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PREFACE

In the decades following the advent of the transistor, electronic technology
experienced explosive growth. Thousands of new circuits were generated
annually. The demand for variable resistive components to adjust, regulate or
control these circuits shared in the expansion,

The number of applications for variable resistive components has increased
significantly. This 1s contrary to predictions of a few soothsayers of the 60’s
who interpreted the miniaturizing effects of integrated circuit technology as a
threat to these components. Potentiometers will continue to enjoy strong growth
into the foreseeable future. This optimistic forecast is particularly true in
consumer and industrial applications where potentiometers provide the cost-
effective solution in trimming applications and the ever-present necessity of
control for man-machine interface,

Many articles, booklets, and standards have been published on potentiometers;
yet, there is no single, comprehensive source of practical information on these
widely used electronic components. It is this void that The Potentiometer
Handbook is intended to fill.

One objective of this handbook is to improve communications between po-
tentiometer manufacturers and users. To this end, explanations of performance
specifications and test methods, are included. Common understanding of ter-
minology is the key to communication. For this reason, lesser known as well
as preferred terminology are included, with emphasis on the latter. Hopetully,
this will create the base for easy, accurate dialogue. Over 230 photos, graphs
and drawings illustrate and clarify important concepts.

This book assumes the reader has a knowledge of electronic and mathematical
fundmentals. However, basic definitions and concepts can be understood by
nontechnical personnel. The major portion of this text is written for systems
and circuit designers, component engineers, and technicians as a practical aid
in design and selection. It is an important reference and working handbook
oriented towards practical application ideas and problem solving. For the
student, it introduces the basic component, its most common uses, and basic
terminology.

Enough objective product design and manufacturing process information is in
the text to allow the user to understand basic differences in materials, designs,
and processes that are available. This will sharpen his judgment on ‘cost-versus-
performance’ decisions. Thus, he can avoid over-specifying product require-
ments and take advantage of the cost-effectiveness of variable resistive devices,

Also included are hints and design ideas compiled over the years. As with any
discipline, these guidelines are often discovered or developed through untortu-
nate experience or misapplication. Most chapters conclude with a summary of
key points for quick review and reference.

Speaking of misapplication, Chapter 9, To Kill a Potentiometer, is a tongue-in-
check potpourri of devious methods to wipe out a potentiometer. This is a
lighthearted approach to occasional serious problems caused by human frailties.
Not much more need be said except before all else fails, read the book, or at
least this chapter!

Suggestions from readers on improving this volume are encouraged and wel-
comed. Subsequent editions will include the results of these critiques together
with advanced material relating to the state-of-art in potentiometer design and
application.

W.T. Hardison
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VRCI (VariableResistance Components Institute) is now known
as VECI (Variable Electronic Components Institute).

The Link to the VECI Standards below is provided for the convenience of the user.

http://www.veci-vrci.com/standards.htm

VRCI-P-100A Wirewound and Non-wirewound Precision Potentiometers

VRCI-T-110B Wirewound and Non-wirewound Trimming Potentiometers

VRCI-C-120 Wirewound and Non-wirewound Industrial Grade Panel Potentiometers
VRCI-S-400 Potentiometer Mounted Switches
VRCI-SMT-300 Surface Mount, Sealed, 5MM Square Single-turn Trimming Potentiometer

Mechanical Outlines and Land Patterns

Surface mount, Sealed, 3MM Single-turn Trimming Potentiometer

VRCI-SMT-400 Mechanical Outlines and Land Patterns

i : Surface Mount, Sealed, 6MM Square (1/4') Multi-turn Trimming Potentiometer
VRCI-SMT-600 Mechanical Outlines and Land Patterns
VRCI-SMT-800 Surface Mount, Sealed, 4AMM Square Multi-turn Trimming Potentiometer

Mechanical Outlines and Land Patterns















Various potentiometers are described by military specifications. In most cases ,
potentiometers qualified to these speicifations are available from several manufacturers.
These specifications are used by non-military as well as military users because they are
often a convenient standard or reference. Some component or standards engineers
modify or use complete sections of military speicifications in establishing their own
potentiometer requirements.

Since these specification are revised from time to time we have included only the links to
them below.

The specifications, standards and handbooks are found on the DSCC (Defence Supply
Center Columbus) web site along with many other related documents.

DSCC Home page. http://www.dscc.dla.mil/

Specifications. Basic Type Description

Mil-PRF-12934 RR Wirewound Precision
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-PRF-12934

Mil-PRF-19 RA Wirewound (Low Operating Temperature)
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-PRF-19

Mil-PRF-22097 RJ Non-Wirewound (Adjustment Type)
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-PRF-22097

Mil_PRF-23285 RVC Non-Wirewound (Panel Cpntrol)
http://www.dscc.dla.mil/Programs/MilSpec/L istDocs.asp?BasicDoc=MIL-PRF-23285

Mil-PRF-27208 RT Wirewound (Adjustment Type)
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-PRF-27208

Mil-PRF-39015 RTR Wirewound (Lead Screw Actuated), Established Reliability
http://www.dscc.dla.mil/Programs/MilSpec/L istDocs.asp?BasicDoc=MIL-PRF-39015

Mil-PRF-39023 RQ Non-Wirewound Precision
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-PRF-39023

Mil-PRF-39035 RJR Non_Wirewound (Adjustment), Established Reliability
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-PRF-39035

Mil-PRF-94 RV Composition
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-PRF-94

Standards

Mil-STD-202 Detailed specification of test methods for electronic and mechanical component parts
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-STD-202

Mil-STD-690 Sampling plans and procedures for determing failure rates of established reliability devices
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-STD-690

MilOSTD-790 Reliability Assurance program for electronic parts and specifications
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-STD-790

Handbook

Mil_HDBK-199 Resistors, Selection and use of.
http://www.dscc.dla.mil/Programs/MilSpec/ListDocs.asp?BasicDoc=MIL-HDBK-199














































Metal film element, 154
Meters in application, 104
Metric conversion, 287
Military specification, 104, 259
Minimum and end voltage ratio, 20
Minimum resistance, 18, 20
Minimum voltage demonstration circuit, 21
Misapplication, 193

big knob, 197

big soldering iron, 199

check-out burn-out, 202

circuit surprise, 205

doing the twist, 197

domino effect, 201, 205

excessive power, 202

external cable, 206

failure induced, 205

flux, 200

flux it again, 200

handy handle, 198

high voltage surprise, 206

hotter n' hot, 199

it takes time, 199

jam session, 194

KUR Killapot, 193

mavhem, 194

mechanical strain, 194, 202

more power to the pot, 202

near source of heat, 194

overtwist a terminal, 197

pull hard on terminal, 196

save a nut.and bolt, 195

short stuff, 206

slaughdering, 199

solvent soak, 200

squeeze play, 196

stacking several trimmers, 196

tipover terror, 198

too much wiper current, 203

tug o' war, 196

up the wiper current, 203

versatile cable clamp, 195

VOM plus a pot equals a no-no, 202

wave soldering, 199

zap, 201

zap it later, 203

zappo, 205
Miscellaneous application, 91
Moisture sensitivity, 132
Molded carbon, 153
Monostable timing application, 87
Motor speed control application, 109
Mounting, 127, 180

brackets, 180

controls, 186

for vibration, 180

hardware, 187

methods, 180

reinforcement, 180

snap-in, 187

space, 180

trimmer, 180
Multi-wire wiper, 166
Multifunction control application, 112
Multiple contact wiper vs. CRV, 166
Multiple tap, 127, 132
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Multiple taps, nonwirewound, 132
Multiple-fingered wipers (See multi-wire)
Multiturn dial, 72

Negative shift, T.C., 65
Networks, nonlinear, 92
Nickel-chromium resistance wire, 144
Noise conductive plastic, 154
Noise pickup, 180
Noise, nonwirewound, 26 (See CRV)
Noise, wirewound, 28 (see ENR)
Nominal resolution

(See theoretical resolution)
Non-shorting potentiometer, 121
Nonconducting screwdriver, 180
Nonlinear function, 101, 121

by loading, 126

with steep slope, 126

stepped mandrel, 147

producibility, 121

networks, 92

nonwirewound elements, 157

wirewound elements, 146

wirewound elements, changing the wire,

147

straight-line approximation, 125
Nonwirewound elements, 149
Nonwirewound element multiple taps, 132
Nonwirewound precision potentiometer, 130

O-ring seal, 169
Offset adjustment op-amp, 81
Offset, mechanical, 73
Ohm, 2
Operational amplifier application, 81
Operational amplifier offset adjustment, 81
Operational mode rheostat, 62
Operational mode voltage divider, 51
Optimizing resolution, 80
Oscilloscope application, 90, 101
Output:
accuracy (See adjustability)
impedance, 118
load ratio, 131
loading, 131
smoothness, 30
smoothness filter, 31
smoothness, bandpass filter, 31
smoothness, industry standard test circuit,
30
voltage ratio adjustability, 32
voltage variation, 30
Overtravel, 128

Packaging, 177, 180
adjustment accessibility, 178
restriction, 180
Panel moisture seal, 180
Panel seal, 101
Parts per million, 33
Percussion welded termination, 160
Phase locked loop application, 91
Phase shift, 118
Phase shift control, 106
Phasing, 129






Screening, 149 Steep slope function, 126

Screwdriver, nonconducting, 180 Stepped mandrel, 147

Seal: Stop strength, static, 129
housing, 171 Straight wire element, 144
O-ring, 169 Stray capacitance, 180
to panel, 101 Stress and strain, 189
potentiometer, 191 Strip-chart application, 104
shaft, 168 Substrate:

Secant function, 124 alumina, 150

Selection factor: beryllia, 150
bulk metal element, 154 ceramic, 150
cermet element, 152 firing, 152
conductive plastic, 153 Surface film, 22
construction features, 171 Swaging, 161

hybrid element, 157
metal film element, 154

taper, 155 I'-pad attenuator, 109
wirewound element, 148 Tangent function, 124
Servo potentiometer, 180 Taper, 104, 106
Servo system, 166 Taper selection factor, 155
Servo-motor driven, 127 Taper, approximation to the ideal, 155
Set and forget vs fixed resistor, 78 Tapped potentiometer, 124
Setability, 12 Tapping, 148
Shaft: Tap, 132
actuator, 167 T
end play, 129 calculation, 34
extension, 101, 180 for cermet potentiometer, 152
extension, insulated, 187 conductive plastic, 153
plain, slotted or flatted, 187 of current rheostat, 65
radial play, 129 demonstration circuit, 34
retainer, 168 of finished potentiometer, 146
rotary and wiper, 166 of resistance, 33, 132
runout, 129 of resistance wire, 144
seal, 168 voltage divider, 52
Shape of element, 149 Temperature:
Shape of mandrel, 146 capabilities, 118
Shunt-to-¢lement total resistance ratio, 124 characteristic, 34
Silk screen, 161 coeflicient (See TC)
Silk screening, 149 compensating voltage supply
Silver-braze, 159 application, 81
Single turn-direct drive, 169 control application, 111
Single-wire tap, 159 internal, 53
Slide potentiometer, 106 Tension, winding, 144
Shde-wire potentiometer, 3 Terminal based linearity, 45
Slope ratio maximum, 148 Terminals, 159
Slope, steep, 126 Terminal swaging, 161
Snap-in mounting, 187 Termination, 159
Solder, 189 for cermet potentiometer, 160
lug, 180 conductive epoxy paste, 162
mask, 189 metal clip, 162
precaution, 189 for nonwirewound element, 162
lermination, 159 percussion welding, 160
Solvents, 191 pigtail, 159
Spacing of wire, 147, 148 pressure clips, 159
Specification, military, 259 silk screening, 161
Split winding, 126 for wirewound potentiometer, 159
Square function, 124 T.C. negative shift, 65
Square potentiometer, 169 Theoretical electrical travel, 39, 131
Square root function, 124 Theoretical end point, 39
Stability and environmental, 101 Theoretical resolution, 34
Stabilizing heat treatment, 154 Thermometer, electronic, 91
Standards VRCI, 211 Thick film (See also Cermet), 149
Standards, industry (See Appendix I) Threaded shaft, 167
Starting torque, 127 Time constant voltage resolution filter, 37
Static stop strength, 129 Torque, 127
Steatite, 150 low, 133
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