




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































E-586 BVC Control 

E586-BI DIRECTIONAL VELOCITY OR 
POSITION CONTROL 

STANDARD FEATURES: 

100: 1 speed range 50 to 5000 rpm 
Closed-loop completely t ransistor ized velocitv fPed-

back amplifier 

Adjustable torque lim it 
Single turn-center tap-speed control potentiometer 
Position sensor potentiomer (bi-directional position 

system only) 

115/ 230 VAC , 50/ 60 Hz fuse and circuit breaker 
protection 

112 

E-586 MG 
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HOW TO REAO THE 
SPEED RE GULATION 

Z ONE GRAPH S' 

Select the to rque and rpm 

range; the data 1% o f 

is stated as a 

percentage of the se t 
speed 

L=i 99% of set speed 

[=:EJ 98% of set speed 

97% of set speed 

- < 96% of set speed 

llIIIIIIIIIl Intermittent duty 

o nly - consult ECC 

neer1ng Applica t ion Dep t . 

for add1t1onal data . 

SPEED REGULATION ZONES 
E-586 BVC CONTROL 

RPM 

10 15 20 
TORQUE OZ-INCHES 



Commond 
Position 
Sensor 

Velocit Feedbock 

T 

MG 

Feedbo,k 
Positicn 
Sensor 

Feedbo...;....;;.ck ___ _. 
Input 

Electronics Package 

E586-BPC Bl-DIRECTIONAL POSITION CONTROL SYSTEM 

Brief Description: 

The E586-BPC system is a position control system 

employing a high-gain, closed-loop electronic control. 

The input command can be any variable resistance or 

ungrounded reference DC voltage. The motor angular 

position of a potentiometer or any other error voltage 

source. Velocity feedback is employed to control the 

travel rate while the motor is "homing in" on the 

desired position. 

System Specifications : 

The position accuracy of the system is limited by two 

variables: ( 1) the drift characteristics of the reference 

power supplies, and (2) the accuracy of the command 

and feedback signals. Using the potentiometer supplied 

with the standard E586-BPC, system accuracy is 

approximately 1% per revolution or 3.6° . Using improved 

power supply regulation and sensors, the accuracy can 

easily be improved to .1% per revolution or .36°. For 

high accuracy systems, please consult an Electro-Craft 

representative . 

The system travel speed is controlled by velocity feed­

back from an integral tachometer and closed-loop 

servo. The standard E-586-BPC controls the motor to run 

up to 5,000 rpm during travel to the "target" position. 

Command input can be accomplished in either of two 

ways: ( 1) a position setting on a potentiometer, using 

the E586-B PC reference power supply voltage, or (2) 

an ungrounded command voltage of 0 to +15 volts DC. 

Care must be exercised to insure that the input com­

mand range is not greater than the feedback sensor 

output range . 

The feedback input requirements are similar to the 

command requirements and can be either a position on a 

potentiometer, using the feedback reference voltage 

source, or an ungrounded 0 to -15 volts DC signals. 
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E-652 Master 

E-652 MASTER AND E-652 OPEN MASTER 

1000: 1 speed range 3 to 3000 rpm 
Closed-loop completely transistorized velocity feedback 

amplifier 
Adjustable torque limit 0-5 inch-lbs 
IR compensation (allows setting optimum regulation 

at speed below 10 rpm) 
Single polarity power is easily adaptable to DC power 

source 
115/230 VAC, 50/60 Hz line fuse and thermal circuit 

breaker protection 

E-652 MASTER STANDARD FEATURES 

High accuracy speed-torque readout (motor friction 

torque and the motor damping factor are nulled out) 

Forward-reverse switch (push botton) 

Dual concentric speed control potentiometer 

Remote input (external control of speed by a 

potentiometer or voltage source 0 to +1 Ov) 
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E-652 Open Master 

E-652-0/M STANDARD FEATURES 

Single turn speed control potentiometer 
Adaptable to an external voltage to control speed 

Flat plate chassis is designed for a NEMA I enclosure 

(12 x 10 x 6 inches in size) 

E-652-0/M OPTIONS 

10 turn potentiometer 

10 turn dial 
Forward-stop-reverse switch (rotary) 
High accuracy speed-torque readout 

Remote torque limit terminals 



E-652 MG 

E-652 MG STANDARD FEATURES 

1/5 HP 
Stainless stee l shaft 
Die cast end caps 
Nickel chrome plated motor housing 
Mounting 

Flange 
Base 
NEMA 42 CZ 

Shielded ball bearings 
Bi-directional 
Separate motor and tach generator wind ings 
Temperature compensated generator 

E-652 MGH STANDARD FEATURES 

Precision low backlash gearhead 
Flange mounting 
Die cast gear housing 
Ball bearings 
Output torque 26 to 400 inch-lbs 

E-652 MGH 

RPM 
3000 
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1000 
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HOW TO READ THE 
SPEE D REGULATION 

ZONE GRAPHS 

S1•l11c1 1he 1orr1uf' and rµrn 

rdlltJe. 1h•• da1<J ! of 

r1•quld!H)n) IS SIJtt•d dS d 

pt:rtl-!ntayf' of !ht' SP.I 

\PP.t!c1 

C=:J 99% of set speed 

[:=] 98% of set speed 

{:::!:!i!:i:i{iiiJ 97 % of set speed 

- < 96% of set speed mm Intermittent dut y 

only - consult ECC Eng1· 
neermg Apphcat1on Dept . 

tor add1t1onal data 

SPEED REGULATION ZONES 
E-652-M - E652-0/M (E-652-MG) 

I~ 

10 20 30 40 50 60 70 80 
TORQUE OZ-INCHES 
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E-710 

E-670 MG STANDARD FEATURES 

1 /2 HP (see speed regulation graphs) 
Stainless steel shaft 
Separate motor and tach generator windings 
Temperature compensated generator 
Shielded ball bearings 
Bi-directional 
Mounting 

Flange 
Nema 42 CZ 

Die cast and caps 
Nickel chrome plated motor housing 

E-710 STANDARD FEATURES 

1000: 1 speed range 4 to 4000 rpm rated maximum 
torque 10 inch-lbs . 

Fixed frequency pulse width modulated amplifier 
Adjustable ramp generator 
Adjustable torque limit 
Single turn speed command potentiometer 
Flat plate chassis is designed for a Nema 1 or 12 

enclosure (14 x 12 x 8 inches in size) 
115 VAC 50/60 Hz. 
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E-670 MG 

OPTIONS 

Speed torque readout 
Reverse-stop-forward switch (rotary) 
220 VAC 50/60 Hz transformer 
Adaptable to DC power supply 
Ten turn potentiometer 
Ten turn dial ( 1-3/ 8 diameter) 
Ramp time extended to 1.5 seconds 

RPM 

SPEED REGULATION ZONES 
E-710 (670/596-MG) 

4000 ,--,----r---.-----,----,...--,----,.-----..,mm 

3000 >---+--+---+----+----+---+---+---li+i+i 

2000 1---+---+----+---+----+---+---+-----ltHH 

1000 1---+---+----+---+----+---+---+-----ltHH 

500 >---+---+----+----+----+---+---+---1-l#H 

250 1---+--+----+---+---+--+----+-----ltHH 

100 l---+--+----1---+---+--+----+-----ltHH 

50 1---+--+----+---+---+--t----t-----lllltH 

25 >---+----+----+----+---+---+---+-----ll+iffl 

10 1---+--+----+---+----+---+---+-----ltHH 

20 40 60 80 100 120 140 160 
TORQUE OZ-INCHES 



E-720 

E-703 MG STANDARD FEATURES 

1 / 2 HP (see speed regulation graphs) 
Stainless steel shaft 
Separate motor and tach generator windings 
Temperature compensated generator 
Shielded ball bearings 
Bi-directional 
Mounting 

Flange 
Nema 56 

Die cast end caps 
Nickel chrome plate motor housing 

E-720 STANDARD FEATURES 

400: 1 speed range 5 to 2000 rpm rated maximum 
torque 17 inch-lbs 

Fi xed frequency pulse width modulated amplifier 
Adjustabl e ramp geneator 
Adjustable torque limit 
Single turn speed command potentiometer 
Flat plate chassis is designed for a Nema 1 or 12 

enclosure ( 14 x 12 x 8 inches in size) 
115 VAC 50/60 Hz . 

OPTIONS 

Speed torque readout 
Reverse-stop-forward switch (rotary) 
220 VAC 50/60 Hz transformer 
Adaptable to DC power supply 
Ten turn potentiometer 
Ten turn dial ( 1-3/8 diameter) 
Ramp time extended to 1.5 seconds 

E-703 MG 
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HOW TO READ THE 

SPEED REGULATION 

ZONE GRAPHS 

Selec1 the torque and 1pm 

ranqe the da1a ! 11'o of 

regula11onl is stated as a 

percentage ot the se1 

speed 

~ 99% o f set speed 

~98% of set speed 

t;}i{:~}fj 97% of se t speed 

- < 96% of set speed mm Intermittent duty 

only -consult ECC Eng1· 

neermg Application Dept . 

for add1t1onal data. 

SPEED REGULATION ZONES 
E-720 (703/796-MG) 

RPM 

75 150 225 
TORQUE OZ-INCHES 

275 
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Digital Positioning Systems 

At Electro-Craft we're always looking for ways to provide the 
control equipment that you need to improve your products or 
to upgrade your manufacturing operations. 

Now, there's a new dimension in position control available 
from Electro-Craft - The DPS Series Digital Positioning 
System. It's a product of our own special brand of creativity, 
innovation and design excellence. 

The system is composed of three basic1components. 

THE INDEXER 

The core of the system is the indexer itself. We offer a choice 
of two basic models with a variety of control panel options 
and position displays. Generally, however, the indexer accepts 
commands in the form of parallel or serial digital words. 
These commands can be entered manually be setting the move 
length, speed and direction with thumbwheel switches 
and push buttons located on the front panel. Or, they may 
be generated by a computer, micro processor or a remote 
control panel. 

The indexer loads the commands into memory locations 
within the unit and generates instructions to the motor control. 
The position and speed of the motor are fed back to the 
indexer allowing it to monitor the execution of the commands 
and make corrections where necessary. 

Circuits and inputs in the indexer provide overtravel protection 
as well as jog and automatic return to home features. Indexers 
are available with or without digital absolute position displays. 

THE MOTOR CONTROL 
Three standard motor control types are available depending on 
the servo motor you choose and the application that you have 
in mind. 

The motor control takes the signal level instructions from the 
indexer and provides the power to drive the servo motor. 
Regenerative energy protection and short circuit protection 
are standard features of Electro-Craft's motor controls. 

THE SERVO MOTOR 
With our Digital Positioning Systems, you can select from five 
standard high performance DC servo motors. With each you 
get smooth, jitter-free rotation even at speeds as low as five 
rpm. These motors, designed and manufactured by Electro­
Craft, represent the state of the art in permanent magnet 
motor design. They are designed for the highest possible 
torque to inertia ratio, for maximum acceleration capability, 
and to be free of resonances and cogging at all speeds. 

THE TOTAL SYSTEM 
The system design is based on Electro-Craft's vast experience 
in positioning systems. The design includes the lessons learned 
from over 1000 positioning systems installed over a six year 
period. The built-in flexibility enables us to provide, from 
stock, fifteen different performance ratings and over twenty­
eight control options. Together with custom modifications, 
1500 versions are available almost guaranteeing that we can 
provide a system to meet your exact needs. 

THE ADV ANT AG ES 
Electro-Craft's Digital Positioning Systems provide many 
advantages over other types of positioning systems. A few of 
the more important ones are: 

No external ramping of motor speed required. 

Acceleration and Deceleration are linear and indepen­
dently adjustable. 

Motor rotation is smooth and jitter-free even at speeds as 
low as 5 rpm. 

Position repeatability is better than four times the 
system resolution. 

The system is stable and free of resonances at all speeds. 

Shaft stiffness is very high, providing the full rated 
torque of the system for position errors of a fraction of 
a degree. 

The motor shaft does not vibrate or hunt between 
adjacent positions in the stopped mode. 

Torque output is independent of speed and load inertia. 

In combination, these components provide extremely accurate 
motion and position control for applications such as cut to 
length systems, scanning, machine tool feed drives and coil 
winders. All this provides you with standard, off the shelf 
positioning systems that can speed your production, increase 
your yield and improve the performance of your product. 

CONSTRUCTION AND DESIGN 
INDEXERS. Electro-Craft positioning indexers utilize a 
unique printed circuit card construction that eliminates all 
wiring from the equipment with the exception of the AC 
power cord. All external connections are made to connectors 
directly mounted on the printed circuit mother board. For 
convenience, pre-assembled cables with connectors are available. 

The design uses high noise immunity logic and a unique opto­
electronic position feedback encoder that provides much 
higher immunity to noise pickup and false positioning than 
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other conventional devices. All systems are thoroughly tested 
and "burned in" for 48 hours prior to shipment. 

MOTOR CONTROLS. These units employ a unique open 
modular construction designed to give maximum accessibility 
for set up and system debugging. All adjustment and 
compensation changes are accomplished using variable controls, 
eliminating the need to unsolder and change electronic com· 
ponents. The control is self-contained. It requires standard 
AC power rather than a DC power supply and external trans­
former as with other systems. 

The circuit design provides complete short circuit protection 
and a unique trip circuit to protect power components and 
minimize damage due to misuse or circuit failure . These 
controls are also "burned in" for 48 hours at full current prior 
to shipment. 

MOTORS. Electro-Craft servo motors include the latest in 
magnet , winding and insulation technology . Featuring U L 
Listed insulation systems, most motors are wound on automatic 
machinery to maintain consistent performance and quality 
levels. All .motors are thoroughly inspected and run -in for 24 
hours in both directions prior to shipment. 

DESIGNED FOR PROFIT 

The Electro-Craft DPS Series is designed with just one thing in 
mind: increasing your profits. Whether you use it in your plant 
or build it into your product, DPS can provide the following 
benefits . 

Improved Accuracy - This means less waste, higher yields, 
higher consistency in output. If you build DPS into your 
product, it probably means that you can upgrade the perfor­
mance specifications and get an edge on your competition or 
increase the value of your product. 

Higher Speeds - Increased throughput and higher production 
rates. Often replacing an existing system with DPS will 
eliminate a production bottleneck and help delay the need for 
a more expensive capital outlay. As with increased accuracy, 
increased speed adds to the marketability of your product 
when DPS is used as a component subsystem. 

Less Maintenance - A DPS will typically run for many years 
with no preventive maintenance and, in many cases, 
considerably longer. This means reduced downtime, less main­
tenance and fewer service visits to your customers. 

The following case hi stories outline three examples of how 
DPS was able to increase the profits by waste reduct ion, 
increased throughput and product enhancement. 
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CASE HISTORY #1 

WASTE REDUCTION 
Customer A was using a mechanical system 
to feed wire plated with a precious metal in­

to a machine which weaves it into a wire 
fabric. The mechanical system permitted a 

variation in the length of the wire of 1-2 
inches; consequently the feed length had to 

be set 2 inches longer than required and 
the wire trimmed after the weaving process. 
Resu It : thousands of do I I a rs worth of the wire 
was scrapped every year. The customer in-

stalled an Electro -Craft Digital Positioning 
System which enabled a feed accuracy of 

±0.005 inches which eliminated the trimming 
operation and eliminated the scrap. The 

Bottom Line- the system paid for itself in less 
than six months and generated increased 

profits of thousands of dollars per year. 
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CASE HISTORY #2 
INCREASED PRODUCTION 
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Customer B used automatic embroidery 
equipment to place monograms and custom 

emblems on garments. The system used 
a mechan ical drive to position the garment 

under the embroidery needles and was limited 
to a rate of 300 stitches per minute. Result : 

a typical garment took more than five 
minutes to embroider. An Electro -Craft 

Digital Positioning System with a positioning 
rate of 1000 stitches per minute was in ­

stalled, speeding up production by more than 
a factor of three. The Bottom Line -the 

Electro-Craft System increased the number 
of garments per hour by a factor of three 

and the solid state nature of the system en­
abled the machines to be connected directly 

to a computer, thus decreasing set-up time 
and yielding even more increase in profits. 
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CASE HISTORY #3 
PRODUCT ENHANCEMENT 

IH I 

Customer C manufactures automation equip­
ment for newspaper and magazine composing 

rooms. The biggest bottleneck in type 
composition was the conversion of the elec­

tronic signals representing type size, spacing, 
line length and actual alphanumeric charac­

ters generated by a computer into hard copy . 
Working with Electro-Craft's engineering 

staff, the customer developed a system which 
used a custom DPS to position a mirror which 

reflects the optically projected characters 
onto a photographic paper. The DPS was able 
to position the characters within thousandths 
of an inch at a rate of about 100 characters 
per second. The Bottom Line - the customer 

was able to bring to the market the fastest 
machine of its type and enjoyed a level of 

success that would ·not have been possible 
with a slower system. As a side effect, 

thousands of newspapers and magazines 
around the world were able to reduce the 

time involved and the cost of type setting. 
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PERFORMANCE SUMMARY 

Max Speeds up to 4000 rpm 
Max load inertia up to 0.500 oz. in. s2 

Max peak torque up to 1200 oz. in . 
Max RMS torque up to 375 oz. in. 

Max resol ution up to 1250 units per revolution 
Position accuracy and repeatability up to 4 times the resolution . 

10 

.1 

.01 

This data represents the best of what can be provided, there 
are trade ·offs between the various performance parameters. 

Consu lt the buying guide for detailed specifications of 
individual systems. 
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REMOTE ONLY INDEXERS 

These units take their position comma nds from a remote source pro· 
v ided by you. They can be remote mounted switches and push buttons 
or the output fro m a computer. 

REMOTE ONLY MODE L S _ _ _ RO _ 

Front Panel Front Panel Remote Remote 
Function Control 1 n dicator Input Output 

Pow er xx xx NI A NI A 
Standby/ Run NI A NIA xx NIA 
Move Length NI A NI A xx NI A 
Speed NI A NI A xx NI A 
Direct ion NI A NIA xx NIA 
Start NIA NIA xx NIA 
Motion Complete NI A NI A NI A xx 
Jog NI A NI A xx NIA 
Return Home NI A NI A xx xx 
Remote/ Local NI A NIA NI A NI A 
Digital Speed NI A NI A xx NI A 
Reset N/ A NI A xx NI A 
O ver Travel NI A NI A xx NI A 
Optional Position 

Display NI A NIA NI A xx 
N / A Control or indicator not available on this model. 



All control functions can be commanded from switches mounted on 
the front of the IND EXE A . Lighted push buttons are used to indicate 
the status of the system. A choice of models allows various combina­
tions of the input commands to be transferred from the front panel 
control to a remote sourc e by a local / remote switch . 

LOCAL ONLY MODEL ___ LO _ 

Front Panel Front Panel Remote Remote 
Function Control Indicator Input Output 

Power xx N/ A N/A N/ A 
Standby/ Aun xx xx xx N/ A 
Move Length xx N/ A N/A N/ A 
Speed x N/ A x N/ A 
Direction x xx x xx 
Start x N/A x N/ A 
Motion Complete N/ A xx N/ A xx 
Jog x N/ A x N/ A 
Return Home x xx x xx 
Remote/ Local x xx N/ A xx 
Digital Speed N/ A N/ A N/ A N/ A 
Reset xx N/ A xx N/ A 
Over Travel N/ A N/ A xx N/ A 
Optional Position 

Display N/ A xx NI A xx 
x Control or indicator that functions only when remote/ loc al switch 

is in appropriate position . 
xx Con trol or indicator that functions regardless of position of 

remote/ local switch. 
N / A Control or indicator not available on this model. 

LOCAL/ REMOTE MODEL ___ LR _ 

Front Panel Front Panel Remote Remote 
Function Control J ndicator Input Output 

Power xx N/ A NIA NIA 
Standby/Aun xx xx xx xx 
Move Length x NIA x NIA 
Speed x NIA x N/ A 
Direct ion x xx x xx 
Start x NIA x NIA 
Motion Complete NIA xx N/ A xx 
Jog x NIA x NIA 
Return Home x xx ' x xx 
Remote/ L ocal xx xx NIA xx 
Digital Speed NIA NIA x N/ A 
Reset x N/ A xx NIA 
Over Travel N/ A N/ A xx NIA 
Optional Position 

Display NIA xx NIA xx 
X Control or indicator that functions only when remote/ local 

switch is in the appropriate position . 
XX Control or indicator that functions regardless of position of 

remote/ local switch . 
N/A Control or indicator not available on this model. 

MOTOR CONTROLS 

The standard version o f t he m otor control is an o pen unit designed to 

be built into a mac h i ne or enclosure. 

Optional bench type, rac k type and Nema 1 2 industri a l en c losures 

are available. 

The m otor controls are completely self-contained f or o p erati o n from 
standard AC power and require no ex ternal transformer or power 

supply . 

> 
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ENCLOSURES 

Rack mount adapters and Noma 12 industrial enclosures can be 

provided for both thP. motor controls and indexers. 
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POSITION DISPLAYS 

Bright L.E.D. digital displays are available to indicate the absolute 
position of the system. Two displays can be driven from each Indexer 
and they can be mounted in the indexer enclosure or remote from it. 

. . . . . 



MOTORS 

Five different frame sizes are available to match your applications. 
Detailed performance data is available in the DPS buying guide . 

MT1450 

This is the highest performance motor in the line end is designed 
specifically for those applications where rapid acceleration is essential. 

MT400 

Like the MT1450, this motor is designed for rapid acceleration ; however, 
the MT400 is suited to applications where the load to be positioned is 
quite I ight. 

MT703 

This is the work horse of the line, It provides the highest torque rating 
and is used in applicat ions where the load to be positioned is re latively 
heavy. 

MT670 AND MT660 

These two motors are mid~range performance and are used where a light 
toad must be positioned at a higher speed . 
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Digital Positioning Systems -
precise motion and control and more. 

At Electro-Craft, we believe that providing you with depend­
able, precise motion control systems is only part of the job. 
You need a source you can rely upon; a manufacturer that can 
deliver what you need, when you need it. And, a manufacturer 
that stands behind the products it sells with service and 
technical support. 

Precision when you need it. 

All of the basic Digital Positioning Systems described in this 
brochure are in stock and can be delivered to you in a few 
weeks or less. Systems requiring modifications can usually be 
delivered within six to twelve weeks, depending upon design. 

Service and support, in depth. 

The Electro-Craft Applications Engineering Department is at 
your disposal to help you select the Digital Positioning System 
you need. They are experts who draw upon thousands of 
field applications and are thoroughly familiar with all Electro­
Craft products. And, you will lllso find that your local Electro­
Craft sales engineer can provide you with knowledgeable, 
on-the-spot assistance. 

Once you have found the system that fits your application, 
Electro-Craft field engineers can provide you with complete 

start-up assistance. And, after your system is in operation, 
you'll find that replacement parts and a complete field repair 
service are always available. 

WANT TO KNOW MORE? 

Send for the Electro-Craft Digital Position Systems buying 
guide. It's packed with detailed specifications and a complete 
price list. Or, if you are ready to get to work on your system, 
Applications Engineering assistance is available by contacting 
your local Electro-Craft Sales Office or by calling the plant 
direct at 612/931-2700. 

Case histories described in this section represent actual examples where DPS is being used or is under evaluation. 
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d'Arsonval 2-56 
DC motor theory 2-1 
Dead band 1-2 
Deceleration control 3-19 

1-2 

Decibel 
Demagnetization 

current 
Diagram, block 
Dielectric test 
Differential compound motor 
Digital codes 
Diode 

fly-back 
light-emitting 

Disc armature motor 
Disc, encoder 
Displacement 

1-4 
2-52, 5-12 
2-65, 2-76 

1-1 
1-2, 2-107 

2-12 
7-8 

6-12 
6-20 

2-57 
7-1, 7-7 

angular 1-10 
linear 1-9 
profiles 5'58 

Duty cycle 2-11 
Dynamic balancing and noise 2-49 
Dyn~mic braking 1-2, 3-9, 3-18, 5-19, 5-24 
Dynamic equation 2-17 

Eddy current losses 

Efficiency 
Electrical equations 
Electrical time constant 

Electro-optical switch 
Electromagnetic induction 
emf 
Encoder 

absolute 
incremental 
linear 
modular 
multi-turn 

End play 
Energy (work) 
Equation 

characteristic 
electrical 
dynamic 

Error, encoder 
Error size 

Fahrenheit-Celcius conversion 
Fall time 
Faraday, Michael 

2-30 

1-2, 1-10, 2-80 
2-16 

1-2, 1-11, 2-19, 2-78 

6-20 
2-3 
1-4 

4-19, 4-61, 7-1 ff 
4-20, 7-3 
4-19, 7-2 

7-4 
7-6 
7-6 

2-71 
1-9, 2-2 

1-1, 4-9 
2-16 
2-17 

7-15 
5-5 

A-23 
1-2, 1-8 

2-1, 2-4 



Feedback, capacitive 4-67 H type output stage 4-31 
Field weakening 1-2 Hall effect sensing 6-20 
Flux biasing 1-2 Hunting 1-2 

Flux density, magnetic 1-4 Hybrid motor 2-67 

Force 1-5 Hysteresis 2-31 

friction 1-4 
magnetomotive (mmf) 2-5 

Form factor 1-2, 6-22 Impedance 1-9 
Four-quadrant control 3-6 at stall 2-16 
Fractional hp motor 2-11 Incremental 

Frequency 1-4 encoder 4-19 
break 1-1 mode 5-2 
crossover 1-1 motion applications 5-58 
response 2-82 motion system 1-2 

Friction 2-31 motor selection 4-62, 5-63 

force 1-5 Inductance 1-6 

torque 2-74 selection 4-43 
Full load current 1-2 test 2-73 

Full load speed 1-2 Induction, electromagnetic 2-3 
Inertial match 1-2 

g 1-5 Inspection 
Gain 1-2, 1-4 generator (tachometer) 2-110 

loop 1-3 motor 2-87 
margin 1-2 Integral hp motor 2-11 

Gear ratio selection 4-73, 5-16 Inverse Laplace transformation 4-1, 4-2 
Generator (see also tachometer) 2-94, 6-34 

compensated 2-100 
dielectric test 2-107 Lag network 1-2 
inspection 2-110 Laplace transformation 1-5, 2-16, 4-1 
linearity 2-101,2-107 Lead network 1-3 
load effects 2-101 Lead screw 1-3 
moving coil 2-96 application 5-60 
output impedance 2-104 ball 1-3 
permanent magnet 2-96 drive 4-7_6 
ripple 2-104, 2-105 Light sensor 7-1 
shunt-wound 2-96 Light source 7-1 
stability 2-108 Linear acceleration 1-4 
stable 2-100 Linear displacement 1-9 
temperature coefficient 2-106 Linear Variation Differential 
temperature effects 2-99 Transformer ( L VDT) 4-19 
testing 2-104 Linear velocity 1-9 
troubleshooting 2-111 Linearity 1-3, 2-101, 2-107 
ultrastable 2-100 Load sensitive losses 2-29 
u ncom pen sated 2-100 Locking range 4-63 
voltage gradient 2-104 Loop gain 1-3 
voltage polari~y 2-104 Low-pass filter 4-61, 4-63 

1-3 



Magnetic circuit principles 2-4 mechanical time constant 1-3, 1-11, 2-19 
Magnetic field 2-11 4-67 

intensity 1-5, 2-5 metric 6-60 
Magnetic flux 1-11, 2-5 moment of inertia 2-72 

density 1-4, 2-3, 2-5 moving coil (see also Moving 
Magnetomotive force (mmf) 2-5 coil motor) 2-56 
MCM (trademark) 2-56 no-load current 2-75 
Mechanical time constant 1-3, 1-11, 2-19 no-load speed 1-3, 2-75 

2-79, 4-48 no-load voltage 2-75 
Metric motors 6-60 permanent magnet 2-11, 2-13' 4-85 
Metric system (SI) 1-12, A-1 printed 2-57 
Moment of inertia 1-5, 2-72, A-18 radial play 2-71 
Motomatic Control System resistance 2-73, 2-83 

Laboratory (MCSL) 6-66 self excited 2-11 
Motomatic Experimenter 6-68 servo application 4-85 
Motomatic Servo Control shaft runout 2-72 

Course Manual 6-68 shell armature 2-57 
Motomatic systems 6-42 shunt 2-11 
Motor speed regulation constant 1-3, 1-6, 2-28, 2-80 

air flow impedance 2-85 split-series 2-11 
applications 5-29 starting current 2-74 
brushless (see Brushless motor) stepper 6-31 
compound 2-12 straight-series 2-11 
constant 1-3, 1-6 testing 2-71 
DAARC 2-68 thermal characteristics (DC) 2-37 

DC servomotors 6-2 thermal resistance 2-83 

DC servomotors-generators 6-25 thermal time constant 2-84 

DC theory 2-1 torque constant 1-6, 2-45, 2-76 
demagnetization current 2-65, 2-76 torque ripple 1-3, 2-80 
differential compound 2-12 transfer function 1-5, 4-5, 2-17 
disc armature 2-57 troubleshooting 2-88 
efficiency 1-2, 1-10, 2-80 variable KT 2-66 
electrical time constant 1-2' 1-11 ' 2-19' 2-78 voltage constant 1-6, 2-45, 2-77 
end play 2-71 wound-field 2-4, 2-11, 2-66 
fractional hp 2-11 Mounting 

frequency response 2-82 generator (tachometer) 2-97 
friction torque 2-74 motor 2-48 
hybrid 2-67, 6-38 Moving coil generator (tachometer) 2-96, 2-105 
incremental motion 4-62, 6-32 Moving coil motor 2-56, 2-59, 6-24 
inductance 1-6, 2-73 armatures 2-58, 2-64 
inspection 2-87 demagnetizing current 2-65 
integral hp 2-11 ratings 2-59 
life 2-51 resonant phenomena 2-63 
low inertia 6-22 thermal properties 2-61 
magnetic field 2-11 
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Network incremental motion 2-34 
lag 1-2 Printed motor 2-57 
lead 1-3 Pulsed power 2-42 

Noise 2-49 Pulse frequency modulation 3-20, 6-21 
bearing 2-50 Pulse width modulation (PWM) 3-20, 3-22, 6-21 
brush 2-50 
dynamic balancing 2-49 Radial play 2-71 
side loading 2-50 Radio frequency sensing 6-20 

No-load current 2-75 Ratio, coupling 1-1 
No-load speed 1-3, 2-75 Reactance 1-9 
No-load voltage 2-75 Reaction, armature 1-1 

Recovery time 5-5 
Resistance 1-7 

Open-loop control 3-1, 3-2 armature 2-44 
Open-loop transfer function 4-9 temperature coefficient of 1-11 
Optimizaton 4-52 test 2-73 

capstan 4-78 Resonance 
coupling ratio 4-73 critical speed 2-64 
incremental motor 4-81 moving coil motor 2-63 
velocity profile 4-71 torsional 2-20, 4-29 

Output impedance, generator 2-104 Reversib.'~ speed control 3-18 
Output stage 4-31 Reversing time (theoretical) 1-8 
Overdamped response 4-27 RF sensing 6-20 

Ripple 
generator (tachometer) 2-104 

Permanent magnet generator moving coil tachometer 2-105 
(tachometer) 2-96 torque 1-3 

Permanent magnet motor 2-11, 2-13, 4-66 Root locus 4-8 
Permeability 1-10, 1-11, 2-5 Rotation 
Permittivity 1-10 clockwise 1-4 
PFM (pulse frequency modulation) 3-20 counterclockwise 1-4 
Phase angle 1-11 Runout, shaft 2-72 
Phase comparator 4-59 

Safe Operating Area Curve (SOAC) 1-3, 2-37, 2-60 Phase-locked servo system 4-59 
Phase margin 1-3 

SCR (thyristor) 3-1 

Phototransistor 6-20 amplifier 4-32 
Plot, Bode 1-1 controls 3-25 
Pole 1-3 switching 3-20 

shoe 2-54 Self-excited motor 2-11 
Potentiometer 4-18 Servo 4-1 
Power 2-2 amplifiers 4-31 

control methods 6-21 components 4-15 
pulsed 2-42 motor selection 4-66 
pump-up 6-15 phase-locked 1-3, 4-59 

Power dissipation 2-29, 2-32, 4-45 systems 4-21, 4-59 
constant velocity 2-33 theory 4-1 
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Settling time 
Shaft runout 
Shell armature 
Short circuit current 
Shunt motor 
Shunt-wound generator 
SI (metric) system 
Side loading noise 

1-8 
2-72 

2-56, 2-57 
2-31 
2-11 
2-96 

1-12, A-1 
2-50 

Silicon controlled rectifier (see SCR) 
Single quadrant control 3-7 

6-18 
2-57 
5-68 

Sinusoidal control 
Skeins 
Slewing 
Slew speed, rate (encoder) 
SOAC (safe operating area curve) 
Speed control 

7-1 i 
1-3, 2-37, 2-60 

bidirectional 
closed-loop 
open-loop 
reversible 
SCR (thyristor) 
unidirectional 

Speed, no-load 
Speed regulation 
Speed sensitive losses 
Speed stability 
Speed-torque curve 
Split-series motor 
Stability, generator 
Starting current 
Step motor 
Straight-series motor 
Switching amplifier 
Switching frequency 
System 

order 
stiffness 
troubleshooting 
type 

T type output stage 

3-6 
3-5 

3-1, 3-2 
3-18 

3-1, 3-25 
3-1 

1-3, 2-75 
1-3, 1-6, 2-28, 2-80, 5-17 

2-32 
5-18 
2-27 

2-11 
2-108 

2-74 
6-3, 6-31 

2-11 
3-20, 4-32 

4-45 

1-3 
1-3 

4-88 
1-3 

Tachometer (see also Generator) 
compensated 

4-31 
2-94, 4-17, 6-34 

2-100 
2-107 
5-24 

2-110 

dielectric test 
electronic 
inspection 

1-6 

linearity 
load effects 
moving coil 
output impedance 
permanent magnet 
ripple 
shunt wound 
stability 
stable 

2-101, 2-107 
2-101 

2-96 
2-104 

2-96 
2-104, 2-105 

temperature coefficient 
temperature effects 
testing 

2-96 
2-107 
2-100 
2-106 

2-99 
2-104 
2-111 
2-100 
2-100 
2-104 
2-104 

troubleshooting 
ultrastable 
uncompensated 
voltage gradient 
voltage polarity 

Temperature 
ambient 
coefficient 
conversion table 
hot-spot 

Testing 
generator 
motor 

Thermal 
equations 
flux 
resistance 
time constant 

Thyristor (see SCR) 
Time constant 

electrical 
mechanical 
thermal 

Torque 
constant 
conversion factors 
derating 
generation 
limiting 
meter 
ripple 
speed-torque curve 

Torque-Power-Speed 
Torsional resonance 

1-10, 1-11 
1-1 

2-106 
A-23 
2-11 

2-104 
2-71 

2-39 
1-7 

2-83 
1-11, 2-84 

1-2, 1-11, 2-19, 2-78 
1-3, 1-11, 2-19, 2-79,4-67 

1-11, 2-84 
1-8, 1-9, 2-1, 2-7 

1-6, 2-45, 2-76 
A-19 
2-46 

6-18 
3-17' 5-20, 5-24 

5-25 
1-3, 2-80, 6-28 

2-27. 6-27 
A-17, A-21 
2-20, 4-29 



Transfer function 1-3, 1-5, 2-17, 4-3, 4-5,4-8 acquisition 4-63 

4-9, 4-42 contro1 3-7, 4-21 
Transformer, linear variation differential linear 1-9 

(LVDT) 4-19 profile 2-34, 4-71 

Troubleshooting Viscous damping factor 1-4 
generator (tachometer) 2-111 Voltage 1-9, 2-6 

motor 2-88 amplifier 4-16 

systems and controls 4-88, 5-98 constant 1-6, 2-45 
gradient 2-104 
no-load 2-75 

Ultimate winding temperature 5-9 polarity 2-104 
Underdamped response 4-27 
Unidirectional control 3-1 Whip 2-65 
Unstable response 4-27 Wind.age 2-31 

Winding losses 2-29 

Variable KT motor 2-66 Work (energy) 1-9, 2-2 

Variac 3-1 Woul'ld-field motor 2-4, 2-11, 2-66 

Velocity Zero 1-3 
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