mm Bushing 
E - Shaft Length Of 25,0 mm 
2 - 2001 Switch (CW Detent) 
5 - Switch 

CAUTION: Part number formal does not .-xclude 1nVillid 
mechanical and /or electricdl comblndt,ons Check p.lrdmeler 
hrmts in preceding text 

K - lO0Kn Resistance Value 
4 - CCW Modified Log (Bl Taper ±20% 
D - 2,54 mm Front Form Terminals 
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• Type w 
Hot-Molded 
Panel 
Potentiometers •=~~:::, 

:j ll\\~ 
SPECIFICATIONS 
General 

Temperature range - - 55° C to + 120° C. 

Total resistance values - Preferred nominal 
values listed below. Other values available. 

OHMS 
100 IK l0K IO0K 1.0 Meg. 
200 2K 20K 200K 2.0 Meg. 
220 2.2K 22K 220K 2.2 Meg. 
250 2.SK 25K 250K 2.5 Meg. 
470 4.7K 47K 470K 4.7 Meg. 
500 SK SOK SOOK 5.0 Meg. 

Total resistance tolerances - ± 20% or ± 10%. 

Tapers - Available in the following resistance 
ranges: 

TAPER TOT AL RESISTANCE RANGE 
u 100 Ohms to 5.0 Megohms 

A, B, S & DB 500 Ohms to 2.5 Megohms 

See chart on following pages for explanation of 
tapers. Special tapers, where practical, can be 
supplied. 

End resi!,tance See chart on following pages. 

Applicable military specification - Many of the 
variable resistors may be ordered as Style RV6 of 
MIL-R-94. 

Electrical 

Power - 0.5 watt maximum at + 70° C for "U" 
linear taper provided voltage rating is not exceeded. 

Power derating - Derate power linearly from 
+ 70° C to zero at + 120° C. Derate power 50 
percent for non-metallic mounting and for resistors 
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1/2 (0.50) Inch (12,70 mm) Diameter 
0.5 Watt (70°C) 
100 Ohms to 5.0 Megohms 

FEATURES 
• Linear and Non-Linear Tapers 

• Immersion Sealed 

e Style RV6 

with "A", "B", "S", and "DB" tapers. For rheostat 
applications, derate power directly with shaft or 
actuator position. 

Voltage - 350 volts maximum wo:king volta~ 
(RMS or DC), or as determined by Emax. =✓PR, 
whichever is less (at sea level). 

Dielec tric withstanding voltage - Maximum 
continuous voltage 350 volts (RMS or DC) at sea 
level. Will withstand a one second test of 750 volts 
(RMS or DC) at sea level or 350 volts (RMS or DC) 
at 3.4 inches (86,36 mm) mercury. 

Insulation resistance 1000 megohms minimum 
for clean and dry conditions at + 25° C. 

Voltage characteristic 0.005 percent per volt or 
0.5 ohm, whichever is greater. 

Capacitance - The capacitance between terminal 
#1 and #3 with terminal #2 "floating" is approxi
mately 0.5 to 0.75 pf at 1 KHZ. 

The capacitance between terminal # 1 (grounded to 
bushing} and terminal #3 (shaft in extreme clockwise 
position) is approximately 3.0 to 3. 7 pF at 1 KHz. 

The capacitance between all terminals shorted 
together and the bushing is approximately 5.5 to 6.5 
pF at 1 KHz. 

In all cases capacitance indicated is for resistor only 
and does not include capacitance of measuring lead 
wires on test fixtures. 

Operational 

Load life - IO percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in s till air at + 70° C 
(1.5 hour "ON", 0.5 hour "OFF"). 

(Operational specifications continued on next page.) 
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Operational 

Rot.stional lifl' 10 percent maximum change in 
total resistance as a result of a 50,000 cycle life test 
without load. 

Mechanical 

Shafts - Diameter of shafts .125 inch (3, 18 mm). 
Minimum length .125 inch (3,18 mm). Maximum 
length 2.500 inches (63,50 mm) with plain, screwdriver 
slotted or flatted shaft endings. Preferred shaft 
lengths and endings are listed in the tables below. 

PREFERRED SHAFT LENGTHS 
Plain Ro und 

Inches .500 .625 

mm 12,70 15,88 

Screwdriver Slotted 
Inches .375 .438 .500 .625 . 750 .875 

mm 9,52 11,11 12,70 15,88 19,05 22,22 

Other lengths available in 1/64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of the 
shaft. The shaft can be flush with the bushing end or 
recessed on resistors with plain bushings. 

Bushing,; - All bushings have a 32-NEF-2A thread 
and are .250 inch (6,35 mm) in diameter. Bushing 
lengths and types are shown in the table below. 

Panel Pane l 
Watertight Watertight 

Plain Locking Plain Locking 
Inch mm Inch mm Inch mm Inch mm 

.250 6,35 .375 9,52 .250 6,35 .375 9,52 

.375 9,52 .500 12,70 .375 9,52 .500 12,70 

.500 12,70 .625 15,88 .500 12,70 

After lock nuts on locking bushing are tightened with 
a torque of 8 inch-pounds (9,22 kgf-cm) shafts will not 
turn with torques up to 20 inch-ounces (1,44 kgf-cm). 

Hard"are - Resistors are normally supplied with 
mounting nut, M-4721, and one internal tooth lock 
washer, M-4748. Resistors with shaft lock bushings 
are supplied with one lock nut, M-4761 , in addition to 
the above. Unless otherwise specified, all hardware 
shipped in bulk. 

Locating lugs Four locating lug options can be 
provided so resistors may be indexed with respect to 
the surface on which they are mounted. Unless 
otherwise specified, resistors are supplied in 
accordance with Option No. 2. See DIMENSIONS. 

Turning torque - 0.5 to 3 inch-ounces (0,036 to 
0,22 kgf-cm) at-.- 25° C and 13 inch-ounces (0,94 kgf
cm) maximum at - 55° C. 

lop torque - 4 inch-pounds (4,61 kgf-cm) 
minimum. 

Rotation Mechanical rotation is 295° ± 5°. 
Electrical rotation is 270° nominal. 

Backlash 3° maximum. 

Type w 

Cum,truction Materials are corrosion resistant 
and essentially non-magnetic; terminals are treated 
for easy soldering. 

The resistor incorporates an internal "O" ring 
between the shaft and bushing, External surfaces are 
given special treatment so that the entire resistor is 
immersion sealed. 

A panel "watertight" bushing is available. This 
bushing is provided with an external "O" ring in 
addition to the internal "O" ring supplied as standard. 

Terminal~ These resistors are supplied with 
solder lug terminals (Type WA) or printed circuit pin 
terminals (Type WP). Terminals are treated for easy 
soldering. 

Immersion - No continuous stream of bubbles (4 or 
more) emanating from the resistor as a result of the 
immersion test (1 minute in water at ..... 85° C). 
\\ eight - The exact weight of individual resistors 

depends on the precise mechanical specifications 
involved. An approximate net weight of a typical 
resistor including hardware normally specified would 
be 0.24 ounce (6,8 gms). 

Ma, king Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible, limited to maximum of 16 characters in each 
of two lines. A-B monogram plus "Type W" always 
included. 

f.nvironmental 

Vibration - 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting, (Tested per method 204, condition "C" of 
MIL-STD-202.) 

Shock 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 213, condition " I" of 
MIL-STD-202.) 

Moisture resisl,-tn<.e - 10 percent maximum 
change in total resistance. (Method 106 of 
MIL-STD-202.) 

Corrosion resistance Materials show no 
corrosion after a 200 hour salt spray test. (Method 
101 of MIL-STD-202.) 

Ellec.t of soldering 2 percent maximum change in 
total resistance as a result of immersing the terminals 
in + 350° C solder to within .125 inch (3, 18 mm) of 
the resistor body for 5 seconds. 

T t•m1><>rc.1ture q,ding 3 percent maximum 
change m total resistance as a result of the 
temperature cycling test (five cycles - 55° C to 
+ 120° C). 

Lo\, temperature 1>pera1ion - 2 percent maximum 
change in total resistance as a result of the low 
temperature operation test (- 55° C for two hours 
without load and 45 minutes with rated load). 

I O\.\ temperature storage 2 percent maximw 
change in total resistance as a result of the str· 
test (24 hours at - 63° C). 
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Type w 

Environmental 

r emp.,, atu, l' ~ h,,r.ic: H•Ti-.uc~ Maximum percent 
temporary total resistance change from the + 25° C 
value. See table lo right. 

For "S", "A", "B" and "DB" tapers multiply 
percentage figures shown by 1.25. 

Taper data 

TAPERS 
IO0K 

Nomina l Resistance-Rotation 
90K Characteristics or Tapers 

for Total Resistance 
SOK of 100K 

Cl) 
70K E 

.J:. 

0 60K 

·= QI 
u 

SOK 

C: 

~ 'IOK 
.!!? 
Cl) 
QI 

Cl: 
JOK 

20K 

I0K 

0 10 20 JO 'IO 50 60 70 80 90 100 

Percent Mechanical Clockwise Rotation 

Ordering infornldtion 

1. Type (WA or WP). 5. Bushing type. 
2. Taper. 6. Bushing length. 
3. Total resistance. 7. Shaft ending. 
4. Total resistance tolerance. 

120 

Nominal 
Degree s Cels ius - "U" Linear Taper 

Resistance - ss· - 2s· o· + 2s · + ss• + 85° + 120· 

100 Ohms + 4.5 +2.S + 1.5 0 ± 1.0 ± 1.5 +3.5 
1,000 Ohms + 5.5 +3.0 + l .5 0 ± 1 0 ±2.0 + 4.5 

10,000 Ohms + 7.0 +3.5 +2,0 0 ± 1.0 ±2.5 + 5.5 
100,000 Ohms + 8.0 +4,0 +2.0 0 ±1.5 ±3.0 +6.0 
I Megohm + 10.0 +5.0 +2.5 0 :t: 1.5 ±3.5 + 7.5 

END RESISTANCE 
MINIMUM MINIMUM 

RESISTANCE RESISTANCE 
TAPER BETWEEN BETWEEN 

TERMINALS TERMINALS 
1 and 2 2 and 3 

U &S D D 

A D D 

B D D 

DB II D 

D "Less than .004% of total resistance," or "less than 
15 ohms" whichever is greater. 

D "Less than 1% of total resistance," or "less than 15 
ohms" whichever is greater. 

U Less than 15 ohms. 

8. Shaft length. 11. Your part number. 
9. Locating lug option. 12. Marking required. 

10. Mounting hardware. 13. Remarks. 
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DIMENSIONS 
Type w 

Type WA 
Location of Terminals Plain Bushing 

Shaft Locking Bushing 

3 - .088 !-005 
12 23 !O IJ/ 

Minimum DI•. Holes 

.2:i. Mu, 
15.951 

703 M••· 
/ 17,86) 

,469Mu 

' " 9 1/ 
091 • 005 

123• _:o I J1 
Rete,enc• Point 
Intimal Stot, Pin 

1:1:2 

R el1tion of le,m1n1Js to 
100 •.006 

/1,54 !O 13/ 
Pflnted Chcui1 Sp•c,ng 

.031 .094 
/0.801 >< (2,381 
Stot will accomodi1e 
2 solid# 2001 3 
\Ot1d # 21 Wlrtl 

125! .001011. (' 
(J 18! 0,031 '-\ '\ I 

S 1and1rd 8u1hing 
Length, 

.260 - 375 - .500 

1 0 10!..006 
/0,25 !.0. IJ/ 

~ 
.091 • 005 )._ 
/2 J I ~0 13/ 

Shell lengths 
from 126 (3. 18) to 2 50 /63 00/ 
Mu. Chemie, 016 /0 40/ • 45 

/6,35/ 19. 52/ I I 2.10/ 

Stou R•ndomly 
located 

St• ndard But hing l e ngth• 
.375 /9.51/ - .600 / 12.70/ - .825 /115.88/ 

Maximum Mounting Pe n•I Thickne11 
,082 / 1.57) - .188 /4. 76/ - ,312 (7,94) 

when uHd whh one M·-' 748 
lock Wuher end one M -4721 

Mounting Nut. Shatt mu1t • • •• nd 
,018 10.40/ beyond buohino , 

Basic dimensions ypeWP 
Location of Terminals Plain Bushing in inches. 

Resistor 
Connections 

Pin Tttminal 
,028 ! 002 o, •. 

I0. 11 1.o,osI 

100! .005 
12.541 0 13) 

Panel watertight bushing 
Plain 

Sh•h Length• 
S11nda,d 
Bu~1ng lengths 

. 250 - 375 - .500 
t,om t 215, (3 t8/ 10 2 375160 .,,, 
Mu: Chamftt 016 /0 , 01 • 46'1 

16.351 19.521 (12.l0J 

Lug option-. 
Plain and Locking Bushing 

.245 i 005 
16,22 ' 0, 131 

091 !. 005 
r2,J I l 0 13 

PothicH't A 

.010 ! 005 
10.25 ! 0, 131 

__ J.: .025 ! 005 
10,641. 0.131 

Locking 

Standard 8u1hmg Length, 
375 - 500 

19!i:l/ 112.10/ 

M1,c1mom Mounung Pl™!I Th,cknti\ 
when uM!!d wtth UAnda,d hardware 

.062 188 
11 511 /4 16/ 

Dimensions shown 
in parentheses are in 
millimeters. 

TOLERANCES 
Dimensional tolerance 
± .016 (0,40) 
Angular 
tolerance ± 5° 
Except as specified. 

NOT TO SCALE 

Sha't endings 
Screwdriver • _010 
Slotted -1 I.I -031 

- .ooo 
I 1090 •0.25) 

...i.. \' . - o.oo 

T 
Slot .031 .!: .005 

10.80 !. 0. 13/ 
Shi h in Ell:tre.me 
Countercloc.kw1M: Po11t1on 
Sc,ewdriver Sloe 1n hne with 
MovMJlt COl"tact 

Flatted 250 l'lol will ···- to _h,n on 11.57! 01 
· mounting bu1hlno wher• •h • h te ngth w ill 

~"~-h~-
Countt,clockw,ws 
Po,,uon 32.5' 12.38 • 0.051 

flat 0pJ)01UI 
Mov1bl• Contact 

Panel Watertight Bushing 

Opt.on No 1 
StM\derd ti Sl"lown 

UH!dt-"'le.a, 
01huw11oe $pec1t1ed 

Opt.On No , 
One Lug 1n 
Po11tlon A 

Optton No 3 
Ont Lvt u, 
Pot1110n B 

Opt.On No 4 
No lugs 

Oi,hon No 2 
S1tnda1d a, Shown 

O therw,te Spec:1f1td 

Op11on No. 1 
Ono lug ar 9 o·ctoc~ 

Op11on No. J 
One Lug I t 3 o 'c.loc:k 

Op,,on No 4 
No Lug, 
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Type w 

DIMENSIONS 

Resistor for printed circuit board mounting 
Plain Bushing 

.600 
112.101 

, . 
11• - 32 NEF - 2A Threod 

' tf2 
.S16 - ~ ,-~b~ ------- -t1tt----tt11t/lJ./0/ L #1 

.094 Max. 
/2,38/ - ,---

Punt.ct C1rcull ~ 
Boa,d Th1ckneu 

.2001 .005 
15.08 J 0, IJ/ 

#3 

.200! .005 
/5.08 ! o. 13) 

Reference Pl..,. 
for BuatunQ 

end Shih Lenglh 
Menurtm.nt 

Locking Bushing 

M-4721 
Mounting Nut 

S..,,de,d Bus.hong 
l engths 

M◄748 

250 - .375 - .500 
16.35/ 19,521 I 12.701 

Shaft l•r19th1 
hom .125 /3 18/ to?.500 /63501 
MH. Ch•ml-, 018 (0 40} & 46• 

Stando,d &,tung 
Longtin 

•s-

.400 ! .005 
/10. 11 t 0J3/ 

.200 J .005 
15.08 J. o. 131 

Re1a110t1 of Te,m,nab for Pr1n11d Cucu1t Spacing I .375 - .500 - .625 
/9,51/ /12,101 115.881 Slou Rendoff\ly Loc,1.cs 

Basic dimensions 
in inches. 

Dimensions shown 
in parentheses are in 
millimeters. 

TOLERANCES 
Dimensional tolerance 
± .016 (0,40) 
Angular 
tolerance ± 5° 
Except as specified. 

NOTTO SCALE 

Hardware 
.312 

I l.94/ .018 • .000 b:- -.010 

O_~ /1.98~s:~, 

r 
Mounung Nu1 M-4721 

.396 110.06/ 

.408 (10,361 .046 //. 1•1 
_.l ~ r- Approx•m••• C' ] When Mounled 

~ f 
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Resistor 
Connections 

~q2 

-0r 
Cloc·kw1wi 

.312 
11,941 156 

b r 13_9,1 

~ □ T 
Loe~ Nu, M-4 761 

Shaft endings 

Screwdriver 
Slotted 031: -~ 

l~(oao:g:~) 
T 

Slol 031 ! .005 
1080!0 13) 

Shale in E1ctreme 
Counn1rclockW11e Po,mon 
Screwdn"et Sloe 1n line wuh 
MO¥able ContKI 

Flatted 
F«.t w lH ••tend to Wl'lhin .OCl2 ft,57J of 

..250 mounting buahi~ w.,.,. ehatt ••noth will 
16,351 not permit the "•ndard tt11, 

~ r 32.5. 

Shah m E111 Heme 
Couote,cloctr.w,te 
Pot,tton Flat Of>f)O\fte 

Mowat)fe COl'ltlCI 

r .500 1 Mounling Plot■ 8-28868 

i}:ta'1ii -4~ 1111,101 ~ 
.641 /6,35/ 

/ l6.21J ~ 
.125 

~ /3, 181 , ~~ r I I .100! .00S .033 - 005 ~ 1254to 131 
/0,84 ! 0.13/ ' • 

.100± 005 
11.54 ! 0. IJJ 

1
,-m 125 .641 ~ /3, 18/ 
(16,111 j_ 

.031 J_ 
10.801 

l-.jt,,.- ~I ~-• -1001 .005 .1oo t.005 1 7 12.54 ~0.13/ 
/:1.54 t 0.13/ 
. 125 t .005 w ,rong eo..-d F 199-42 

13.181 0,13/ 
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Type w 

EXPLANATION OF PART NUMBERS 

NOTE: Parl number format allows development ol some part numbers which cannot be manufac tured. (Example: WA2N400PJ01AA 
which has an invalid shaft length and invalid resistance value lor an "A" taper.) Check parameter limits in preceding text, when 
developing a part number. 

Combinahons which are valid and do not fit mlo a part number, (Examples: Special 1apers, special shafts, e1c.) will be assigned a 
special part number by the factory. Refer to "Ordering Information" in preceding text, for the required data for the ass1gnmen1 of a 
special part number by the fac1ory. 

Basic Type 
WA- Basic Type W 

WP - Type W with 
Pin Terminals 

WB- Type W for 
PC Board Mtg. 

Locatiny Lug 
Option 

I 
2 
3 
4 

Total Resii.1<1nce Value 

First two digits are significant figures 
and the third indicates the number of 
zeros following the first two digits -

Examples: 101 = 100 Ohms 
SO I = 500 Ohms 
255 = 2.5 Megohms 

WA2G056S501UA 

A 
E 
C 
L 
z 

Bushing Type and Length 

G - Plain .250 inch 
(6,35 mm) long 

i------_,I l..__ ___ -----1 

N - Plain .375 inch 
(9.52 mm} long 

H - Plain .500 inch 
(12,70 mm) long 

M - Locking .375 inch 
(9.52 mm) long 

L - Locking .500 inch 
(12,70 mm) long 

S - Locking .625 inch 
(15,88 mm) long 

T Panel Watertight - Plain, 
.250 inch (6,35 mm) long 

P Panel Watertight - Plain, 
.375 inch (9,52 mm) long 

E Panel Watertight - Plain, 
.500 inch (12,70 mm) long 

Y Panel Watertight - Locking, 
.375 inch (9,52 mm) long 

Z Panel Watertight - Locking, 
.500 inch (12,70 mm) long 

I 
Shaft Length 

Measured trom mounting 
surface in inches and 
sixty-fourths 

Example: 
032 = 32/ 64 or .500 inch 

(12,70 mm) 
056 = 7/ 8 or .875 inch 

(22,22 mm) 
200 = 2.000 inches 

(SO.SO mm) 

• 

I 
Shah Ending 

S - Standard Slot 
P - Plain Round 
F - Standard Flat 

Hardware Combinations 

Mounting Lock-
Nut washer Locknut 

(l)M-4721 (l)M-4748 
(2)M-4721 (l)M-4748 
(l)M-4721 (l)M-4748 (l)M-4761 

(l)M-4761 
(No hardware) 

I 

Ti!per Type and 
Total Resistance Tolerance 

U - Linear (U). • 10% 
M - Linear (U). • 20% 
A - Clockwise Modified 

Loganthmic (A), · 10% 
R Clockwise Modified 

Logarithmic (Al, · 20% 
B Counterclockwise Modified 

Logarithmic (B), · 10~ 
T - Counterclockwise Modified 

Logarithmic (Bl, • 20% 
D - Clockwise Exact 

Logarithmic (DB). • 1~ 
K - Clockwise Exact 

Logarithmic (DB), · 20% 
S - Modified Linear (S). · 10% 
Y - Modified Linear (S), · 20% 
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• TypeEJ 
Hot-Molded 
Panel 
Potentiometers 

SPECIFICATIONS 
General 

Temperature range - 55° C to + 120° C . 

Total resistance values Preferred nominal 
values listed below. Other values available. 

so 
100 
250 
500 

lK 
2.SK 

SK 

OHMS 
lOK 
25K 
SOK 

lOOK 
250K 
SOOK 

1.0 Meg. 
2.0 Meg. 
2.5 Meg. 
5.0 Meg. 

1 otal resistance tolerance!> - ± 20% or ± 10%. 

Tapers - Available in the following resistance 
ranges: 

TAPER T OTAL RESISTANCE RANGE 

u SO Ohms to 5.0 Megohms 

A, B, S, & DB 250 Ohms to 5.0 Megohms 

See chart on following pages for explanation of tapers. 
Special tapers, where practical, can be supplied. 

End resistance - See chart on following pages. 

Electrical 

Power - 2.25 watt maximum at + 70° C (single 
resistors only) provided voltage rating is not 
exceeded. 

Power deratmg Derate power linearly from 
+ 70° C to zero at .... 120° C. Derate power SO 
percent for non-metallic mounting and for resistors 
with "A", "B", "S", and "DB" tapers. See following 
pages for additional power derating information. 

1 MILLION ROTATIONS 

1-5/32 ( 1.156) Inch 
{29,36 mm) Diameter 

2.25 Watts (70° C) 
50 Ohms to 5.0 Megohms 

FEATURES 
• Linear and Non•linear Tapers 

• Single and Dual Sections 

• Slip Clutch Available 

Voltage 500 volts maximum working voltage 
(RMS or DC), or as determined by Emax = ./15R, 
whichever is less (at sea level). 

D1elecrric withstanding voltage Maximum 
continuous voltage 500 volts (RMS or DC) at sea 
level. Will withstand a one second test of 1000 volts 
(RMS or DC) at sea level or 500 volts (RMS or DC) 
at 3.4 inches (86,36 mm) mercury. 

Voltage charactenst1c - 0.005 percent per volt or 
0.5 ohm, whichever is greater. 

Capacitance The capacitance between terminal 
#1 and #3 with terminal #2 "floating" is approxi• 
mately 2 to 3 pF at 1 KHz. 

The capacitance between terminal #1 (grounded to 
bushing) and terminal #3 (shaft in extreme clockwise 
position) is approximately 10 to 12 pF at 1 KHz. 

The capacitance between all terminals shorted 
together and the bushing is approximately 15 to 20 
pF at 1 KHz. 

In all cases capacitance indicated is for resistor only 
and does not include capacitance of measuring lead 
wires on test fixtures. 

Operational 

Load lire 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in still air at + 70° C 
(1.5 hour "ON", 0.5 hour "OFF"). 

Rotational hfe - 10 percent maximum change in 
total resistance as a result of a 1,000,000 cycle life 
test without load. 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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Mechanical 

Slip clutch - The single section Type EJ is 
available with a slip clutch as Type EJC that 
prevents damage to the variable resistor when the 
shaft is rotated past the end stops. Slip torque is 2±1 
inch-pounds (2,31 ± 1,15 kgf-rm). 

Shafts - Diameter of shafts .250 inch (6,35 mm). 
Minimum length .375 inch (9,52 mm). Maximum 
length 6.000 inches (152,40 mm). Preferred shah 
lengths and endings are shown in the table below. 

PREFERRED SHAFT LENGTHS 
For Types EJ, EJD and EJC 

Plain Round -
Inches .500 .625 .750 .875 D 2.000 D 

mm 12,70 15,88 19,05 22,23 50,80 
Screwdriver Slotted -
Inches .500 .625 . 750 .875 D 

mm 12,70 15,88 19,05 22,23 
■ Only these lengths and endings are available for 

Type EJC. 

Other lengths available in 1/ 64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of the 
shaft. 

Bushings - Plain bushings only. All bushings have 
a 32-NEF-2A thread and are .375 inch (9,52 mm) in 
diameter. Length .250 inch (6,35 mm), .375 inch (9,52 
mm) or .500 inch (12,70 mm), measured from the 
mounting surface of the bushing. 

Hardware Resistors are normally supplied with 
one mounting nut M-2786 and one internal tooth 
lock washer M-2898. Unless otherwise specified, all 
hardware shipped in bulk. 

Locating lugs - Two locating lugs are provided so 
resistors may be indexed with respect to the surface 
on which they are mounted. Four lug options 
available. Lug option 1 standard. See dimensions on 
following pages. 

Turning torque - At • 25° C minimµm torque 1 
inch-ounce (0,07 kgf-cm). Maximum torque as 
follows: 

Single - 6 inch-ounces (0,43 kgf-cm) 
Dual - 9 inch-ounces (0,65 kgf-cm) 

Stop torque - 12 inch-pounds (13,82 kgf-cm) 
minimum. 

Rota hon - Mechanical 312° ,. 3°. Electrical 292° 
nominal. 

Backlash - Maximum backlash: single resistors 
:t 1· 1/2°, dual resistors ±: 3°. 

Construction - Materials are corrosion resistant 
and essentially non-magnetic; enclosure is dust and 
splash resistant; terminals are treated for easy 
soldering. 

Marking - Allen-Bradley part number and nominal 
total resistance are marked in two lines. Other 
marking possible, limited to maximum of 13 
characters in each of two lines. A-B monogram plus 
"Type EJ" always included. 

Environmental 

TypeEJ 

Vibration - 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204, condition "C" of 
MIL-STD-202.) 

Shock - 2 percent maximum change in total 
resistance. 5 percent maximum change in resistance 
setting. (Tested per method 213, condition "I" of 
MIL-STD-202.) 

Moisture resistance - 10 percent maximum 
change in total resistance. (Method 106 of MfL-STD-
202.) 

Corrosion resistance - Materials show no 
corrosion after a 200 hour salt spray test. (Method 
101 of MIL-STD-202.) 

Effect of soldering 2 percent maximum change 
in total resistance as a result of immersing the 
terminals in + 350° C solder to within 0.125 inch 
(3,18 mm) of the resistor body for 5 seconds. 

Temperature cycling - 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test (five cycles - 55° C to 
+ 120° C). 

low temperature operation - 3 percent 
maximum change in total resistance as a result of 
the low temperature operation test ( - 55° C for two 
hours without load and 45 minutes with rated load). 

low temperature storage 2 percent maximum 
change in total resistance as a result of the storage 
test (24 hours at - 55° C). 

Temperature characteristics - Maximum percent 
temporary total resistance change from the -.- 25° C 
value. See table below. 

Nominal Degrees Celsius - "U" Linear Taper 
Resistance - ss· - 2s· o· +2s· + ss· +as· + 120° 

100 Ohms + 4.5 -+-2.5 + 1.5 0 ±1.0 ± 1.5 +3,5 
1.000 Ohms + 5.5 +30 +J ,5 0 ±10 ±2.0 + 4.5 

10,000 Ohms + 7.0 +3,5 +2.0 0 ±1.0 ±2.5 +5.5 
100,000 Ohms + 8.0 +4,0 +2.0 0 ± 1.5 ±3.0 + 6.0 
1 Megohm +10.0 +50 +2.5 0 :t 1.5 ±35 + 75 

For ''S", "A'', "B" and "DB" tapers multiply percent· 
age figures shown above by 1.25. 

Ordering information 

1. Type (EJA, EJD or EJC). 
2. Taper (each section). 
3. Total resistance (each section). 
4. Total resistance tolerance (each section). 
5. Bushing length. 
6. Shaft ending. 
7. Shaft length. 
8. Locating lug option. 
9. Mounting hardware. 

10. Your part number. 
11. Marking required. 
12. Remarks. 
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TypeEJ 
Taper data 

TAPERS 
IOOK 

mlnal Resistance-Rot 
90K aracteristics or Ta 

80K 

"' 70 K E 
.l! 
0 60K 
C ,.:, ·; SOK 
V 
C: 

-. Ill 40K ... 
"' I • j JOK 

0:: 
20K 

IOK 

0 10 20 30 40 SO 60 70 80 90 100 

Percent Mechanical Clockwise Rotation 

Additional ratings 

Multiple resistor power derating The permis-
sible power dissipation in one resistor element is a 
function of the power dissipation in the other resistor 
element. Maximum continuous power rating in watts 
with entire resistor elemer1t in the circuit are as 
follows: 

( W1 )2 +(W2 )2 = I (Maximum) 
2.25 1.8 

Where Wt = Watts in entire first or panel resistor element. 
W2 = Watts in entire second or rear resistor element. 

WATTS 
W1 2.25 2.00 1.75 1.50 1.25 1.00 0.75 0.50 0.25 0 
W2 0 0.83 1.13 1.34 1.49 1.61 1.70 1.76 1.79 1.80 

DIMENSIONS 

END RESISTANCE 
MINIMUM MINIMUM 

RESISTANCE RESISTANCE 
TAPER BETWEEN BETWEEN 

TERMINALS TERMINALS 
1 and 2 2 and 3 

U&S • • 
A • • 
B • • 

DB • • 
■ "Less than .004% of total resistance," or "less than 4 

ohms" whichever is greater. 

■ "Less than 1% of total resistance," or "less than 4 
ohms" whichever is greater. 

■ Less than 4 ohms. 

Derating with resJW?cl to rotation - rheostat 
application 

Multiply Multiply 
Percent Wattage Percent Wattage 
Rotation Rating By Rotation Rating By 

100 1.00 40 0.81 
90 0.99 30 0 .68 
80 0.98 20 0.49 
70 0.96 10 0 .23 
60 0.93 0 0 .11 
50 0.89 

.531 ~ .005 
...-II3,49!.0.I3/ 

Dual resistor 
Type EJD 

e.,,111"11 L1"91lu 

.250 .375 .500 
16,35/ - I9.5:JJ - /l:J.101 Mounl•"II 

Shaft endings 
Screwdriver Slot 
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Su,fK:e 

.875 t .031 
122.22;. 0,801 

_, } I 
, 2 

f - 32NEF - 2AThroad 

L1<191hs from .375 19.52/ m,n,mum 
to 6.000 I 152,40/ mulmum 

Flatted 
Fi., .. ,u Uhnd 10 wilhin ,031 (0,80/ of 

mounh"9 bu"''"' wflert lh•h """" w,11 
not perm,t nandard flat . 

. 11251 
115.88 

Scrtwdri- <lot 
WI hnt with ~M>M contlt1 

Afl thattt tupphed w11h mu.mum 
clllfflltt .031 10.801 a 45"1! 1M wlttnd 

7 
.216 ._ .002 

15.49;. 0,05} 

Shafi'" • • ,,..,,,. 
counte.-clockw11i1 

pos•taon 
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DIMENSIONS 
Locating lug options Mounting .531 ;t .005 

(13,49±0,13) 

rypeEJ 

.531 ;t .005 
( 13,49 ± 0,13} 

.531 ;t .005 
( 13,49± 0,13} 

.531 ._ .005 
I 13,49 ± 0, 131 

.406 Dia. Minimum 

Option No. 1 Option No. 2 Option No. 3 
Standard Locating Lug 

(UNd Un._ Othetwiw Specified) 

Mounting hardware 

Option No. 4 - No Locating Lup 

(10.32) 

. 128 Dia. Minimum 
(3.25} 

. 500 Basic dimensions in inches . 011 :::..~' _ , -MounlOd 
Dimensions shown in 

PARENTHESES are in 
millimeters. 

Lock Washer M-2898 Mounting Nut M-2786 

EXPLANATION OF PART NUMBERS 

Ba~ic l11p1! 

EJA - Single EJ 
EJD - Dual EJ• 

EJC - Single EJ with Slip Clutch 

• If the electrical specifications are 
not identical for each section, a 
special part number will be 
required. 

I 
r----L-. 

I OU!llin<1 I ug 
Ortion 

I 
2 
3 
4 

EJA2N056 '350 l U 

Bu~hing Tvpe 
and length 

G - Plain .250 inch 
(6,35 mm) long 

N - Plain .375 inch 
(9,52 mm) long 

H - Plain .500 inch 
(12,70 mm) long 

I ,_-J I 
I 

Sh.ift length 

Measured from mounting surface in 
inches and sixty-fourths 

Ex.imple: 
032 = 32/64 or .500 inch 

(12,70 mm) 
056 = 7/8 or .875 inch 

(22,22 mm) 
200 = 2.000 inches 

(50,80 mm) 

Preferred Shah Length and Endings 

Type EJ and Type EJD 

Plain Round Screwdriver Slotted 

.500 (12,70 mm) .500 (12,70 mm) 

.625 (15,88 mm) .625 (15,88 mm) 

.750 (19,05 mm) .750 (19,05 mm) 

.875 (22,22 mm) .875 (22,22 mm) 
2.000 (50,80 mm) -

I 

I 
Sho1lt lndin, 

S - Screwdriver 
Slotted 

P - Plain .Round 
F - Standard Flat 

TOLERANCES 
Dimensional Tolerance ±.016 (0,40) 

Angular Tolerance ± 5• 
Except as specified. 

NOTTO SCALE 

First two digits are significant 
figures and the third indicates 
the number of zeros following 
the first two digits -

Examples: 101 = 100 Ohms 
501 = 500 Ohms 
255 = 2.5 Megohms 

I 
lilp , T\I •· ~nd 

[ (Hal l<es,~1ance 1 ole, .. n, P 

U - Linear (U), :!'- 10% 
M - linear (U), ... 20% 
A - Clockwise Modified 

Logarithmic (A), + HJ% 
R - Clockwise Modified 

Logarithmic (A), • 20% 
8 - Counterclockwise Modified 

Logarithmic (B), • 10% 
T - Counterclockwise Modified 

Logarithmic (B), • 20% 
D - Clockwise EKact 

Logarithmic (DB), • 10% 
K - Clockwise EKact 

Logarithmic (DB), + 20% 
S - Modified Linear (S), ~ 10% 
Y - Modified Linear (S), • 20% 

Type EJC 

.875 (22,22 mm) .875 (22,22 mm) 
2.000 (50,80 mm) 

CAUTION: Part number format does not allow for 
exclusion of invalid mechanical and/or electrical 
combinations. Check parameter limits in preceding text. 
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• TypeGD 
Hot-Molded 
Panel 
Potentiometers 

SPECIFICATIONS 
General 

Temperature range - - 55° C to + 120° C. 

Total resistance values - Preferred inominal 
values listed below. Other values available. 

100 
200 
250 
500 

lK 
2K 

2.SK 
SK 

OHMS 
lOK 
20K 
25K 
SOK 

lOOK 
200K 
250K 
SOOK 

1 Meg. 
2 Meg. 

2.5 Meg. 
5 Meg. 

Total resistance tolerances - ~ 20% or i. 10%. 

Tapers - Available in following resistance ranges: 

TAPER TOTAL RESISTANCE RANGE 
u 100 Ohms to 5.0 Megohms 

A, B, S, & DB 500 Ohms to 2.5 Megohms 

See chart on following pages for explana,tion of tapers. 
Special tapers, where practical, can be supplied. 

End resistance - See chart on foUowiing pages. 

Attenuators - See Allen-Bradley Publication 
EC5930-2.l 

Electrical 

Power Maximum power rating for "IU" linear 
tapers at 70° C with both elements ini the circuit 
are as follows: 

WATTS 
Front Resistor 

Rear Resistor 
0.5 0.46 0.4 0.35 0.3

1 

0.2 I o 
0 0.2 0.3 0.35 0.4 0.46 
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1/2 (0.50) Inch (12,70 mm) Diameter 
0.5 Watt (70° C) 
100 Ohms to 5.0 Megohms 
FEATURES 
• Linear and Non-Linear Tapers 

• Attenuators 

• Immersion Sealed 

• Dual Section 

Front resistor is adjacent to the actuator. Voltage 
rating must not be exceeded. 
Power derating Derate power linearly from 

1 70° C to zero at 1 120° C. Derate power SO 
percent for non-metallic mounting and for resistors 
with "A", "B", "S", and "DB" tapers. For rheostat 
applications, derate power directly with shaft or 
actuator position. 

Voltage - 350 volts n.~ximum working voltage 
(RMS or DC), or as determined by Emax. = ../PR, 
whichever is less (at sea level). 

Dielectric withstanding voltage - Will withstand 
a one second test of 750 volts (RMS or DC) at sea 
level or 350 volts (RMS or DC) at 3.4 inches 
(86,36 mm) mercury. 

Insulation resistance - 1000 megohms minimum 
for clean and dry conditions at + 25° C. 

Voltage characteristic - 0.005 percent per volt or 
0.5 ohm, whichever is greater. 

Operational 

Load life 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in still air at r 70° C 
(1.5 hour "ON," 0.5 hour "OFF"). 

Rotational life 10 percent maximum change in 
total resistance as a result of a 50,000 cycle life test 
without load. 

Mechanical 

Shafts Diameter of shafts .125 inch (3,18 mm). 
Minimum length .125 inch (3,18 mm). Maximum 
length 2.500 inches (63,50 mm) with plain, 
(Mechanical specifications continued on next page.) 
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screwdriver slotted or flatted shaft endings. Preferred 
shaft lengths and endings are listed in the table 
below. 

PREFERRED SHAFT LENGTHS 

Plain 
Round Screwdriver S lotted 

~~ ~.w.m .m.~.w .~~ 
mm 12,70 15,88 9,52 11 ,11 12,70 15,88 19,05 22,22 

Other lengths available in 1/64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of the 
shaft. The shaft can be flush with the bushjng end or 
recessed on resistors with plain bushings. 

Bu,hings - All bushings have a 32-NEF-2A thread 
and are .250 inch (6,35 mm) in diameter. Bushing 
lengths and types are shown in the table below. 

Panel Panel 
Watertight Watertight 

Plain Locking Plain Locking 
Inch mm Inch mm Inch mm Inch mm 
.250 6,35 .375 9,52 .250 6,35 .375 9,52 
.375 9,52 .soo 12,70 .375 9,52 .500 12,70 
.500 12,70 .625 15,88 .500 12,70 

After lock nuts on locking bushing are tightened with 
a torque of 8 inch-pounds (9.22 kgf-cm) shafts will 
not turn with torques up to 20 inch-ounces ( 1,44 kgf
cm). 

Hardware Resistors are normally supplied with 
one mounting nut, M-4721, and one internal tooth 
lock washer, M-4748. Resistors with shaft lock 
bushings are supplied with one lock nut, M-4761, in 
addition to the above. Unless otherwise specified, all 
hardware shipped in bulk. 

Locating lugs - Locating lug options can be 
provided so resistors may be indexed with respect to 
the surface on which they are mounted. See 
dimensions. 

Turning torque - 0.5 to 4.5 inch-ounces (0,036 to 
0,32 kgf-cm) at · 25° C and 13 inch-ounces (0,94 
kgf-cm) maximum at 55° C. 

Stop torque 2 inch-pounds (2,31 kgf-cm) 
minimum. 

Rotation - Mechanical rotation is 295° • 5°. 
Electrical rotation is 270° nominal. 

Backlash - 3° maximum. 

Construchon - Materials are corrosion resistant 
and essentially non-magnetic; terminals are treated 
for easy soldering. 

The resistor incorporates an internal "O" ring 
between the shaft and bushing. External surfaces are 
given special treatment so that the entire resistor is 
immersion sealed or "watertight." 

A "panel watertight" bushing is available. This 
bushing is provided with an external "O" ring in 
addition to the internal "O" ring supplied as 
standard. 

tmmef'Sion - No continuous stream of bubbles (4 
or more) emanating from the resistor as a result of 
the immersion test (1 minute in water at ,. 85° C). 

Weight The exact weight of individual resistors 
depends on the precise mechanical specifications 
involved. An approximate net weight of typical 
resistor including hardware normally specified would 
be 0.24 ounce (6,8 gms). 

Marking Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible, limited to maximum of 13 characters in 
each of two lines. A-8 monogram plus "Type GD" 
always included. 

Environmental 

Vibration 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204, condition "C" of 
MlL-STD-202.) 

Shock - 2 percent maximum change in total 
resistance. S percent maximum change in resistance 
setting. (Tested per method 213, condition "I" of 
MIL-STD-202.) 

Moisture resistanc<> 10 percent maximum 
change in total resistance. (Method 106 of MIL-STD-
202.) 

Corrosion resistance - Materials show no 
corrosion after a 200 hour salt spray test. (Method 
101 of MIL-STD-202.) 

Effect of solderinq 2 percent maximum change 
in total resistance as a result of immersing the 
terminals in .- 350° C solder to within .062 inch (1.57 
mm) of the resistor body for 5 seconds. 
Temperature cycling - 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test (five cycles 55° C to 
.. 120° C). 

Low temperature operation - 2 percent 
maximum change in total resistance as a result of 
the low temperature operation test ( 55° C for two 
hours without load and 45 minutes with rated load). 

Low temperature storage - 2 percent maximum 
change in total resistance as a result of the storage 
test (24 hours at 63° C). 

Temperature characteristics - Maximum percent 
temporary total resistance change from the ... 25° C 
value. See table below. 

Nominal Degrees Celsius - uu~ Linear Taper 

Res istance - 55° - 25° o· .. 25• + 55° -t"-85" + 120° 

JOO Ohms + 4.5 .. 2.5 ♦ 1.5 0 .tl.O ± 1.5 I 3.5 
1,000 Ohms + 5.5 ... 3,0 + 1.5 0 ± 1.0 :t 2.0 , 4.5 

10,000 Ohms + 7.0 + 3.5 +-2.0 0 + 1.0 ± 2.5 + 5.5 
100,000 Ohms + 8.0 + 4.0 + 2.0 0 + 1.5 >-'3.0 + 6.0 
I Megohm t-10.0 -+ 5.0 I 2.5 0 :.t.1.5 :t.3.5 + 7.5 

For "S", "A", "B" and "DB" tapers multiply percent
age figures shown above by 1.25. 
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Tdper data 

TAPERS 
END RESISTANCE IOOK 

Nominal Reaiatance•Rotation MINIMUM MINIMUM 
90K Characteristica or Ti!lpcn 

RESISTANCE RESISTANCE for Total Reaistance 
80K of lOOK 

.,, 
e 70K 
.c 
0 60K 

.5 
SOK QI 

V 
C 
ftl ... 40K 

• !!! 30K 
~ 

a:: 
20K 

lOK 

TAPER BETWEEN BETWEEN 
TERMINALS TERMINALS 

1 and 2 2 and 3 
U&S a a 

A a a 
B a a 

DB • • 
a "Less than .004% of total resistance," or "less than 10 

ohms" whichever is greater. 

w ~ ~ ~ ~ ~ ro ~ ~ 100 
Percent Mechanical C lockwise Rotation 

■ ''Less than 1% of total resistance," or "less than 10 
ohms" whichever is greater. 

■ Less than 10 ohms. 

Ordering information 

1. Type (GD). 
2. Taper. D 
3. Total resistance. D 
4. Total resistance tolerance. II 
5. Bushing type. 

6. Bushing length. 
7. Shaft ending. 
8. Shaft length. 
9. Locating lug option. 

10. 
11. 
12. 
13. 

Mounting hardware. 
Your part number. 
Marking required. 
Remarks. II 

II When specifying attenuators specify attenuator type, characteristic impedance, tolerance on characteristic impedance 
and under remarks specify standard or limited attenuatiOTJ. 

DIMENSIONS 
Standard resistor 
Plain Bushing 

.23'1Mu. 
(5,951 

i, 
,, 1, 

.,oo~ .005 -+-4~ l.~2 LJ.t, 1 

,031 , .OM 
,0,80/ 11,38/ 

1------l /2,54L 0.l31 

-Slot Will ICCOmmodi .. 
2 No. :IOSofld o, 3 No 21 
tohdWttft~ 

Shafts 
Flatted 

Fi.1 wl• .. ,_ to Within .062 /1,57/ of 
.260 mo<Jntlng bwhlng ,.,-. shelt '"9th w ltt 

~-·--;:;--

Shift 1n EJC'tl9ffil 

Couni-wclodl:wi.M 
Pot.itton 

Flet Oppot1t9 

Mcwab6eC0ttt1tet 

Basic dimensions in inches. 
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Dimensions shown in 
PARENTI-IESES are in 

millimelers. 

Shol1l-h! 
Iron, 125 /3JBJto2.500/6J,50/ s,,.,g1,.,..,,,.,.., 
MA•. c~,., .o,a fo.,o, • ◄5" .,.,.~,,,..,_Md 

Screwdriver Slotted 

Coun~WIN Po11t1on 

S.O. ,n line w,tt. Mov_. Cont.ad 

TOLERANCES 
Dimensional Tolerance ± .016 (0,40). 

Angular Tolerance ± S0
• 

Except as specified. 

NOTTO SCALE 

Locking Bushing 

Stlndo<d 8uin.,. l..,,u,, 
,375 .500 .QS 
(9,521 • / 12,lO/ -115,881 

Mu:inwm ~ntine ~ Thk::lcnt11 
~ uted W1th standard '"°""tint hl<ctwtite. 

.OQ - . ,.. _ .311 
( 1.51) (4,161 11,941 

Slwltmun .. -
.01110,401 boyond bulhint, 

Locating lugs 
Standard Resistor 

Mounting 
Standard Resistor 

Option No. , s--u.dU<lloA 
Ol,.._5-ifiod 

Dot'°" No, 4 No L,. 
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DIMENSIONS 
Panel watertight resistor 
Plain Bushing Locking Bushing 

locating lug"i 
.245 t. .006 ----

¼ 32 NE F 
· 2A Th,eod ~ 

St_,dl,d Bu,hing length, 
.375 .500 

19.521 - I 12.10/ 
Ma,ifmum Mount•~ Pinet Th,cknat 
whet\ used with ttandard hardw...-1 . 

. 062 .188 
(1,511 (4,161 

Shaft mun .. ,end 
.01610, 401 beyond bu,hino, 

16,22 t 0, 131 

091 t. .005 
12,31 t. 0.13/ 

Option No. I 
Ono Luo at 9 o·c1oc:11 

Option No. 2 
Si.ndatd • Shown 

u..d Unleu 
Otlwrwi• Si,ecified 

Qpt,on No. J 
Ono Luo ot J o'doc:11 

Option No. 4 
No Luv, 

.265 t. .005 Dia. 
/6,73 t 0,13) 

St1ndard S111t1 L,ngths 
Bushong L,ngths from .12S (3. 18/ to 2.375 (60.321 

16~ - 1/Jffi - (i~I M,.. Chlmfe, .016 10.401 • 45' 

.096: :ggg D11. 

/ 2.44 ' 0, 13) 
.030Mon, 

(0,161 
_ 0.00 

Mounting hardware 
,312 
11.941 

J_j t- 1;.';n 
0 8 floc1t Nut M◄761 

,312 
rl,9'11 078 • .ooo 
□Ii _ ,010 JR\ (1.98 • o.oo) 
~ _ o.25 

~nnng Nut ,-.-4721 

.398 I 10,061 ,04S 

.408110,30/ ,,.,,1 ~7 App,o•lm,., ~--··"' 
Lock Wtiher M ••748 

EXPLANATION OF PART NUMBERS 
&stc Typ., 

GD - Dual vanable 
resistor -

If the electricbl specificll• 
t,ons are not identical for 
each section. a speetal 
number will be required 

Bu1hinq Type 
4nd length 

G - Plain .250 inch 
(6,35 mm) long 

N - Plain .375 ,nch 
(9.52 mm) long 

H - Plain .500 inch 
(12.70 mm) long 

M - Locking .375 mch 
(9,52 mm) long 

L - Locking .500 inch 
(12,70 mm) long 

s - Locking .625 inch 
(15.88 mm) long 

T - Panel Watertight -
Plain, .250 inch 
(6.35 mm) long 

p - Panel Watertight -
Plain, .375 inch 
(9.52 mm) long 

E - Panel Watertight -
Plam, .500 inch 
(12,70 mm) long 

V - Panel Watertight -
Locking, .375 inch 
(9.52 mm) long 

z - Panel Watertight -
Locking, .500 inch 
(12.70 mm) long 

Loca1rn9 Lug 
Ophnn 

I 
2 ■ 
3 ■ 
4 

To1al R,-1.,t<lnte Vdlue 

Fl!st two digits are significant fig
ures and the third indicates the 
number of zeros following the first 
two digits -

a Available only 
with panel water• 
tight resistor. 

Examples: 101 = 100 Ohms 
501 = 500 Ohms 
255 = 2.5 Megohms 

G056S501U GDt 1 A 

I 
Shdlt lenglh 

Measured from rr,ount 
surface in inches and 
slxty-lourths 

Example: 
032 = 32/64 or ,500 1 

(12.70 mm) 
n. 

056 ~ 7 /8 or .875 in. 
(2~.22 mm) 

200 = 2.000 in, 
(50,80 mm) 

s 
p 
F 

I 

I 
.sh { ndmq 

Standard Slot 
Plain Round 
St,,ndard Flat 

CAUTION: Part num tallow for ber format does no 
mechanical and/or elec 

parameter hm11s m 
exclusion of invafid trical 
combinations. Check preceding text 

A 
E 
C 
L 
Z -

I 

I 

T 

Resistor connections 

H.irdw4r.? Combtn.ttio11-. 

Mounting Lock• 
N ut waahe r Locknul 

(l)M-4721 
(2)M-4721 
(l)M,4721 

(l)M-4748 
(l)M•4748 
(l)M-4748 (l)M-4761 

(l)M-4761 
(no hardware) 

Elee111, ,il 5r,e<il,n•tinn 
T "P"' hp~ .ind 

nt<ll Rr~"tanc1t Tol.-roncr 

u - linear (U), ~ 10% 
M - Linear (U), + 20% 
A - Clockwise Moditk!d 

R 
Logarithmic (A), + 10% 

- Clockwise Modified 

8 
Logarithmic (A), + 20% 

- Counterclockwise Modified 

T 
Loganthmic (B), t 10% 

- Counterclockwise Modified 
Logarithmic (B) . .t 20% 

D - Clockwise Exact 
Logarithmic (uB), * 10% 

K - Clockwise Exact 
Logarithmic (DB), • 20% 

s - Modified Linear (S), ..t 10% 
V - Modified Linear (S), • 20% 

P,td l~P" .,1111 
Charectrn,ti, lmrw<l,,n, 

T ol<'t.,n, 

E - L-P<ld Attenuator, .!. 15~ 
L - L•Pad Allenuator,-:: 20% 
N - Bridged T-Pad Attenuator, 

.i 15% 
p - Bndged T-Pad Attenuator, 

:!::20\, 
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• Typesp 
Cermet 

SPECIFICATIONS 
General 

Temperature range - - 65°C to + 150°C. 

Total resistance values - Preferred nominal 
values listed below. 

so 
75 

100 
200 
250 

500 
750 
lK 
2K 

2.SK 

OHMS 
SK 

7.SK 
lOK 
20K 
25K 

SOK 
75K 

lOOK 
200K 
250K 

SOOK 
750K 

1 Meg. 

Total resistance tolerances - ± 10 percent 
standard, ± 5 percent available on request. 

Taper (Resistance- rotation character-
istics) - "U" linear taper. 

F nd resistance - Less than 5 ohms at both ends. 

Electrical 

Power - 1 watt maximum at + 70°C provided 
voltage rating is not exceeded. 

Power derating - Derate power linearly from 
+ 70°C to zero at + 150°C. Derate power 50 
percent for non-metallic mounting. For rheostat 
applications, derate power directly with shaft or 
actuator position. 
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Panel 
Potentiometers 
1.0 Watt (70°C) 
3/8 (0.375) Inch (9,52 mm) Diameter 
50 Ohms to 1.0 Megohm 
FEATURES 
• TCR ± 100 ppm/°C Maximum 

• Cermet 

• 2 Types 
Solder Terminals or Pin Terminals 

• 7 Locating Lug Options 

• Immersion Sealed 

• ± 10% Tolerance 

Voltage - 300 volts maximum working volta~ 
(RMS or DC), or as determined by Emax.= vPR, 
whichever is less (at sea level). 

Dielectric withstanding voltage - Will withstand 
a one second test of 750 volts RMS at sea level, or 
350 volts RMS at 3.4 inches (86,36 mm) mercury. 

Insulation resistance - 100 megohms minimum 
for clean and dry conditions at + 25°C. 

100 

~ 90 
C 
Ill 80 

~ 10 

~ 60 

-;a so 

~ 40 

c 30 

~ 20 ... 
~ 10 

Electrical Taper 
)I' , 

/ 
V 

/ 
I/ 

/ 
~ 

~ 
~ 

0 10 20 30 40 50 60 70 80 90 100 

Percent Clockwise Rotation 
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Operational 

Contact r~~•stance vctriation - Less than 3 
percent of nominal resistance value. 

load life - 5 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in still air at + 70°C 
(1.5 hour "ON," 0.5 hour "OFF"). 

Rotational life - 10 percent maximum change in 
total resistance as a result of 25,000 cycles under load. 

Mechanical 

Construe.. hon - Materials are essentially non
magnetic. Terminals are treated for easy soldering. 
The resistor incorporates an internal "O" ring 
between the shaft and bushing. External surfaces 
are given special treatment so that the entire unit 
is immersion sealed. 

Shafts - Diameter of shafts .125 inch (3,18 mm). 
Minimum length .188 inch (4,76 mm). Maximum 
length 2.500 inches (63,50 mm) with plain, slotted or 
flatted shaft endings described on page 134. Preferred 
shaft lengths are listed in the table below. 

PREFERRED SHAFT LENGTHS 
With Plain Round or Slotted Endings 

Inch .312 .375 .438 .500 .625 .750 .875 

mm 7,94 9,52 11,11 12,70 15,88 19,05 22,22 

Other shaft lengths available in 1/64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of 
the shaft. 

Bushings - All bushings have a 32-NEF-2A 
thread and are .250 inch (6,35 mm) in diameter. 
Pref erred bushing type and lengths are shown in 
the table below. 

BUSHING LENGTH 

BUSHING TYPE 
Plain 

Inch 

.250 

.375 

mm 

6,35 
9,52 

All bushing lengths are measured from the mounting 
face to the end of the bushing. 

furning torque - 0.5 to 6 inch-ounces (0,036 to 
0,44 kgf-cm) at + 25°C. 

Stop torque - 3 inch-pounds (3,46 kgf-cm) 
minimum. 

Rot.itlon - 280° ± 5°_ 

Backla~h - Maximum of 3 degrees. 

Weight - Approximately 5 grams. 

Locating lugs - Locating lugs can be provided 
so the resistor may be indexed with respect to 
the surface on which it is mounted. Seven different 
locating lug options are available. Double flatted 
bushings and lug adapters accomplish this function. 
All lug adapters shipped in bulk. Unless otherwise 
specified, resistors are supplied in accordance with 
Option No. 2. See dimensions on page 134. 

Hdrd"<1r~ Standard hardware is one mounting 
nut M-4721 and one internal tooth lock washer 
M-4748. Unless otherwise specified, all hardware 
shipped in bulk. 

Marking - Allen-Bradley part number and nominal 
total resistance are marked in two lines. Other 
marking possible, limited to a maximum of 13 
characters in each of two lines. A-B monogram 
plus "Type SP" always included. 

Environmental 

Vibration - 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204, condition "C" of 
MIL-STD-202). 

Shock - 2 percent maximum change in total 
resistance. 5 percent maximum change in resistance 
setting. (Tested per method 213, condition "I" of 
MIL-STD-202.) 

Moisture resistance - 2 percent maximum change 
in total resistance. (Method 106 of MIL-STD-202.) 

1-ffecf of -,oldering - 1 percent maximum change 
in total resistance as a result of immersing the 
terminals in 350°C solder to within 0.062 inch 
(1,59 mm) of the resistor for 5 ± ½ seconds. 

T l'mperalure c ycling - 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test. (Five cycles at -65°C 
to + 150°C). 
High temperaturt> l'xposure - 4 percent maxi
mum change in total resistance as a result of the 
high temperature exposure test. ( + 150°C for 1000 
hours without load.) 
Low temperature operation - 2 percent maxi
mum change in total resistance as a result of the 
low temperature operation test. (- 6S°C for two 
hours without load and 45 minutes with rated load.) 

Temperature coefficient - Total resistance 
change less than ± 100 ppm/°C. (Tested per method 
304 of MIL-STD-202.) 

lmmer-.ion - No continuous stream of bubbles 
(4 or more) emanating from the resistor as a result 
of the immersion test (1 minute in water at + 85°C). 

Ordermg information 

1. Type (SPS or SPP). 

2. Total resistance value. 

3. Tolerance on total resistance. 

4. Bushing length in inches or millimeters. 

5. Shaft ending (Plain, Slotted or Flatted). 

6. Shaft length from mounting surface in inches 
or millimeters. 

7. Locating lug option (1, 2, 3, 4, 5, 6 or 7). 

8. Mounting hardware (A-B standard or other). 

9. Part number you have assigned. 

10. Marking required on the part. 

11. Remarks. 
133 
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1½:>esp 
DIMENSIONS 
·• ype !',P~ pldtn bu~ ing - solder terminal, 

.100. .• 0CII 
11,IU L 0,IJJ 

.Q2I .. .OGI 
10.11 L 0, 13J 

Type PP plai 1 l 
pin tPrminals 

100 1 .OOI .100& .OOI 
(1.54 Lo. 13/ (1.54 • o. 13/ 

f <'eating lug opt=·m 

hmg 

.IOO L .OOI 
11,54 Lo. 13) 

.,. 
f ,t,~ All 1 .031 

I" I 111,11 .! o,niJ 

Prelerred 
8ualllng length& 

.JIG - .371 
16,351 19,52} 

SNIILengtha 
trom.1U f4,78I· 2.1100(0350> 
M .. Cl>amte, .011 (0.'°I )( 4$0 

Shaft endings 

OJI • .010 
- .000 

lollO' 0,15) 
,. . 0,00 

Slotted 

.250 Flat will t"1end to .Ol2 (1 ,571 ot the 
16.35/ Mounting 8111h,no -•• thaft 
tngth w,11 not perrnit I.he Standard Flat 

Flatted 

--------------------------------------
OPTION NO. I 

17&1 .OOI 

" ·" • o. 13/ 

O,TtONHO 2 
SlandatdanclUNd 

un~u o~rwtM IOldh.cl 

178L OOli 

' ' · " L 0.13/ 

i 
d .. ptcr phtes 

.015.a OOli 
(0.JI • o. 13/ 
.012 .. .006 

/1,51 • 0. IJ/ ..... ....,.. ..... +-----.. 

.1131 L .OOI 
....£!.o.lJO _. o. 131 

~~, 

Opclon No. 2 
8-39339 

Ha <h "'t 

G4S / l , t4J 
Appro•unate 

-Mounted r 
tOe/10,361 
lN(l0.06/ 

a 

Of'TION NO. l 

.171 L .OOI 

'' ·" ._ o. 131 

.110!:,'TI 
,.~~ 

+ Oc>IIOft No. I 6 3 
8-3113'0 

Mo<lnl"'t ,._,, M◄nl 

134 

Of'TIOH NO • 
Nolugt 

Of'TIOHNO 5 

.246 t. OOli 
16,11 • 0,13/ 

I 

Oc>llonNo.l 
8~1 

Of'TIOH NO 7 

117 ._ .OOli 
/4 15 • 0, 13/ 

Option No. 5 & 7 
8-311342 

Resistor c.onn, <. 1 :> ~ 

~ 
~ 1:#2 

CW 

Basic dimensions in inches. 

Dimensions shown in 
parentheses are in millimeters. 

TOLERANCES 
Dimensional tolerance 
±.016 (0,40) 
Angular tolerance ±5° 
Except as specified. 

NOTTOSCAlE 
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Cermet 
Panel 
Potentiometers 

EXPLANATION OF PART NUMBERS 

Total Resistance Value 

First two digits are significant 
figures and the third indicates 

Shaft lndmg 

S- Slotted 

the number of zeros following 

Basic Type 
SPS - Lug Terminals 

SPP - Pin Terminals 

Bushing Type and Length 
G - Plain .250 inch 

(6,35 mm) long 

N - Plain .375 inch 
(9,52 mm) long 

P - Plain Round 

F - Flatted 

J, 
SPSG 0S~ S501 U 

Shaft Length 
Measured from mounting 
surface in inches and 
sixty-fourths . 

Examples: 

056 = 7 / 8 or .875 inch 
(22,22 mm) 

200 = 2.000 inches 
(50,80 mm) 

CAUTION: Part number format does not allow for exclusion of 
invalid mechanical and/or electrical combinations. Check parameter 
limits in preceding text. 

the first two digits -

Examples: 101 = 100 Ohms 

501 = 500 Ohms 

254 = 250K 

Taper Type and Total 
Resistance Tolerance 

U - Linear (U), ± 10% 

X - Linear (U), ± 5% 

135 
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• TypeWR 
Hot-Molded 
Panel 
Potentiometers 

s 

SPECIFICATIONS 
Genera) 

Temperature range - Variable resistor - 55° C to 
+ 120° C. Switch - 55° C to + 100° C. 

Tota resist.ince values Preferred nominal 
values listed below. Other values available. 

OHMS 
100 lK lOK lOOK 1.0 Meg. 
200 2K 20K 200K 2.0 Meg. 
220 2.2K 22K 220K 2.2 Meg. 
250 2.SK 25K 250K 2.5 Meg. 
470 4.7K 47K 470K 4.7 Meg. 
500 SK SOK SOOK 5.0 Meg. 

I otal resistance tolerances :r 20% or :r 10%. 

Tapers Available in following resistance ranges: 

TAPER TOTAL RESISTANCE RANGE 
u 100 Ohms to 5.0 Megohms 

A, B, S, & DB 500 Ohms to 2.5 Megohms 

See chart on following pages for explanation of tapers. 
Special tapers, where practical, can be supplied. 

r nd re'>istaru.e See chart on following pages. 

S"itches Two types of single pole, single throw 
switches are available. One turns "ON" at start of 
clockwise shaft rotation, the other at the start of 
counterclockwise shaft rotation. The switch reduces 
effective electrical rotation to 248° nominal. 

Switch rating for resistive loads is 1.0 ampere 125 volt 60 
Hertz. 

Switches can be operated 10,000 cycles at full rating. 
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1/2 (0.50) Inch (12,70 mm) Diameter 
0.5 Watt (70° C) 
100 Ohms to 5.0 Megohms 

Fl:.ATURES 

• Linear and Non-Linear Tapers 

• Radial Terminals 

• Switches Available 

Electrical 

Power 0.5 watt maximum at + 70° C for "U" 
linear taper provided voltage rating is not exceeded. 

Power derating Derate power linearly from 
+ 70° C to zero at + 120° C. Derate power 50 
percent for non-metallic mounting and for resistors 
with "A", "B", "S", and "DB'' tapers. For rheostat 
applications, derate power directly with shaft or 
actuator position. 

Voltage - 350 volts maximum working voltage 
(RMS or DC), or as determined by Emax. == .Jl5R, 
whichever is less (at sea level). 

Oielet.tric. withstanding voltage - Maximum 
continuous voltage 350 volts (RMS or DC) at sea 
level. Will withstand a one second test of 750 volts 
(RMS) at sea level or 350 volts (RMS) at 3.4 inches 
(86,36 mm) mercury. 

Insulation resistance 1000 megohms minimum 
for clean and dry conditions at + 25° C. 

Operational 

Load life 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in still air at + 70° C 
(1.5 hour "ON," 0.5 hour "OFF"). 

Rotational life 10 percent maximum change in 
total resistance as a result of a 50,000 cycle life test 
without load (variable resistor only). 
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Mechanical 

~hafts - Diameter of shafts .125 inch (3, 18 mm). 
Minimum length .125 inch (3,18 mm). Maximum 
length 2.500 inches (63,50 mm) with plain, screw
driver slotted or flatted shaft endings. Preferred shaft 
lengths and endings are listed in the following table. 

PREFERRED SHAFT LENGTHS 

Plain 
Round Screwdriver Slotted 

Inches .500 .625 .375 .438 .500 .625 .750 .875 
mm 12,70 15,88 9,52 11,11 12,70 15,88 19,05 22,22 

Other lengths available in 1/ 64 inch (0,40 mm) 
increments. All shaft lengths are measured from the 
mounting face of the resistor to the free end of the 
shaft. The shaft can be flush with the bushing end or 
recessed on resistors with plain bushings. 

Bu~hing~ - All bushings have a 32-NEF-2A thread 
and are .250 inch (6,35 mm) in diameter. Bushing 
lengths and types are shown in the table below. 

Panel 
Watertight 

Plain Locking Plain 

Inch mm Inch mm Inch mm 
. 250 6,35 .375 9,52 .250 6,35 
.375 9,52 .500 12,70 

After lock nuts on locking bushing are tightened with 
a torque of 8 inch-pounds (9,22 kgf-cm) shafts will not 
turn with torques up to 20 inch-ounces (1,44 kgf-cm). 

Hard"'an;, Resistors are normally supplied with 
one mounting nut, M-4721, and one internal tooth 
lock washer, M-4748. Resistors with shaft lock 
bushings are supplied with one lock nut, M-4761, in 
addition to the above. Unless otherwise specified, all 
hardware shipped in bulk. 

Lm.ating lugs - Locating lugs can be supplied to 
prevent turning or movement with respect to the 
surface upon which the resistor is mounted. Four 
different locating lug options are available. See 
DIMENSIONS. 

I urmng torque The torque required to rotate 
the shaft is 0.5 inch-ounce (0,036 kgf-cm) minimum, 
3 inch-ounces (0,22 kgf-cm) maximum at + 25° C 
ambient temperature, and 13 inch-ounces (0,94 kgf
cm) maximum at - 55° C ambient. 

Maximum additional torque required to operate the 
switch is 1 to 6 inch-ounces (0,072 to 0,432 kgf-cm). 

~ 1ur, lnrqut• 2 inch-pounds (2,31 kgf-cm) 
minimum. 

Rl>tation Mechanical rotation for resistors with 
or without switch is 295° ± 5°. 

Electrical rotation is 270° nominal without switch and 
248° nominal with switch. 

Backla.,h - 3° maximum. 

TypeWR 
' •11htru lion Materials are corrosion resistant 
and essentially non-magnetic, terminals are treated 
for easy soldering; enclosure is dust and splash 
resistant. 

Immersion-sealed types, commonly referred to as 
"watertight" are optional. These immersion-sealed 
types incorporate an internal "O" ring seal between 
the shaft and bushing. External surfaces are given 
special treatment so that the entire resistor is 
immersion-sealed so that no continuous stream of 
bubbles (4 or more) emanates from the resistor as a 
result of the immersion test (1 minute in water at 
+ 85° C). 

A panel-shaft ''watertight" bushing is also optional. 
This bushing is provided with an external "O" ring in 
addition to the features of the immersion-sealed type. 

\,\ t-1qh1 The exact weight of individual resistors 
depends on the precise mechanical specifications 
involved. For example a Type WR resistor with 0.250 
inch (6,35 mm) bushing and 0.875 inch (22,22 mm) 
shaft will weigh approximately 0.27 ounces (7,57 
grams). 

:\la, l m..i Allen-Bradley part number and nominal 
total resistance marked in two lines. Other marking 
possible, limited to maximum of 13 characters in 
each of two lines. A-B monogram plus "Type WR" 
always included . 

\ 1brr.1ll 11n 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204, condition "C" of 
MIL-STD-202.) 

'-,hue~ 2 percent maximum change in total 
resistance. 5 percent maximum change in resistance 
setting. (Tested per method 213, condition 'T' of 
MIL-STD·202.) 

Hum1d11~ mhi tun? re'>is1.1nc All resistors 
exhibit less than 10 percent total resistance change 
when tested per MIL-STD-202, Method 103, 
Condition " B". Sealed resistors e xhibit less than 10 
percent total resistance change when tested per 
MIL-STD-202, Method 106. 

L 11r-ru'.'>ion esist.in<"' Materials show no 
corrosion after a 200 hour salt spray test. (Method 
101 of MIL•STD·202.) 

l fl,,, I <>f .. olurri 1~ 2 percent maximum change 
in total resistance as a result of immersing the 
terminals in + 350° C solder to within 0.125 inch 
(3,18 mm) of the resistor body for 5 seconds. 

l en-rH atuu· '-Vcling 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test (five cycles - 55° C to 
+ 120° C for resistor and five cycles at - 55° C to 
-+- 100° C for resistor with switch) 
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TypeWR 
Environmental 

Low temperature operation 2 percent 
maximum change in total resistance as a result of 
the low temperature operation test (- 55° C for two 
hours without load and 45 minutes with rated load). 

Lo" temperature storage 2 percent maximum 
change in total resistance as a result of the storage 
test (24 hours at - 63° C). 

Temperature characteristics - Maximum percent 
temporary total resistance change from the + 25° C 
value. See table to right. 

For "S", "A", "B" and "DB" tapers multiply percent
age figures shown by 1.25. 

Taper data 

TAPERS 
IOOK '""",.,.-N-o_m_i_na--,l""R_e_sl-st-an_c_e--R-o-ta-ti_o_n-,--::::,,,__, 

90K Characteristics or Tapers,.,,._-1-:ir--tt----1 
for Total Resistance 

BOK I---+-~>---+ of l 001< 

5 70K l---+-----4--+--+-+-...,,,... __ t--H--4+----4 
J:. 
0 !JOK 1---+-----4~-+--+-+-1-.,,._-~-+---44----< 
.5 
~ ~Kl---+-----4-1--+---+--ll--+-4--4----< 
u 
C 
~ ~Kl---+-----4-;----+-+--t--+t---H--+----< 
ti 
·@ 30K ~-+---t-~E---t''---+--+-+-1-----11--+--I 
0:: 

0 10 20 30 40 ~ 60 70 80 90 IOU 

Percent Mechanical Clockwise Rotation 

Ordering information 

Nominal Degrees Celsius - "U" linear Taper 
Resistance - ss· - 2s0 o· + 2s0 +ss· +ss• + 120° 

100 Ohms + 4.5 +2.5 +1.5 0 ± 10 ± 1.5 +3.5 
1,000 Ohms + 5.5 +3.0 +J.5 0 ± I 0 ±2.0 +4.5 

10,000 O hms + 7.0 +3.5 +2.0 0 ± 1.0 ±2.5 +5.5 
100,000 Ohms + 8.0 +4.0 +2.0 0 ± 15 ±3.0 +6.0 
1 Megohm +10.0 +5.0 +2.5 0 ± 1.5 ±3,5 + 7.5 

END RESISTANCE 
MINIMUM MINIMUM 

RESISTANCE RESISTANCE 
TAPER BETWEEN BETWEEN 

TERMINALS TERMINALS 
1 and 2 2 and 3 

U&S II II 

A II B 
B D II 

DB D D 

D "Less than .0()4'\, of total resistance," or "less than 10 
ohms" whichever is greater. 

H "Less than 1% of total resistance," or "less than 10 
ohms" whichever is greater. 

D Less lhan 10 ohms. 

1. Type (WRA, WRH or WRS). 6. Bushing length. 10. Mounting hardware. 
2. Taper. 
3. Total resistance. 
4. Tolerance. 
5. Bushing type. 

7. Shaft ending. 
8. Shaft length. 
9. Locating lug option. 

11. Your part number. 
12. Marking required. 
13. Remarks. 
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DIMENSIONS 
Standard potentiometer 
Plain Bushing 

.031 10,IIOJ 11 J)!M (3,JBJ Slot wit! 
acco~lt 2 IQ4jd It 2'0'" 
3 _,.,d-# 71 ._,,.., 
lemnnaih O&S f, 651 w,tte, 015 10,38/ th,c.~ 

031 09\ t 

~125:t ,001 SOO Mu ~ 
/3JB• 0,031 11'.IO/ 
StandMd 
BuV11"9 
ltntfht Opt10MI St,tii~t fttm1nth 
250 (S 35) IAw■ltbM 1t ,pec:,fJtdl 

Sh•h Lan9th, J?S t!1 l1J !-C::.:S~~ . 100 t ,00!!, 

~ 
' 11 54 , 0 13/ 

M1n•'1"Urn Ltnti,. 12513 ,111 
M.._,mu"" L.ntth 1.500163,501 
AJISh,tt1 01& 10 401 ii 4S-M•• Ct.lffll., on •nd. 

Panel watertight potentiomefer 
Plain Bushing 024 

10,61/ 

M+Mltnurn l.tn9ltt 125 IJ. 18/ 
Mt•imum llf"tttl 2 375 (60.JOJ 

1:H t 001 O.a 
/3. 18• 0,0:J/ 

S1.w.dtrd 
&.M\.nt , ...... 
11'016,JS/ 

AJISh•lb 016 10 40I a it5,~Mo Chan\.., on«M:I 

Slandard potentiometer with switch 
Plain Bushing 

.234 
(5,951 

I , , 
2!..,/', 

.031 10.801 , 094 /2,38 / Slot w,11 
accomodote 2 ,ohd # 20 o, 
3 s.oUd # 21 w1re1, 

,812Ma.. 

140 Ref 
13,561 

Term1n11, .065 II 651 wide, .015 10,JB/ Ih.ck 

Shah Long th• 100 • .005 

~ 
• 12 51/ , 0 1311 

Oi,11onol S1, .. gh1 T e,m1not, 
IAv11f1ble tf 1P9C-1futd) 

M1n1munl Length 125, ,J IIJI 
Ma-.,rnum Lengtt, 2 500 1(,.J 50J 
AH Shatt) 0l6 10 4 01 .. 45 ' M•• Ch~mfet on end 

Panel 1,.~,1atertight potentiometer with switch 
Plain Bushing 

500 o,. 
II 1 IOI 

234 
(5951 

2 

.948Mu. 
114,081 

Shah Le-nglhs 

Minimum LRnyth , 125 13 181 
Maximum Longth 2.375 160 JOI 

125 • 001 o,. 
13 18, 0031 

S11nd••d 
e.,.i,,ng 
lenglh 
.250 16.351 

All Shofu 016 10.401 • 45 M .. Chamfer onenq 

TypeWR 

Locking Bushing 

St~d ~\1'11nw L94'\f1h• 
,,. 600 

/9!w> -111101 
Maaonwm Mounl•nt ~ I llu(lllr;,wn 

when u.Md w,th 11end,wd ffiQ\lnUnt -~• 

015• ~ 
10 40,0.131 

062 111 
I I.SIi /4,16/ 
Shafi n\vt1 t,11ttnd 

.016 10.• 01 _ .,.. ....... 

Op110l'III S tr119"1 T tn'YIM'llb 
IA1r1tltblt 1f 1f)it(1fi.dl 

100t .005 
12.54 i O 13/ 

Locking Bushing 

Sun~,(1 8u,h1n11 l .. oqth, 

375 500 
19 571 117 /{I/ 

Mruum\lm MourmnCJ Pil,ffl'I 1 h1c~oen 
when uu1d w11h su,,,<U,d mounting Nrdw•,~ 

062 188 
II 51J 14 }b) 
Shah mun tAtend 

016 10 401 beyond bu\t11n9. 

jl 016 • 005 
10.4010131 

,091 • 005 
_j__,'.1Jlt0.IJI 

100 i 005 
12.54 , 0 13/ 
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DIMENSIONS 

Shah endings 
Flatted 

Flat w ill ewtend to w11hon .062 /1.571 of 
,250 mounting bushing w here shah lengl h will 

~ ~• ,,.m•;;•,~ """'"' "" 

Shilt ,n E,meroe 
Counu1rclockw1wi 
P01111c,n 

Fl1to~1,te 
Mow-able Cont.let 

Lug options 
Standard Potentiometer 

091 l 005 ; 
12 I/ I O IJJ ' 

010 t 005 
1015 .t. (I I JJ '-, 

Mounting 
Standard Potentiometer 

096 ' 005 o •• 
- 000 

12 44 • 0 .13) 
_ 0.00 

Hardware 

.3 12 

"□·94) Ii .078 ~ :g~g 
JR\ (1.98 + O,OO) 
~ _0,25 

I Mountmg Nut M 4 721 

.396 110,061 .045 

.408 (10.30) (I, 14) rt Approximate 0~ "'" "°'""' 
Lock Washer M· 4748 

140 

Opt100 No 1 
SHmd1rd in Showo 

Uwd Unleu 
Othe,w1w Sptt1hed 

Oi,11(),t No 4 No LL19) 

265 t 005 01• 
1613 t O 131 

.3 12 
(7,94) 

I ~ 1- .1ss 
.L_l I 13.97) 

0 8 
flock Nut M-4761 

Screwdriver Slotted 

031 t 005 
ID.BO , 0, IJJ 

Shah ,n E•treme 
Coun1e,clockw,1-t Poi111on 
Screwdriver Siot m fine. with 
MO ... iJble Con,act 

Panel Watertight Potentiometer 

246 l 0()5 
/b-J:I t 011, 

091 t 005 
12.JI t O IJJ 

t 

016 
1040 

Option No 1 
Ont Lu9 ,U 9 o·cJoct.. 

Opoon No, 2 
S11nd;1rd at: Shown 

Used Unleu 
01herw1M1 Spec+t,ld 

Op1,on No 3 
On" lug Jt 3 o'clock 

Op11on No 4 
No lug, 

Panel Watertight Potentiometer 

245 t .005 
16,22, 0,1.J/ 

---.-1----J...,,,.-1----, .265 t 005 o,. 
1613 t O 13/ 

096 ~ _ggg D1•. 

1244 ' 01.11 • _ 000 
\.-""'J......---.~~L-___, .040 Min. 

11,021 

Basic dimensions 
in inches. 

Dimensions shown 
in parentheses are in 
millimeters. 

TOLERANCES 
Dimensional tolerance 
± .016 (0,40) 
Angular 
tolerance ± 5° 
Except as specified. 

NOT TO SCALE 

T 

Potentiometer 
Connections 
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TypeWR 
EXPLANATION OF PART NUMBERS 

NOTE: Parl number format allows developmenr of some part numbers which cannot be manufactured. (Example: WRA2N400PIOIAA 
which has an invalid shaft length and invalid resistance value for an "A" taper.) Check parameter limits in preceding rext. when developing 
a part number 

Combinations which are valid and do not hi into a part number. (Examples: Special tapers, special shafts, etc ) will be assigned a special 
part number by the factory. Refer to "Ordering Information", in the preceding text, for the required data for the assignment of a special 
part number by the factory. 

B.1,u f 11111• 

WRA- Basic Type WR. 

WRS - With switch actuated at start of 
clockwise rotation. 

WRH- Wtth switch actuated at start of 
counlerclockwise rotation. 

8u,h,nq l vpe c1nd Lenqth 

G Plain - Dust and Splash Resistant 
.250 inch (6.35 mm) long 

N Plain - Dust and Splash Resistant 
.375 inch (9,52 mm) long 

M Locking - Dust and Splash Resistant 
.375 inch (9,52 mm) long 

L Locking - Dust and Splash Resistant 
.500 inch (12,70 mm) long 

A Plain - Immersion-sealed 
250 mch (6.35 mm) long 

B Plain - Immersion-sealed 
.375 inch (9.52 mm) long 

C Locking - Immersion-sealed 
.375 inch (9,52 mm) long 

D Locking - Immersion-sealed 
.500 inch (12,70 mm) long 

T Panel Warerrighl - Plain -
Immersion-sealed .250 inch 
(6,35 mm) long 

lo, c1ting 
I uq 

( lr11on 

1 

n-
4 

Not available 
unless panel 
watertight bushing 
rs used 

tv1easured from mounting surface tn inches 
and s1xry-fourlhs 

Example: 
032 = 32/ 64 or .500 inch (12,70 mm) 
200 = 2.000 inches (50,80 mm) 
056 = 7/8 or .875 inch (22,22 mm) 

Preferred S haft Lengths and Endings 
Plain Round 

Inches .500 .625 

mm 12.70 15.88 

Screwdriver Slotted 

Inches .375 .438 .500 .625 .750 .875 

mm 9,52 11,11 12.70 15,88 19.05 22,22 

-,h.ilt lndiny 
S Standard Slot 
P Plam Round 
F Standard Flat 

- , I , .. , I', ,1M 11\l • \ ,ilul 

First two digits are significant 
figures and the third indicates 
the number of zeros following 
lhe first two digits -

Examples: 101 : JOO Ohms 
501 = 500 Ohms 
255 = 2.5 Megohms 

l ,,p«1 hp,• .. nd 
I utdl R,·~•"''""" I, Udrtl •' 

U - Linear (U), • 10'\, 
M - Linear (U), • 20'1, 
A Clockwise Modified 

Logan1hm1c (A), T JO'\, 
R Clockwise Mod11ied 

Logarithmic (A), ➔ 20'\, 
B Counterclockwise Modified 

Logan1hm1c (8), !: 10'1, 
T Counterclockwise Modified 

Logarithmic (8). :t 2CM, 
D Clockwise Exact 

Loganrhm1c (DB). • 10'\, 
K Clockwise Exacl 

Logarithmic (DB). • 20'\, 
S Modified Linear (S). + 10'\, 
Y Modified Lmear (S). • 20'\, 
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SPECIFICATIONS 
General 

VersatilP Pant>I Potentiometer 

The MOD POT® concept consists of standardized 
potentiometer modules that can be mixed and 
matched in over a billion combinations. Now, you can 
be far more imaginative with potentiometers because 
you can get special combinations with the ease of 
standards. 

Allen-Bradley originated the modular potentiometer 
concept in response to requests from design engineers 
who wanted virtually unlimited variety in variable 
resistors for greatly increased design freedom. 

MOD POT® modules are 5/ 8 inch square by about 
1/ 2 inch deep. This provides minimum center-to -center 
distance for compact panel mounting. You can gang 
resistance and switch modules in combinations of up to 

MOD POT® 

Series 70, 72, 73 
Conductiv~ Plastic (CP), 
Cermet and 

~

ot-Molded Carbon 
anel 
otentiometers 

5/8 (0.625) Inch (15,88 mm) Square 
50 Ohms to 10.0 Megohms 

FEATURES 

• Versatility 
• Quadruple Controls 

• Many Switch Options 

• Linear and Non-Linear Tapers 

• Attenuators 

four modules. Select from a whole family of resistive 
elements, resistive values and tolerances, tapers, shahs, 
bushings, lug options and more. You get a virtually 
unlimited number of design options. 

The MOD POT® Family includes: 

Series 70 - Metal Shaft - Metal Bushing. 

Series 72 - Plastic Shaft - Plastic Bushing. 

Series 73 - Metal Shaft - Metal Bushing molded 
into a Plastic Face Plate. 

See Page 143 for possible basic combinations. 

Unmatched Flexibility 

142 
MOO POT~ POTENTIOMETERS ARE AVAILABLE AT ASSEMBLY CENTERS 

MAINTAINED BY ELECTRONIC DISTRIBUTORS. 
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Basic combinations 

The MOD POT® Potentiometer is available in single, 
dual, triple, and quadruple construction. This includes 
potentiometer, switch and vernier drive modules. The 
table below lists some of the options available for single 

0 0 

Series 70, n, 13 

and multi-section controls. Because of the versatility of 
the MOD POT® Potentiometer, many other options 
are available. Momentary push switches may be used in 
place of push-pull switches in the listed combinations. 

SlngleU111t Dual Unit Tnple Unit Quad Unit 

Section #J Section #2 Section *3 Section .-4 Combination 5 
Potentiometer 

Single Rotary Switch 
Unit 

Push-Pull Switch 

Dual Potentiometer Potentiometer 

Unit Rotary Switch 

Single Push-Pull Switch 
Shaft Vernier Drive Potentiometer 

Potentiometer Potentiometer 
Dual Push-Pull Switch 
Unit 

Concentric 
Rotary Switch 

Shaft Vernier Drive Potentiometer 

Rotary Switch Push-Pull Switch 

Potentiometer Potentiometer Potenuometer 

Triple Push-Pull Switch 

Unit Rotary Switch Push-Pull Switch 

Single Potentiometer Rotary Switch 
S haft Rotary Switch 

VernlerDnve Potentiometer Potentiometer 

Potentiometer Potentiometer Potentiometer 

Triple Rotary Switch 
Unit Push-Pull Switch 

Concentric Rotary Switch 
Shaft Vernier Drive Potentiometer Potentiometer 

Rotary Switch 

Quad Potentiometer Potentiometer Potentiometer Potentiometer 

Unit Push-Pull Switch 

Single Rotary Switch 
Shaft Vernier Drive Potentiometer Potentiometer Potentiometer 

Potentiometer Potentiometer Potentiometer Potentiometer 
Rotary Switch 

Quad Rotary Switch 
Unit Potentiometer Rotary Switch Rotary Switch 

Concentric Push-Pull Switch 
Shaft Potentiometer 

Vernier Drive Potentiometer Potentiometer 
Rotary Switch 

NOTES: 
I The outer shalt operate.~ Sect,ons * I and 62. 
2 The outer ,haft operates Sections * 1. "'2 and 1 3. 
3, The Inner '!haft ( 078 inch [ 1.98mm) diameter) is for the coarsead1ustmen1. !he outer shaft for the fine ~d,ustment 
4 Sene.s 72 must have 250 Inch (6.35 mm) diameter shaft 

lA 
2A 
3A 
4A 
5A 
58 
6A 
7A 
BA 
9A 

lOA 
I IA 
12A 
12B 
12C 
13A 
138 
14A 
15A 
16A 
17A 
18A 
19A 
20A 
23A 
238 
23C 
25A 
26A 
27A 
28A 
29A 
30A 
31A 
32A 
33A 

5 ComblnallOn code u,;ed for reference to a type of buildup only Refer to Dimen~lon Sec110n for Cod., Number Identification. 
Th,~ is not a ~n number 

Series 
See 

70 72 73 Note 

A A A 
A A A 4 
A NA A 
A A A 
A A A 4 
A NA A 
A A A 
A NA A 
A NA A 
A NA A 
A NA A 3 

A NA A 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 1 or 3 
A NA NA 1 

A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA 
A NA NA I 
A NA NA 
A NA NA 
A NA NA 
A NA NA I. 2 or 3 
A NA NA 1 or 2 

A - Ava,lable 
NA - Not Available 
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Ser~s 70, 72, 73 

SPECIFICATIONS 
General 

TEMPERATURE RANGE 

Maximum 
Series Unit Temp °C 

Hot Molded or 
70 Conductlve • 12U0 

Plastic 

Cermet + 150° 

Hot-Molded. 
72 ConduclivP ! 100° 

Plastic or Cermet 

Hot Molded, 
73 Conductive -I 120° 

Plastic or Cermet 

70. 72. 73 Vernier ~100° 
70, 72, 73 5witches i HX)0 

POWER 

Minimum 
Temp. ° C 

- 55° 

55° 

55° 

55° 

55° 

55° 

Power in Watts per Section 

Hot Hot 
Molded Molded Cermet CP 

Series at 70° C at 40° C at 70° C at 70° C 
70 (single) 10 - 2.0 5 
70 (multi section) 5 - I 0 25 
72 (single) 5 - 1 0 25 
72 (dual) 5 - 5 25 
73 (single) 75 1 0 20 5 
73 (du.ill 5 - J 0 25 

Power derating - Derate power linearly from rated 
temperature to zero at maximum temperature. Derate 
power 50 percent for non·metallic mounting. Derate 60 
percent for CP elements with "A" and "B" tapers. 
Derate 50 percent for hot-molded elements with "A". 
"B". "$'', and "DB" tapers. For rheostat applications. 
derate power directly with shaft or actuator position. 

Hardwttrl' - Hardware is: .250 inch (6,35 mm) 
diameter bushing: (1) M-4748, (1) M-4721, (1) M•4761 
(M-4761 is supplied only with locking bushings). 

. 375 inch (9.52 mm) diameter bushing: (1) M-2898, ( 1) 
M-2786. (1) M-3638 (M-3638 is supplied only with 
locking bushings). 

All hardware shipped in bulk - not assembled unless 
otherwise specified 

Mounting torque (Series 72) - Torque applied to the 
mounting nuts should not exceed 7 inch-pounds (790 
mN-m) for the .250 inch (6.35 mm) diameter bushing 
or 14 inch-pounds (1580 mN-m) for the .375 inch 
(9.52 mm) diameter bushing. 

144 

T urning torque - Initially. at 25° C. the 
potentiometer torque will be 0.5 inch-ounce (3,5 
mN-m) minimum while the maximum is: 

TORQUE INCH-OUNCES (mN-m) 
Cermet and 

Style Hot-Molded Elements CP Elements 
Single 3 (2 1) 1.5 (11) 
Dual 6(42) 2.5 ( JS) 

Tnole 8(56) 35 (25) 
Quad 10 (71) 4,5 (32) 

The maximum additional torque required for the 
vernier drive is 10 inch-ounces (71 mN-m) on inner, 
coarse adjustment shaft. See Page 147 for switch torques. 

Stop torque - Minimum of 4 inch•pounds (451 
mN-m) except for the Series 72 with a .125 inch 
(3,18 mm) diameter shaft which is 2 inch-pounds (225 
mN-m) minimum. Vernier drives have slip clutches. 

Rot.uion -

Rotation In DegTees 

Total 
Shaft Operates Mechanical Electrical 
Potentiometers JOO 260 
Polentiometers and 300 260 
Rotary Switch 

Po1en11ometers and 305 260 
Push Pull Switrhes 

Ro1ary Switch1:s 25 -
Rolary Switches and 30 
Push-Pull Switches 

Vernier drive - Two vernier drive modules are 
available with hot-molded and cermet modules. 
Through a gearing arrangement, the total rotation will 
be changed to 16 turns or 4 turns. A ratchet clutch is 
provided in place of fixed stops for the fine adjustment 
shaft. Series 70 and 73 variable resistors may have 
concentric shafts. The inner concentric shaft (.078 inch 
(1.98 mm] diameter) may be used as a coarse 
adjustment shaft . 

Enclosure - Dust and splash resistant. They are not 
immersion sealed. 

Materials - Co,Tosion-resistant and essentially 
nonmagnetic. The shafts and bushings of the Series 72 
are plastic. 

Standard marking - Allen-Bradley part number and 
nominal total resistance are marked in two lines. Other 
marking possible. A·B monogram plus "MOD POT'® 
always included. 
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Series 70, n, 73 

M echanical 

PREFERRED SHAFf LENGTHS AND ENDINGS 
Preferred Shaft Lengths in Inches 

Plain End Slotted End Flatted End 

Shaft 70 70 70 

Type Series 73 72 Series 73 72 Series 73 72 

- See Note D NA A -
Solid 375 19.52 mm) A NA 375 (9.52 mm) A NA 750 (19.05 mm) A NA 

250 Inch 500 (12.70 mm) A NA 500 (12.70 mm) A NA -
O,am<?ter 625 (15.88 mm) A NA 625 (15,88 mm) A NA -
(6.35 mm) .750 (19.05 mm) A NA 750 (19.05 mm) A A -

875 (22.22 mm) A NA 875 122.22 mm) A A -
Solid .375 (9.52 mrnl A NA 375 (9.52 mm) A NA 750 ( 19.05 mm) A NA 

125Inch 500 ( 12. 70 mm) A A .500 ( 12.70 mm I A NA -
Diameter 625 ( 15.88 mm) A A 625 (15.88 mm) A NA -

(3.18mm) 750 (!CJ.OS mm) A A 750 (19.05 mm) A NA -
875 (22.22 mm) A NA 875 (22.22 mm) A NA -

Outi!r 500 (12.70 mm) A NA Max,rnum shah length 2.500 Inches (63.50mm) for Senes 70 and 73 

Concentnc 625 (15.88 mm) A NA 
All shah lengths are measured from the mounting face of th~ bushing to 

.750 ( 19.05 mm) A NA the free end of the shaft Shafts on push-pull switches are measured 1n 

Inner 1 000 (25.40 mm) A NA 078 Inch ( 1.98mm) diameter sohd and 125 Inch the extended pos1110n 
13.18mm) diameter hollow shafts are only ava1l~ble woth plain endings 

Concentnc 1 125 (28.58 mm) A NA See d1mens10n draw,ngs Special shah lengths 1n 1/ 64 Inch increments and 
sp<.'Coal shah endings con be supplied of the Senes 70 and 73 1 250 (31.75 mm) A NA 

BUSHINGS 

Diameter I I Length Series 

Type Inches Millimetllrs 70 72 73 

Sei! Note O NA A NA 

Plain 250 6.35 A A A 

,250 Inch .375 9.52 A NA A 

(6.35mm) Locking .375 9.52 A NA A 
.500 12.70 A NA A 

Plain 250 6.35 A NA A 

.375 Inch 375 9.52 A A A 

(9.52 mm) .500 12.70 A NA NA 

Locking 375 9.52 A NA A 

5(1() 12.70 A NA A 

Mount,ng bushiny, are wr,r,hed wuh .{l/ NEF 'I.A thr<'•'d All hushong lenglh• 
a,~ nwa,ur<'<l from th~ , 11ounhn!l l,1< ,. to tlw end of the bu,h,ny 

Environmental 

Vllmitlun - 2 percent maximum change In total resistance. 5 
percent maximum change in resistance sening. (Tested per rnethorl 
204, conditton "C" o f MIL-STD-202.) 

~ hc,ck - 2 percent maximum change In total resistance. 5 percent 
maximum change in resistance setting. (Tested per method 213, 
condition "I" of MIL STD 202.) 

Humidity - Maximum change in total resistance as a result of 95 
percent relallve humidity at 40° C for 100 hours: 5 percent for 
cermel element. 10 percenl for hot-molded and CP elements. 

Temperature lVChng - 3 percent maximum change in total 
resistance as a result of the temperature cycling test (Five cycles at 
- 55° C to the maximum temperature.) 

Operational 

(ontact re-.i~tance 1.1arii'llinn - 11111',11 t,\µ1•1 - Maximum value is 
Hot Molded & Cennet · 1.5 percent of nominal resistance value or 
1.5 ohms. whichever is greatl!r CP · 1.0 percent of nominal 
resistance value. 

l.oad life - Maximum change in total resistance as a result o f a 
1000 hour test at rated power across enltre elemi!nt at + 70° C (l 5 

A = Available NA =- Not Available 

SHAFT AND BUSHING COMBINATIONS 
Shaft Diameter in Inches 

Shaft 375 (9,52 mm) .250 (6.35 mm) 
Type Ota. Bushing Dia. Bushing 

Solid or Outer .250 125 
Concentric (6.35 mm) (3.18mm) 

Inner .125(3.18mm) 078 
Concentric Verniers (()78 ( 1.98 mm) (1.98mm) 

Senes 72 ,haft< ,,nci bushing, are pidsllc 

a No mounttny bushing Shah IS CIOS> slotted for screv.dnwr actuation -,nd IS 

flush with the f&ee pllote. See dimensions on Page 150. 

Effect of ~olMrin!J ~ Maximum change tn total resistance as a resull 
of immersing the terminals in 350° C solder to within 0.125 inch 
(3.18 mm) of the resistor body for 5 seconds: 1 percenI for cermet 
!!lllment, 2 percent for hot-molded and CP elements. 

Luu temperllturr uperatlo11 - Maximum change in tolal resistance 
as a result of the low temperature operation test ( - 55° C for two 
hours without load and 45 minutes with rated load) 2 percent for 
cermet element, 3 percent for hot-molded and CP elements 

I ligh ll'mp,-·rn<ure l'><puwn.- - Maximum change in total resistance 
as a result of the high temperature exposure test (maximum rated 
temperature for 1000 hours without load) 4 percent cermet element, 
10 percl!nt hut molded and CP elements 

hour "ON ... 0.5 hour "OFF') 5 percent for cermet element, 10 
percent for hot-molded and CP elements. 

Rot,1t11111d.l hie - 10 percent maXJmum change in total resistance as 
a result o f a 100.000 c11de life test without load 
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Series 70, 72, 73 

Electrical 

Total resist"nce values - Preferred nominal values 
- see below for Resistance Ranges. 

OHMS 
50 750 10K 200K 1.0 Meg. 
75 lK 20K 250K 2.5 Meg. 

100 2K 25K SOOK 5.0Meg. 
200 2.SK SOK 750K 10.0 Meg. 
250 SK 75K 
500 7.SK IOOK 

Total rt>sistance tolerances - Hot-Molded, CP -
± 10% or ± 20%; ·cermet - ± 10% 

"' 

90K 

80K 

TAPERS 
Nominal ,.,.lot.nee - Routioo 
chllractorllnkl, Of t"l)ffll r---t,''--..,..-fl#---1 
lor a total ,.,.l<tance 
oflOOK --t---+- -t,0-+-,...--tt------1 

C 70K t--+~t---+-t---+---tt-.,M--r-tt---t .c 
0 60K 1----t---t ..... 

.5 
<II SOK t--+-t--~-t---r-t--H,__tt--+--t u 
~ 40Ki-----t--t---t'll,---ti"--1'""t--t--"ff----,..--1 ... 
"' 'i JOK t--+-t---iY"+tf--+-t+-+--1~-+--I 

0::: roKt--+-tr-t---rt"t"--t---;'t--t---,....t---t----t 

o w ro JO 40 so 60 m ~ ~ ~ 

Percent Clockwise Rotation 

Tar, rs - Available in the following resistance ranges: 

UNIT TAPER TOT Al RESISTANCE RANGE 
Hot u 50 Ohms to l 0.0 Megohms 

Molded AB. S& DB 250 Ohms to 10.0 Megohms 
Cermet u 100 Ohms to 5.0 Megohms 

CP u 100 Ohms to 1.0 Megohm 

A&B 250 Ohms to 1.0 Megohm 

Independent lineanty - ± 5 percent for linear tapers 
with a total resistance up to 1.0 megohm. 

Dwh•ctric withstanding voltage • Maximum continuous 
voltage. 350 volts (RMS) at sea level. Will withstand a 
one second test of 1000 volts (RMS) at sea level or 500 
volts (RMS) at 3.4 inches (86,36) mercury. 

Insulation resistance • 1000 megohms minimum for 
clean and dry conditions at + 25° C. 

T1•mr erature coefficient - Total resistance change 
less than ±: 100 ppm/ ° C, cermet linear taper. 
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Tem~rature characteristics - Maximum percent 
temporary total resistance change from the + 25° C 
value. See chart below. 

Nominal CP - ·u· Linear Taper.° C 
Resistance 
In Ohms - 55° - 25° oo 1- 25° 1-55° 1-850 I- 1()()0 1-120° 

100 -9 0 - 6 0 - 3.0 0 135 I 6.':, t-80 I 10 
IK ·55 230 -" l 5 0 ' I 5 •3.0 ~40 "50 

IOK 1-5.0 •3.0 •· 1.5 0 :!20 "!:20 •2 5 •3 0 
IOOK •SO • 3.0 .!: 15 0 • 2 0 · 20 +2 5 ' 30 

I.OMeg. •60 •30 :!2 0 0 • 2 5 ·30 • 4 0 1-50 
Nominal 

HOT MOLDED - "'U"' UnearTaper . ° C Resistance 
in Ohms - 55° - 25° oo 1-25° 1-55° 1- 850 1-1000 H20° 

100 1- 4 5 •2.5 q 5 0 ~ 10 •· l 5 1-20 1-35 
lK 1- 5.5 130 , 1 5 0 ~ 1 0 · 2 0 I 25 14 5 

!OK I 70 135 1- 2 0 0 · 10 • 25 tJO 15.5 
IOOK • 80 1-4 0 • 2 0 0 · ts +JO 1 :l 5 160 

l.OMeg. I 100 150 1-2 5 t) ' 15 •35 150 175 

For "S". "A". ··B" and "DB'" tapers mulltply pe1tent~9" f,gures shown above bv 
1 2.."> on Hut Molded e le me nts 

Minimum Resistance 
Between Terminals: 

Hot• CPand 
TAPER Molded Cermet 

1&2 2&3 1&2 2&3 
V a Q II II 
s Q Q - -
A a fJ II II 
B fJ D II a 

DB ID D - -
0 L,,s; than O ()(lit perc~m of totnl rirs,sta nce <>r l~~s thaq ~ ohms. whtehever 

ts greatt1 r 

fl Less than I ()<!rcenl of total resistance or le!>., than 4 ohms. -.-h,chever •~ 
91eater 

0 L~ss thon 4 ohms 

Cl L<'SS than 2 ohms 

I ap!> - A tap is available on hot-molded modules with 
lug terminals at 50 percent of mechanical rotation. 
Resistance tolerance ± 20 percent. Unless otherwise 
specified low series tap resistance is provided. See 
dimensions on Page 149. 

Voltage - 350 volts maximum working voltage (RMS 

or DC), or as determined by Emax. = ✓PR. whichever 
is less (at sea level). 

ATTENUATORS - HOT MOLDED 
Series Bridged-T L Bridged-H Straight-T 

70 A A A A 
72 A A NA NA 
73 A A NA NA 

A Available NA = Not Available 
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Switches 

Rotary Switch - The rotary switch consists of two sets 
of contacts. See Part Number Explanation for available 
options. When supplied on the Series 72, the rotary 
switch must be used with a .250 inch (6,35 mm) 
diameter shaft. 

Push-pull switch - A four pole switch that is operated 
by a .125 inch (3.18 mm) diameter solid shaft. An inner 
concentric shaft that operated the push-pull switch only 
may have a diameter of .125 inch (3.18 mm) or .078 
inch (1,98 mm). Shaft lengths are measured from the 
bushing mounting surface to the free end of the shaft 
with the shaft in the extended position. Available only 
on Series 70 and 73. 

Momentary push switch - A push-pull switch 
equipped with a return spring such that the switch will 
return to the extended position when the actuating 
force is removed. Available only on Series 70 and 73. 

Ambient temperature - - 55° C to + 100° C. 

L1f,, - The switches will be electrically and 
mechanically operative after operational life test at 
rated current and voltage with a resistive load, as per 
switch characteristics below. 

Ser1es 70, 72, 73 

Tem1i11als - Switches are available with lug lenninals 
only. They are not available with square terminals. On 
request, switches will be rotated 90° such that the 
switch terminals come out the sides of the control 
instead of the top and bottom. 

SWITCH PART NUMBER EXPLANATION 

In Detent 

Switch Switch Detent Terminals Tennlnals 
NumbeT Type At 1&2 3&4 

3001 Push-Pull - - -
3002 Momentary - - -

Push 

lBTl Rotary CCWend Open Closed 

1001 
2BT1 Rotary CW end Open Closed 

2001 
IBT3 Rotary CCW end Open Open 

1003 
2BT3 Rotary CW end Open Open 

2003 

SWITCH CHARACTERISTICS 

Length of Throw 
Voltage Actuating Force 
In Volts Current (Initially, 25° C) Shaft Shaft Operational 

Switch at 60 Hz In Operates Operates Ufe In 
Type RMS Amps Minimum Maximum Switch & Pot Switch Only Cycles 

Push-Pull 125 2 7 ounces 19 ounces .125 In. .125 In. 25,000 
3001 (1,9 N) (5,3 N) (3.18 mm) (3,18 mm) 

Momentary Push 125 2 20 ounces 30 ounces .125 In. .125 In. 25,000 
3002 (5,6 N) (8.3 N) (3,18 mm) (3,18 mm) 

Rotary 1001 125 2 - 20 inch-ounces 15° 25° 25,000 
1003,2001, 2003 (141 mN-m) 

125 .l 3.5 inch-ounces 7.5 inch-ounces 15° 25° 5,000 
Rotary (24,7 mN-m) (53 mN-m) 

1BT1. 1BT3 1 .01 3.5 inch-ounces 7.5 Inch-ounces 15° 25° 5,000 
2BT1. 2BT3 (24,7 mN-m) (53 mN-m) 

Rotary Switches Push-Pull or Momentary Push Switch 
,1--:i...L.,r-- l 

Switch Number 
lBTl. 1001, 2BT1 or 2001 

Shown in Detent 

,1-----+--~,z 
I ., __..;.-.._ .. 

Switch Number 
1BT3, 1003, 2BT3 or 2003 

Shown in Detent 

I 

, 3 ~ ! ~ ,. 
I 
I 

~5 ~ 4' 

Switch Number 
3001 or 3002 

With Shaft Extended 
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Series 70, 72, 73 
DIMENSIONS 
Switches and potentiometers - lug terminals 

085• -
/116; 0 IJ/ 

J_. 
I 

015 t 002 
/OJB• O(l!,1 

,J U J. 010 
11.73 LO 151 

.0 15 • 002 
1038 t 0,051 

085 t 006 
/2, 16 t 0. 13/ 

188t 010 
,. 16 • 0,15/ 

-

1091 010 
1118, 015/ 

-, 
- - g 

I 19,IJI 

20J 725 20> 
- 15 16/ /18, f ]/ 5,16 

.125D!A. t. ,001 
/J, 18 t 0,03/ 

.250 - 32 NfF - 2A THREAD 

359 • . 010 I 
19 13 t 0,151 

ALTERNATE 
CW$WITCH 

ACTUATION 15 

CCW SWITCH 

.117 
1,.151 

5A 

109 & 010 
11,IB• 0151 

A 
,215 
,s.•&1 

115 s 010 
14 45 t U.25J 

250• 010 
(6.35 , 0.251 

ACTUATION 15 
Dual Unit With 
Single Shaft 

.9&9s 00 
12, .61 t I 19} 

A. Oll i I 
l080J---l 

3611 s 010 11\-... .OlO 
l9 IJ1 01!1' _t-- / 6.J,f t.0.751 

29011 JII 

1122t.047 
IN50•, Hll 

116 * .o,o ,.o .. 0151 

Dual Unit With 
Single Shaft 

12C 

58 

A 

I 
5!)• t 031 

I/ 5 0/I I 0,//()/ 

~~_J_ 
.325 1 .010 

1816 L0,15/ 

. 150 

&2S 
m11a1 

.62$ 
115,BBI 

/J,//1/ 

A • ,031 
(0.801 

. 1881; .010 
,.,16 t 0.25/ 

.218 
/5561 

{,;:::~ 
10'7.1. .047 

1 26,59, 1 19/ 

2A &~tc dimensions In Inches. 

Dimens10ns In parenlhe!M!s 
are In millimeters 

Rotary 
Switch 

215 
/5,f&) 

.175, 010 
/f ,f5 • 0151 
,J60.t. 010 

(8.19 • 0.251 

TOLERANCE 
Dimensional Tolerance 

:!:,016(0.40) 
E,«:epl a• Specified 

Tennlnal numbers for 
reference ONLY 

Module letters for reference 
ONLY 

NOTTO SCALE 

Push-Pull or 
Momentary 
Push Switch 

Dual Unit With 
Concentnc Shaft 

MOUNTING 
SURFACE 

-1 

3A 

9A 

8A 

Dual Unit With 
Concentric Shaft 

MO!A: = 
(6J>' g:1 

- - E.1. .040 
11.011 

115 

tl'S 01,1, , 001 
1311, 0.(J:h 

Quad Unit With 
Concentric Shaft 

,,, -, j 15 461 

1,"6 ~ .047 ------
/50.61 t 1,19/ Ouun Shah Ot>e,a11~s 

Seci ,ons # I •nd # 2 

Combina11on code used for reference lo a type of bulldup only Th,s 1s not a part numher 
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DIMENSIONS 
Potentiometers - lug terminals 

Basic d1men•1011, 1n inches 

D1mens10ns shown m ITAUCS dre 1n 
m,llimelers 

Terminal numbers lor relerence only. 
T erm!nal hole siZe oo , oo.., 011. -

II 19 I O 11 • I !NI t. D IJJ 

TOLERANCE 
Dimensional Tolerance ~.016 (0.40) 

facepl as ~ilted 

NOTTO SCALE 

100 t 0 10 
us-,o;,s 

"' ' o,o e. lf4$~1$1 I 

175 t. o,o 
f6'9L0}5/ 

10,Ut 041 
{J/G59t I 191 

175 1 010 
lf4StOlSI 

M OUNTl'-IG 
SU~F-ACt 

Single Unit 
Single Shaft 

Dual Unit 
Single Shaft 

oft,I M ....... "''° OlS. OOl l 
CPft-,n•1·t1 10"8'0(15/ 

c .. , •1'1 t ~~ ... , "'o-;: : a°:!, 

lA 

4A 

6A 
lOA 

Dual Umt 
Concenltic or 
Single Shaft 

( • OJ, l 
,,o,o, ~ 

7A 

Dual Unit 
Concentric Shaft 

Combination code used for reference lo a type of buildup only This 1s not a pan number 

0a!!i t DO!I 
J 'fir 011• 

I 422 J. 047 
136 n,, ,1,, 

l 

1 719 i 041 
rf.166• t ,91 

I 797 t 047 
f-f., 64, I 191 

__J 

Series 70, 72, 73 

112 

[

-.o, ""'*""" 162 ,Q ,g, .,,~v,-, 

c, .l4Sf8/~I 

, .... ~ ......... ~we,-•,..,,,._. 
· "-.. , 111_..,.....,_.,."'0,~ft 
,~lltll0!¥1 

Outer Shaft 
Operates 
Section #J 

7=-

Tnple Unit 
Single Shdft 

12A 

15A 

Tnple Unit 
Concentric Shall 

23A 

Quad Uni! 
Single Shaft 

26A 

Quad Unit 
Concentric Shaft 

Outer Shaft Operates 
Sections "'I & "'2 
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Series 70, n, 73 
DIMENSIONS 
Potentiometers - square terminals 

200.0,0 J[L. =••· 
15081.0151 -r-

825 ~ 031 
/15 88 ,o,so, 

01h 008 
( I IOt O IJJ 

.200. o,o 
ISOl t. 01S> 

MOlJNlJNG 
SO"'ACE 

Series 72 Faceplate 
With Flush Shaft 

2:20 /559t l. 
047 It 191 W 
062 /l ,5l/ D 

Single Unit 
Single Shaft 

lA 

4A 

200 • ,010 
(50B t 0,151 

Bask dimensions in Inches. 

Dimensions shown In ITALICS are ln 
millimeters 

TOLERANCE 
Dimensional Tolerance ± .016 (0,40) 

Except as Specified. 

NOTTO SCALE 

#~3 

+cw 
#2 

7A 

Dual Unit 
Concentric Shaft 

, .121 1. 0 0 
(1$.1181 1.191 

Triple Unit 
Single Shaft 

12A 

15A 

100 • 010 
15 Of, 0.151 

20Ch. 010 
16 08• 0.1'1 

Dual Unit 
Single Shaft l!! ~~~ f • 031 

lt.OIOJ 

Outer Shaft 
,.szis. 001 Operates Section "'l 

IJIJ,14 1.. I IIJ 

Triple Unit 
Concentric Shah 

.JOO a ,010 
15.(Jl•0,251 

6A 
lOA 

Dual Unit 
Concentric or 
Single Shaft 

Combination cod~ used for reference to a ~ of buildup only. This Is not a par, number 

150 

Quad Unit 
Single Shaft 

23A 
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DIMENSIONS 
Bushing. shaft and hardware dimensions 

.250 (6.35) Diamet~r Bushings 

0 Tolerance - Series 70 & 73 
1
:

0
~

1 
- S ... ies 72 : :; 

Pl;iin Bushing 
(::_:;) 

Z50 - 32 N£f 2A THREAD 

~ . ... m, l@l 
··11ITT1,e,o,OJ1 ~ 

''8" STANDARD BUSHING LENGTHS SLOTS RANDOMLY 

1/~1 - 1, ~ 1 LOCATED 

MAXIMUM MOUNTINO PANtl THICKNESS 1,0::,-,,,1~1 
......,.. vNd ••"- ON ttand,trd ~-47'8 lodl W•tMr 

.-,,d ON stanclMd M◄721 Mountu'I Nut 

Locking Bushing 

cft1f 

125 DIA • .001 
13 18 L 0.0JI 

Hardware 

S tandard Flatted Shaft 

.!::ri-001 ~ g,:g 
-r- r o.1S: ~-::, ) 

SLOT 031 • .005 '1'110£ 
/0,/9 L 0. 13) 

Standard Slotted Shaft 

079 OIA .t .001 
11 ,98 < 0 ,OJI 

1==3;-l ~ J_ •• .125 DIA. ~ ,001 
IJ,1/t t.0,03/ 

°"'ty plM endt,. .. .,elllok 
on thftl eot'ICllntrlC lhahl 

,JU 11,941 

LOCK NUT 
M..t711 

ICC • 30" 

Shallln'11tfeme 
coun1erclockw,se 
pos1110n Angle appl1e, to 
PDl•ntK>llleteis <Jnl\l 

Sc:rewdrftltl'ltot 

"''""••tf'I --con ... , 

Concentric Shahs · Plain Ending 

Series 70, n , 73 

.:!75 (9.53) Diameter Bushings 
,:rn - 32 NEF 2A THREAD 

Plain Bushing 

il I ;~·:""M f@l 
·r r (6,35:~:) ~ 

SLOTS IIAHDOM LY 
''I". ST ANOAAD 8USHING LENGTHS LOCA TEO 

l7& - 500 
t9SJI t1'1 101 

MAXIMUM MOUNTl~G 'ANEl THICKNESS / ~ ,-,,~~ 

WMn ...__. •t1h one t\anda-cl M,%91 l_. W,,,,_ 
~ on. ....,_.,d M.znl Moun,iftt Nut. 

Locking Bushing 

.046 It " I 
= 0 1,1,n,at9 

.......... 
_5()0 

@tr @IB 
.l500 ' ,,,.10, /11,10/ 111.!0/ 

LOCK l'tASHE~ 
M-2891 

MOUNTING NUT 
M27INI 

Hardware 

LOCKING NUT 
M-3131 

F'41, ""'" blott'ld 10 wnfun ,o~~J ot "'°""ttnt bu~k'III 

Sojld o, ...... 

..._,. ~,~wiU na1,-mtltt~t,.,. 

,;~,1 / \ Shah ,n mrem• 1.IJ. coun•~ 
pooHlon flvtgle 
applies to 

,1~:1:;1N 
, ooo poeemiomete,. only 

250 DIA _ ,002 G 

.250 (6.35: ~::) 

INNlll IJ l1.3th005/ 

'"'"FT r 

16,:15~1 I- .OM.t. ,002 

125 o•A .._ 001 Sondard Flatted Shaft 
/3,18&0,0J/ 

(6.~5" 
$ojld o, ..... .......,.,le 
.... 11 

1aOh\. i .0CU 
{3. 18 L <f.03} .OJl • ,010 

ICC•:ICI' 
Shah In OX!r<f!M! 
countertloci\w,>e p011hon 
l'Jlgle opploes 10 

poeenliometeTS only 
~Mtllot 
lnliMwi"' 
-Contaet 

INNEA g (0,19: ~ ) 
SHAH -O.(JO Standard Slotted Shaft 

SLOT .031 .t. .OCJl5 l'tlOE 
(0,/9 L 0, IJ} 

Baik dtmcrr~ion, 1n Inc~ 

Dunensions shot,,,,n In IT ALJCS 6te: tn mdbmeters 

TOLERANCE 
Otmemlonal Tolerance "'016 10.41)) 

Ango14r Tole,o.oce ,c5o 
&cc,pt as Spc,nhed 

NOTTOSCAJ.£ 
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Series 70, 72, 73 

DIMENSIONS 
Locating lug options - Series 70 D 

152 

Options 1. 2 and A 

Basie diml!n.sK>ns 1n 1n(h415 

D,menslO!'ls sl\"""1 ,n ITALICS a,e tn m,lhmeiers 

TOLERANCE 

°'""'"'"""'' Toleronce I Olo (0401 
Elcrept OS Specified 

OPllON NO l IS 
STANDARD AND USED 
UNLESS OTHERWISE 
SPECIFIED 

MOUNTING NOT TO SCALE 

305 
/US/ 091 t .005 

/7.JI • 0. 13),i----+--, 

I 
l 

015 t 005 --lf,o_:is,. o 1J1 

SUAfACE 

305 r£f 305 "·"'~ ,, .. , 
OPTION NO 1 OPTION NO. 2 OPTION NO A 

Options 3. 5 and B 

Options 6. 7 and C 

OPTION N0. 5 

Locating Lugs Compatible With RVS 

Jtl!OUNTING 
SURf CE 

OPTION NO 8 

J~:l·~· .. ~:.~if~ .. ~~~,~. 
015< ,005~ ~ 

10.3$ • 0.13} 
OPTION NO: & OPTION NO 7 

Locattng Lugs Compatible With RV2 

Options 8. 9 and D 

OPTION NO I Of'TION NO 1J 

Locating Lugs Compatible With RV4 

Locating lug options - Series 72 and 73 

.091 t 006 
ti,31 t O ,,, 

Of'TION HO. 1 IS .L 
S1'"NO"ADANDUSED • 
UNLESS O THERWISE 
S,ECIFIEO I

~, 
l~~:~1'-1 

OPTION NO 1 

Series Available Lug Opllons 

70 D I , 2. 3. 4. 5. 6. 7. 8. 9.A. B.C. D 

OPTION NOC 

OPTIONN0. 0 

72 1. 4. A 

73 
D Scrtei; 70 Option No 4 No Localing Lug. 

I. 4. A 
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EXPIANATION OF PART NUMBERS 
NOTE: Pan number format i,llows for developmen1 of som" part numbers which cannot b.- m~nufactured (E.'<.lmple 70AlG400LI0IA. 

which has an Invalid ~haft length and 1nvahd res,,u,nce value for an "A" 1aper) Check parameter lom11s in preceding leXI. when 
developing a part number 

Comb1na11on< which are vahd and do nol l111n10 a part number. (&amp[es· Concentnc shalt<, push pull <witches. special tapers. etc ) 
will be assigned a special p.,n number by the factory Reier to ' 'Ordering lnformat1on" below, !or the required da1a for the 
assignment of a special part number. 

lo,dtlny luy Op111111 Code 

Sh h Type a 
Bushing 

Diameter 
Letter 

I 6 A 
Inch 

Diameter 
Ending 

Millimeter Inch Millimeters 

Fini two d,g11< al'I? s,gnihcant figures 
and lhe lhord Indicates the number 

A 
B 
J 

C 
D 
T 

E 
F 
G 
H 
K 

L 

M 
N 
u 
p 
R 
w 

2 
3 
4 
5 

7 B 
8 C 
9 D 

ll,1-,c T \ ~ p 
MODPOT9 

Ser.es 70 
Senes 72 
Sernas 73 

\. nnhqu,,uum 
l uq I ,·rnur .. ,1, 

- Single (Ho1 Molded I 
- Single (Cermel) 
- Single (Conductive 

Plastic) 
- Dual (Ho1•Molded)0 
- Dual (Cerme1) 0 
- Dual (Conducuve 

Plast1c) O 
- Tnple (Hot Molded)0 
- Tnple (Cermet) 0 
- Quad (Hot Molded)0 
- Quad !Ccrmet)O 
- Single (Hot Molded I 

with Switch I 00 I 
- Single (Cermet) with 

Swi1ch 1001 

Square Terminals 

- S,ngle (Hot Molded) 
- Single (Cermet) 
- Single {Conductive 

Plas11cl 
- Dual (Hol ·Molded)O 
- Dual (Cermet)O 
- Dual (Conducllw 

Plas11cl O 

D II rhe eleclncal 
spec1!ocations are not 
lden1ocal lor each section. 
a special number will be 
assigned 

O rdering information 

s 
p 
F 
L 
R 
K 
X 

-

250 
250 
250 
125 
125 
125 
250 

F 
G 

N 

(6.35) 
(6.35) 
(6.35) 
(3.18) 
(3.18) 
(3.18) 
(6.35) 

I 

Standard Slot 
Plain Round 
S1andard Flat 
S1andard Slot 
Plain Round 
S1andard Flat 
Cross Slot 

375 
375 
375 
250 
250 
250 

70A 1 G056LS0 1 U 
YI 

8u 

- Face Plat e 
- Plam 2 

(6.35m 
- Plain 37 

(952m 

SO Inch 
m)long 
5 Inch 

ml long 

I 

Inch 
m)long 

H - Plain 500 
112.70 m 

M - Locking 
(9.52mm 

L - Locking 
(12.70m 

375 inch 
I long 

500,nch 
m)long 

',h<1ft I •·n•11h 

Measured 
potenho 

from mounting suriace ol t 
meter ,n inches and six1y lou 

h11 
rths 

Usea thr ee d,g11 code 

Example~ 

7/8" shalt length I 1 /4 ~halt I ength 
056 

.r-<-.. 
t 16 
~ 

1nche\ ""IY f ounhs 
- 7/ 8" 

one mch 16164 o, 1/4 mch 
0 56/64 

So mt Common Sheh Lfflg1hs 

hes Inc 
Thru Olglr 

fraalon Oedmel Pan Numb<.r Cod • 
1/ 4 250 016 
3/8 375 024 
7/16 437 028 
l/2 500 032 
5/ 8 625 O<IO 
3/4 750 048 
7/8 875 056 
l l 000 100 
I l/8 1125 108 
I l /4 1250 116 

I l/2 1500 132 
2 2000 200 

(9.52) 
(9.52) 
(9.52) 
(6.35) 
(6.35) 
(6.35) 

-

w 

u 
M 
A 

R 

B 

T 

D 

K 

s 
y 
C 

F 

of zeros following 1he hrst two digits -

Examples 500 50 Ohms 
501 : 500 Ohms 
255 = 25 Megohm, 

1 df>t't T Vil•' and 
1111,,I H:<"ht.-lmP ltlh'ran,~ 

CERMET 

- Linear (U). ~ JO'{, 

HOT MOLDED OR 
CONDUCTIVE PLASTIC 
- Linear (U). • J()'l, 
- Linear (Ul. -:: 20'l, 
- Clockwise Modified 

Loganthm1c (A). "' 10% 
- Clockwise Modified 

Logan1hm1c {A), • 20'{, 
- CounterclockWISe Modthed 

1.oganthmic (Bl . .!c JO% 
- Counterclockllllse Mod11ied 

Loganthm,c (Bl, <2()'{, 

HOT MOLDED 

- Clockwise Elcac1 
Loganthm,c (DB). " 10% 

- Clock'IMse Exac1 
loganthm,c (DB), • 20% 

- Modified l.mear (5). • 10% 
- Mod,1,ed llnear (S). • 20% 
- Linear (U). ~ I 0% with 

50% (center) Tap 
- Linear {U). • 20% with 

50% {cenler) Tap 

I 
·\t1t·nu,,t1,, 1\-rr ,mtl Ch,1r,1rtt11, .. 1,c 

l11trw,l,u1t.t' Tull!tdn, •· 

HOT MOLDED 

E - Attenua1or L-Pbd "15% 
L - Attenuator L·Pad •20% 
N - Atlenuator Bndged T-Pad :!: 15% 
p - Anenuator Bndged T Pad :,: 20'{, 

I Basie lype (Series 70. 4. Number ol sect,ons on mulb•secllon conlrols) 
percent 

mch (9.52 mm) or .250 
inch (6.35 mml 

14 Vernier drive 
Senes 72 or Senes 73) 

2 Type or elemen1 (cermet. 
hot-molded or conducuve 
plas11c (CPH 

3 Type ol terminals (resistor 
element only! 

S Taper (each element on 
mulll section controls 1 

6 Total resislance value 
(each element on multi 
section con1rols) in ohms. 

7 Tolerance (each elemen1 

8 Bu~h1ng type (plain or 
lock,ng) 

9 Bushing length m inches 
or millimeters 

IO Bushing diameter 375 

11 Shalt ending (plain. 
slotted or flatted) 

12 Shalt length from 
mounllng suriace ,n 
inches or m11l1me1ers 

13. S...tch type 

15 Localing lug opt,on. 
16 Mounflng hardware (A B 

standard or other) 
17 Your pan number. 1( any 
18 Marl<1ng required on lhe 

part 
19. Special features. 

153 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• TypesG,J,W 
Hot-Molded 
Panel 
Potentiometers 

SPECIFICATION MIL-R-94 PART NUMBER EXPLANATION 
The following is an explanation of the part numbers used to identify Specification MIL-R-94 Variable Resistors. 
Part number format does not allow for exclusion of invalid mechanical and/or electrical combinations. 

Example of Complete Designation: 

RV4 

RV6 

"" .... 

2RV7 

-c 

5' 
Cl/ 

-.I 
"0 

"' t: c::;.s /fl QI 
-c Cl/ .:0 
J ~ 10 

t:J ,-.. c 
N 

N 
N 

Table l 

A y 

A y 

• y 

Style 

MIL-R-94 
Style 

Allen-Bradley 
Type 

RV4 J 
RV6 G or W 
2RV7 J (Dual) 

Table 3 Switch 

Switch RV4 RV6 2RV7 

'A' No Switch No Switch II 

'B' SPST Switch N/ A • 

Table 5 - Shaft Ending 

Shaft RV4 RV6 2RV7 Ending 

s Slotted Slotted Slotted 

■ Not shown in part number for 2RV7 

s 
s 
s 

Bushing 
Type 

N 

L 

s 

T 

D 102 A 

D 102 A 

D • A 

Table 2 - Bushing Type and Length 

RV4 RV6 2RV7 
Length Length Length 

Pla•n Plain Plain 
¾ in. ¼ in. % in. 

Locking Locking Locking 
½ in. ½ in. ½ in. 

Shaft and Shaft and Shaft and 
Panel - Sealed Panel - Sealed Panel - Sealed 

( non-locking) (non-locking) (non-locking) 
3/4 in. ¼ in. ¾ in. 

Shaft and 

N/ A Panel - Sealed N/ A (locking) 
½ in. 

Table 4 - Temperature and Moisture 
Resistance Characteristics 

Temperature and 
Moisture Resistance RV4 RV6 2RV7 

Characteristics 

Symbol y y y 

■ Dual units - two resistance values shown in this space for 2RV7. (Example: 102 102). 
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Table 6 - Shaft Length 

Shaft RV4 D RV6 D 2RV7 II 
Length Bushings Bushing Bushings Bushings Bushings Bushing 
Symbol N and S L N andS Land T N and S L 

A-··· N/A % in. ¾ in. ¾ in. N/ A ¾ in. 
8 -- ½ in. N/ A N/ A N/A ½ in. N/ A 
D--·· ¼ in. ¼ in. ¼ in. ¼ in. ¼ in. %in. 
G--·· l¼ in. N/ A N/ A N/ A l¼ in. N/ A 
J --- 2 in. N/ A N/ A N/ A 2 in. N/A 
K••·· 2½ in. N/A N/ A N/A 2½ in. N/ A 
L --· N/ A N/ A ¾ in. N/ A N/ A N/A 
N-•·· l½ in. N/A N/ A N/ A l½ in. N/ A 

■ Shafts are measured from mounting surface to end of shaft. 

Table 8 - Taper Type and Total Resistance Tolerance 

Symbol 

A 
B 

C 
D 

E 
F 

Total RV4 Allen-

Resistance Bradley 

Tolerance % Taper Taper 

± 10 A u 
± 20 A u 
± 10 C A 
± 20 C A 

± 10 F B 
± 20 F B 

INCHES-METRIC 
CONVERSION TABLE 

INC HES MM INCHES 

¼ .250 6,35 1 1.000 
¾ .375 9,52 l¼ 1.250 
½ .500 12,70 l½ 1.500 
¾ .625 15,88 2 2.000 
¾ .750 19,05 2½ 2.500 
% .875 22,22 

RV6 Allen- 2RV7 Allen· 
Bradley Bradley 

Taper Taper Taper Taper 

A u A u 
A u N/ A N/A 

C A N/A N/ A 
C A N/A NIA 

F B N/A N/A 
F B N/A N/ A 

MM 

25,40 
31,75 
38,10 
50,80 
63,50 

TypesG,J,W 

Table 7 - Resistance Values 

RV4 RV6 2RV7 
Resistance Resistance Resistance Resistance 

Symbol Value Value Value 
(Ohms) (Ohms) (Ohms) 

500 50 - 50 
101 100 100 100 
151 150 - 150 

201 200 200 200 
251 250 250 250 
351 350 - 350 

501 500 500 500 
751 750 - 750 
102 IK lK lK 

152 1.5K - 1.5K 
202 2K 2K 2K 
252 2.5K 2.5K 2.5K 

352 3.5K - 3.5K 
502 SK SK SK 
752 7.5K - 7.5K 

103 !OK lOK lOK 
153 15K - 15K 
203 20K 20K 20K 

253 25K 25K 25K 
353 35K - 35K 
503 SOK SOK SOK 

753 75K - 75K 
104 IOOK IOOK IOOK 
154 150K - 150K 

204 200K 200K 200K 
254 250K 250K 250K 
354 350K - 350K 

504 SOOK SOOK SOOK 
754 750K - 750K 

Megohms Megohms Megohms 

105 1.0 1.0 1.0 
155 1.5 - 1.5 
205 2.0 2.0 2.0 

255 2.5 2.5 2.5 
355 3.5 - 3.5 
505 5.0 5.0 5.0 
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156 

The one variable the world 
can standardize an. 

Our new Type M conductive plastic variable resistor is hard metric. A 10 mm cube 
that's tiny, flexible and rugged. The MINI-METRIC is the smallest dual pot 

available today. Manufactured in the United States, it's dimensioned the 
way the rest of the world thinks. Allen-Bradley has what you need; or, it 

can be ordered through our distributors. Ask for Publication EC5610-2.1. 

~ -
single or dual pot or 
pot/ switch combinations 

/{X)<JMnd-tlJ- 1~ 
conductive plastic resistance 
elements, :!: 20% tolerance. 
standard resistance values 
conform to I EC 

- iommcuk 
(.394-inch) for all combinations. 

~ 
case. bushing and shaft for 
electrical isolation 

Quality in the best tradition. 
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trimming 
potentiometers 

CERMET 
HOT-MOLDED 
COMPOSITION 

S:W 
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trimming potentiometers 
comprehensive product index 

DESCRIPTION TYPE PAGE 

CERMET SINGLE TURN 

Round Configuration 

3/8 (0.375) Inch (9,52 mm) Diameter - TypeS 160 
0.5 Watt (85° C) 

0.467 Inch (11,9 mm) by Type 90 163 
0.393 Inch (10,0 mm) -
0.5 Watt (70° C) 
1.0 Watt (40° C) 

HOT-MOLDED COMPOSITION 
SINGLE TURN 

Round Configuration 

1/2 {0.5) Inch {12, 70 mm) Diameter - TypeF 166 
0.25 Watt {70° C) 

1/2 {0.5) Inch {12,70 mm) Diameter - Type Y 177 
0.25 Watt (50° C) 

1/2 {0.S) Inch {12,70 mm) Diameter - II Type BT 192 
0.2s Watt {so• C) I 

1/2 (0.S) Inch {12, 70 mm) Diameter II Type F 181 
(Dual) - 0.25 Watt {70° C) 

HOT-MOLDED COMPOSITION 
MULTI-TURN 

Rectangular Configuration 

1-1/4 (1.25) Inch (31,75 mm) 
Long Rectangular - 0.33 Watt (50° C) TypeN 170 

1-1/ 4 (1.25) Inch (31,75 mm) 
Long Rectangular - 0.25 Watt (70° C) TypeR 173 

■ Suited for adjustable attenuator applications. 
Details in adjustable attenuator section. 
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trimming potentiometers 

~ 
T\PF <I() 

Cermet, single turn, 0 SW at 
70- C, I OW al 40• C, 100 ohms ( to 2 ,negs,± 20'\., pm 
lerrrunals, top and side 
adJUSlment, linear taper 

- T)p{., 

m Cermet, single turn, 0.5W at 
ss• C, SO ohms to I meg. 
± 10%, p,n terminals, top 
and side ndJustment, hnear 
taper 

SELECTOR ul IDE 

Resistance Resistance Voltage 

Type Publication Element a nd Range and 
Power Rating 

Number Adjustment 
T olerance (RMS or 

Turns DC) 

IOOOhmsto 
0.5 Watt 

90 EC57702.I 2 Megohms at 70- C 
200V 

Cermet ±20% 1.0Watl 
Single al 40• C 
Turn SO Ohms lo 

s EC57202 1 I Megohm 0.5 Wan 

+10% at ss• C 

N EC5815•2,l IOOOhms lo 
0.33Wan 300V 

Compos,t10n al so• C 
Mulh-Tum 2.S Megohms 

0.25 Watt R EC5820-2. I ±10%.±20'\, 
at 70- C 

F ECS806-2. I 

0.25 Wall 
at 70• C 3SOV 

FD EC5838-2. I 
Compos1t10n IOOOhmsto 

Single 5Megohms 
Turn ±10%,±20'\o Consult BT EC5920-2.I Factory 

0.25 Watt y EC582821 3SOV at so• C 

TYPER • Hot-molded compos1t10n, 
25 turns, 0 .2SW at 70° C, 
100 ohms 10 2 S mess. ±111• 
and± 20'\,, pm or solde,- lug 
1erm1nals, linear taper 

Ht' .... 
Hot-molded compos,t,on 
25 turns, 0 33W at SO- C, 
100 ohms to 2.S megs, ± 10% 
and.± 20%, pin termmals, 
hnear taper 

1'Plr 
Hot-molded comp051110n. 
s,ngle turn, 0 25W al 10• C. 
100 ohms lo 5 megs . .± 10% 
and±20%, p,n or solder lug 
terminals, lop and side 
adJustmenl, S standard tapers 

Operating C ase 

Temperature 
Terminal Dimensions 

Range 
Typu In Inches 

(millimeters) 

L 0.466 (11,9) -55• C to 
W 0.393 (10,0) -+12s• C 
DO 228 (5,8) 

Pm 0.375 (9,52) -6S•C to 
0iameleT by +ISO-C 
0 375 (9,S2) 

-55• C to 
+1oo·c L 1.250 (31,75) 

- 55• Clo Pin or 
H 0 .359 (9,13) 
WO 250 (6.35) 

+125• C Solder Lug 

P,n or 0500 (12,70) 

Solder Lug Diameter by 
-55• c to 0.531 (13,49) 

~120• C Front · Lug 0 500 ( 12,70) 
Rear Lug Diameter by 

or Pm 0.688 (17.46) 
Front 3 Lugs 

-40• C to Rear: 3 Pms 0 500 ( 12,70) 

+12o·c 
or Diameter by 

Front 2 Pins 0.535 ( 13.59) 
Rei1r· 2 Pms 

-55• C to Pin or 0.500 ( 12.70) 
(),ame1er by -+-100• C Solder Lug 
0.359 (9,13) 

II 

T\1-'l 11> 
Dual version of Type F ; front 
sect,on solder lug only, 
rear sect10n pm or lug Well 
su,ted for Bndged-T or Lpad 
attenuator apphca110ns 

l"\l'l er 
An all plastic vers10n of the 
Type FD for excellent 
performance al high 
frequencies Two terminal 
conr.gural,ons avaialble. 
Also well suited for 
Bridged Tor L-pad 
attenuator applocat10ns. 

nPEY· 
Hot molded compos1t10n, 
smgle turn, 0 25W at so• C, 
100 ohms 10 S megs, ± 10'\, 
and±20%, pon or solder lug 
terminals, 5 types, top and 
side adiustment, 5 standard 
rapers 

Enclosure 
Page 

Number 

Open 
16.3 Fraffl{! 

160 

170 

lmmers,on 173 
Sealed 

166 

181 

Dust <1nd Splash 
Resistant 

192 

Dust and Splash 
177 Res1Stant 
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• Types 
Cermet 
Trimming 
Potentiometers 

SPECIFICATIONS 
General 

Temperature range - - 65°C to +150°C. 

Total resistance values - 50 ohms to LO 
megohm. EIA and IEC resistance values available as 
shown on the following pages. 

Total resistance tolerances - :::!:10 percent 
standard. ± S1'u available on request. 

Taper Standard linear. Other tapers, 
consult factory. 

End resistance - Less than 5 ohms at both ends. 

Electrical 

Power - 0.5 watt at +85°C, derate to zero at 
+150°C. 

Power derating - Linearly with actuator position 
for rheostat usage. 

Voltage - 300 volts RMS maximum within power 
rating limits. 

D ielecrric withstdnding voltage - 750 volts at 
sea level for one second. 

lnsulilt1on resistance - 1000 meghoms minimum. 

0.5 Watt (85°C) 
3/ 8 (0.375) Inch (9,52 mm) Diameter 
50 Ohms to 1.0 Megohm 

FEATURES 

• TCR<:::t lOOppm/"C 
• Cermet Single Turn 

• Horizontal or Vertical Mounting 

• Multi-Fingered Wiper 

• Immersion Sealed 

• ± 10% or ± 5% Tolerance 

Operational 

Contact resistance "ariation - Typically less 
than 3 percent of total resistance or 3 ohms, 
whichever is greater. 

Load life - 1000 hours at +8S°C, 3 percent 
maximum change in total resistance. 

Rotational life - 1000 cycles, 5 percent maximum 
change in total resistance. 

Mechanical 

Rotation 280° ± 10° stop to stop. 

1 urning torque - 0.5 to 6.0 inch-ounces (0,036 to 
0,44 kgf-cm). 

S top torque - 25 inch-ounces (1,8 kgf-cm) 
minimum. 

Construction 

Terminals 
202. 

Immersion sealed per MIL-R-22097. 

Solderable per method 208, MIL-STD-

Weight Approximately 0.05 ounce ( 1,3 gm). 

Marking Allen-Bradley part number and nominal 
total resistance are marked in two lines. Other 
marking possible, limited to a maximum of 13 
characters in each of two lines. A-B monogram 
plus "Type s·· always included. 

AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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PARAMET ER 

Vibration 

Shock 

Moisture Resistance 

Corrosion Resistance 

Effect of Soldering 

High Temperature Exposure 

Low Temperature Operation 

Thermal Shock 

Temperature Coefficient 

Cermet 
Trimming 
Potentiometers 

MAXIMUM CHANGE T EST METHOD 

2% Tota l Resistance Method 204, Cond. D, MIL-STD-202 
2% Setting Stability 

2% Total Resistance Method 213, Cond. I, MIL-SlrD-202 
2% Setting S tability 

240 Total Resistance Method 106, MIL-STD-202 

96 Hour Test Method 101, MIL-STD-202 (200 Hrs. 

JI~, To ta l Resistance MIL-R-22097 (5 Sec., 0.062 lnich) 

3% Total Resistance MIL-R-22097 ( 1000 Hrs. at 15.0°C) 

2c10 Total Resistance MIL-R-22097 ( - 65°C} 

3'lo Total Resistance Method 107, MIL-STD-202 

:d 00 ppml°C Max. Method 304, MIL-STD-202 

Nore. U11t.-,.,, c,1lw1w,,.. sl)<!l.'1h"d. Terms, Oehnilrons, and l est Proc:edurt's dfl/ ,n 3Ccorddnci, w11h 
V,,nJhl~ H~s,,llw Cumpon<!nts lns1,1u1" St,rnddrds vrc, 1 llU dlid vrc, 1 215 

DIMENSIONS 

Basic dimensions 
in inches. 

D imensions shown 
in parentheses a re in 
millimeters. 

TOLERANCES 
Dimensional 
tolerance 
± .016 (0,40) 
Angular 
tolerance ± 5° 
Except as specified. 

NOT TO SCALE 

.1001. ,005 
12.54 < 0JJ/ 

Resistor Connections 

# 1~ #3 

#2 

cw- -----

rii~~I l 375 M .. ~ ' 19.521 

100 t .005 ~ .040 • ,005 
12.54 L o. I 3/ I 11,01 < 0,IJ) _j 

Slo1 .031 (0.801 Wide 
.031 10 8(1} o-,, 

TYPE SV 

. l56 o... .375 1.1■•.011. 
(J,9'/ 19.521 

.025 • . 002 o... 7 t 
(0.64 .• 0,051 l"''------'·-'---....L 

mnlmum 
rount1rdockw11n 
0011\ tOn. 
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lr?eS 
DIMENSIONS 
Horizontal adjustment 

t 
.J15Mu. 

1 2 J 19.52) 

.025 • .002 Dia. 
/0,6,f L 0,()5/ 

. 1001 .005 
11.~ t 0.13) 

' 

EXPIANATION OF PART NUMBERS 

SHI031 
I II I 

_j 
.1seo,1 . 
13.91/ 

I' 

Slot .031 10.801 Wide 
.031 10.801 Doop 

2 

.a --I Slot- In 
mulfflUm 
counce,c.kK:kwi te 
po1-1tt0n • 

TYPE SH 

I'-----

Basic T ~•pes 

SV - Vertical Adjustment 
SH - Horizontal Adjustment 

Total Resistance Value 

First two digits are significant 
figures and the third indicates 
the number of zeros following 
the first two digits -

162 

50 
75 

100 

200 
250 
500 

Example: 101 = 100 Ohms 
501 = 500 Ohms 
105 = 1 Megohm 

TOTAL RESISTANCE VALUES 
AND TOLERANCE 

750 
lK 
2K 

OHMS ± 10% 

2.SK IOK 
SK 20K 

7.SK 25K 

SOK 
75K 

lOOK 

200K 750K 
250K 1 Meg. 
SOOK 

IEC STANDARD RESISTANCE VALUES 
AVAILABLE BY SPECIAL ORDER 

I 220 
47 _ 470 

2.2K 
4.7K 

22K 
47K 

For other values consult factory. 

220K 
470K 

Tolerances 

5 = ± 5% 
1 = ± 10% 
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• Type9 
Cermet 
Trimming 
Potentiometers 

SPECIFICATIONS 
General 

Temperature range - 55°C to +125°C. 

1 oral re~i..,ranu , dtue~ 100 ohms to 2.0 
megohms. EIA and IEC resistance values available 
as shown on page 165. 
l ntal rec;astam l' tolerdnt.e!> ± 20 percent 
standard. Other tolerances available. Consult factory. 

I aper Standard linear taper. 

Less than 2 ohms at both ends. 

Eleclrical 

Pone, 1.0 watt maximum at + 40°C or 0.5 watt 
maximum at + 70°C provided voltage rating is not 
exceeded. 

Power der<.11ing Derate power linearly from 
+ 70°C to zero at + 125 °C . For rheostat applica
tions derate directly with shaft or actuator position. 

\ oll agc 200 volts maximum working volt~ 
(R~S or DC), or as determined by Emax.=✓ PR, 
whichever is less (at sea level). 

Slidt>r current 100 mA (RMS or DC) maximum 
provided power rating is not exceeded. 

1.0 Watt ( 40°C) 0.5 Watt (70°C) 
0.467 Inch (11,9 mm) by 
0.393 Inch (10,0 mm) 
100 Ohms to 2.0 Megohms 

FEATURES 
• TCR ± 100 ppm/°C 

• Cermet Single Turn 

• Horizontal or Vertical Mounting 

• Open Frame 

• ± 20% Tolerance 

Operational 

Cuntc1ct resistance variation Less than 3 
percent of nominal resistance value, or 5 ohms, 
whichever is greater (MIL-R-22097 Pg. 4.6.4). 

Load life - 2 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in still air at + 70°C 
(1.5 hours "ON," 0.5 hour "OFF"). 

Rotational life 3 percent maximum change in 
total resistance as a result of 200 cycles. 

Mechanical 

Rotation 270° mechanical; 220° electrical. 

rurnmg to rque 4 inch-ounces (28,2 mNm) 
maximum at + 25°C. 

Stop torque 8 inch-ounces (56,0 mNm) 
minimum. 

Termmah, - Pin type on 0.100 inch (2,54 mm) 
grid system for printed boards. Adequate strength 
for mounting without additional support. 

Crmstruction Cermet eleme11t in an open type 
construction. The actuator is electrically connected 
to the number 2 terminal. 

\.\-t>ight Less than 0.042 ounce ( 1,2 gm). 

Marking A-B monogram plus resistance value. 

AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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En\ironmental 

Cermet 
Trimming 
Potentiometers 

PARAMETER MAXIMUM CHANGE TEST METHOD 

Vibration 1% Total Resistance IEC 68-2-6 (Procedure 8 4, 10 to 500 Hz, 1 OG) 
2% Setting Stability 

Bump 1% Total Resistance IEC 68-2-29 (4000 bumps, 40G) 
2% Setting Stability 

Damp Heat 3% Total Resistance IEC 68-2-3 

Solderability 1% Total Resistance IEC 68-2-20, Test T 

Effect of Solde ring 1% Total Resistance IEC 68-2-20, Test T 
-

High Temperature Exposure 3% Total Resistance ( + 125°C for 1000 hours without load) 

Thermal Shock 1% Total Resistance (5 cycles at - 55°C to + 125°C) 

Temperature Coefficient ± 100 ppm/°C 

Resistor Connections 

#1~ #3 

DIMENSIONS 
Top adjustment 

Basic dimensions 
in inches. 

Dimensions shown 
in parentheses are in 
millimeters. 

TOLERANCE 
Dimensional 
tolerance 
± .010 (0,25) 
Except as specified. 

NOTTO SCALE 

164 

.466 Max. 
(11,85) Max. -1 

cw 

.393 Max. 
(10,0J Max. 

# 2 .1-----4 

i~~i) #~ #3 

.100 200 
(2.54) (5.08) 

#2 

TYPE 90H 

Screwdriver Slot 
.157 (4,0)L x .029 (0.75)W x .029 (0.75)0 

Terminal Thickness 
.010 ± .003 

(0,25 ± 0.08) 

Screwdriver Slot 
.094 (2,4JL x .029 

(0.75JW x .047 (1,2)0 
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UUVIC.l'l;:,1u1";:, 

Side adjustment 

Ser-driver Slot .393 Max . 

Typz90 

TYPE 90V 

Screwdriver Slot . l57 (4,0)L x .029 (0,15)W x .029 (0,75)0 (10,0) Mu. 
.228 Mu. 
(5,8) Maic . 

.094 (2,4) L 11 .029 (0,75)W lt .047 (1,2)0 

.484 Mex. 
(12.31 Mex. 

.284 
(7,2) 

+O .039 __ ()()4 

(,,o:g_,) 

Terminal Thickness 
.010 ± .003 

. I ro,25 t o,osJ 
.100~ f--

(2,54) 

EXPLANATION OF PART NUMBERS 

Rct !>isti:l nc e 
Value Top Side 
(Ohms) Adjustment Adjustment 

100 90Hl012 90Vl012 
200 90H2012 90V2012 
500 90HS012 90V5012 

1000 90Hl022 90Vl022 
2000 90H2022 90V2022 
5000 90HS022 90V5022 

IOK 90H1032 90Vl032 
20K 90H2032 90V2032 
SOK 90HS032 90VS032 

IOOK 90Hl042 90Vl042 
200K 90H2042 90V2042 
SOOK 90H5042 90V5042 

I Meg. 90H1052 90VI0S2 
2Meg. 90H2052 90V2052 

IEC RESISTANCE VALUES 
AVAILABLE BY SPECIAL ORDER 

220 
470 

OHMS ± 20% 

2.2K 22K 
4.7K 47K 

220K 
470K 

For other values consult factory 

165 
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• Typef 
™ Hot-Molded 

SPECIFICATIONS 
General 

Temperature range - - 55°C to -+120°C. 

Total resistance values - 100 ohms to 5.0 
megohms. EIA and !EC standard resistance values 
available as shown on Page 168. Other than preferred 
values are also available. 

Total resistance tolerances - ±20% or ±10%. 
Tape rs Available in the following resistance 
ranges: 

TAPER TOTAL RESISTANCE RANGE 
u 100 Ohms to 5.0 Megohms 

A, B, S, & DB 500 Ohms to 2.5 Megohms 

See chart on Page 168 for explanation of tapers. 

End resistance - At both ends less than one 
percent of total resistance or "less than 15 ohms," 
whichever is greater. 

Electrical 

Power - 0.25 watt maximum at +70°C for "U" 
linear taper, provided voltage rating is not exceeded. 

Power derating Derate power linearly from 
+70°C wattage to zero at + l20°C. Derate 50 percent 
for "A" "B", "S", or "DB" tapers. For rheostat 
applications derate directly with shaft or actuator 
position. 

Voltage - 350 volts maximum working voltage 
within power rating limits. 

166 

Trimming 
Potentiometers 
0.25 Watt (70°C) 
1/2 (0.50) Inch ( 12, 70 mm) Diameter 
100 Ohms to 5.0 Megohms 

FEATURES 
e Hot-Molded Single Turn 

• Pin or Solder Lug Terminals 

• Horizontal or Vertical Mounting 

• Immersion Sealed 

• ±20'¾. or ± 10% Tolerance 

Dielec tric withstanding voltage 
level for one second. 

750 volts at sea 

Insulation resistance - 1000 megohms minimum. 

Voltage characteristic - 0.005 percent per volt or 
0.5 ohm, whichever is greater. 

Operational 

Contact resistance variation - Less than 3 
percent of nominal total resistance value. 

Load life 10 percent maximum change in total 
resistance as a result of 1000 hour test at rated 
power across entire element in still air at +70°C. (1.5 
hour "ON" - 0.5 hour "OFF.") 

Rotational life 10 percent maximum change in 
total resistance as a result of 5000 cycles under load. 

Mechanical 

Rotation 295° ±5~ 

Turning torque - 0.25 to 3.0 inch-ounces (0,018 to 
0,216 kgf-cm) at + 25°C. 

Stop torque - Will withstand greater than 10 inch
ounces (0,72 kgf-cm) shaft torque. (Mechanical 
specifications continued on Page 167.) 
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Mechanical 

Backlash - Maximum of 3°. 

Hot-Molded 
Trimming 
Potentiometers 

Construction - Materials essentially non
magnetic. Enclosure is immersion sealed. Terminals 
are treated for easy soldering. 

Marking - Allen-Bradley part number and nominal 
total resistance are marked in two lines. Other 
marking possible limited to two lines. On types 
FR, FC, FP and FM space permits 16 characters 
per line. On types FH and FS space permits 8 
characters per line. A-B monogram plus "Type F" 
always included. 

Weight - Approximately 7 grams. 

Enviro nme ntal 

PARAMETER MAXIMUM CHANGE TEST METHOD 

Vibration 2% Total Resistance Method 204, Cond. C , MIL-STD-202 
5% Setting Stability 

Shock 2% Total Resistance Method 213, Cond. I, MIL-STD-202 
5% Setting Stability 

Moisture Resistance 10% Total Resistance Me thod 106, MIL-STD-202 

Effect of Soldering 2% Total Resis tance MIL-R-94, Par. 4.6.6 

Low Temperature Storage 2% Total Resistance MIL-R-94, Par. 4.6.11 

Low Temperature Operation 2% Total Resistance MIL-R-94, Par. 4.6.12 

Temperature Cycling 3% Total Resistance MIL-R-94, Par. 4.6.13 

NOTE: Unless otherwise specified, Terms, Definitions and Test Procedures are in accordance with Variable Resistive Components Institute Standards vrci•1·110 
and vrci-215. Maximum environmental change is specified as 2 ohms on resistive values where 2 ohms exceeds the specified percentage change. 

Tempe rature charac teris tics Maximum percent 
temporary total resistance change from the + 25°C value. 

Nominal D Cl egrees e sius 

Resistance - 55° - 25° oo + 25° + 55° + 85° + 120° 

100 Ohms + 4.5 + 2.5 + 1.5 0 ± 1.0 ± 1.5 + 3.5 
1000 Ohms + 5.5 + 3.0 + 1.5 0 ± 1.0 :i. 2.0 + 4.5 

10,000 Ohms + 7.0 + 3.5 + 2.0 0 ± 1.0 ± 2.5 + 5.5 
100,000 Ohms + 8.0 +4.0 +2.0 0 ± 1.5 ± 3.0 + 6.0 

1 Megohm + 10.0 + 5.0 +2.5 0 ± 1.5 ± 3.5 + 7.5 
For ··s", "8" and "08" tapers multiply percentage l,gures shown above by 1.25, 
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Taper darn 

TAPERS 
IOOK 

Nomlnal Resistance-Rotation 
90K Characteristics or Tapers 

for Total Resistance 
SOK of IOOK 

"' 70K E 
.s= 
0 60K 

.5 
QI u 

5()1( 

C 
B 40K 

"' 'iii :JOI( QI 
0::: 

20K 

IOK 

0 10 20 30 40 50 60 70 80 90 100 

Percent Mechanical Clockwise Rotation 

IEC RESISTANCE VALUES 
AVAILABLE BY SPECIAL ORDER 

220 
470 

OHMS ± 10% - ±20% 

I 2.2K I 22K I 220K I 2.2M 
4.7K 47K 470K 

PREFERRED NOMINAL VALUES IN OHMS 
100 
200 
250 
500 

lK 
2K 

2.SK 
SK 

lOK 
20K 
25K 
SOK 

lOOK 
200K 
250K 
SOOK 

1.0 Meg. 
2.0 Meg. 
2.5 Meg. 
5.0 Meg. 

Resistor Connections 
#3 

DIMENSIONS 

Basic dimensions in inches. 

TOLERANCES 
Dimensional tolerance ± .016 (0,40). 

Dimensions shown in parentheses are in millimeters. 
Angular tolerance ±5°. 

Except as specified. 
Terminal spacing determined at mounting surface. 

TYPE FC 
TYPE FR 

061 .! .005 
/ t 55! 0,13/ 

- 4------.... _ ~ ..... -___ ... .,_',_- ... ~ -_ .... _ -- .200 .!. .005 

tir--1-'tlM"-;'-+- ~ 15.08 • 0 131 

100 t 005 
I/ 54: 0 I 31 

TYPE FH 
TYPE FS 

.200 i .005 
I 5,08 .t 0.13 I 

3 Hole, .034 10,861 O,a. Min 

.100 ! .005 
11.54 J.,0. 13/ ~---L---~ 

~-r' :. .-- \1 
: ", ~ ' t 

Rtl.lt,on ot 
terminals 10 

'--~-{ 
_ _._...._,- I 

' I .100 /2,54/ p,,nted 
circuit spacing 

168 

~_: ___ _(:~ 

NOTTO SCALE 

Screwdnve, 'lilOI 1s 1hown 1n 
028 .! 002 D,a ma,umum counterctockw.se 

/0 71 ! 0.05/ l)OUl!On 
,----..,-~-,----,--+1.:: - 031 wide• 031 deep 

594 
115.081 

32.S 

'0.801 (0.801 

Screwdriver 
tlot 
1sshown 1n 

L ~--,,,=j=--...L..- i....,~....,..-----~-
047 J' 10,401 

II I/)) - ll-- ,218 15.56} 

.028 ± ,002 o,a. 
10.71 t 0,051 
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DIMENSIONS 
TYPE FM 
TYPE FP 

,010 ! ,005 

1025 !.0 131 

Hot-Molded 
Trimming 
Potentiometers 

Sc,twdnve, 1101 1s shown in 

ma1t1mufl1 counte,clockw,ie 
p0s11,on 

031 wide • .031 de<ll 

062 t 005 
(0,80/ 10,80/ 

t 0,38 • 0,tJ I 

.100 ,!: .005 
(2,54 ;! 0, IJ/ 

4 Hole, - .088 Dia. Min 
(2,23/ 

Relation of terminals to . 100 12.54/ 
pnnted c,rcuot spac,ng 

EXPLANATION OF PART NUMBERS 

rn102u 
T I 

Basic Type 

D FR - Pin terminals - plastic shaft. 
FH - Pin terminals - plastic shaft, 

- horizontal mounting. 
FC - Pin terminals - metal shaft. 
FS - Pin terminals - metal shaft, 

- horizontal mounting. 
FP - Lug terminals - plastic shaft. 
FM - Lug terminals - metal shaft. 

al Resi!>tance Value Tot 

First tw 
ures a 
numbe 
two dig 

o digits are significant fig-
nd the third indicates the 
r of zeros following the first 
its -
les: Examp 101 = 100 Ohms 

501 = 500 Ohms 
255 = 2.5 Megohms 

raper T\•pe and 
Total Resist,rnce T olcranc~ 

U - Linear (U), l:: 10% 
M - Linear (U), =20% 
A - Clockwise Modified Loga-

rithmic (A), :::: 10% 
R- Clockwise Modified Loga-

rithmic (A),:i:: 20% 
8 - Counterclockwise Modi-

fied Logarithmic (8), : 10% 
T - Counterclockwise Modi-

fied Logarithmic (8), :::: 20% 
D - Clockwise Exact Loga-

rithmic (DB), :t: 10% 
K - Clockwise Exact Loga-

rithmic (DB), :t: 20% 
S - Modified Linear (S), :::: 10% 
Y - Modified Linear (S),z20% 

D AVAILABLE, IN STANDARD VALUES. FROM STOCK 
AT ELECTRONIC DISTRIBUTORS. 169 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• Ty~~N 
Hot··Molded 
Trimming 
Pot~~ntiometers 

SPECIFICATIONS 
General 

Temperature range - - 55°C to + 100°c. 

Total resistance values - 100 ohms to 2.5 
megohms. EIA and IEC resistance values available 
as shown on page 172. 
Total resistance tolerances - ± 10 percent or 
±20 percent. 

End resistance - At both ends less than .004 
percent of total resistance or "less than 20 ohms," 
whichever is greater. 

Taper - Standard "U" linear taper. 

Electrical 

Power - 0.33 watt maximum at +50°C provided 
voltage rating is not exceeded. 

Power derating - Linearly with actuator position 
for rheostat usage. 

Voltage 300 volts RMS maximum within power 
rating limits. 

Dielectric withstanding voltage 700 volts at 
sea level for one second. 

lm,ulation resistance - 1000 megohms minimum. 

0.33 Waltt (50°C) 
1-1/4 (1.25) Inch (31,75 mm) 

Long Rectangular 
100 Ohrns to 2.5 Megohms 

FEATURES 

e Hot-Molded Multi-Turn 

• Pin T ernninals 

• 25 Turns 

• Immersion Sealed 

• ± 10% or ±20% Tolerance 

Operational 

Contact rnsistance variation - Less than 2 
percent of total resistance or 2 ohms, whichever 
is greater. 

load life -- 10 percent maximum change in total 
resistance and 2 percent maximum change in setting 
stability as .a result of a 1000 hour test at rated 
power across entire element in still air at +70°C. 
(1.5 hour "ON" - 0.5 hour "OFF.") 

Rotational life - 5 percent maximum change in 
total resista1nce as a result of 500 cycles (25,000 
turns of actuator) under load. 

Mechanical 

Number of turns - 25 ±3 turns. Mechanical 
release at end positions. Resistance between 
terminals 1 and 2 increases with clockwise rotation. 

Turning torque - 0.10 to 8 inch-ounces (0,007 to 
0,58 kgf-cm) at +25°C . 

Construction - Materials are corrosion resistant 
and essentially non-magnetic. Enclosure is immersion 
sealed. Terminals are treated for easy soldering. 

Weight - Approximately 3 grams. 

Marking -- Allen-Bradley part number and nominal 
total resista1nce are marked in two lines. Other 
marking possible, limited to maximum of 10 
characters ·in each of two lines. A-B monogram plus 
'Type N" always included. 

170 
AVAILABLE, IN STANDARD VALUES, FROM STOCK 

AT ELECTRONIC DISTRIBUTORS. 
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Environmental 

PARAMETER 
Vibration 

Shock 

Humidity 

Corrosion Resistance 

Effect of Soldering 

High Temperature Exposure 

Low Temperature Operation 

Temperature Cycling 

Hot-Molded 
Trimming 
Potentiometers 

MAXIMUM CHANGE TEST METHOD 
3% Total Resistance EIA Standard RS-186B, Method 7, 
3% Setting Stability Type 1 and Method 8, Type 1 

2% Total Resistance Method 213, Cond. I, MIL-STD-202 
2% Setting Stability 

10% Total Resistance Method 1, EIA Standard RS-186B 

96 Hour Test Method 5, ElA Standard RS-1868 

2% Total Resistance MIL-R-22097 

12% Total Resistance 1,000 Hrs. at +100°C 
2% Setting Stability 

2% Total Resistance MIL-R-22097 
2% Setting Stability 

3% Total Resistance Method 107, Cond. B, MIL-STD-202 
2% Setting Stability 

NOTE: Unless otherwise specified. Terms, Di!hn,t,ons ;,nd Test ~ocedures are in accordance with Varoable Rcs,suve Components Institute Standards 
vrc,-t 110 and vrci-2 LS Maximum environmental change 1s spec,lied as 2 ohms on resistive values where 2 ohms exceeds the specified percentage. change. 

Temperature characteristics - Maximum percent 
temporary total resistance change from the + 25°C value. 

Nominal D CI · egrees e SIUS 

Resistance - 55° - 25° oo +25° + 55° + 85° 

100 Ohms + 4.5 + 2.5 + 1.5 0 ± 1.0 ± 1.5 
1000 Ohms + 5.5 + 3.0 +1.5 0 ± 1.0 ± 2.0 

10,000 Ohms + 7.0 + 3.5 + 2.0 0 ± 1.0 ± 2.5 
100,000 Ohms + 8.0 + 4.0 +2.0 0 ± 1.5 ± 3.0 

1 Megohm +10.0 + 5.0 +2.5 0 ± 1.5 ± 3.5 

•J()'1,-.----.----r----r-----,-----,---"""T"----r----, 

0 

fotal Resistance U.5 Megohms 

T yp,cal data not necessarily average. 
See above table for maximum values. 

- 5" .. _,_ __ ......._ __ ......_ __ ......_ __ __._ __ __._ __ _._ __ _._ __ _, 

+ 1ooc 

+ 2.0 
+ 2.5 
+ 2.7 
+ 3.2 
+ 4.0 

- 60" - 40" - 20· 0 •20· •40' •80· ♦ 100" 

Resistor Connections 
#3 
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TypeN 

DIMENSIONS 

Basic dimensions in inches. 
Dimensions shown in parentheses are in millimeters. 
Terminal spacing determined at mounting surface. 

.0:m .t. .010 

Ii-- .021 .t. ,002 o, ... 
-, 10.l I r. 0 ,05) 

EXPLANATION OF PART NUMBERS 

172 

Pin Terminals 
Resistance 

Tolerance Value 
(Ohms) ± 10% ± 20% 

100 NP101U NPl0lM 
200 NP201U NP201M 
250 NP251U NP251M 
500 NPS0lU NPS0lM 

IK NP102U NP102M 
2K NP202U NP202M 

2.SK NP252U NP252M 
SK NP502U NP502M 

I0K NP103U NP103M 
20K NP203U NP203M 
25K NP253U NP253M 
SOK NP503U NPS03M 
lOOK NP104U NP104M 
200K NP204U NP204M 
250K NP254U NP254M 
SOOK NP504U NP504M 

1.0 Meg. NP105U NPlOSM 
2.0 Meg. NP205U NP205M 
2.5 Meg. NP255U NP255M 

IEC RESISTANCE VALUES 
AVAILABLE BY SPECIAL ORDER 

220 
470 

OHMS ± 10% - ± 20% 

2.2K 22K 220K 2.2M 
4.7K 47K 470K 

For other values consult factory. 

TOLERANCE 
Dimensional tolerance ±.016 (0,40). 

Except as specified. 

NOTTO SCALE 

,211 
/T, 14/ 

.400 .t. .010 ,JOO .t. .010 
110, 16 .t.0,251 IT,/S1 t.0,151 

ct 
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• TypeR 
w Hot-Molded 

Trimming 
Potentiometers 

SPECIFICATIONS 
General 

Temperature range - - SS°C to + 125°C. 

lotal resi-.tance , alue-,. 100 ohms to 2.5 
megohms. EIA and IEC resistance values available 
as shown on page 176. 
Total res,stan<." tolerances - ±10 percent or 
± 20 percent. 

Lnd resistance - At both ends less than .004 
percent of total resistance or "less than 20 ohms," 
whichever is greater. 

Applicable mil1tar~ spedfic.<1ti lO Many of the 
Type RS trimming potentiometers can be ordered as 
Style RJI 1 of MIL-R-22097. 

Electrical 

Power - 0.25 watt maximum at +70°C, derate to 
zero at +}25°C. 

Power deraf mg - Linearly with actuator position 
for rheostat usage. 

vohage - 300 volts RMS maximum within power 
rating limits. 

D ielect rk withstandmq voltage 900 volts at 
sea level for one second. 

Insulation res1st,mce - 1000 megohms minimum. 

0.25 Watt (70°C) 
1-1/ 4 (1.25) Inch (31,75 mm) 

Long Rectangular 
100 Ohms to 2.5 Megohms 
FEATURES 
e Hot-Molded Multi-Turn 

• Pin or Lug Terminals 

• 25 Turns 

• Immersion Sealed 

• ±10% or ±20% Tolerance 

Operational 

Contact resistance variation - Less than 2 
percent of nominal total resistance value. 

Load life - 10 percent maximum change in total 
resistance and 2 percent maximum change in setting 
stability as a result of a 1000 hour test at rated 
power across entire element in still air at +70°C. 
(1.5 hour "ON'' - 0.5 hour "OFF.") 

Rotational life - 5 percent maximum change in 
total resistance as a result of 500 cycles (25,000 
turns of actuator) under load. 

Mechanical 

Number of turns - 25 ± 3 turns. Mechanical 
release at end positions. Resistance between 
terminals 1 and 2 increases with clockwise rotation. 

!urning torque - 0.10 to 8 inch-ounces (0,007 to 
0,58 kgf-cm) at +25°C . 

ConstruLlion - Materials are corrosion resistant 
and essentially non-magnetic. Enclosure is immersion 
sealed. Terminals are treated for easy soldering. 

Weight Approximately 3 grams. 

Marking - Allen-Bradley part number and nominal 
total resistance are marked in two lines. Other 
marking possible, limited to maximum of 9 characters 
in the first line and 8 characters in the second line. 
A-8 monogram plus "Type R" always included. 
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Em ironmenral 

PARAMETER 

Vibration 

Shock 

Moisture Resistance 

Corrosion Resistance 

Effect of Soldering 

High Temperature Exposure 

Low Temperature Operation 

T emperature Cycling 

• Hot-Molded 
Trimming 
Potentiometers 

MAXIMUM CHANGE TEST METHOD 

2% Total Resistance Method 204, Cond. D, MIL-STD-202 
2% Setting Stability (Type RK is Tested per Method 201) 

2% Total Resistance Method 213, Cond. I, MIL-STD-202 
20f, Setting Stability 

10% Total Resistance Method 106, MIL-STD-202 

96 Hour Test Method 101A, MIL-STD-202 

2% Total Resistance MIL-R-22097 

12% Total Resistance MIL-R-22097 (250 Hrs . at + 125°C) 
2'1b Setting Stability 

2% Total Resistance MIL-R-22097 
2't Setting Stability 

3% Total Resistance 
2°f, Setting Stability 

Method 107, Cond. 8, MIL-STD-202 

NOTE: Unll!SS 01herw1se specihed. Terms. Dl.'i1ni11ons and Tes! Procedures ilre 1n accordance wilh Vanable Res1s11ve Components lnslllute S1andards 
vrc, I JO and vrc, 215. Maximum env1ronmen1al change 1s specified as 2 ohms on resisllve values where 2 ohms exceeds 1he spec,f,ed percentage change. 

Temperature charactenslics Maximum percent 
temporary total resistance change from the + 25°C value. 

Nominal egrees e SIUS 

Resistance - 55° - 25° oo + 25° + 55° + 85° + 125° 

D C I . 
Resistor Connections 

100 Ohms + 4.5 + 2.5 -+ 1.5 0 :±: 1.0 ::!: 1.5 + 4.0 
lOOOOhms + 5.5 + 3.0 + 1.5 0 ..L 1.0 :!- 2.0 + 4.5 

10,000 Ohms + 7.0 + 3.5 + 2.0 0 :!. 1.0 ..t 2.5 + 5.5 
100,000 Ohms + 8.0 + 4.0 +2.0 0 ± 1.5 ± 3.0 -t 6.5 

1 Megohm +10.0 + 5.o -+ 2.5 0 ± 1.5 ..t 3.5 + 8.0 CW---
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DIMENSIONS 

Basic dimensions in inches. 
Dimensions shown in parentheses are in millimeters. 
Terminal spacing determined at mounting surface. 

TYPE RS 

Mounlin9 Surfa« 
when mounted by 
larm1nali 

TYPE RC 

TYPE RK 

,0311 .005 
.093! .006 01■• Hol" 10.80 , 0.131 

/2,36! 0,13 

,300 • .010 .200 • ,010 
11.62 · 0.:l5I 15,08 • 0 :lSI 

125 ( I 
• 130 Min, Cup 1.0. 

t 13.301 

1318,-, rj_ 

~1, .. 
13,91 ! 0, I3/ 

,031 t .005 • .031 ! .006 Slot 
10.80 !0.131 10.80 ! 0.131 

125011, 
£ (3.18} 

TOLERANCE 
Dimensional tolerance ±.016 (0,40). 

TYPE RP 

f 
.594 1 .031 

05,08 ~ 0.801 

t 

TYPE RH 

Except as specified. 
NOTTO SCALE 

6 1 

.021 t .002 Oi1. 
(0,11 t 0,051 

1
_:,'~

1 
.130 Min. Cup 1.0 • 

,;~;:J,J~ 
.031 ! ,005 • .031 ! .oor. Slot 

10,80!0,13/ (0.80! 0,13/ 

Mo<lnt tnt Surf■ca 
.250 

.110 Mln. 1.O. 
(2.791 

,-----
.351 
/9,13/ 0 
* L 

.026 t.010 J 
10,64 t 0,251 .Jgj· 

.0151 .006 
10,38 ! 0, 131 

.211 
(l, 1111 

.344 Mi ll, 
{8,131 

.100 1.010 
{2,511 tl),25/ 

.062 
(1,591 

.375 
/!l,52/ 

.15f 
13.97/ 

(6,351 , 

4l2 

0 
21 

Mlnilll\lml'~• -
Pll1 Up .1CM 

~ 
(2,641 

.o,&7 x .078 Hole 
(1,191 /1.98/ 

.094 
/2,38/ 

.031 1 .006 • .031 1 .005 Slot 
/0,B(H 0,131 10,80 ! 0,13/ 

~:9111---.-£-

.312 

@±ir~ 
Mounting Nut 

M,1378 

.375 

I 10,80/ rn
/9,521 i,... .031 

Q ::-
Lodt Wuher 

M-11352 
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Hot-Molded 
Trimming 
Potentiometers 

EXPIANATION OF PART NUMBERS 

100 
200 
250 
500 

176 

RSSOIM 
I -II I I 

_____,I L...____ 
I 

Basic T ype 

D RS - Lug Terminals 
a RP - Pin Terminals 

RC - Lug Terminals and cup
washer housing actuator 

RH - Pin Terminals and cup
washer housing actuator 

RK - Lug Terminals - panel 
mounting with 0.250 inch 
(6,35mm) long bushing 

Total 
Resistance 
T olerance 

U - 10% 
M - 20% 

Re~1stance Value 

First two digits are significant figures 
and the third indicates the number of 
zeros following the first two digits -

Examples: 501 = 500 Ohms 
255 = 2.5 Megohms 

TOTAL RESISTANCE VALUES 
AND TOLERANCE 

IEC RESISTANCE VALUES 
AVAILABLE BY SPECIAL ORDER 

OHMS ± 10% - ± 20% 

lK lOK lOOK 
2K 20K 200K 

2.SK 25K 250K 
SK SOK SOOK 

1.0 Meg. 
2.0 Meg. 
2.5 Meg. 

220 
470 

OHMS ± 10% - ± 20% 

I 2.2K I 22K I 220K I 
_ 4.7K _ 47K _ 470K _ 

For other values consult factory. 

D AVAILABLE. IN 100:, TOLERANCE AND STANDARD VALUES. 
FROM STOCK AT ELECTRONIC DISTRIBUTORS. 

2.2M 
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• 

., ..,...__ I., ·~ 
SPECIFICATIONS 
General 

Temperature range. - 55° C to r 100° C. 

Total resistance value!> Preferred nominal 
values listed below. Other values available. 

100 
200 
250 
500 

lK 
2K 

2.SK 
SK 

O HMS 
lOK 
20K 
25K 
SOK 

lOOK 
200K 
250K 
SOOK 

1 Meg. 
2 Meg. 

2.5 Meg. 
5 Meg. 

Total resisl<"n<" «ole1 anl. t>S ± 20% or +- 10%. 

I dpeh (Resistance - rotation characteris
tics) - Available in the following resistance ranges: 

TAPER TOTAL RESISTANCE RANGE 

u 100 Ohms to 5.0 Megohms 

A, B,S,& DB 500 Ohms to 2.5 Megohms 

See chart on following pages for explanation of 
tapers. Special tapers, where practical, can be 
supplied. 

End resistance See chart on following pages. 

Electrical 

Power 0.25 watt maximum for "U" linear taper at 
+ 50° C provided voltage rating is not exceeded. 

Type 

Hot-Molded 
Trimming 
Potentiometers 
0.25 Watt (50° C) 
1/2 (0.50) Inch (12,70 mm) Diameter 
100 Ohms to 5.0 Megohms 
,;EA-T'URE~ 

• Single Turn 

• Pin or Solder Lug Terminals 

• Thumbwheel or Screwdriver Adjustment 

• Horizontal or Vertical Mounting 

• -,. 20% or !" 10% Tolerance 

Po~er derollno Derate power linearly from 
t 50° C to zero at + 100° C. Derate power 50 

percent for resistors with "A", "8", "S", and "DB" 
tapers. For rheostat applications, derate power 
directly with shaft or actuator position. 

Voltage - 350 volts maximum working voltage 
{RMS or DC). or as determined by Emax. =-vl5R, 
whichever is less (at sea level). 

Du•le c t ric l.''1fh~tanding voltage - Will withstand 
a one second test of 750 volts {RMS or DC) at sea 
level or 350 volts (RMS or DC) at 3.4 inches 
(86,36 mm) mercury. 

lnsula1 ,on resistance 1000 megohms minimum 
for clean and dry conditions at 1 25° C. 

Voltage chc1ractenst1c - 0.005 percent per volt or 
0.5 ohm, whichever is greater. 

Operational 

I odd life 10 percent maximum change in total 
resistance c1s a result of a 1000 hour test at rated 
power across entire element in still air at + 50° C 
(1.5 hour "ON", 0.5 hour "OFF"). 

~ ita ional l,fe - Maximum change in total 
resistance as a result of 5000 cycles under load is 10 
percent for values above SOOK ohms and less than 5 
percent for values below SOOK ohms. 
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Typey 
Mechanical 

Shafts - Thumbwheel or screwdriver adjustment, 
refer to DIMENSIONS on following pages. 

Rotation 295° .- 5°. 

Turning torque - 0.25 to 3 inch-ounces (0,018 lo 
0,22 kgf-cm) at • 25° C . 

Backlash - Maximum of 3 degrees. 

Stop 1or-que - 2 inch-pounds (2,31 kgf-cm) 
minimum. 

Construction Materials are corrosion resistant 
and essentially non-magnetic. Enclosure is dust and 
splash resistant. Terminals are treated for easy 
soldering. 

Standard marking - Allen-Bradley part number 
and nominal resistance value. Other marking 
possible, limited to maximum of 16 characters in 
each of two lines for Types YR, YC and YN. 8 
characters in each of two lines for Types YH and 
VS. A-B monogram plus "Type Y" always included. 

Environmental 

Vibr-ation 3 percent maximum change in total 
resistance or setting. (Tested per EIA Standard RS-
186B, Method 7, Type I and Method 8, Type I.) 

Shock, medium impact - 3 percent maximum 
change m total resistance or setting after a 50G, 11 
millisecond test. 

Effect of soldering - 2 percent maximum change 
in total resistance as a result of immersing the 
terminals in 1- 350° C solder to within 0.125 inch 

Ordering information 

l. Type (YR, YC, YH, YS or YN). 

2. Taper. 

3. Total resistance vlaue in ohms. 

4. Total resistance tolerance. 

Taper data 

"' E 
.s;. 

0 

·= .. 
u 
C .. 
.ii 
~ 

a:: 

178 

70K 

60I( 

SOI< 

40I( 

JOI( 

20!( 

IOI< 

TAPERS 

Nominal R1ud~nct---Rotation 
Chuacteri•tk:s or T •Pl• "'-i,.._+.l._--i 

for T otal R«.11ittan<t" 
of 1001< 

0 10 20 30 40 SO 60 70 80 90 100 
Percent Mechanical Clockwise Rotation 

(3,18 mm) of the resistor for a maximum of 3 
seconds. (Tested per EIA Standard RS-186B, 
Method 10.) 

Steady state humidity - Maximum temporary 
resistance change 10 percent. (Tested for 96 hours 
per EIA Standard RS-186B, Method 1.) 

Salt spray - No evidence of corrosion damage. 
(Tested for 96 hours per EIA Standard RS-186B, 
Method 5, using Type I [20%] salt solution.) 

Temperature cycling - 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test. (Five cycles - 55° C to 
.. 100° C.) 

low temperature operation - 2 percent 
maximum change in total resistance as a result of 
the low temperature operation test. (- 55° C for two 
hours without load and 45 minutes with rated load.) 

Low temperature storage - 2 percent maximum 
change in the total resistance as a result of the 
storage test. (24 hours at 63° C .) 

Temperature characteristics - Maximum percent 
temporary total resistance change from the + 25° C 
value. See table below. 

NominaJ Degrees Celsius - "U" Linear Taper 
Resistance 55° 25• 0- +.25° +ss· + 85" + 100° 

100 Ohnu + 4.5 + 2.5 + l.5 0 :t- 1.0 .. 1.5 .. 2.0 
1,000 Ohms ~ 5.5 • 3.0 + 1.5 0 :!: 1.0 t-- 2.0 • 2.5 

10,000 Ohms + 7.0 + 3.5 1 2.0 0 :": l.O • 2.5 • 2.7 
100,000 Ohms + 8.0 ... 4,0 • 2.0 0 :!: 1.5 ➔ 3.0 ...- 3.2 
I Megohm ➔ 10.0 <-5.0 .. 2.5 0 .t- 1.5 • 3.5 ➔- 4.0 

For "S", "A", "B" and "DB" tapers multiply percent
age figures shown above by 1.25. 

5. Your part number. 

6. Marking. 

7. YN - unless otherwise specified the 3 spacers 
will be provided (see YN back page). 

END RESISTANCE 
MINIMUM MINIMUM 

RESISTANCE RESISTANCE 
TAPER BETWEEN BETWEEN 

TERMINALS TERMINALS 
1 and 2 2 and 3 

U&S • • 
A • • 
8 B • 

DB • • 
■ "less than .004% of total resistance," or "less than 15 

ohms" whichever is greater. 

B "Less than 1% of total resistance," or "less than 15 
ohms" whichever is greater. 

II Less than 15 ohms. 
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Resistor Connections 
Typey 

#3 

DIMENSIONS 

Basic dimensions in inches. 

Dimensions shown in parentheses are in millimeters. 
Terminal spacing determined at mounting surface. 

TYPE YR 

Screwdriver Slot 
.031 x . 156 x .047 DHp 

.647 .359 ± .031 (0,19 x 3,911< I, 191 
(13,891 (9, 13 ±. 0.79) 

(12,10) 

TYPE YC 

.025 .t. .005 .5"7 
(0,64 :t0,13} (13,891 

.028 i. .002 Dia. 
(0,71 ±. 0,05} 

32.50 
Slot Shown In Mulmum 
CountwclockwiM Position 

.359 ± .031 
(9, 13 :t 0,19} Screwdriver Slot 

~ 1 
.031 X . 156 ll .047 Deep 
(0,79 X 3.97 X /, /9) 

.040 i. .005 
(1,02 :t 0, 131 

T 
.500 01,, 

1.10) 

Slot Shown In Maximum 
Count..-clockwise Posi tion 
TNth on Actuator Not 
Oriented With Slot 

.200 ± .005 
(5,08 ±. 0, 13/ 

.100 i. .005 
(2,54 ±. 0, 13/ 

TOLERANCES 
Dimensional tolerance ± .016 (0,40) 

Angular tolerance ::t: 5° 
Except as specified. 

NOTTO SCALE 

.469 ± .031 Screwdriver Slot TYPE YH 
.500 
(12,lJ-

(11,91 i 0,79) .031 X .156x .047 Deep 

I 
(0,19 X 3,97 X 1, 19) 

,219 Htll, 

.040 ± .005 ..I (5,56) 
(1,02 ± 0.131 I 

I-

- ,25 +·031 -
.028 ± .002 Dia. - .000 

(0.71 :t 0,05} (3.18 !%.-lt) .375 .219 ± .031 

' I ~~ ~ 
(9,53} (5,56 i 0,79} 

Slot Shown In Maximum 
Counterclockwise Po,itlon 

Screwdriver Slot 
TYPE vs .469 ± .031 .031 K .156 x .047 Deep 

(11,91 ±.0,79) (0,79x 3,91 X 1, 19/ 

·500 040 ± 005 
(12,7} -l /1,02 .t 0, 13) 

I .344 

.694 
(15 .08} ...... ..___.~ 

,028 .t. .002 Dia. 19 531 
(0,7T i 0,051 .125 + -~ ' .219 ±. .031 

(5,56 ± 0,79} 
(3, 18 :g_,tt) Slot Shown In Maximum 

Counterclockwise Position 
TNth on Actuator Not 
Oriented With Slot 

(3t .034 Min. Dia, Hoitt 
(0,86} 

.200 ± .005 
(5,08 ± 0, 13) 

----1' 

.047 
( / , 19) 

Terminal Numben 
Marked With Raised 
Cheracten As Shown 

I 
I 
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Typey 

DIMENSIONS 

TYPE YN 

.265 ::~ 

(6,75 ~g:~) 
.096 : :ggg 

(2.44 !:. g:~) 

Slot .031 x .094 
(0.79 x 2,38) 

Will Accommodate ____ _ 
2 Solid l-20 or .234~ 3 Solid #21 Wires f5,95J""' I 

.500 
(12.10) 

NOTE: Panel Mounting Holes. 
(Holes Must Be Burr hee 
On De\lice Side Of Panel) .000 to .010 

(0,()() to 0,25) 

II Resilient 
Panel 
Spacer 

II Reier to Ordering information. 

Panel Thickness 

Min. Max. 
.000 .037 

(.000) (0,89) 
.032 .060 

ID.BO) (1,521 
.062 .082 

/1,57) (2,03) 

Part 
No. 

F25262 

F25263 

F25264 

Dim. 
"A" 

.125 
(3,18 
.094 

12,38) 
.063 

(1.60) 

EXPLANATION OF PART NUMBERS 

YR102M 

Basic Type 
D YR - Pin terminals 

D YC - Pin terminals, slotted 
and notched actuator 

YH - Pin terminals and horizontal 
mounting base 

YS - Pin terminals, slotted and 
notched actuator, and 
horizontal mounting base 

YN - Lug terminals and snap-in 
panel mounting bushing 

I 

ce Value Resistan 
First two digits are 
and the third indic 
zeros following th 

significant figures 
ates the number of 
e first two digits -

Examples: 101 = 1 00 Ohms 
501 = 5 OOOhms 
255 = 2.5 Megohms 

Outside 
Mounting 
Surface 

Screwdriver Slot 
Shown In Maximum 
Counterclocl(wise Position 

.245 ± .005 
6,22 ± 0,13/ 

Screwdriver Slot 

32 50 .031 x .150 x .063 DMp 
· (0,79x3,8 1 x 1.60) 

.078 Dia. 
(1,98) 

Taper Type and 
Tolal Resistance Tolerance 

u - Linear (U), • 10% 

M - Linear (U), • 20% 

A - Clockwise Modified 
Logarithmic (A) . ..!. 10% 

R - Clockwise Modified 
Logarithmic (A), +- 20% 

B - Counterclockwise Modified 
Logarithmic (B), .t 10% 

T - Counterclockwise Modified 
Logarithmic (B), • 20% 

D - Clockwise Exact 
Logarithmic (DB), ~ 10% 

K - Clockwise Exact 
Logarithmic (DB), +: 20% 

s - Modified Linear (S), ± 10% 
y - Modified Linear (S), ,- 20% 

180 AVAILABLE, IN STANDARD VALUES. FROM STOCK 
AT ELECTRONIC DISTRIBUTORS. 
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• TypeFD 
Hot-Molded 
Trimming 

SPECIFICATIONS 
General 

Temperature range - -SS°C to +120°C. 

Total resistance values - Preferred nominal 
values listed below. Other values available. 

100 
200 
250 
500 

l K 
2K 

2.SK 
SK 

O HMS 

lOK 
20K 
25K 
SOK 

100K 
200K 
250K 
SOOK 

1 Meg. 
2 Meg. 

2.5 Meg. 
5 Meg. 

Total resistance tolerances - ±20% or ± 10%. 

Tapers - (Resistance - rotation character
istics) - Available in the following resistance 
ranges: 

TAPER TOTAL RESISTAN CE RANGE 

U 100 Ohms to 5.0 Megohms 

A, B, S & DB 500 Ohms to 2.5 Megohms 

See chart on following pages for explanation of 
tapers. Special tapers, where practical, can be 
supplied. 

End resistance - See chart on following pages. 

Attenuators - See Allen-Bradley Publication 
EC5930-2.1 

Electrical 

Power - Maximum power ratings for "U" linear 
tapers at +70°C with both elements in the circuit 
are as follows: 

Potentiometers 
0.25 Watt (70°C) 
1/ 2 (0.50) Inch (12, 70 mm) Diameter 
100 Ohms to 5.0 Megohms 

FEATURES 
e Hot-Molded Single Turn 

• Dual Trim mer 

• Attenuator Applications Bridged-Tor L Pads 

• Immersion Sealed 

• ± 20% or ± 10% Tolerance 

WATTS 

Front Resistor 0.25 0.23 0.2 0.18 0.15 0.1 0 

Rear Resistor 0 0.1 0.15 0.18 0.2 0.23 0.25 

(Front resistor is adjacent to the actuator. Voltage 
rating must not be exceeded.) 

Power derating - Derate power linearly from 
+ 70°C to zero at + 120°C. Derate power SO 

percent for non-metallic mounting or for resistors 
with "A", "B", "S", and "DB" tapers. For rheostat 
applications, derate power directly with shaft or 
actuator position. 

Voltage - 350 volts maximum working volt~ 
(RMS or DC), or as determined by Emax.=v'PR, 
whichever is less (at sea level). 

Dielectric withstanding voltage - Will withstand 
a one second test of 750 volts (RMS or DC) at sea 
level or 350 volts (RMS or DC) at 3.4 inches 
(86,36 mm) mercury. 

Insulation resistance - 1000 megohms minimum 
for clean and dry conditions at + 25°C. 

Voltage characteristic - 0.005 percent per volt 
or 0.5 ohm, whichever is greater. 

Operational 

Load life - 10 percent maximum change in total 
resistance as a result of a 1000 hour test at rated 
power across entire element in still air at + 70°C 
(1.5 hour "ON," 0.5 hour "OFF"). (Operational 
specifications continued on next page.) 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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• 
Rotdtional life - 10 percent maximum change in 
total resistance as a result of 50,000 cycles under load. 

Mechanical 

'",hr1hs - Flush or extended 0.125 inch (3,18 mm) 
above face plate (see dimensions on following page). 

Rotarion - 295° ± 5°. 

Turning torque - 0.5 to 4.5 inch-ounces (0,036 to 
0,32 kgf-cm) at +25°C and 13 inch-ounces (0,94 kgf. 
cm) maximum at - 55°C. 

& cklai,h - Maximum of 3 degrees. 

Slop torque - J inch-pound (1,15 kgf-cm) minimum. 

Construction - Materials are corrosion resistant 
and essentially non-magnetic. Enclosure is im
mersion sealed. Terminals are treated for easy 
soldering. 

Weight - Approximately 7 grams. 

Standard marking - Allen-Bradley part number 
and nominal total resistance are marked in two lines. 
Other marking possible, limited to a maximum of 16 
characters in each of two lines. A-8 monogram plus 
"Type FD" always included. 

En\Jironmental 

Vibrntion - 2 percent maximum change in total 
resistance, 5 percent maximum change in resistance 
setting. (Tested per method 204, condition "C" of 
MIL-STD-202.) 

Shock - 2 percent maximum change in total 
resistance. 5 percent maximum change in resistance 

Ordering information 

1. Type (FOE, FOL, FOP or FDT), 

2. Taper. 

3. Total resistance value in ohms. 

4. Total resistance tolerance. 

182 

Hot-Molded 
Trimming 
Potentiometers 
settings. (Tested per method 213, condition "l " of 
MIL-STD-202.) 
EHect ol soldering - 2 percent maximum change 
in total resistance as a result of immersing the 
terminals in 350°C solder to within 0.125 inch 
(3, 18 mm) of the resistor for 5 seconds. 
Moisture resistance - 10 percent maximum 
change in total resistance. (Method 106 of 
MIL-STD-202.) 
Corrosion resistance - Materials show no 
corrosion after the 200 hour test. (Method 101 of 
MIL-STD-202.) 
Temperature q.chng - 3 percent maximum 
change in total resistance as a result of the 
temperature cycling test. (Five cycles at - 55°C 
to + 120°C.) 
Low temperature operataon - 2 percent maxi
mum change in total resistance as a result of the low 
temperature operation test. (- SS°C for two hours 
without load and 45 minutes with rated load.) 
Temperature characteristics - Maximum per
cent temporary total resistance change from the 
+25°C value. See table below. 

Nominal 
Oegreu Celaiua - MU" Linear Taper 

Resistance - ss· -25" o· + 25" +ss· -t- 85" 

100 Ohms + 4.5 +2.5 +J.5 0 ± 1.0 ±1.5 
1,000 Ohms + 5.5 +3.0 +J.5 0 ± J.0 ±2.0 

10,000 Ohms + 7.0 +3.5 +2.0 0 ± 1.0 ±2.5 
100,000 Ohms + 8.0 +4.0 +2.0 0 ±1.S ±3.0 
J Megohm +10.0 +5.0 +2.5 0 ±1.5 ±3.5 

For "S", "A", "B" and "DB" tapers multiply 
percentage figures shown above by 1.25. 

5. Your part number. 

6. Marking 

7. Remarks 

+ 120· 

+3.5 
+ 4.5 
+5.5 
+6.0 
+ 7,5 
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Taper data 

TAPERS 
1001< 

Nominal Resistance-Rotation 
90K Characteristics or Tape 

for Total Resistance 
SOK of lOOK 

"' 70K e 
.r:. 
0 601( 

·= 
~ 
C: 

SOK 

(II 

1ii 
40K 

-~ 
0: 

.'.!OK 

20K 

101< 

0 10 20 30 40 50 60 70 80 90 100 

Percent Mechanical Clockwise Rotation 

END RESISTANCE 

MINIMUM MINIMUM 
RESISTANCE RESISTANCE 

TAPER BETWEEN BETWEEN 
TERMINALS TERMINALS 

1 and 2 2 and3 

U&S a a 
A a fJ 
B fJ a 

DB IJ fJ 

a "Less than .004% of total resistance," or "less than 15 
ohms" whichever is greater. 

fJ "Less than 1% of total resistance," or "less than 15 
ohms" whichever is greater. 

D Less than 15 ohms. 

Resistor Connections 

DIMENSIONS 
TYPE FDE 

.200 J. .00!> 
(5,06 J. 0, 13/ 

.034 10.1161 
M,n. 0 11 

IOOi <JO!> ,100~ .005 J~oln 
12,54 J. 0,13/ /2,54 J. 0,13/ 

Relollo<, ol P,n Tt,nM1l1 
10 100 '2.541 P1\n1fd C,ra.nl Spa;:1"9 

TYPE FOT 

.200;..00!> 
15.06J.0,JJ/ 

.08811.331 
Min. 0.a. 

#3 

• 2 

-, u 1 . 7 
•..s •2 • (13,-1191 .260 

.!iOO 0Mt, 16,15/ Sc,.-;.., Slot 
112.701 Typ. tn lint wltl'I 

Ocu,c,NI 11,.1,9"11 1•m1n11, 
l"'■illblt 11 'PK'l•fdl 

Moi,.t>tt Con1ac1 

.. ' •• tt ,, ,, 
u "., 
•2 

191 
20,:141 
Mu 
,125 

/3,18) 

3 Holn 

i:.,r,1tQt1 ol 1 ,,rn1n111 to . 100 
12,541 Prl"lfd C1tc.u1t $pa,y.1"9 

Soldir'r lu9 llflTUI\IIS haYI a ~031 JI! .094 (0.80 .t 1,J8J slOI 
wh.ch aocommocHtn 2 ,ohd No. 20 or 3 10ltd No. 21 wtrn, 

1"e,mlNls are .065 .! .OCJ5. f l .65 i 0.tJJ w,oe. 015 1 005 
/0,38 t 0, IJ/ Thoe'.. 

TYPE f'DP T\'P[ f-Dl 

,296 
/6,1S/ 
Typ, 

266 
/6,1S/ 
Typ 

Basic dimensions in inches. 

Dimensions shown in 
parentheses are in millimeters. 

TOLERANCES 
Dimensional tolerance 
± .016 (0,40) 
Angular tolerance ± 5° 
Except as specified. 

NOTTO SCALE 
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Hot-Molded 
Trimming 
Potentiometers 

EXPLANATION OF PART NUMBERS 

')PJU2 J 
L- _J I 

_____ _. --------------4 

Ba:.1c. TypP 

FOE - Pin terminals on rear 
resistor and 0.125 inch 
(3,18 mm) extended 
metal shaft 

FOL - Lug terminals on rear 
resistor flush metal 
shaft 

FOP - Pin terminals on rear 
resistor and flush 
metal shaft 

FOT -Lug terminals on rear 
resistor and 0.125 
inch (3, 18 mm) ex
tended metal shaft 

·1 t 11 R..., 1 m, , \ ,lu 

First two digits are significant fig
ures and the third indicates the 
number of zeros following the first 
two digits -

Examples: 101 = 100 Ohms 
501 = 500 Ohms 
255 = 2.5 Megohms 

CAUTION: Part number format does not allow for exclusion of 
invalid mechanical and/ or electrical combinations. Check parameter 
limits in preceding text. 

184 

Elet Irk c1I Specificat ion ~ 
Ti.lper Type and 

1 ldl Re!>i:.tanc:e Tole, ancc 
U - Linear (U), = 10% 
M - Linear (U), t 20% 
A - Clockwise Modified Loga

rithmic (A), z 10% 
R - Clockwise Modified Loga

rithmic (A) ,:!= 20% 
B - Counterclockwise Modi

fied Logarithmic (B), ± 10% 
T - Counterclockwise Modi

fied Logarithmic (B), :z: 20% 
0 - Clockwise Exact Loga

rithmic (DB), :3:: 10% 
K - Clockwise Exact Loga-

rithmic (DB), ± 20% 
S - Modified Linear (S), :!: 10% 
Y - Modified Linear (S), :3:: 20% 
E - L-Pad Attenuator, :!:15% 
L - L-Pad Attenuator, = 20% 
N - Bridged T-Pad Attenuator 

.t: 15% 
P - Bridged T-Pad Attenuator , 

..t: 20% 
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adjustable 
attenuators 

HOT-MOLDED 
COMPOSITION 

A-B 
QUALIIY 

185 
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adjustable attenuators 

186 

comprehensive product index 

DESCRIPTION 

HOT-MOLDED COMPOSITION 
1/ 2 (0.5) Inch (12,70 mm) Diameter -

Bridged-T-Pads 0.25 Watt (50° C) 

1/2 (0.5) Inch (12, 70 mm) Diameter -
Bridged-T-Pads 0.5 Watt (70° C) 
L-Pads 0.25 Watt (70° C) 

1/2 (0.5) Inch (12,70 mm) Diameter -
Bridged-T-Pads 1.0 Watt (70° C) 
L-Pads 0.5 Watt (70° C) 

TYPE PAGE 

Type BT 192 

Type FD 1% 

TypeGD 1% 

5/8 (0.625) Inch (15,88 mm) Square - MOD POT• 142 
Bridged-T-Pads 1.0 Watt (70° C) 
Bridged-H-Pads 1.0 Watt (70° C) 
L-Pads 0.5 Watt (70° C) 
Straight-T-Pads 0.5 Watt (70° C) 

1-5/32 (1.156) Inch (29,36 mm) Diameter - Type J 188 
Bridged-T-Pads 5 Watts (70° C) 
Bridged-H-Pads 5 Watts (70° C) 
L-Pads 2.25 Watts (70° C) 
Straight-T-Pads 2.25 Watts (70° C) 
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adjustable attenuators 

SELECTOR GUIDE 

Page Re• istance Characteristic Number of Voltage Rating Operating Caae Dime ns ion• 
Type Number Element Impedance Section. Available (RMS or DC) Temperature In lnchea Enclosure 

and Tolerance Range (Millimeters) 

7S Ohms O.S00 (12,70) 
Dust and Splash BT 192 ±20% 2 4.33V -40• C to + 120• C Diameter by 

Resistant 0.535 (13,59) 

FD 196 2 
O.S00 (12,70) 
Diameter by 

350V 0.688 (17 ,46) Immersion Sealed 
O.S00 (12,70) 

G D 196 Hot·Molded 1111 2 Diameter by 
Carbon 50, 75, 100 0.547 (13,89) 

Composition 150,300 L 156 (29,36) 
and 600 - ss• c to +120• c Diameter by J 188 Ohms soov 

1.266 (32,15) 
±20% (Dual Section) Dust and Splash and 2 or 3 

.625 (15,88) Resistant 
±15% Square by 

MOD POT• 142 350V .969 (24,61) 
Dual Section 
Lug Terminal 

II Available as Bndged-T Pads only. 

Type 
POWER RATING 

Bridged•T Bridged·H L Straigh1-T 

0.25 Watt 
BT at - - -

50• C 

0.5 Watt 0.25 Watt 
FD at - al -

10°c 70° C 
1.0 Watt 0.5 Watt 

G D at - at -
70° C 70° C 

J S Watts at 70° C 2.25 Watts at 70" C 

MOD POT• LO Watt at 70" C 0.5 Watt at 70° C 
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• TypeJ 
™ Hot-Molded 

SPECIFICATIONS 
General 

Characteristic impedance values - Preferred 
impedance values are listed below. Other values 
are available on special order. 

SO Ohms 100 Ohms 300 Ohms 
75 Ohms 150 Ohms 600 Ohms 

Tolerances on characteristic impedance -
Standard tolerances ± 20 percent and ± 15 percent. 
A tolerance of ± 10 percent is available on special 
basis, depending on type, impedance value and the 
required attenuation. Consult factory for analysis in 
individual cases. When tested for overall tolerance at 
the factory, the fixed resistors used in the test 
circuit are all ± 0.25 percent resistors. 

Recommended characteristic impedance test -
The characteristic impedance is measured by 
connecting the variable resistors in the circuit, 
shown on next page including a load resistor that is 
equal to the characteristic impedance. The charac
teristic impedance is measured between points "A" 
and "B". For controls with a limited attenuation, a 
specified series fixed resistor must be placed 
between points "C" and "D". When tested at the 
factory, the fixed resistors have a tolerance of 
± 0.25 percent. 

Atttmuation .md insertion loss - The graphs 
on the following pages show the characteristics of 
standard attenuators. 

SpeC1al attenuation characteristics - Special 
attenuators can be supplied where the total attenua
tion is less than the standard value. A series fixed 
resistor will be required in the shunt section. 

Switches SPST switch is available only with 
Land Bridged-T attenuator types. Switch is 
UL approved. 

Adjustable 
Attenuators 
4 Attenuator Types 
50 Ohms to 2500 Ohms 
1-5/32 ( 1.156) Inch 

(29,36 mm) Diameter 

FEATURES 

• 100,000 Cycle Rotational Life 

• SPST Switch Available - UL Approved 

Electrical 

Power handling capacity - The maximum power 
handling capacities given below are based on any 
shaft position with the attenuators mounted on a 
4-inch square 16 gauge steel panel or equivalent. 
Derate 50 percent for mounting on non-metallic 
panel. Derate linearly to zero at + 120°C. 

Attenuator 
Type 

Maximum Load 
at + 70°C 

Bridged-T 
Bridged-H 
L 
Straight-T 

Operational 

5 Watts 
5 Watts 

2.25 Watts 
2.25 Watts 

load life Operated at rated power for 1,000 
hours, the characteristic impedance will be within 
10 percent of its initial value. 

Rotational life - Characteristic impedance is 
within 10 percent of its initial value after 100,000 
rotational cycles. 

Mechanical 

Mec.hanical configurations - Allen-Bradley 
panel potentiometers for attenuators are available in 
all the same mechanical configurations as the 
Type J. Refer to Publication EC5607•2.1. 

Fixed resistors - Attenuators are furnished 
without fixed resistors. 

Wiring - No interconnections are made at the 
factory. Refer to following page for wiring. 

NOT AVAILABLE FROM STOCK AT ELECTRONIC DISTRIBUTORS. 
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Ordering information 

Below is a checklist of data needed to fill an order 
for Type J panel potentiometers intended for 
attenuator use. Please refer to Publication 
EC5607-2. l for details. 

1. Type of attenuator. 

2. Attenuation characteristic (A·B Standard or 
Other). 

3. Characteristic impedance in ohms. 

4. Tolerance on characteristic impedance -
± 20%, ± 15% or ± 10%. 

5. Bushing type (Plain, Locking, Shaft Watertight 
or Shaft and Panel Watertight). 

RECOMMENDED WIRING 
Standard attenuators 

BRIDGED-T 

BRIDGED-H 

2 
3 

AC>-<~t-l,M'v---,.--W,rfN-4-0 

] (NOTE; fui:ld teStttors t11 th1.t 
Ctf(:UI' -.hould •WI M 
"om,n.tty equ_. 10 
htlt ttw characte,,s·1lc 
l"'l)ldon<o,) 

80-....-IIJMfolo------"-<1>--',f'l,'NN'---..-O 
113 

3 
2 

Hot-Molded 
Adjustable 
Attenuators 

6. Bushing length in inches. 

7. Shaft ending (Plain, Slotted or Flatted). 

8. Shaft length from mounting surface in inches. 

9. Is switch required? 

10. Locating lug option (1, 2, 3, or 4). 

11. Mounting hardware (A-B Standard or Other). 

12. Part number you have assigned, if any, 

13. Marking required on the part. 

14. Special features. 

15. Remarks. 

A 

C 

L 

STRAIGHT-T 
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Typej 

GRAPHS 
Standard totJI attenuation for attenuators 
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C harac te ristic Impedance in Ohms 

0 M1n1mum at1enua1ion on che L pad and the Straight T pad is the nominal value minus 13 dB. 
The maximum a11enua1ion is nol specified, 

Standard maximum insertion loss for attenuators 
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GRAPHS 
Standard nominal attenuation characteristics 
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SPECIFICATIONS 
General 

TemperdtUrl' ranttl:' - - 40° C to + 120° C. 

Applicaho" For use as 75-ohm Bridged-T 
attenuator. 

'itar J,ud charac.reristu .. impedam e Vi:lhH• 

Standard impedance value 75 ohms. 

I olera nce o n thdr.lcterist1<. m1pl:'dann 
Standard tolerances ::: 20 or ::: 15 percent over entire 
rotation; from end to end. When tested for overall 
tolerance at the factory, the fixed resistors used in 
the test circuit are all = 0.25 percent resistors. All 
measurements are made at DC. 

Re<.ommended characten s1ic impedance l<'!,, I -
The characteristic impedance is measured by 
connecting the variable resistors into the circuit as 
shown on the following pages, including a load 
resistor that is equal to the characteristic impedance. 
The characteristic impedance is then measured 
between points A and B with an ohmmeter. When 
tested at the factory, the fixed resistors have a 
tolerance of ±: 0.25 percent. 

r\tl?nuat1on and m, e rhon lo..,., - When 
measured in the recommended circuit, the 
attenuation at the CCW end of rotation shall be 20 
dB minimum. The insertion loss at the CW end of 
rotation shall be 1.0 dB maximum. All measurements 
are made at DC. 

Wmng To provide complete attenuator 
networks, the variable resistors described in this 
publication require some form of interconnection. To 
permit additional wiring at the time of installation, no 
interconnections are made at the factory. 

Type f 
Hot-Molded 
Adjustable 
Attenuators 
0.25 Watt (50°C) 
1/ 2 (0.50) Inch (12, 70 mm) Diameter 
75 Ohms 

FEATU RES 
e Hot-Molded Single Turn 

• 2 Attenuator Types 

• - 40° C to + 120° C 

• Dust and Splash Resistant 

• ± 20% or ± 15% Tolerance 

-= ed r s ,s o Bridged-T attenuators require 
fixed resistances to complete the attenuator circuit. 
Attenuators are furnished without resistors to keep 
the solder lugs free to accommodate additional 
wiring that may be made at the time of installation. 
Also, the choice of tolerance, wattage rating, and 
type of fixed resistor is fully within the user's control. 

Electncal 

I O\. er handling capa<.itv The maximum power 
handling capacity is 0.25 watt at + S0° Candis based 
on any shaft position. Derate linearly to zero at 
+120° C. 

Volng 4.33 volts maximum working voltage 
{RMS or DC). 

Oie le rric w,f hs1andin9 volr 19 Will withstand 
a one second test of 500 volts (RMS or DC) at sea 
level, + 25° C. 

Insulation n SH,tam c 100 megohms minimum 
for clean and dry conditions at +25° C. 

v perat1onal 

Rota 1o na hfe Less than 10 percent change of 
characteristic impedance as a result of a 5000 cycle 
life test. No load. 

I oad hfe Less than 10 percent change of 
characteristic impedance as a result of the load life 
test. Tested per EIA Standard RS-186D, Method 12; 
1000 hours, + 50° :::: 2° C ambient temperature with 
rated load applied 1.5 hours "ON", 0.5 hour "OFF". 

NOT AVAILABLE f ROM STOCK AT LLt-..::TR(.NIC DlSTR,BUTORS. 
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Mechanical 

Shafts - Shaft length .031 inch (0,80 mm) minimum 
to .500 inch (12,70 mm) maximum (see dimensions 
on next page). 

Rotation 295° :r 5° mechanical. 

Turning torque - 0.5 to 5.0 inch-ounces (0,036 to 
0,36 kgf.cm) at +25° C and 13 inch-ounces (0,94 kgf
cm) maximum at - 40° C. 
Stop torque - 10 inch-ounces (0,72 kgf-cm) 
minimum. 

Construction - Materials are essentially non
magnetic. Enclosure is dust and splash resistant. 
Terminals are treated for easy soldering. 

Marking - Allen-Bradley part number and nominal 
characteristic impedance value are marked in two 
lines. Other marking possible, limited to a maximum 
of 13 characters in each of two lines including 
spacings, placed 13 to a line on the side of the 
enclosure. A-B monogram plus "TYPE BT" always 
included. 

Environmental 

Vibration - Less than 10 percent change of char
acteristic impedance. (Tested per EIA Standard 
RS-186D, Method 7, Type Ill.) 

RECOMMENDED WIRING 
Bridged-T attenuators 

TYPE BT2 
Al 

BRIDGE 
~--<> 2 SECTION 

J 

A 0--.-,/WV,,~-vW,ll/'r--4>--0 
INOTE Futed r6'1s. 

tort 1n lhtJ C1'CUtl 

ihould eKh be non,1 
n•Hv equ1I to chitao
t•n\llc 1m~aoQI ) 

B 0---->--------<> 
C 

] 

Hot-Molded 
Adjustable 
Attenuators 

Type BT 

Steady state humidity - Less than 10 percent 
temporary change of characteristic impedance. 
(Tested for 96 hours per EIA Standard RS-186D, 
Method 1.) 

Temperature cycling - Less than 10 percent 
change of characteristic impedance. (Tested per EIA 
Standard RS-186D, Method 11, except low tempera
ture ·- 40° C and high temperature + 120° C). 

High temperature exposure - Less than 10 per
cent change of characteristic impedance. (Tested for 
1000 hours at+ 120° C per EIA Standard RS-186D, 
Method 12.) No load. 

Low temperature operation - Less than 10 per
cent change of characteristic impedance as a result 
of the low temperature operation test ( - 40° C for 2 
hours without load and 45 minutes with rated load). 

Low temperature storage - Less than 10 percent 
change of characteristic impedance as a result of the 
low temperature storage test (24 hours at - 40° C). 

Ordering information 

l. Type (BT2 or BT4). 
2. Shaft length and material - (plastic or metal}. 
3. Part number you have assigned, if any. 
4. Marking required on the part. 
5. Remarks. 

RI 
BRIDGE 

SECTION 
J 

AO--+,,MN,ilt,---IN,M---4>--0 
(NOTE F,..-ed ,e)1> 
tou 1n this c11c,111 
\h®ld each be nom, 
n11llv equal 10 ch11,.c 
lttljhC Impedance } 

R2 
SHUNT 

SECTION 
B 0--------4--------o 

C 

TYPE BT4 

] 
Note: Unleu 01herwise specified, all paramelers are based on lhe above circuits The RI sectton is adiacent to 1he slwft 
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Type BT 

DIMENSIONS 

Basic dimensions in inches. 
Dimensions shown in parentheses are in millimeters. 
Terminal spacing determined at mounting surface. 

TOLERANCE 
Dimensional tolerance ;::_016 (0,40). 

Except as specified. 

NOT TO SCALE 

. 061 , .005 
/1,55 , 0,13/ 

.028 , 002 
Tt<n11nal, /O, l/ • 0.05/ o .. h 465 , 032~ 

1

~,,_81 . o.~ I TYPE BT2 

.100 t .005 
12,54 • 0, 131 

,100 I .005 
11.54 , 0.131 

fhWhOft o,t "°" T et,..•-•t 
K> t0017~f.4I fl",,nt•OC•c" tt $ 1»("•1\f 

u 
.200 • .010 

15.08 • 0.251 

.200 , .005 
(5.08 t o. 131 

-~ (0,861 
M,n. O,a 
3 Hole1 

• 1 , ,.,'"'":le::""'~ ~3 

.500 D 
111 10) ... 

Op1ton1I '1r-a19tn termmals 
(i&va1lablt ,t sptt1f1ed) 

Suld•r lvg rermlnals h...,. a .03 I x 094 10,80 • 2,381 sl0I 
whteh «.eommodat"5 2 sohd No 20 Of 3 sohd No, 21 w ucs. 
T••m,nal, •re 065 • .005. I 1,65 • 0.13) W,cie . . 015 005 
f0,38 • O. 13/ Th,ck 

.025 • .005 

L .535 • . 032 J 
1

- ( 13.59. 0.81,-1 I 

10.64 • OJ3/ L..l-----i'--' 

.JOO I .010 
/l ,61 • 0.25/ 

R,anc:tom locat10f\ 
Sllalt D,omou, 
125 (3, 181 

.__~__._, 100 • .005 

.031 10.80) Moo. 
10 .500 112.701 Mu. 
Measured from Po•l'\I 
o t sh,t1 egr@u 

TYPE 8T4 

12,54 • o. 13/ 

. Random l oca1,on 
Shall 0,.,,,., .. 
. l'l5 (3. 18) 

SHAFT LENGTHS AND MATERIAL SCREWDRJ\ ER SLOTS 
Plastic Metal Plastic Metal 

Inch Millimeters Inch Millimeters .031 = .005 .031 =.005 
.031 0,80 (0,80 :::0,13) Wide 

(0,80 = 0, 13) 
Wide 

.125 3,18 .125 3,18 .040:t: .005 031+.010 .250 6,35 .250 6,35 (1,02 .r0,13) Deep · - .000 .375 9,52 .375 9,52 
( 0 80+ 0,25) 

Deep 
.500 12,70 .500 12,70 

' - 0,00 
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Hot-Molded 
Adjustable 
Attenuators 

Type OT 

EXPLANATION OF PART NUMBERS 

BT2B750P 

Basic Type Shaft Length and Material Impedance Value 
BT2 - 3 solder lug terminals Plastic Inch Millimeters Metal and Tolerance 

on front section; A .031 (0,80) 750P - 75 Ohm:t;20% 
3 round pin terminals B .125 (3,18) M Bridged-T 
on rear section. C .250 (6,35) N Attenuator 

BT4 - 2 printed circuit pin D .375 (9,52) p 750N - 75 Ohm :t:15% 
terminals on both E .500 (12,70) R Bridged-T 
sections. Attenuator 
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• Types fD, GD 

SPECIFICATIONS 
Gene ral 

Characteristic impedance values - Preferred 
impedance values are listed below. Other values are 
available. 

50 Ohms a 
75 Ohms a 

100 Ohms 
150 Ohms 

a Available in Bridged-T Pads only. 

300 Ohms 
600 Ohms 

Tolerances on characteristic impedance -
Standard tolerance = 20 and ± 15 percent. When 
tested for overall tolerance at the factory, the fixed 
resistors used in the test circuit are all = 0.25 
percent resistors. 

Recommended characteristic impedance test -
The characteristic impedance is measured by 
connecting the variable resistors into the circuit as 
shown on the next page, including a load resistor 
that is equal to the characteristic impedance. The 
characteristic impedance is then measured between 
points 'A' and 'B' with an ohmmeter. For controls 
with a limited attenuation, a specified series fixed 
resistor must be placed between points 'C' and 'D'. 
When tested at the factory, the fixed resistors have 
a tolerance of = 0.25 percent. 

Attenuation and insertion loss The graphs on 
the following pages show the characteristics of 
standard attenuators. 

Special attenuation charactenst,cs Special 
attenuators can be supplied where the total 
attenuation is less than the standard value. A series 
fixed resistor will be required in the shunt section. 

Hot-Molded 
Adjustable 
Attenuators 
2 Attenuator Types 
50 Ohms to 2500 Ohms 
1/2 (0.50) Inch (12,70 mm) Diameter 

FEATURES 

• = 20% or = 10% Tolerance 
• Hot-Molded Composition 

• - 55° C to + 120° C 

Electrical 

Power handling capacity - The maximum power 
handling capacities given below are based on any 
shaft position. Derate linearly to zero at + 120° C . 
Type GD power rating is based on being mounted 
on a 4-inch (101,60 mm) square, .062 inch (1,57 mm) 
thick steel panel or equivalent; derate 50 percent for 
mounting on non-metallic panel. 

Power Rating at I 70°C 

Circuit Type FD Type GD 

Bridged-T 
L 

Operational 

0.5 watt 
0.25 watt 

I watt 
0.5 watt 

load hfe Less than 10 percent change of 
characteristic impedance as a result of the load life 
test. 1000 hours (1.5 hours "ON", 0.5 hour "OFF") 
at rated load. 

Rotational life Less than 10 percent change of 
characteristic impedance as a result of a 5000 cycle 
life test for the Type FD and 50,000 cycle life test for 
the Type GD. 
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• 
Mechanical 

Mechanical configurations - All the same 
mechanical configurations as the Type GD and Type 
FD shown in Technical Publications EC5630-2. l and 
EC5838-2.1 are available. 

Fixed resistors Attenuators are furnished 
without fixed resistors. 

Winng - No interconnections are made at the 
factory. Refer below for wiring. 

Moisture resistance - Changes in impedance are 
less than 10 percent as a result of the moisture 
resistance test. 

StandaTd marking Standard marking is the 
Allen-Bradley octagon trademark plus "Type FD" or 
"Type GD" and Allen-Bradley part number with 
nominal characteristic impedance value. 

If marking other than our standard is required, space 
permits a maximum of 32 characters, including 
spacings, placed 16 to a line on the side of the 
enclosure. 

RECOMMENDED WIRING 
Standard attenuators 

BRIDGED -T 

Types fD,GD 

Hot-Molded 
Adjustable 
Attenuators 

Ordering information 

Below is a checklist of data needed to fill an order 
for variable attenuators. Refer to Technical 
Publications EC5630-2. l and EC5838-2. l 

1. Type of control {Type GD, FOP, FOL, FOE, or 
FDT). 

2. Type of attenuator (Bridged-T Pad or L-Pad). 

3. Attenuation characteristic (A-8 Standard or 
Other). 

4. Characteristic impedance in ohms. 

5. Tolerance on characteristic impedance -
± 20%, or :t: 15%. 

6. Bushing type {Type GD only). (Plain, Locking, 
Plain Panel Watertight, or Locking Panel 
Watertight). 

7. Bushing length in inches or millimeters (Type 
GD only). 

8. Shaft ending (Type GD only) (Plain, Slotted or 
Flatted). 

9. Shaft length from mounting surface in inches or 
millimeters {Type GD only). 

10. Locating lug option (Type GD only) (Option 1 
or 4). 

11. Mounting hardware (Type GD only) (A-B 
Standard or Other). 

12. Part number you have assigned, if any. 

13. Marking required on the part. 

14. Special features. 

15. Remarks. 

L 

A 
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Types fD,GD 
GRAPHS 
Standard total attenuation for attenuators 
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Standard maximum insertion loss for attenuators 
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GRAPHS 
Standard nominal attenuation characteristics 

Types fD,GD 
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terms of sale 

General No addition to or modification of any of 
the Terms and Conditions of Sale as they appear 
herein for product sales of Allen-Bradley Company 
(Allen-Bradley) shall be binding upon Allen-Bradley 
unless signed in writing by a duly authorized 
representative at Allen-Bradley Headquarters. 

1 cnms Terms to customers of satisfactory credit 
are l"u, 10th and 25th, 30 days net from date of 
invoice. To avoid delay in filling orders, purchasers 
without previous experience with the Allen-Bradley 
Company should include credit references with their 
first order. or remit cash . 

Minimum Billinq C harge Minimum order billing 
$ 100.00. Minimum Item billing $35.00 per shipment. 

~hippmg ft.rm-, F.O .B. Factory. Buyer to pay 
all transportation. 

0-.er Under !:>hmment-. The contract quantity 
for each line item will be satisfied when the quantity 
shipped is wi thin plus or minus five percent {5''.,) of 
the actual quantiry order. The quantity billed will be 
the actual quanrity shipped. 

!:>hipment Shipment shall be F.O.B. Allen
Bradley's factory, warehouse or other point of 
shipment by Allen-Bradley. Scheduled or stipulated 
shipping dates are approximate and based upon 
prompt receipt of all necessary information from 
Buyer. 

Allen-Bradley shall not be liable for any loss, 
damage or delay in delivery due to causes beyond 
its reasonable control, or acts of God, acts of the 
buyer, acts of civil or military authority, fires, strikes, 
floods, epidemics, quarantine restrictions, war, riots, 
delays in transportation, transportation embargoes, 
or inability due to causes beyond its reasonable 
control to obtain necessary engineering talent, labor, 
materials or manufacturing facilities. In the event of 
such delay, the delivery date shall be extended for 
that length of time as may be reasonably necessary 
to compensate for the delay. 

Rt>spun ... ibiht~ and 1 itle Title in the equipment 
shall remain with Allen-Bradley as security only and 
until full payment therefor. Risk of loss for the 
equipment shall pass to Buyer upon shipment from 
F.O .B. point. 

!.,port Pal.king Allen-Bradley will supply 
equipment for under-deck overseas shipment 
packed in accordance with its regular export 
standard, at no additional charge to Buyer. Where 
such packing for export must conform to definite 
specifications that differ from the Allen-Bradley 
standard. the Buyer will be charged for the extra 
cost thus incurred. 

200 

Damage l laim~ All claims for breakage and 
damage whether concealed or obvious must be 
made to the carrier by the Buyer as soon as 
possible after receipt of the shipment. Allen-Bradley 
will be glad to render the Buyer reasonable 
assistance in the securing of adjustment for such 
damage claims. 

Quut.u 1um, All written quotations automatically 
expire unless accepted within 60 days from the date 
quoted. 

Verbal quotations expire the same day they are 
used. 

Quotations to be binding must specifically identify 
each product and list the actual quantities involved. 

All stenographic and clerical errors are subjec t to 
correction. 

Prit e l h.ing<> Unless otherwise agreed in writing 
between A llen-Bradley and Buyer, Allen-Bradley 
reserves the right to increase or decrease any price 
with any such increase or decrease to apply to any 
portion(s) of the sale which is unshipped as of the 
effective date of such change. Such price change will 
not apply to any portion(s) of the sale shipped and 
billed prior to the effective date of the price change. 

J a1,e~ The Buyer shall pay or reimburse Seller 
for all sales, use, excise or similar taxes. 

A, t e-.!> Unless approved in writing by an officer 
of Allen-Bradley any access to Allen-Bradley 
facilities. records or data by Buyer or customer(s) of 
Buyer, as well as respective agents or representatives, 
for whatever purpose shall exclude access to 
proprietary processes and information. 

C <11,1109 Price, Prices shown in any Allen-
Bradley publication are subject to change without 
notice and are not to be construed as a definite 
quotation or offer to sell by the Company. Such 
literature is maintained only as a source of general 
information, and any prices shown therein are 
subject to confirmation with a specific quotation. 

\\ urrd.,t\. Allen-Bradley Company warrants for a 
penod of one (1) year from date of the Allen-Bradley 
invoice that equipment furnished under the order 
will be of merchantable quality free from defects in 
material, workmanship and design each as 
determined, at the date of shipment by Allen
Bradley, by generally recognized, applicable and 
accepted practices and procedures in the industry 
- to include any specifications specifically agreed to 
in writing by Allen-Bradley prior to the -date of 
shipment. Allen-Bradley will not be liable for any 
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design furnished by Buyer and incorporated mto 
equipment . 

Satisfaction o( this warranty, consistent with other 
provisions herein, will be limited to the replacement 
or repair or modification of, or issuance of a credit 
for, the equipment involved, at Allen-Bradley's 
option, with Allen-Bradley to determine the 
availability of service personnel and any absorbtion 
of associated service expenses; such warranty 
satisfaction available only if (a) Allen-Bradley is 
promptly notified in writing upon discovery of an 
alleged defect and (b) Allen-Bradley's examination of 
the subject equipment discloses to its satisfaction 
that any defect has not been caused by misuse; 
neglect; improper installation; improper operation; 
improper maintenance, repair or alteration; accident; 
or unusual deterioration or degradation of the 
equipment or parts thereof due to physical 
environment or due to electrical or electromagnetic 
noise environment. THIS WARRANTY IS IN LIEU 
OF ALL OTHER WARRANTIES, WHETHER 
EXPRESSED, IMPLIED OR STATUTORY 
INCLUDING IMPLIED WARRANTIES OF 
MERCHANT ABILITY OR FITNESS and hereby 
excludes certifications or the like for equipment 
performance, use or design with respect to any 
standard, regulation or the like (unless and to the 
extent independently approved in writing at Allen• 
Bradley Headquarters) AND EXTENDS ONLY TO 
BUYER OR CUSTOMER PURCHASING FROM 
ALLEN-BRADLEY OR AN AUTHORIZED ALLEN. 
BRADLEY DISTRIBUTOR. 

Ht>tu, n of l crutpmeot Authority for return of 
equipment, whether under the Warranty Clause or 
otherwise must be obtained from Allen-Bradley. 
Such authority shall be granted for each reasonable 
request. Unless such authority has been granted, 
shipment will be refused. All equipment returned 
should include reference to all pertinent order 
information for that equipment to include order, part 
numbers as well as details of the system from which 
the equipment was removed when appropriate. Cost 
for placing equipment returned for credit in a salable 
condition will be charged to Buyer, except for, and 
Allen-Bradley will pay return transportation only for, 
those returns based upon conditions or circumstances 
lor which Allen-Bradley is responsible by the terms 
and conditions herein. 

( ,incelli1tion ,md f ermin.>ttnn Any order 
placed with Allen-Bradley can be cancelled by the 
Buyer only upon payment of reasonable cancellation 
charges, which shall take into account expenses 
already incurred and commitments made by Allen
Bradley. 

No termination by Buyer for default shall be 
effective unless and until Allen-Bradley shall have 
failed to correct such alleged default within 45 days 

terms of sale 
after receipt by Allen-Bradley of the wntten notice 
specifying such default. 

Patenb Allen-Bradley shall de/end any suit or 
proceeding brought against Buyer or customer of 
Buyer, so far as based upon a claim that the design 
or construction of equipment sold by Allen-Bradley 
infringes a United States Patent (excepting a claim 
based upon a design or modification incorporated m 
such equipment at the request of Buyer); provided 
that Buyer promptly notifies Allen-Bradley of any 
such suit or proceeding in writing and provided that 
at Allen-Bradley's expense (a} Buyer gives Allen 
Bradley the right to defend or control the defense of 
any such suit or proceeding lo include settlement , 
and (b) Buyer provides all necessary inlormation and 
assistance for such defense. This obligation to 
defend shall extend, in the case of non-standard 
equipment sold by Allen-Bradley to Buyer to a claim 
based upon the use of the equipment but only when 
such use is not in combination with any other 
apparatus and only to the extent that Allen-Bradley 
was informed by Buyer ol such use in writing pnor 
to the date of shipment. 

Allen-Bradley will pay all costs and damages finally 
awarded or agreed upon by Allen-Bradley which are 
directly related to any such claim. In the event said 
equipment, or any part thereof, is in such suit held 
to constitute infringement and the use of said 
equipment or part is enjoined, Allen-Bradley will, at 
its own expense and obligation, either procure (or 
the Buyer the right to continue using said equipment 
or part, or replace same with non-infringing 
equipment, or modify it so it becomes non-infringing 
or remove said apparatus and refund the purchase 
price and the transportation and installation costs 
thereof. THIS PARAGRAPH SETS FORTH ALLEN
BRADLEY'S ENTIRE LIABILITY WITH RESPECT 
TO PATENTS. 

All right, title and interest in any inventions, 
developments, improvements or modifications ol or 
for equipment subject to the order will remain with 
Allen-Bradley unless otherwise agreed to in a 
separate written agreement signed by both Allen 
Bradley and Buyer. 

Governmenl Claube!> and Contracts 
Government Contract clauses and any clauses 
essentially based upon Government Contract 
Regulations shall only apply to sales subject to a 
Government Contract. In the event this sale is 
<:.ubject to a Government Contract, the terms and 
conditions of this sale shall include, if any, only 
those Government Contract clauses - not 
inconsistent with terms and conditions herein -
which applicable Regulations (and the Prime and or 
Subcontract to which this sale is subiect) require to 
be included in a Contract or Subcontract such as 
this sale and only for the minimum necessary 
purposes of the clause. 
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terms of sole 
Equipment sold by Allen-Bradley is not intended to 
be used, nor shall it be used, as a "Basic 
Component" under IO CFR 21 (NRC). 

Assignmen t - This agreement may not be 
assigned by either party without the written consent 
of the other party except ( 1) to a successor 
corporation by merger or consolidation of either 
party, or (2) to any corporation acquiring by sale, 
lease or otherwise substantially all of the property, 
assets and business of either party, or any division 
or segment thereof having control of the activities or 
business to which this agreement relates, or (3) to 
any corporation controlling, controlled by, or under 
common control with, either party. 

Governing Law - The sale and purchase of the 
equipment, including all terms and conditions 
thereof, shall be governed by the Uniform 
Commercial Code of the State of Wisconsin. 
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Limit of Liability IN NO EVENT WILL ALLEN-
BRADLEY ASSUME RESPONSIBILITY FOR OR 
BE LIABLE (a) FOR PENAL TIES OR PENAL TY 
CLAUSES OF ANY DESCRIPTION, OR (b) FOR 
CERTIFICATION NOT OTHERWISE 
SPECIFICALLY PROVIDED HEREIN AND; OR 
FOR INDEMNIFICATION OF BUYER OR 
OTHERS FOR COSTS, DAMAGES, OR 
EXPENSES, EACH ARISING OUT OF OR 
RELATED TO THE EQUIPMENT OR SERVICES 
OF THIS ORDER, OR (c) FOR INDIRECT OR 
CONSEQUENTIAL DAMAGES UNDER ANY 
CIRCUMSTANCES. 
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sales offices 
HEADQUARTERS 

MILWAUKEE WISCONSIN 
ALLEN-BRADLEY ELECTRONICS 
DIVISION 

Allen Bradley Co 
1201 Sou1h 2nd Stre•I 
Milwaukee, W,ocons,n 53204. USA 
Tel. 414/671 2000 
Tek!• 026 699 

UNITED KINGDOM 
ELECTRONIC COMPONENT 
FACTORY ANO SALES OFFICE 

Allen Bradley Electronics Lid 
PJgnmtwilY 
Bede lndustnal Estale 
JarrQV,1, 
fyne and Wear NE32 JEN, England 
Tel. 897771 (STD06321 
T ,1,. 18.S I) 53353 

ELECTRONIC SALES OFFICES AND REPRESENTATIVES IN THE UNITED STATES AND CANADA 

ALABAMA GEORGIA MAINE 
SALES OFFICE; SALES OFFICE: SALfSOFFICE: 
Birmingham. 35209 Oor•ville. 30362 Falmouth, 04105 Ar.en Bradley Co Allen Bradley Co Allen-Bradley Cu. 3332 Old Montgomery HW\I 3599 Clearview Pky 360 U.S . Route 1 (205) 879 464 l PO Bo, 47398 (207) 781 5402 

(404) 455 7422 

ALASKA MARYLAND 
SALES OFFICE: ILLINOIS SALfS OFFICE: 

Anchorage, 99502 SALES OFFICES: Baltimore , 21207 
J A Tudor & AS50CIOIO$, Inc Chicago, 60607 Allen-Bradley Cu 
464 l Sandy S.ach Rd Allen Bradley Co 2062 Lord Bahunore Or 
1907) 243 4641 838 Sou1h Oesplomes Streel P.O . Box 11957 

1312) 922 9302 (301) 265 S<,00 

ARIZONA Rockford, 61106 
Allen Bradley Co MASSACHUSETTS SALES OFFICE; 1620 Columblol Avenue SALES OFFICES: Scottsdale, 85260 PO Box 3068 

Arwam, 0 1001 Allon Bradley Co (815) 965 8795 
7500 E. Butherus Dr , Su,1e N Al n-Bradley Co. 
(602) 948-7161 South End Brodge Circlt 

INOIANA (413) 789 0984 

SALES OFFICES: Framingham, 01701 
ARKANSAS Fo n Wayne, 46804 Aikin Bradley Co 

SALES OFFICE: ;'J~r,m::~-i;f'.'Suue 45 
137 Pennsyfvan,a Avenue 

Little Rock, 72203 PO Box242S 
Curtrs H S1ou1, Inc (219) 432 9538 1617) 879-5900 
2400 Cantrell Road Indianapolis, 46254 
PO. Box 107 Allen Bradley Co MICHIGAN (501) 372-2555 3908 Georgetown Road SALES OFFICES: 

1317) 293 5223 Flushing, 48433 

CALIFORNIA M,rrmville. 46410 Allen-Bradley Co. 
All•n Bradley Co 3489 Pierson Place SALES OFFICES: Tw,n T owe,s No rth, Su,te 409 (313) 7333560 City ol Commerce, 90040 165 & Roule 30 Grand Rapid~. 49508 

t~:'s°"fh:,!it~t (219) 769 mo Allen Bradley Co. 
(213)724 5713 1723 44th St SE 

Sacramento, 95807 IOWA 
(616) 455 2250 

Allen Brodley Co. SALES OFFICE: Kalam01.oo, 49003 
1331 "T" Street, Room 10 Bellendorl. 5Z722 

Allen Bradley Co 
PO Box 1462 2401 E, M,lh.,m Rd 
(916) 446-4064 Allen Bradley Co. P 0 . Box 2041 

2203 Gr ont Sr reel (615) 344-6163 
San D iego. 92111 PO Box 750 

Lan1ing, 48912 Allen Bradley Co (319)355 5316 
8245 Ronson Rd , Su11e C Allen,Bradley Co 
(714) 292-4016 416 Frondor Ave , Suite 103 

South S11n Fr-11ndaco, 94080 KAN5AS (517) 351-4560 

All,n Brodley Co, SALES OFFICE; Madison H•ighls, 48071 
Allen Bradley Co 218 East Grand Avenue Wichita, 67211 32660 S1ephenson Highway PO Bo•2464 

(415) 871-0200 Alk,n Bradley Co PO. Box 523 
357 Lulu Stroot (313) 583 9400 
(316) 267 1146 

COIORAOO MINNESOTA 
SALES OFFICE: KENTUCKY SALES OFFICE: 

Lakewood, 80228 SALES OFFICE: Minne.apoli51 55418 
Allen-Bradley Co 

Louisville. 40206 AUen-Bradley Co 12990 Wost Cedar Dr 
Allen Bradley Co 2818 Anthony Lane S (303) 985-8787 
123 North Shemn Av•nue (612) 781 3406 
PO Box 6718 

CONNEC rtCUT (502) 893 25 7 I MISSISSIPPI 
SALES OFFICE: SALES OFFICE: 
Stratford, 06497 

LOUISIANA Jackson, 39216 
Aikin Bradley Co Allen Bradley Co 
:3060 Mom St .. Room 203 SALES OFFICES; Lakeland Tower Bldg, Sulle 215 
(203) 3781364 Bato n Roug<, 70806 1755 Lelia D11ve 

Alkm Br<><iley Co 1601)981 4191 
1713 Wooddale Blvd. 

FLORIDA (504) 9215955 
SALES OFFICES: Metairie, 70011 MISSOURI 
Fon Lauderdale, 33310 Allen Btodi,y Co SALES OFFICES: 
Allen Bradley Co 3320 H(!U.mt!l Avenue l<•n.as City, 64108 
1001 NW. 62nd Sr., Su,te 210 PO Box8486 Allen Bradley Co 
PO Bo• 6157 (5041 888-2281 9 West 19th Street 
(305) 171 0400 Shnvfl!p<>rt1 71103 (816) 421 4595 
Orlando, 32803 Cijrl,s H Staut ol Shreveport Inc Maryland H•2ht•, 63043 
Allen Bradley Co 5110 H<>llywood Ave. Allen Bradley o. 
999 Woodcock Rd, Su,te 214 PO Bo, 37027 127 A Weldon Parkway 
(305) 894-9715 (JI~) 636 7777 (314) 567 6326 
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sales offices 

NEBRASKA 
SALES OFFICE: 
Omaha, 68127 
Allen-Bradley Co 
8944 H S1reet 
(402) S9220l0 

NEW JERSEY 
SALES OFFICE: 

Bloomli,ld, 07003 
Allen-Bradley Co. 
1293 Broad Street 
P.O Box 102.5, Brookdale Sta 
(2011 333-4600 

NEW MEXICO 
SALES OFFICE: 
Albuquerqu«, 87108 
Allen-Bradley Co. 
114 Mom,ngslde Dm1e N,E 
(505) 881-7270 

NEW YORK 
SALES OFFICES: 

Albany, 12205 

fJ~n!;~!)' ~!nue 
1518) 869.5373 
Buffalo, 14225 
Allen-Bradley Co, 
19:> Sugg Road 
P.O. Box241 
(716) 634-2711 
New York 
(See Bloomfield, N•wJeroey) 
(212) 682~70 
Plainview, I 1803 
Aflen-Brodley Co 
88 Sunnyside Blvd., Suite 307 
(516) 349 1445 

Roche•rer, 14624 
Allen-Bradley Co, 
1635 Brook> A~ 
(716) 235-0080 
Syr.cu.o,, 13211 
Allen-Bradley Co. 
2188os&Ro.-d 
(315) 463 4501 

NORTH CAROLINA 
SALES OFFICES: 

Charlotte, 28208 
Allen-Bradley Co. 
18871-85 South 
( 704) 394-9341 
Greenoboro, 27407 
Allen Bradley Co. 
2303 W, Meodowview Rd., Su,te 46 
(919) 852-4961 

NORTH DAKOTA 
SALES OFFICE: 
Fargo 58102 
Allen-Bradley Co. 
301 • 27th S1rHt S 
(701) 280-1703 

OHIO 
SALES OFFICES: 
Akron, 44304 
Allen-Bradley Co. 
680 East Mark«t St , Room 308 
(216) 253·2106 
Clnclnnat~ 45242 
Allon-Bradley Co 
10816 Millmgton Court 
(513) 793-7580 
Clenland, 44143 
Allen-Bradley Co. 
201 Alpha Park 
P.O. Box 43440 
(216) 442-0000 
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OHIO !Con1'd) 
Columbu,, 43229 
Allen-Bradlcv Co. 
2999 E Oubfon • GranviUe Rd 

Su,te303 
(614) 882-7722 
Dayton, 45459 
Allen-Bradley Co 
240 W, Elmwood Dr, Su,te 2014 
(513) 435-7720 
Tol•do, 43615 
Allen-Bradley Co 
3150 Repubhc Boulevard N., Suite 3 
(4191841,7726 

OKLAHOMA 
SALES OFFICE: 
Tulta, 74145 
Allen-Bradley Co 
7636 E. 46th Ploce 
(918) 663-5120 

OREGON 
SALES OFFICES: 

f .u.f.-j!~;i!?1~ssoclotn, Inc 
71 Centenrual loop, Suite G 
(5031686-1252 
Portland, 97212 
J. A. Tudor & Associates, Inc. 
14 N.E TUlamook Sireet 
(5031 288-51!>4 

PENNSYLVANIA 
SALES OFFICES: 
Bct.hl•hem, 18017 
Allen•Brodiey Co, 
3005 Btodhead Road 
(215) 868 3131 
Erle, 16508 
Allen-Bradley Co 
Park Place 
l!>45 Wes! 38th Street, Room 9 
P.O. Box 3471 
(814) 864.3066 
King of p,.,.,,., 19406 
Allen-Bradley Co 
480 Ameuc-an Awnu~ 
P.O Box 44 
(215) 337-1990 
Pittoburgh, 15205 
Allen•Bradley Co. 
4489 Campbell• Run Road 
(4121923-1844 
York, 17404 
Allen,Bradley Co. 
1585 North Queen S1reet 
(717) 848-2239 

SOUTH CAROLINA 
SALES OFFICES: 
CharlHton, 29407 
Allen-Bradley Co. 
615 Wesley Or., Suite 309 
P.O Box 30383 
(803) 571-5877 
Greenville, 29609 
Allen-Bradley Co. 
1720 N. ~asantburg Dr 
(803) 268·9200 

TENNESS£E 
SALES OFFICES: 
Kno•ville, 37919 
Allen-Bradley Co 
6200 Baum Drive 
(615) 588-0591 
Memphio, 38118 
Curtis H Stout ol Tennessee. Inc. 
3478 W,nhoma Dr. 
P.O. Bo• 18224 
(901) 362-1616 
Nuhville, 37220 
Allen-Bradley Co. 
E,ocut,ve Pork 
4741 Trousdale Onw 
(615) 834-1860 

TEXA!:> 
SALES OFFICES: 

Dallao, 75234 
Allen-Bradley Co. 
3214 Beltlone Rd., Suite 416 
P.O. Bo• 340320 
(214) 243-3665 
Hou-.lon, 77060 
Allen-Bradley Co. 
16515 Hedgocroft Or , Suite 350 
(713) 445-8474 
San Antonio, 78228 
Allen Bradley Co. 
4438 Centorview DrrV<, Su,te 313 
(5121 732·4362 

UTAH 
SALES OFFICE: 
Salt LakeChy,84110 
Steven, Sales Company 
1476 MaJO< Street 
P.O. Box 2338 
(801) 487-8971 

VIRGINIA 
SALES OFFICE: 

Richmond, 23230 
Aflen,Bradloy Co. 
2211 Dicken• Rd. 
PO. Box6692 
(804) 282-4285 

WASHINGTON 
SALES OFFICES: 
Seattle, 98111 
J . A. Tudor & Anocoatn, Inc, 
2605 Wesrern Avenue 
P.O Box 21947 
(206) 682-7444 
Spokane, 99220 
J A. Tudor & Associates, Inc, 

~.~u~:~624 
(509) 327-3328 

WEST VIRGINIA 
SALES OFFICE: 

Nitro, 2S 143 
Allen-Bradley Co 
4200 First Ave nu" 
(304) 755,8193 

WISCONSIN 
SALES OFFICES: 

~:~~a~::~~~ 
!OJI N Lynndale Drive 
(414) 731-3202 
Milwaukee, 53204 
Allen-Bradley Co. 
224 Wut Greenfield Avenue 
(414)671-2770 

WYOMING 
SALES OFFICE: 
CHper, 82602 
AU..n-Bradley Co, 
Prof ... ,onoi P41k 
1900 East Forst, Room 3 
P.O Box 2871 
(307) 266-4336 
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FACTORY & HOME OFFICE. 
AU.n•Bradley Canada. L,mued 
135 Dundas Street 
Comlmd~. Ontor<> NIR 5XI 
(519) 623 1810 

Al.BERTA 
SALES OFFICES: 
Calgary, T2H 2H9 
Allen•Brodlei, Canada, Ltd 
96115 4thSr SE. 
(403) 253.1020 
Edmonton, T5M 3T9 
Allen•Bradley Canada, Ltd 
101·11434 . 168 St 
(403) 451-2093 

BRITISH COLUMBIA 
SALES OFFICE: 

Vancouver, VST IC'! 
K H, W Seppala, Ltd. 
t2 East Thtrd Avenue 
(604) 8794541 

MANITOBA 
SALES OFFICE: 
Winnipeg, RJH 0X4 
Allen•Bradley Canada, Lid, 
Urut 1134, 1313 Bordrr Sr 
(204) 633-3914 

NEWFOUNDLAND 
SALES OFFICE: 

Mount Purl AIN 2X4 
(St. Johns Office) 
Allen•Bradley Canada, Ltd. 
25Corlton0m,,, 
(709) 368·1931 

NEW BRUNSWICK 
SALES OFFICE: 

Moncion, EIC8L4 
Allen•Bradley Canada, Ltd, 
P O Bo• 306 
(506) 386-5263 

CANADIAN OPERATIONS 

NOVA SCOTIA 
S ALES OFFICE: 

Dartmouth, 838 IL7 
(Hahfox Office) 
Allen Bradley Canada, Ltd. 
Ste. 14. 1000 W,ndrrull Rd. 
(902) 463. J 1sn 

ONTARIO 
SALES OFFICES: 

Cambridge, NIR SXI 
Allen,Bradley Canada. Ltd. 
135 Dundas St. 
(519) 653·4051 
Don MUI•. MlB 2T8 
(Toronto Office) 
Allen-Bradley Canada, Ltd. 
43A Leiom111 Road 
(416) 445•3740 
Hamilton, L8H SX7 
Allen•Brad)ey Canada. Ltd. 
256 Parkdale Avenue N, 
(416) 544,2876 
Hanmer, POM IV0 
(Sudbury Office) 
Allen·Bradley Canada, Ltd 
4346 Elm~ Dr. 
P.O Box 760 
(705) 969-7655 
London, N5X 289 
Allen,Bradley Canada, Lid 
704 Fonshowe Park Road 
(Sl9) 672 9061 
Ottawa, KIG 3H6 
Allen•Brad)ey Canada, Ltd 
P.O . Bo, 8115 
(613) 728·3355 
Wind•or, N9A 6J3 
Allen•Bradley Canada, Ltd. 
40llO E.C. Row Ave E. Urut ll 
(519) 944 4112 
Telex 064,77883 

soles offices 

QUEBEC 
SALES OFFICES: 

Don,al, H9P !El 
Allen•Bradley Canada, Ltd 
605 Marshall Avenue 
(514) 636-6220 
Lu S•ufu, G2E SES 
(Quebec Office) 
Allen•Bradley Canada, Ltd. 
795 Avenue St Jean S.pt,ste 
Su11e 104 
( 418) 871-5455 
Tele• 051-31504 

SASKATCHEWAN 
SALES OFFICE: 
Sa1ka1oon, 57K 4RS 
Allen•Bradley Canada, Ltd. 
P.O. Bo, 7830 
(306) 244,2778 
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sales offices-international 
HEADQUARTERS 

MILWAUKEE, WISCONSIN 
Allen-Bradley Co 
1201 Soulh 2nd S1reel 

UNITED KINGDOM 
FACTORY ANO SALES OFFICE 

Allen Bradley Elec1romc, Lid 
P1lgnrnsway 

ARGENTINA 
T R.C . Eleciron,ca. SA 
Lovolleia 1276 
BUENOS AIRES. Argentina 
Tel. 359940 

AUSTRALIA 
Allen·Bri>diey P1y L1d 
188 Whnehorff Road 
P.O. Bo,69 
BALWYN, V1c1ona 3103, Aus1ral,a 
Tel 80-4566 
Telex (790) 32320 
Allen-Brodley P1y Lid 
22 Parramana Road 
UOCOMBE. NSW 2141. Aus1raba 

AUSTRIA 
Hans Deu1sch u H•ns Roller & Co GmbH 
Braunh1rschga.sse 4 l 
P051fach 14, 
A 1153, VIENNA Auslna 
Tel. (0222) 83-13· 10 
Telex 847 132 714 

BELGIUM 
EMACS A. 
Rue Bora, 134/142 
B1070 BRUSSELS (Mid,). Belgium 
Tel. 02 522-98-30 
Telex (846) 2311 r 
EMAC,NV 
NoorderlMn, 89 
B-2030 ANTWERP, Belgium 
Tel 03/413 472 

BRAZIL 
Granchenle Eletromc;:,0 Lida 
S1aub Agency OMS1on 
P 0. Bo, 30 318 
SAO PAULO. Brazil 
Tel. 61 -1131 
Telex (391) 011 23135 STEL 
Grand1en1e Elerromc.a Ltda, 
S1aub Agency O,vrsK>n 
P.O. Box 9013 ZC 02 

gr~°lllo DE JANEIRO, Brazil 
Tel. 226 2043 

206 

Milwaukee, W,scons,n 53204, USA 
Tel. 414/671 2000 
Tele• 026 699 Bede lndu51nal Eslale 

Jarrow, 
Tyne and Wear NE32 JEN, Engjand 
Tel 897771 (STD 06.l2) 
Telex (851) 533(>3 

INTERNATIONAL REPRESENTATIVES 

DENMARK 
Helger Pryiz 
Noerregod<, 7 
DK 1165 COPENHAGEN K D,n.,,..,k 
Tel, (01) 14 33 55 
Telex 1855) 2269'J 

ENGLAND rs,. Urnt•d K1r,'ldom1 

FINLAND 
INTOo/y 
LePolant,e 16 
PO. Box 22 
SF 00661 HELSINSKI 66, Finland 
Tel 90-742133 
Telex (857) 121836 

FRANCE 
Allen Bri>dley S A 
SI. rue Juleo Ferry 
F 93170 BAGNOLET. France 
Tel 857 80-35 
Telex (842) 240834 

GERMANY 
Allen Bradley GmbH 
Duesselberger Srra,sse 1~ 
D 5657 Haan 2 GRUITEN 
Federal Republ,c or Germany 
Tel 02104/6431 
Telex (841) 858 1196 

HOLLAND (SN N,ihetr.nd,1 

INDIA 
Eleclromc Ent(!rpnses 
Pos1 Bag No 6367, Um1 216 
R~I lndu5lnal Es1a1e 

~tMi~~~ t:i1s9· Sewn 
Indra 
Tel 353069 
Tele• 953 11 2971 

IS RAEL 
Easirorucs, Lid 
11 Rou,m• SI. 
P.O Box 39300 
TEL AVIV 61390, lsrnol 
Tel 475151 
T ewx (922) 33638 

ITAi Y 
Special Ind s.rl. 
P.azza Spotorno. 3 
I 20 I 59 MILANO. Italy 
Tel 68 87 951 
Telex (843) 36468 

JAPAN 
T akach,ho K<lh<!k, Co,, Lid 
2·8, I Chome, Yoisuya 
Sh101uku Ku 
TOKYO. 160. Japan 
Tel (263) 033551111 
Telex (781) 02322315 

NETHERLANDS 
De Bu12:erd Ele<:tromca 8 , V 
Laan Copes san Cauenburch 76 78 
's GRAVENHAGE 2011. r~ N,iherlands 
PO Box 1702 
Tel (070) 469509 
Telex (844) 31706 
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NEW ZEALAND 
Donald Brown & Co. Ltd. 
8 South Soreet 
P 0 . Box 68040 
AUCKLAND I, New Ze•land 
Tel 778-456 
Telex (791) 2JS3 

NORWAY 
J.M Feonng A/S 
Nils Hansens Ve, 3 
P.O. Box 101 · Bryn 
OSLO 6. Norwll)I 
Tel. (02) 19.62.00 
Telex (856) 16435 

PERL 
Elecu. S.A 
Alida. Man.,cal O.R. Benavideo No 5289 
CALLAO. Peru 
Mail: Apanado 4618 
LIMA, Peru 
Tel 513070 
Telex (354) 20137 

PHILIPPINES 
G & S RadiOWealth Communications 
D"'. o( Guevar• & Sons Corp. 
250 Buendia cor. P. Tamo 
MAKATI, Rizal, Plubpp,nes 
Mail: 
P.O. Box 3130 
MANILA, Ph~ipp,nes 
Tel. 88 63-38, 87-12-11 
Telex (RCA) (722) 7496 

sales offices· international 

INTERNATIONAL REPRESENTATIVES 

PORTUGAL 
Rualdo LdA. 
Rua de S. Jose 9 • IS 

tfsrb'I: :;:~~~ 9 
e 

1
9-1.• 

Tel. 36.37.25 
Telex (832) 6447 

SCOTLAND !So« UMod K,ngdoml 

SOUTH AFRICA., Republic of 
Fairmont Electrorucs (Pty.) Ltd. 
"Northwards" 
368 Jan Smut, Ave.nue 
Craighall Park 
21961RANSVAAL. 
Republ,c ol South Africa 
Mail Address: 
P.O. Box 41102 
Craig),all 
2024, TRANSVAAL. 
Republic ol South Ainu 
Tel 789-1230 
Telex (960) 4-24842 

SPAfN 
Corrusa lngemeroo S.A. 
Reina Mercedes. 20 
MADRID 20, Spam 
Tel. 2S4 29 01 
Telex (831) 23723 
Comiso lngenieros S.A. 
Gand:u)(ft' n• 14 
BARCELONA 6, Spa,n 
Tel. 291.27.97 

SWEDEN 
Traco ForsaJ,n,ngo AB 
Vinthundsvagen 157 
Nona Skondal, Sweden 
Mail· 
P.O Box 103 
S123 22 FARSTA Sweden 
Toi. 08/93 09 60 
Telex (854) 10338 

SWITZERLAND 
EME AG Zurich 
E. M. Egli Werkvertretungen 
LohW1SSt......., 52 
Postfach 
CH-8123 EBMATINGEN, Switzerland 
Tel Zurich (01) 9S0.11.l 1 
Telex 52619 eme,ag. 

TURKEY 
Electrornc Firms Group R.epruentative1, Inc 
Buyukdere Cadusi 
Haya! Apt. 28/1 
Mtcidlyekoy - ISTANBUL, Turkey 
Tel 66.73.61 
Telex (821) 23506 CTA TR 

UNITED KINGDOM 
AOen-Bradley Electron,cs Ltd. 
Pdgnmswll)I 
Bed<! Industrial Estate 
Janow, 
Tyne and Wea, NE32 lEN, England 
Tel. 897771 (STD 0632) 
Tolex (851) ~ 
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