












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4100 PRODUCTION EQUIPMENT & MANUFACTURING SERVICES 4100

Azonic Coil Winding

Tension Control Chart

The range of copper wire sizes and related tension covered by each
modelpe f Azonic tension control equipment.

ngll Per!ormcnce
Tension Now Calibrated
in Grams

It’s a tension control, tension

meter and continuous tension Grams
monitor all at one affordable price! Tension AWG INCH
* Actual tension in grams is continu- %’; gg '?)88259
ously displayed during winding 3 54 00062
cycle. 4 53 .00070
¢ Self-compensating braking system ‘2 g? 888;3
maintains tension at preset level. 7 50 '00099
* Low inertia assures uniform tension 9 49 00111
during rapid starts and stops. Model ltem Description }L 2; 88]'%13
* Compact design allows for close 3000 from AWG #30 - #44 17 46 "001 57
spacing in multiple winding secups.  3000-F from AWG #40 - #47 21 45 .00176
* Inexpensive wear parts assure long 3000-H from AWG #26 - #40 %]6 Zg' '%8%20
life. Illustrated parts list available. ~ 4C3000 from AWG #16 - #32 39 42 ‘0025
47 41 .0028

Azonic 3535 Series Ultra — 2 5 o

Fine Wire Tension Control 7 foas

35 .0056

* From 2 to 25 grams — AWG #44 to #56 34 .0063

(copper magnet wire) 33 .0071

) ) ) 32 .0080

* Automatic compensating tension control 31 .0089

— long term consistent tension 30 .0100

. . . 29 0113

* Large tension scale calibrated in grams 28 0126
— excellent repeatability 27 0142 |

* Simple reel change and wire threading gg ‘?)} ;3

— user friendly 24 :020]

* Complete wire control %g 8%%8

- no waterfall effect or wire snags 21 0285

* Inexpensive wear parts %8 83%8

— low maintenance cost 18 0403

Model ltem Description }Z gggas

Azonic 3535 from AWG #44 - #56 |,

Azonic Wisker Disks have many uses:

* As a derecling aid to eliminate the waterfall offect and resulting snags and breakage during rapid start/stop applications.

o As the general purpose pre-tensioner required on most tension devices to eliminate slippage and provide positive traction on the braking mechanisms.

* As a pre-tensioner for multiple winding applications to keep the wire in control path for the long distance between the supply reel and the tension head.
* As a means of eliminating a container or bucket over the supply reel in many instances, saving space and equipment costs.

* As an inexpensive, reliable and maintenance free tension device where a relatively low but controlled amount of tension is sufficient or desirable.

Azonic Wisker Disks are available in L (light), H (heavy) or XH (extra heavy) versions for reel diameters from 2.5" to 12". Customized disks for any
reel diameter up to 24" can be supplied with specific filament diameters and densities. Feel free to consult us about your specific needs.

VA IC PROD[TCTS? INC. OR CALL
502 W. Main Street  Albion, NE 68620 1088804 AZONIC

1888042906642

Tel. 402039505081 Fax. 40203956788

www.azonicproducts.com  azonicprod@aol.com

D-2232 See us on the World Wide Web at http://eemonline.com EEM 1999



4100 PRODUCTION EQUIPMENT & MANUFACTURING SERVICES 4100

Fabrication & Assembly Services

Cé’asﬂand

’e"rﬂllics co.’ » '

Custom Product Fabrlcatlon
& Assembly...

« Partial Assembly To Turnkey Manufacturing
-+ FastTurnaround Tooling =
~* Plastic Injection Molding
~ * Metal Stamping
-+ SMT, Hand & ..ffuto-lnsertmn PCB Assembly
~» Custom Cable Assembly Fabrication
* Printing & Packaging Of Fm:shed Product
Our modern faé:ilityi Io&éted EinE':'Cﬁ‘vih‘c'l,"co':}'nbvinés the iatesttechnology ih he 7
mgpefoctyringeqyipment with.extremely foyargble Jahor rates gnd strichs 2 .
QC controls to assure your product's reliability and cost competitiveness.

For mformatron or price quotations, please call or fax our: New York sales By s el
- office, or visit our website at www.eastlandny.com. N

Eastland Electronics Co., Inc.

300 Wheeler Road * Hauppauge, NY 11788 « (516) 232-2525 « Fax: (516) 232-2549
Visit us at www.eastlandny.com

EEM 1999 See us on the World Wide Web at http://eemonline.com | ‘De2233
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State-of-the-Art
Testing and Lab
Equipment

[ Highly Accurate NIST
~ Comparison Standards
[ In-House 15' x 25'

Recirculating Wind Tunnel
[ Wind Tunnel Calibration
Also Available
[ Traceable Certificates
4 C € compliance Testing

For Sales and Service Call:

analab’

analab LLC, Spring Hill Road, P.O. Box 34, Sterling, PA 18463-0034 )
© Copyright 1998 analab, LLC. All Rights Reserved.

D-2234 ~ See us on the World Wide Web at http://eemonline.com EEM 1999



4100 PRODUCTION EQUIPMENT & MANUFACTURING SERVICES 4100

or UTIOI'I Se-

[ All NIST Traceable

[ Testing to EN 45001

[ Fast, Precise, Quality
Calibrations

[ Quick Lead Time

[ Traceable Cerfificates

[ Testing to ISO Guide 25

C€

&an alab

State-of-the-Art
Testing and Lab
Equipment

[ CE Marking Services

[ Testing & Technical Assistance
[ EMC Testing to 89/336/EEC
[F Cost-Effective

[ Low Voltage Directives

=4 C€ Compliance Testing

analab, LLC, Spring Hill Road, P.O. Box 34, Sterling, PA 18463-0034
© Copyright 1998 analab, LLC. All Rights Reserved.

EEM 1999 For manufacturers’ sales offices, see yellow pages D.2235



4900 SERVOMECHANISMS & ROBOTIC EQUIPMENT : 4900

Miniature DC Drive Components

Originators of Skew-Wound Coreless Micromotors. Patented and Licensed the World Over.

Coreless DC Motors Precision Gearheads Also Available:

@ From 8mm (.315 in) - 38mm (1.496 in) @ From 1.9mm (.075 in) - 120mm (4.724in)  Tacho-Generators

.015 - 100 Watts Cont. Output Power Continuous output Torque up to 250 ft-Ibs. Optical Encoders

.007 - 16 oz-in Max. Cont. Torque Bi-directional operation in ratios up to Magnetic Encoders

Speeds up to 21,000 RPM 983,447:1 Precision Gearheads
Motor Tachometers

PMDC Mqlol’s Brushless Motors Zero Backlash Gearing

Up to 700 Watts Cont. Output Power @ From 1.9mm (.075 in) - 35mm (1.378 in) Brakes

Up to 315 oz-in Max. Cont. Torque Speeds up to 100,000 Rpm Servo Amplifiers

Custom Windings Available up to 180 VDG  2-Wire Drives available Controllers

Speeds up to 7,350 rpm Servo Amplifiers Complete Servo Systems

<

> >MicroMo Electronics
The Market Leader in Coreless Motor Technology

14881 Evergreen Avenue Clearwater, Florida 33762-3008 USA Phone: (813) 572-0131 Fax: (813) 573-5918
TOLL FREE (800) 840-5733 ¢-mail: eem@micromo.com Internet: http://www.micromo.com

For full catalog & latest data sheets, call (813) 572-0131 Fax on demand: 800-477-1133

D*2236 For manufacturers' sales offices, see yellow pages EEM 1999



4900

SERVOMECHANISMS & ROBOTIC EQUIPMENT

4900

Primary Mirror

\0 273 Linear Actuators (2200-series Step Motor)

Mirror Pointing for Hobby-Eberly Spectrographic e Managed from a single computer through
Telescope at McDonald Observatory, Ft. Davis,
TX (University of Texas @ Austin)
® 91 1-meter hexagonal sub-mirrors in the

P

137 MC-6802 Dual Step Motor Partylined
Controllers
® Open-loop with Failsafe Position Control

5550-2 North McGuire Road, Post Falls, ID 83854-6506 USA

20

d largest tel
® http://hyperion.as.utexas.edu/mcdonald/het/

pe in the world

S~

-

LINEAR ACTUATORS

Housed in a nominal 1" OD tube, Linear Actuators generate linear movement by
converting rotation into translation through a DC or stepping motor activating a
precision DriveScrew and DriveNut. ® Thruster protrudes on-axis ®Vacuum-

compatibility option ® 2,374 configurations

1000/2000-series

& High-quality, high-
precision for semi-
conductor processing,
optics, metrology,
medicine

o Non-rotating Thruster

e Magnetic Position
Encoder

® 0.5" to 6" Travel

© 300 Ibs. Thrust,,,

® 15mm/sec Velocity, ,,

® 2.5nm Resolution,,,

® Home/End-of-Travel
sensors

® Axial/Side cable
discharge

® Prices start at $931
(Q=10)

NEW! Low NoseButton run-out! Low DriveScrew wobble! )

1100/2100-series

® Smaller, with en-
coder for closed-
loop operation

¢ Half the length of
1000/2000-series

® 0.25" to 12" Travel

® 300 Ibs. Thrust,

max

® Visual position dis-

play

® Home/End-of-Travel

sensors

©® Push/Pull Adaptor

o Axial/Side cable
discharge

® Prices start at $841

(Q=10)

)

1200/2200-series

® Smallest, simple
mover

©® 0.25" to 18" Travel

® 300 Ibs. Thrust,,,

® 13 mm/sec Velo-
City,

©® Open-loop opera-
tion

©® Home/End-of-Travel
sensors

® Push/Pull Adaptor

® Axial/Side cable
discharge

® Many custom op-
tions

® Prices start at $336.
(Q=10)

window

“* @ Dynamic braking

® Limit-of-travel/stall sensing

/—_ANALOG LINEAR VELOCITY SERVO

® Quiet linear balanced-bridge
* @ Velocity regulation within load

® SER3000 — 1A/2A peak
® SER3010 — 5A/10A peak
® 1.7"x3.7" PCB

® Weight < 2 oz.

® Enclosure option

u-PROCESSOR

STEP MOTOR
MC-602

Highly integrated
state-of-the-art
Indexer/Driver for
use with all types
of 2-phase step
motors. Serial
communication,
single power
voltage, and
compact size
allows remote
installation near
the driven motor.
Communication is
either RS-422/485
or RS-232. Wiring
is easily set up
with straight
modular
telephone-type
cables. The high-
level command
language of the
MC-602 provides
the user with a
powerful motion
control interface.

MANUAL

-177-2771 FAX 208-777-9307 www.tsproducts.com

CONTROLLERS —

DC MOTOR
CONTROL3

Commonly housed
in an enclosure, it
either receives
motion commands
from a Host
Computer, or from
internally-stored
commands, or
joystick, or from the
Remote Panel.
Managing 2-32
motors, it supports
concurrent RS-232
and IEEE-488
communications.
With 48-bits
programmable and
60-bit fixed 1/O,
CONTROL3 is a
power-house of
external control.

1200SC Controls
1-of-4
Linear/Rotary
Actuators (DC
Motor) with
DIRECTION,
VELOCITY, LIMIT
INDICATORS,
JOG/SLEW, and
MOTOR
SELECTION.

Computer [C] version.

1200J 2-axis Joystick controls two
Linear/Rotary Actuators simultan-
eously with dual built-in Analog Veloc-
ity Servos. Computer [JC] version.

1000INT-family Combines open-loop
control with position display in a single
integrated enclosure — single axis,

dual axis, joystick.

1000MOD-family Mixes modules for
SPEED, CONTROL, POSITION
DISPLAY, and POSITION ENTRY for

1-to-3 axes.

EEM 1999

See us on the world Wide Web at http://eemonline.com
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Alﬁbient ;éference: Refers to the tem-
perature of the still air surrounding
the power supply

Case reference: One of the specs that
make up the nominal rating. The tem-
perature of the case with the tempera-
ture of the surrounding still air at a
stated temperature (usually 25°C).

Crowbar circuit: Protects the load. A
protective circuit that applies a short
circuit across the output immediately
upon overload. (See overvoltage).

NO DERATING OVER FULL
OPERATING TEMPERATURE RANGE

100 1
i
|

75t . I
DERATE 1.25%/°C |
ABOVE 40°C
50 |- (AMBIENT REFERENCE)

DERATE 1.25%/°C /

g5l (CASE REFERENCE)

<+—SPECIFIED OPERATING TEMPERATURE RANGE—®

0 1 L ] P!
-30 0 20 40 60 70

TEMPERATURE (°C)

Fig. 1. Power output derating can be re-
ferred to ambient or case.

Derating: The degree output is reduced
as temperature increases. Usually ref-
erenced to ambient case temperature
and shown on a graph.

Efficiency : Ratio of the output power to
the required input power. Usually ex-
pressed as a percentage given nominal
environmental temperature.

EMI/RFI: Interference electronic cir-
cuitry caused by energy from electro-
mechanical or radio frequency power
supplies.

Foldback: Built-in protective circuits
that automatically reduce the output
voltage and/or current to very low lev-
els in the event of an overload.

Holdover (Holdup): The interval that
rated output will continue after input
ceases. Usually milliseconds.

Input reflected current: The peak-to-
peak alternating current generated by
switching transients in DC/DC convert-
ers. Should not exceed 1%.

Inrush current limiting: Built-in cir-
cuits that monitor high currents
through the rectifiers to the capacitors
at turn ON. Circuit is usually inhibited
as capacitors attain full charge.

Nominal rating: The spec value of the
supply at stated conditions of input,
output, and temperatyre.

Overshoot: A transient voltage change
occurring during turn ON or OFF or
during an abrupt load change.

Overvoltage (Overload) protection:
Built-in circuits that protect the load
or the supply by shutting it down or
providing foldback.

Recovery: The time interval between
the termination of an overload and
restoration to normal operations.

:\3

w

5 100

s

(=]

E

g 75}- { FuL ratep

o

" FOLDBACK LEVEL | o

Z 2070 25% OF |

S 50| FULL RATED OUTPUT |

o

& |

= |

g B [

5 I

= ! L
0 50 75 100

OUTPUT CURRENT RELATIVE TO FULL RATING (%)

Fig. 2. Current foldback limiting self-
resets with removal of fault.

Response: The time interval between a
stated step ¢hange in input voltage or
load current and return of output to
normal operating conditions.

2100

~ [\

w Vv I
2 RATED DC 1
> 75— OUTPUT VOLTAGE 1
5' 1
b= I
e

o 50— |
g |
g RATED !
w 25— OUTPUT CURRENT |
= |
g \‘1
5 | ‘ l 1
E o 25 50 75 100 110t0 120
o

OUTPUT CURRENT RELATIVE TO FULL RATING (%)

Fig. 3. Current limiting restrictions output
current to a valve somewhat greater than
full rated output; it resets when fault is
removed.

Sensing: Regulation techniques that
monitor output voltage and/or current.
Local sensing refers to the output ter-
minals. Remote sensing allows a feed-
back from the load circuit to the power
supply.

Soft start: Allows the supply to start
from zero current and/or voltage over
a stated period of time during start up
to prevent voltage overshoots and cur-
rent imbalances.

Switchers: Power supplies using
switching techniques to achieve high
efficiency regulation. These techniques
can have attendant EMI/RFI problems.

Tracking : The maintaining of fixed ra-
tios between multiple outlets despite
variations in line, load or temperature.
Particularly important in supplies with
symetrical (+)(—) outputs.

Transient protection: Circuitry de-
signed to protect the supply from high
amplitude line transients. Generally ex-
pressed in terms of peak voltage and
maximum transient time duration.



Theoretical battery

Practical battery

Typical

System Anode Cathode Voltage, | Capacity, voltage, Capacity?
v Ah/kg v Whikg | Whidm?
Primary:
~ Leclanche Zn MnO, 1.6 230 1.2 65 175
Magnesium Mg MnO, 20 270 1.5 100 195
Organic cathode Mg m-DNB 1.8 1,400 1.15 130 180
Alkaline MnO, Zn MnO, 1.5 230 1.15 65 200
Mercury Zn HgoO 1.34 185 1.2 80 370
Mercad Cd HgO 0.9 165 0.85 45 175
Silver oxide Zn AgO 1.85 285 1.5 130 310
Zinc-air Zn Air (O,) 1.6 815 1.1 200 190
Li-organic electrolyte Li b 2.1-54 130-660 1.8-3.2 250 400
Secondary:
Lead-acid Pb PbO, 2.1 55 20 37 70
Edison Fe Ni oxides 1.5 195 1.2 29 65
Nickel-cadmium Cd Ni oxides 1.35 165 1.2 33 60
Silver-zinc Zn AgO 1.85 285 1.5 100 170
Silver-cadmium Cd AgO 1.4 230 1.05 55 120
Zinc-nickel oxide Zn Ni oxides 1.75 185 1.6 55 110
Zinc-air¢ Zn Air (O,) 1.6 815 1.1 150 155
Cadmium-airc Cd Air (O,) 1.2 475 0.8 90 90
Zinc-O, Zn o, 1.6 610 1.1 130 120
H,-O, H, o, 1.23 3,000 038 45 65
Reserve:
Cuprous chloride Mg Cudl 1.5 240 1.4 45 ' 659
Silver-chloride Mg AgCl 1.6 170 1.5 60 954
Zinc-silver oxide Zn AgO 1.85 285 1.5 30 75¢
Thermal Ca b 28 240 2.6 10 . 20f
Ammonia-activated Mg m-DNB 22 1,400 1.7 22 609
High- NA S 2.1 685 1.8 200 n
temperature Li S 2.2 1,150 _ 1.8 200 /
Solid electrolyte Ag Polyiodide 0.66 0.6 180 75/
Fuel cell: ' ‘
Hydrogen¢ H, Air 1.23 26,000 0.7 k
Hydrazine¢ N,H, Air 1.5 2,100 0.7 800° !
Methanol CH,OH | Air 13 1,400 0.9 1750 185m

a Delivered capacity when discharged at normal temperatures (20°C)

at normal discharge rates.

b Based on fuel consumption only.

¢ Weight of air not considered in computation of watt hours.

d Water-activated

e Automatically activated; high rate discharge; 2- to 10-min rate.
fFused salt; heat-activated; high rate discharge; 2- to 10-min rate.

¢

g Four-minute discharge rate.
h B-alumina electrolyte, 300°C operation.
i Fused salt; 350°C operation.
J Solid RbAg,ls electrolyte. )
k Several different cathode materials used.

" I Fuel consumption is based on source of H,.
m Based on methanol battery-fuel supply in situ.




SPECIFICATIONS

Excitation: The input voltage and fre-
quency.

Transformation Ratio: The ratio of the
output voltage, at maximum coupling,
to the input voltage.

Phase Shift: The lead or lag of the out-
put voltage with respect to the input
voltage. For most synchros and re-
solvers, the phase shift can be approxi-
mated by the angle whose tangent is
the ratio of the primary winding’s DC
resistance to its reactive component.

Impedance: Specified as R + jX, where
R is the AC resistive component and X
is the reactive component. Important
impedances are: (a) Z,, (or Z;, for
rotor primary units), which is the im-
pedance of the primary winding with
the secondary open; (b) Zs,, which is
the impedance of the secondary wind-
ing with the primary open; and (c) Zs.,
which is the impedance of the second-
ary with the primry shorted (essen-
tially when driven by a low impedance).

Null Voltage: The voltage remaining
when the unit is at electrical zero or in
the minimum coupling position.

Accuracy: The error of the position of
the totor with respect to the electrical
angle. It is defined as the output voltage
driven by the “speed” (pole pairs) of
the unit, referenced to the starting point
of the calibration (usually the electri-
cal zero position). Error is commonly
expressed in minutes of arc (1/60 of a
degree) or in seconds of arc.

Loads: For a transmitting unit, the im-
pedance that the output voltage sighal
faces. This can be a receiver, a differen-
tial with its load, a control trans-
former, an A/D converter, etc.

Operation Temperature: The ambient
temperature range over which the unit
performs its primary function.

FUNCTIONS

Transmitter: A unit with a Y-con-
nected stator that outputs a signal pro-
portional to the position of its single-
phase excited rotor. High power units,
called “torque transmitters,” are used
to drive one or more receivers. Low
power transmitters are used to drive
control transformers.

S1 $3
R2

REN

R1
$2

Receiver: A unit with a three-phase
stator excited by the input, usually
from a torque transmitter, and a sin-
gle-phase rotor that follows the result-
ing stator field. Usually used to drive
a position pointer.

Control Transformer: A unit with a
three-phase stator excited by the input
from a transmitter and a single-phase
rotor mechanically driven to the null
position by an external motor or other
device.

Differential: A unit with a three-phase
stator and a three-phase rotor. It is
usually connected between a transmit-
ter, which excites its stator, and a re-
ceiver or contrpl transformer. It can
be used to “dial in” correction factors
for the synchro chain.

R1

R2 82

Transolver: A unit with a three-phase
stator and a two-phase rotor that can
be used either as a control transmitter
(with one rotor phase excited and the
other shorted), or as a control trans-
former with the signal obtained from
one phase of the rotor—making sure
the other phase is equally loaded to
prevent unbalances.

Differential Resolver: A unit with a
two-phase stator and a three-phase
rotor that is used as a transolver with
the advantage that when connected as
a control transformer, the signal does
not travel through slip rings.

Résolver: A unit with a two-phase
rotor and a two-phase stator that is
used to create or receive SIN-COS sig-
nals such as vector resolutions for

solving inertial platform coordinate
transformations, unknowns of right
triangles, etc.. Resolvers can also be
used as transmitting, differential, or
receiving elements by proper choice of
impedances. It is also possible to use
resolvers as phase shifters where, in
one mode, one rotor phase is excited
and the two stator windings are feed-
ing an appropriate RC network and in-
dicating a phase shift, referred to the
input, that corresponds to the rotor
position.

R1 st
cl
% :ca

R3 + o §3

Compensated Resolver: A unit with a
“2% 2” phase stator and a two-phase
rotor used as a resolver with the added
benefit of feedback windings in parallel
with the stator windings that increase
the useful accuracy over a wide range
of environmental operating conditions.

Linear Transformer: A unit with a
single-phase stator and single-phase
rotor designed to provide a linear out-
put voltage that is directly propor-
tional to the rotor input angle. It oper-
ates over a range of less than *+=90°,
and is analogous to a potentiometer
providing infinite resolution, but with-
out contact between the elements. It
can be used only with AC voltages.

Brushless Synchro: Available in two
types—hairspring and bobbin. Hair-
spring synchros use spiral wound con-
ductor springs to pick off the rotor sig-
nal, and are generally limited to a
*+165° rotation. Most have mechanical
stops to prevent damage due to over-
rotation. Bobbin synchros pick off the
rotor signal with rotary transformers
inside the unit, allowing the rotor un-
limited motion.

Pancake Unit: A name derived from
the physical dimensions of the unit,
which has a diameter that exceeds
axial length. Sizes range from under
1”7 to 20” or more. The unit is fre-
quently used as a gimbal pickoff ele-
ment and is designed to fit a particular
application envelope. It can be supplied
as a rotor and stator only.



NOMOGRAPH OF VOLTAGE DROP ACROSS LOAD SUPPLY LEADS

THIS NOMOGRAPH
CAN BE USED TO FIND:

Maximum current carrying
capacity recommended for
any standard wire size.*

1) With a straight edge, con-
nect from the wire size on
Scale 2 to the point “A”
on Scale 3.

2) Read I.. on Scale 1.

(as a function of wire size and load current)

Voltage drop in millivolts per
foot for known wire size and
operating current.

1) With a straight edge, con-
nect the known current
on Scale 1 and the wire
size on Scale 2.

2) Read voltage drop on
Scale 3.

Wire size required for known
operating current and known
maximum tolerable voltage
drop across supply leads.

1) Determine maximum tol-
erable drop in millivolts
per foot of lead (sum of
positive and negativé
leads).

2) Connect the value on
Scale 3 (as determined
in step 1) to the known
current on Scale 1.

3) Read wire size on Scale 2.

* Based on an arbitrary minimum

500 circular mils per ampere.
High-temperature class insula-
tion will safely allow higher
currents. )

NOTE: A voltage stabilized Power Supply controls the voltage across its output terminals.
Hence, the wire conductors used to connect the load must be considered as part of the load.
At high load currents, the voltage drop across the supply leads may appreciably degrade
stablization at the load. Kepco models equipped with the remote error sensing feature can
automatically compensate for voltage drops of up to 500 mV across each load supply lead.




Diameter at

Weight at 20°C (68°F),

0, 0}
20°C (68°F) Area at 20°C (68°F) bare copper wire
Size, mils mm mils ¢ mils mm Ib/1,000 ft. Ib/mile kg/km
AWG
4/0 460.0 11.68 166,200 211,600 107.2 640.5 3,382 953.2
3/0 - 409.6 10.40 131,800 167,800 85.01 507.8 2,681 755.7
2/0 3648 9.266 104,500 133,100 67.43 402.8 2,127 599.5
1/0 3249 8.252 82,891 105,600 53.49 3195 1,687 477.6
1 2893 7.348 85,730 83,690 4241 2533 1,338 337.0
2 257.6 6.543 52,120 66,360 33.62 200.9 1,061 2989
3 229.4 5.827 41,330 52,620 26.67 159.3 841.1 237.1
4 204.3 5.189 32,780 41,740 21.15 126.3 667.1 188.0
5 181.9 4.620 25,990 33,090 16.77 100.2 5288 149.0
6 162.0 4.115 20,610 26,240 13.30 79.44 . 419.4 118.2
7 144.3 3.665 16,350 20,820 10.55 63.03 3328 93.80
8 128.5 3.264 12,970 16,510 8367 49.98 2639 74.38
9 114.4 2.906 10,280 13,090 6.631 39.61 209.2 58.95
10 101.9 2.588 8,155 10,380 5.261 31.43 166.0 46.77
11 90.7 2.304 6,460 8,230 4.17 24.90 131 37.1
12 80 2.05 5,130 6,530 3310 19.8 104 29.4
13 720 1.83 4,070 5,180 2.63 157 829 234
14 64.1 1.63 3,230 4,110 2.08 124 65.7 18.5
15 57.1 1.45 2,560 3,260 1.650 9.87 52.1 14.7
16 . 50.8 1.29 2,030 2,580 1.31 7.81 41.2 11.6
17 453 1.150 1,610 2,050 1.040 6.21 328 9.24
18 403 1.02 1,280 1,620 0.823 4.92 26.0 7.32
19 35.9 0.912 1,010 - 1,290 0.653 3.90 20.6 5.81
20 320 0.813 804.0 1,020 0.519 3.10 16.4 4.61
21 28.5 0.724 638.0 8120 0412 246 13.0 3.66
22 253 0.643 503.0 640.0 0.324 1.94 10.2 2.88
23 226 0.574 401.0 511.0 0.259 1.55 8.16 2.30
24 20.1 0511 317.0 404.0 0.205 1.22 6.46 1.82
25 17.9 0.455 252.0 3200 0.162 0.970 5.12 1.44
26 15.9 0.404 199.0 253.0 0.128 0.765 4.04 1.14
27 14.2 0.361 158.0 2020 0.102 0.610 3.22 0.908
28 12.6 0.320 125 159.0 0.0804 0.481 2.54 0.715
29 1.3 0.287 100.0 128.0 0.0647 0.387 2.04 0.575
30 10.0 0.254 7850 100.0 0.0507 0.303 1.60 0.450
31 8.9 0.226 62.20 79.2 0.0401 0.240 1.27 0.357
32 8.0 0.203 50.30 64.0 0.0324 0.194 1.02 0.288
33 7.1 0.180 39.60 50.40 0.0255 0.153 0.806 0.227
34 63 0.160 31.20 39.7 0.0201 0.120 0.634 0.179
35 5.6 0.142 24.60 31.4 0.0159 0.0940 0.501 0.141
36 5.0 0.127 19.60 25.00 0.0127 0.0757 0.400 0.113
37 4.50 0.114 15.90 20.20 0.0103 0.0613 0324 0.0912
38 4.0 0.102 12.60 16.0 0.00811 0.0484 0.256 0.0721
39 35 0.0889 9.62 12.2 0.00621 0.0371 0.196 0.0552
40 3.1 0.0787 7.55 1 9.61 0.00487 0.0291 0.154 - 0.0433
41 28 0.0711 6.16 7.84 0.00397 0.0237 0.125 0.0353
42 25 0.0635 4.91 6.25 0.00317 0.0189 0.0999 0.0282
43 22 0.0559 3.80 4.84 0.00245 0.0147 0.0774 0.0218
44 2.0 0.0508 3.14 4.00 0.00203 0.0121 0.0639 0.0180
45 1.8 0.0457 2.54 3.24 0.00164 0.00981 0.0519 0.0146
46 1.6 0.0406 2.01 2.56 0.00130 '0.00775 0.0409 0.0115
47 1.4 0.0356 1.54 1.96 0.000993 0.00593 0.0313 0.00883
48 1.2 0.0305 1.13 1.44 0.000730 0.00436 0.0230 0.00649
49 1.1 0.0279 0.950 1.21 0.000613 0.00366 0.0193 0.00545
50 1.0 0.0254 0.785 1.00 0.000507 0.00303 0.0160 0.00450




MIL-\W/-5088

Underwriters

. National American 500
Copper Aluminum Electrical Laboratory Insurance ¢ mils/A
Size, | Single- Wire- Single- Wire- Code 60°C | so°C Association
AWG wire bundied wire bundied
30 0.2 0.4 0.20
28 0.4 0.6 0.32
26 0.6 1.0 0.51
24 1.0 1.6 0.81
22 9 5 1.6 25 1.28
20 11 75 ... 2.5 4.0 3 2.04
18 16 10 6 4.0 6.0 5 3.24
16 22 13 10 6.0 10.0 7 5.16
14 32 17 20 10.0 16.0 15 8.22
12 41 23 30 16.0 26.0 20 13.05
10 55 33 - e 35 25 208
8 73 46 58 36 50 35 33.0
6 101 60 86 51 70 50 52.6
4 135 80 108 64 90 70 83.4
2 181 100 149 82 125 90 132.8
1 211 125 177 105 150 100 167.5
0 245 150 204 125 200 125 2120
00 283 175 237 146 225 150 266.0
000 328 200 275 175 336.0
0000 380 225 325 225 424.0
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Control Character Representations Special Graphic Characters
NUL  Null DLE Data Link Escape (CC) SP  Space < Less Than
SOH  Start of Heading (CC) DC1  Device Control 1 ! Exclamation Point = Equals
STX  Start of Text (CC) DC2 Device Control 2 | Logical OR > Greater Than
ETX  End of Text (CC) DC3  Device Control 3 “ Quotation Marks ? Question Mark
EOT  End of Transmission (CC) DC4 Device Control 4 # Number Sign @ Commercial At
ENQ Enquiry (CC) NAK  Negative Acknowledge (CC) $ Dollar Sign [ Opening Bracket
ACK Acknowledge (CC) SYN  Synchronous Idle (CC) % Percent \ Reverse Slant
BEL Bell ETB  End of Transmission Block (CC) & Ampersand 1 Closing Bracket
BS Backspace (FE) CAN Cancel ' Apostrophe N Circumflex
HT Horizontal Tabulation (FE) EM End of Medium ( Opening Parenthesis - Logical NOT
LF Line Feed (FE) SUB  Substitute ) Closing Parenthesis —_ Underline
vT Vertical Tabulation (FE) ESC Escape * Asterisk N Grave Accent
FF Form Feed (FE) FS File Separator (1S) + Plus < Opening Brace
CR Carriage Return (FE) GS Group Separator (IS) , Comma ] Vertical Line (This graphic is
SO Shift Out RS Record Separator (IS) - Hyphen (Minus) ' stylized to distinguish it from
S| Sniftin uUs  Unit Separator (IS) . Period (Decimal Point) Logical OR)
(CC) Communication Contro! DEL  Delete / Slant } Closing Brace
(FE)  Format Effector : Colon ~ Tilde
(IS) Information Separator Semicolon



A

A/D acrylonitrile butadiene-styrene

A/D analog to digital

ADC analog to digital converter

ADP automatic data processing

AFC audio frequency control

AFT automatic filter test

ALGOL algorithmic language

AM a logical operator

AQL acceptable quality level

ASCII American national standard
code for information interchange

ASIC application specific IC

ATE automatic test equipment

ATG automatic test generation

AWG American wire gauge

B

BALUN balanced to unbalanced

BASIC beginners' all-purpose
symbolic instruction

BCD binary-coded decimal

BNC baby "N" connector

BUS basic utility syste

C

CAD computer-aided design

CAE computer-aided engineering

CAM computer-aided manufacture

CAMAC computer-automated
measurement and control

CAPP computer-aided process
planning

CAT computer-aided test

CATYV cable television or
community antenna television

CCC (leaded) ceramic chip carriers

CCD computer-controlled display

CERMET ceramic metal element

CIE computer-integrated engineering

CIM computer-integrated
manufacturing

CLCC ceramic leadless chip carriers

CMOS complementary metal-oxide
semiconductor

Comm. communications

CPS characters per second

CPU central processing unit

D

D/A digital to analog

DAC digital to analog converter

DBMS data base management
system

DC direct current

DFT design for testability

DIAC bidirectional trigger diode

DIL dual in-line

DIN Deutsche Industrie
Normenausschuss

DIP dual in-line package

DPM digital panel meter

DRAM dynamic RAM

DTL diode transistor logic

E

EDA electronic design automation

EDP electronic data processing

EBCDIC extended binary coded
decimal interchange code

EEPROM electrically erasable
PROM

EIA Electronic Industries
Association

EMC electromagnetic compatibility

EMI electromagnetic interference

EMP electromagnetic pulse

EPROM erasable programmable
ROM

ESR equivalent series resistance

F

FEP fluorinated ethylene propylene
Copolymar, 200° Teflon

FET field-effect transistor

FM frequency modulation

FORTRAN formula translator

G

GaAsFET gallium arsenide FET

CMIP commn management
information protocol

GPIB general purpose interface bus

GPS global positioning system

H

HF high frequency (3 to 30 MHz)

HIPOT test, measurement, and
diagnostic equipment

HLL high level language

HYV high voltage

Hz Hertz

I

IAB Internet Activities Board

IC integrated circuit

IDC insulation displacement contact

IF intermediate frequency

10 input/output (devices)

IR insulation resistance (or) infrared

ISDN integrated services digital
network

ISO International Standards
Organization

J

JEDEC Joint Electronic Device
Engineering Council

JFET junction FET

JMOS junction MOS

K

kHz kilohertz (10 3 hertz)
KSR keyboard send /receive

L

LAN local area network

LC (filters) inductance/capacitance

LCC leaded chip carrier

LCD liquid crystal display

LED light-emitting diode

LF low frequency (30 to 300 kHz)

LIF low insertion force

LNA low noise amplifier

LNB low noise band

LSI large scale integration

LVDT linear velocity displacement
transformer

M

MASER microwave amplification
by stimulated emission of
radiation

MATY master antenna television

WF microfarad

MHz megahertz

MIC microwave IC

MIPS million instructions per
second

MIB microcomputer interface board

MOS metal oxide semiconductor

MOSFET metal oxide
semiconductor FET

MOSIGT metal oxide
semiconductor insulated-gate
transistor

MOV metal oxide varistor

MPU microprocessor unit

MSI medium scale integration

N

NBS National Bureau of Standards

NEMP nuclear electromagnetic pulse

NIM national instrumentation
module

NOR not OR

NTC negative temperature coefficient

(0}

OCR optical character reader

OEM original equipment
manufacturer

OR alogical operator

OSI open systems interconnection

P

PAL programmable array logic

PC printed circuit

PCB printed circuit board

PCM pulse code modulation

PCS plastic clad silica

PF picofarad

PGA pin grid array

PIN positive-intrinsic-negative
(transistor)

PLA programmable logic array

PLCC plastic leaded chip carrier

PLL phased lock loop

PPI plan position indicator

PROM programmable ROM

PTC positive temperature coefficient

PUT programmable unijunction
transistor

Q

QAM quadrature amplitude
modulation

Q (meter) quality-factor meter

R

RAM random access memory

RC resistance-capacitance

RFI radio frequency interference
RMS root mean square

ROM read only memory

RF radio frequency

RFC radio-frequency choke

RFI radio-frequency interference
RTD resistance-temperature detector
RTL resistor transistor logic

RTYV room temperature vulcanizing
RW read/write

S
SAS silicon asymmetrical switch
SBC single board (micro) computer

SBS silicon bilateral switch

SCR silicon-controlled rectifier

SCS silicon-controlled switch

SDA source & detector assemblies

SGMP simple gateway monitoring
protocol

SIDAC bidirectional voltage-
triggered switch

SIMM single in-line memory
module

SIP single in-line package

SMD surface mount device

SMT surface mount technology

SNMP simpole network
management protocol

SO small outline

SOIC small outline IC

SOT small outline transistor

SSI small scale integration

SSR solid-state relay

STL Schottky transistor logic

SUS silicon unilateral switch

T

TC temperature coefficient

TCE thermal coefficient of
expansion

TXCO temperature compensated
crystal oscillator

TFE tetrafluoride ethylene propylene
Copolymer, 250° Teflon

TRIAC bidirectional AC switch

TTL transistor-transistor logic

TTY teletypewriter

U

UHF ultra high frequency (300 MHz
to 3 GHz)

UJT silicon unijunction transistor

UL Underwriters Laboratory

UPS uninterruptible power supply

A\

VAC volts (of) alternating current

VAN value-added network

VAR volt-ampere reactive

VCR video cassette recorder

VDC volts (of) direct current

VHF very high frequency (30 kHz
to 300 MHz)

VHSIC very high speed integrated
circuit

VLF very low frequency (3 to 30
kHz)

VLSI very large scale integration

VME virtual machine environment

'VRM voice recognition module

VTVM vacuum tube volt meter

VU volume unit

VSWR voltage standing wave ratio

w
WPS word processing software

Y
YIG yttrium iron garnet

Z
ZIF zero insertion force



RELATIVE QUANTITY SYMBOLS

PREFIXES FOR SI UNITS

* not eqqal to Multiple Prefix Symbol

=~ approximately equal to 2

o< proportional to 10 tera T

< smaller than 109 giga G

< smaller than or equal to of

« much smaller than 1 mega M

> larger than 103 kilo k

2 larger than or equal to 3 -

» much larger than 107 milli m

= identical to or equivalent 10°6 micro u

I increases 109 nano n
decreases 10-12 pico p

Quantity Symbeol  SI Unit Symbol Derivation

acceleration a m 572 — velocity/time

acceleration due to g m s—2 — velocity/time

gravity

amount of substance n mole mol mole fraction (n) used

amplification factor i a ratio — —

angle 01,071,001 — _ _

angle of incidence i degree or radian ° —

angle of refraction r degree or radian ° —

angle, Bragg 0 number — —

angle, critical ¢ degree or radian ° —

anode slope resistance Ry ohm Q AV, AL

area A metres squared m? I xb

atomic number z a number — number of protons

Avogadro constant L,Ny number _ —

breadth b metre m fundamental unit

capacitance C farad F charge/p.d.

charge, electric 4} coulomb C current X time

charge on electron e coulomb C 16 x 10719 €

conductance G ohm1 ol reciprocal of resistance

current, electric 1 ampere A fundamental unit

decay constant A a ratio — —

density p kg m3 —_— m/V

distance along path s metre m fundamental unit

efficiency n a ratio — work output/work input

electrochemical equiv. z g cl — mass/charge

electromotive force E volt v energy/charge

electron 4 — — —

energy E joule J Nm

energy, kinetic Ey joule J N m. Eg = 1/2mv 2

energy, potential Ep joule J N m. Ep = mgh

Faraday constant F coulomb mol-! C mot~! 96,500 C mol~1

field strength, electric E Vml — potential gradient: p.d./dist.

field-strength magnetic H ampere-turns —_ current X no. of turns

flux, magnetic [ weber Wb ~ e.m.f/rate of change of flux

flux density B tesla T flux/area

focal length f metre m —

force F newton N kg m s2

free energy AG joule J —

frequency f hertz Hz oscillations/time

gas constant r joule J energy

half-life,radioactivity tip second s fundamental unit

heat capacity C TK-1 — quantity of heat/temp. rise

heat of reaction AH joule J heat energy

heat capacity, specific c 1K1 kg‘1 - heat capacity/mass

heat, quantity of q joule J energy



Quantity

height

image distance
inductance, mutual
inductance, self
intensity of radiation
latent heat

latent heat, specific
latent heat, molar
length

magnetizing force
magnetic moment
magnification, linear
mass

mass number

molar volume

molar solution
moment of force
neutron number
number

number of molecules
number tums on coil
number order spectrum
object distance

peak current

peak e.m.f.

period

permeability
permeability, vacuum
permeability, relative
permittivity
permittivity, vacuum
permittivity, relative
potential, electric
potential difference
power

pressure

radius

reactance

refractive index
resistance

resistivity, electrical
relative density
r.m.s. current

r.m.s. voltage

slit separation
tension

temperature, Celsius

temp. interval
temp. absolute
thickness

time

torque

turns ratio

(unit of electricity)
velocity

velocity, angular
velocity, e.m.waves
velocity of sound
volume

wavelength
work
weight
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SI Unit
metre
metre
henry
henry

a number
joule
Jkg!
joule mol -!
metre
ampere-turns
Wb m

a ratio
kilogramme
a number
(dm3)

a ratio
Nm

a number

a number
a number
metre
ampere
volt
second
Hm!
Hm!

a ratio
Fm!
Fm!

a ratio
volt

volt

watt
pascal
metre
ohm

a ratio
ohm
ohm-metre
a ratio
ampere
volt
metre
newton
degree C

degree
kelvin
metre
second
Nm

a ratio

kW h

ms]
second-!

m sl

m s

metre cubed
metre

Jjoule
newton

<
|
g
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Derivation

fundamental unit

fundamental unit

induced e.m.f./rate of change of current

quantity of heat
quantity of heat
quantity of heat
fundamental unit

torque in unit magnetic field
fundamental unit

number of neutrons + protons
volume of 1 mole

moles/dm3

force X perp. distance
number of neutrons

fundamental unit
see current

see e.m.f.
fundamental unit
henry/metre

m= g
farad/metre
farad/metre
& =E
energy/charge
ener%y/charge
Js™

N m2: force/area
fundamental unit

Eqllo

p.d./current
resistance X length

Psub/Pwater

see current

see e.m.f.
fundamental unit
see force

from kelvin

fundamental unit
fundamental unit
fundamental unit
see moment
Nsec/Mprim
kilowatt X hour
distance/time

angle/time

Ixbxh

fundamental unit
force x distance (Nm)
kgm s~2or mg



These symbols appear on many electrical/electronic components distributed in the world market. They indicate that a country's standard-
setting agency has approved the design of the component and/or a testing agency has approved the performance of the component in

meeting the standard. This page lists only those countries that have a symbol to represent their authority.
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Argentina (IRAM) Instituto
Argentino de Racionalization de
Materiales

Australia (SAA) Standards
Association of Australia

Austria (OVE) Oesterreichischer
Verband fiir Elektrotechnik

Belgium (CEB) Comité
Electrotechnique Belge

Brazil (ABNT) Associagdo
Brasileira de Normas Teonicas

Canada (CSA) Canadian
Standards Association

Czechoslovakia Urad pro
Normalizaci a Mereni (Office for
Standards and Measurements)

Denmark (DEK) Dansk
Elektroteknisk Komite (Danish
Electrotechnical Committee)

Egypt (EOS) Egyptian
Organization for Standardization and
Quality Control

Finland (SETI) Electrical
Inspectorate

Fral;ce (UTE) Union Technique
de 1'Electricité

Germany, Democratic
Republic of (East) (ASMW)
Amt fiir Standardi-sierung
Messwesen und Warenprufung
(Office for Standardization,
Metrology and Quality Control)

Germany, Federal Republic
of (West) (DKE) Deutsche
Electrotechnische Kommission im
DIN und VDE (German
Electrotechnical Commission of
DIN and VDE)

ELOT Greece (ELOT) The Hellenic

Organization of Standardization
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Hong Kong Hong Kong Standards
& Testing Centre

Hungary (MSZH) Magyar
Szabvanyugi Hivatal (Hungarian
Office for Standardization)

India (ISI) Indian Standards
Institute "Manak Bhavan"

Indonesia Badan Kerjasaina
Standardisasi LIPI-YDNI (LIPI-
YDNI Joint Standardization
Committee) '

Iran Institute of Standards and
Industrial Research of Iran

Ireland (IIRS) Institute for
Industrial Research and Standards

Israel (SII) Standards Institution
of Israel

Italy (CEI) Comitato
Elettrotecnico Italiano (Italian
Electrotechnical Committee)

Japan (JISC) Japanese Industn'ai
Standards Committee Agency of
Industrial Science and Technology

Korea, Republic of (South)
Industrial Advance Administration

Mexico (DGN) Direccién General
de Normas Secretaria de Patrimonio
y Fomento Industrial Puente de
Tecamachalco

Netherlands (NEC) Nederlands
Elektrotechnisch Comite

New Zealand (SANZ) Standards
Association of New Zealand

Norway (NEK) Norsk
Elektroteknisk Komite (Norwegian
Electrotechnical Committee)

Pakistan Pakistan Standards
Institution

\8/

A
AA

N.M-01

Poland Polski Komitet
Normalizacji Miar i Jakosci (Polish
Committee for Standardization,
Measures and Quality Control)

Portugal (CEP) Comissdao
Electrotécnica Portuguesa

Romania Institutul Roman de
Standardizare (Romanian Standards
Institute)

Singapore Singapore Institute of
Standards and Industrial Research

South Africa (SABS) South
African Bureau of Standards

Spain (IRANOR) Instituto
Nacional de Racionalizacién y
Normalizacién

Sweden (SEK) Svenska
Elektriska Kommissionen (Swedish
Electrotechnical Commission)

Switzerland (SEV)
Schweizerischer Elektrotechnischer
Verein Postfach

Turkey (TSE) Turk Standardlari
Enstitusu (Turkish Standards
Institution)

United Kingdom (BSI) British
Standards Institution

United States (NEMA)
National Electrical Manufacturers
Association

United States (ANSI) American
National Standards Institute

Venezuela CODELECTRA en
Conjunto con COVENIN Avda.
Ppal.

Yugoslavia Federal Institute of
Standardization



