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Introduction
Motion systems have take many forms. Old fash-

been with mankind for millen-  ioned water wheels are early
nia and even primitive control  examples of motion devices.
systems have been around for ~ When man learned that the
afew centuries, But it has only  speed of the wheel could be
been in the last several decades controlled by changing the
that major advancements in amount of water that passed
truly controlled motion have under or over the wheel, the
been made. water wheel became a motion
Motion control systems control device.



Open Loop and Closed
Loop Systems

There are two basic types of motion
control systems, open loop* and closed
loop. All motion control systems have an
intended or desired motion for the load.
This desired motion is the basis for making
apart and is often the implementation of
the overall machine strategy.

If the actual motion of the load is
monitored and compared with the desired
motion, the motion control system is a
closed loop system. If the actual motion is
not compared to the desired motion the
system is open loop.

Figure 1 compares two conveyer
systems that are both intended to move
200 pounds of material from the lower pile
into the container.

The open loop system simply turns on

Material £
Supply

the conveyer motor for a period of time.
Under ideal circumstances, this period of
time will allow the conveyor to deliver 200
pounds to the container. If there is a steady
material supply, and if no material falls off
the conveyer, and if the conveyer operates
at a constant speed, the motion control
system will meet the objective.

The closed loop system includes a
weighing system that turns on the conveyer
motor until it senses that 200 pounds of
material have been delivered to the
container. The weighing system verifies
that the desired motion—moving 200
pounds of material to the container—was
actually accomplished. This verification of
actual motion to desired motion is the key
to closed loop systems.

Fill this
container
with 200 Ibs.

Fill this
container
with 200 Ibs.
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Figure 1

*NOTE: words in boldface type are defined in the Glossary, p. 16.
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The focus of this publication is motion
control systems using electric servos. The
word servo is actually an abbreviation of
the word servomechanism which,
according to Webster, is defined as an auto-
matic device for controlling large amounts
of power by means of very small amounts
of power and automatically correcting
performance of a mechanism. The closed
loop servo systems detailed here are built
around electric motors.

In addition to the electric motor, there
are three other major components in a
servo system: amplifier, a feedback device,
and a comparator. These provide the
control features of closed loop servo
systems.

The amplifier provides the electric
impulses to the motor to generate mechan-
ical motion. The feedback device monitors
motor motion and reports back to the
comparator what the motor shaft is doing.
The comparator looks at what the motor is
doing (feedback) and compares this against
what the motor should be doing
(command). If there is a difference, the
comparator directs the amplifier to change
the signal going to the motor in such a way
as to minimize the difference. This config-
uration of using a feedback device for com-
parison is the basis for most closed loop
servo systems. It should be noted that not
all motion control systems are closed loop.

Before discussing the electric servo
in greater detail, let's look at some basic
design considerations for motion control
systems in general. Following that, a brief
description of other types of actuators and
their uses in motion control systems will be
given to provide a basis for comparison.

Design Basics for
Motion Systems

There are a number of parameters to
consider when applying a motion control
system.

Speed: How fast does the controlled
device have to move? This
parameter is typically specified
in RPM (revolutions per minute)
or IPM (inches per minute). It
can also be expressed as the
time it takes to move from point
A to point B.

Torque: How hard does the motion con-
trol device have to work to move
the load? This parameter is
expressed in rotational units as a
force through a lever arm such
as Lb-Ft (pound feet). It can be
obtained by translating the
linear force to move the load to
rotational units depending on the
type of mechanical system used.

Accuracy: How close to the ideal motion
path does the motion control
system have to conform? How
close does it have to be to the
ideal end position when it comes
to rest? This parameter is often
expressed as an error between
actual position and the desired
position. The error units are
typically degrees in rotary
systems or inches in linear
systems.

There are traditional notions about
motion control systems that are based on
fact such as:

1. A system that requires high torque or
power will typically be a slow speed
system.

2. A very precise or accurate system will
typically run slowly and be low torque.
3. A high speed system will be less reliable
than a low speed system, due to the wear

and tear on components.

4. A system that is required to do complex
motion is more complex and therefore
requires more engineering expertise to
design.



As motion control system technology
advances, the limitations of speed, torque
and accuracy have become less compro-
mising. Still, there are clear divisions
among the various motion control systems
and applications will often dictate which
type of system best meets the need.

Motion control systems can be classi-
fied as performing either linear or rotary
motion. Often the component that actually
provides the force for motion is called the
actuator. A motor is an example of a rotary
actuator, an air cylinder is an example of a
linear actuator. Rotary actuators are often
used in linear motion systems.

A wide range of technologies is avail-
able to transform rotary motion to linear
motion and vice versa. Devices such as
ballscrews/leadscrews, rack and pinions
gears, conveyers, chain and sprockets, and
belt and pulleys are used as conversion
mechanisms. Keep in mind that the follow-
ing concepts can be applied to both linear
and rotary motion control systems,

Types of Actuators

This section will describe several of
the more common motion control systems
technologies used in current industrial
applications.

e Air motors and air cylinders

¢ Hydraulic motors and cylinders
e Clutch brakes

® Stepper motors

® AC induction motors

e DC brush-type motors

® Servo motors

Let's quickly review the characteristics of
each of these types.



Air Motors and Cylinders

Air actuators use compressed air to
move a piston for linear motion or turn a
turbine for rotary motion. Responsiveness,
speed and power (torque) are determined
by air pressure and flow rate through the
actuator. The greater the pressure, the
greater the torque; the greater the flow, the
higher the speed. While pneumatic pres-
sures are commonly less than 150 pounds
per square inch, increasing the bore of the
cylinder or the displacement of the turbine
can increase the amount of power.

Industrial applications of pneumatics
are far more prevalent in linear motion
systems that use simple cylinder mech-
anisms. It should also be noted that most
pneumatic systems are open loop systems,
that is to say they do not take advantage of
a feedback device to create more precise
motion, The principal reason for not using
feedback is that air cylinders can be used in
a broad range of two-position type applica-
tions and do not require the extra expense
of feedback.

Principal strengths:

1. Low cost components that are readily
available.

2. Easy to apply for simple applications.

3. Easy to maintain and modify.

4. Broad historical base so more people
understand what makes it work.

5. Limiting force output by limiting air
pressure is a common technique for
setting stops on a mechanism.

6. Centralized power source (compressor)
and simple non-hazardous plumbing to
distribute power.

Principal weaknesses:

1. Audible noise from compressors and
actuators.

2. Difficult to control speed or acceler-
ation, especially with changing load
requirements.

3. Prone to contamination with oil
and water.

4. Difficult to control lubrication
requirements,

5. Energy inefficient due to losses in
compressor and plumbing.

Hydraulic Motors and Cylinders

Hydraulic actuators use a fluid under
pressure—usually oil—to move a piston or
turn a turbine or crankshaft. Responsive-
ness, speed and power (torque) are deter-
mined by fluid pressure and flow rate
through the actuator. The greater the pres-
sure, the greater the torque; the greater
the flow, the higher the speed. Hydraulic
pressures are commonly greater than 1500
pounds per square inch, giving a hydraulic
motion control system a tremendous
amount of torque or force.

Industrial applications of hydraulics
can be closed or open loop in linear or
rotary systems. Most hydraulic systems are
used in applications where brute power is
needed. The very nature of the tremen-
dous forces involved tend to limit its uses
only to processes requiring a lot of force.
Pressing, bending, molding and lifting
or pushing heavy objects are typical
applications.

Principal strengths:

1. Easy to apply for simple applications.

2. Very high forces or torques can be
generated in small spaces.

3. Limiting force output by limiting oil
pressure is a common technique for
setting stops on a mechanism.

4. Centralized power source (pump).

Principal weaknesses:

1. Audible noise from pumps, valves,
filters, and actuators.

2. Difficult to control speed or acceler-
ation, without using sophisticated,
expensive valves and regulators.

3. Hydraulic actuators tend to move slowly.

4. Prone to leaks and difficult to connect
the high pressure plumbing required.

5. Hydraulic systems tend to be energy
inefficient because the pump runs
whether motion is needed or not.

6. Hydraulic oil fire hazard.

7. High maintenance of pumps, filters,
valves and plumbing.



Clutch Brakes

Clutch brake actuators are devices
that couple the load to be moved onto a
continuously rotating shaft for a period of
time, then uncouple and bring the load to
rest. Clutch brake systems transmit torque
to the load rather than generate the torque
to a load like the previously described actu-
ators. By varying the on-time of the clutch
brake, varying distances are traversed by
the load. Since the clutch brake simply
couples the load to a rotating shaft, the
distance the load traverses will vary with
shaft speed.

Most industrial applications of clutch
brake systems involve rapid start/stop
motions. The other major use of clutch
brake systems is to couple a load to a main
line shaft of a machine. Since the load
speed is the same as the line shaft speed,
many machine functions can be coupled
and uncoupled while maintaining overall
line speed synchronization.

Principal strengths:

1. Easy to apply for simple applications.

2. Very low comparative cost.

3. Good for rapid start-stop applications
with light loads.

4. Provide exact speed matching for
synchronized line shaft applications.

5. Control large loads with small control
signals.

Principal weaknesses:

1. Uncontrolled acceleration and
deceleration.

2. Difficult to control positioning accuracy.

3. Clutch brake surfaces are friction
surfaces prone to wear.

4. Heat build-up causes non-repeatable
performance.

5. High repetition rates tend to cause
shock loading of prime mover shaft.

Stepper motors

A stepper motor is an electromechan-
ical device that works by dividing shaft
rotation or linear displacement into
discrete distances called steps. Each step
represents an interaction between
magnetic poles within the motor. The
magnetic structure is designed to be
incremental in nature; a pulse to the motor
causes the armature to move one complete
step. The length of each step is determined
by the number and spacing of the magnetic
and wound fields of the motor. Most
stepper motors used in industrial applica-
tions have 200 to 400 steps per revolution.

The very design of the stepper motor
as an incremental device lends itself to
today's digital control technologies. A pulse
applied to the motor causes a fixed mechan-
ical increment of motion to occur. Control-
ling the frequency of the pulse train applied
to the motor gives precise speed control.
By merely counting the number of pulses
applied to the motor, the mechanical
distance traversed is known. This digital
approach to motion control yields a very
simple yet potentially precise open loop
(no feedback) system.

The open loop nature of these simple
systems is also the primary weakness of
the system. The digital controller can pre-
cisely count the pulses to the motor but it
assumes that the motor moved an equal
number of steps. If for some reason the
load was not smooth, such as a rough spot
in a slide, the motor may not have enough
torque to overcome it. If the motor misses a
step the digital controller assumes it has
been made and positional inaccuracies
result.

A stepper motor moves in discrete
steps and at low speed (pulse rate) the
motor actually moves and comes to rest
during each pulse. As the pulse rate
increases the motor shaft may be coming
to rest just as the next pulse to move
arrives. This interaction can cause vibra-
tion of the shaft at certain pulse rates. This
vibration is called resonance and can be
severe enough to stall the stepper motor,
causing complete loss of torque and position



The latest model stepper systems try
to control this characteristic with advanced
electronic drivers that electronically break
the natural step sizer of the motor into
smaller sizes. This micro stepping provides
smoother operation because the motor
does not try to come to rest between each
step. The small electronically generated
steps also provide greater positional accu-
racy and resolution.

Principal strengths:

1. Simple motor control means for digital
control systems.

2, Moderate cost for medium performance
systems,

3. Good for applications with a constant
load.

4. Provide good positional accuracy both at
rest and while in motion.

5. Wide variety of products and vendors
available.

Principal weaknesses:

1. Prone to losing steps in higher speed
applications.

2. Not practical for widely varying loads.

3. Energy inefficient because windings
must be energized even if the load does
not require torque in order to maintain
the step position.

4. Motor size is relatively large for the
amount of torque output.

5. Resonance.

AC Induction Motors

The most commonly used motor in
industrial applications today is the simple
AC induction type motor. The motion
control application that requires gross on/
off motion or coarse speed control can
take advantage of these basic actuators,

The AC motor described here is the
AC induction or squirrel cage-type motor
with which most industrial people are
familiar. The motor construction, very
simple and well tooled over the past 4
decades, provides for low cost and reliable
operation. The control devices used with
this type of motor are also mature, straight-
forward technology. Electric switching
devices called starters are used to simply
connect the motor to the utility power. The
starter provides the switching and overload
protection for the motor and load. AC
induction motors have no wear parts
except bearings.

Modern control technology is now
providing the means to control the speed
of AC induction motors. These electronic
control packages are called variable
frequency drives. They change the speed
of the motor by changing the line
frequency being applied to the motor.

Principal strengths:

1. Simple motor for general motion control
applications.

2. Low cost and mature technology.

3. Straightforward on/off control with
starters.

4. Coarse speed control becoming
affordable.

5. Simple wiring,

6. Wide variety of products and vendors
available.

Principal weaknesses:

1. Severely limited control of speed and
stop/start which limits its usefulness in
position control.

2. Motor size is relatively large for the
amount of torque output.




DC Brush-type Motors

Another commonly used motor in
industrial applications is the simple DC
permanent magnet or wound field motor.
Motion control applications that require
onloff motion with speed control can take
advantage of these basic actuators.

Wound field and permanent magnet
field brush-type DC motors are basically
the same except for the way they produce
the magnetic field in the outer housing of
the motor (stator). The permanent magnet
motor uses permanent magnets to produce
the stator field. The wound field motor
depends on electric current passing
through stator windings to produce the
magnetic field. The permanent magnet
type is generally used for motors that
produce less than 5 horsepower. The
wound field types are harder to manufac-
ture and therefore more expensive, but are
available in sizes over 100 horsepower.

The rotor, or rotating member
connected to the shaft, is constructed
using windings placed on magnet poles.
The windings require electrical current to
provide the torque to the shaft. An elec-
trical switching device called a commu-
tator is used to transfer the electrical
current from the stationary motor housing
to the moving rotor windings. Commuta-
tors are generally constructed by using
stationary carbon brushes that slide on
rotating copper bars on the rotor.

The speed and output torque of these
motors can be easily controlled by elec-
tronic packages called DC drives. This
control technology is also mature and
reliable. The speed control range is gener-
ally 100 to 1 with very limited performance
at speeds below 100 RPM. By adding feed-
back devices to measure the motor shaft
speed, speed regulation can be controlled
to within 1 or 2%.

Principal strengths:

1. Simple motor for speed control
applications.

2. Low cost and mature technology.

3. Variable speed DC drives are readily
available.

4. Very large size motors are cost effective.

5. Simple wiring.

6. Wide variety of products and vendors
available.

Principal weaknesses:

1. Limited control of speed and stop/start
which limits its usefulness in position
control.

2. Both permanent magnet and wound
field motors use brushes which are a
wear item that requires maintenance.

3. High speed torque output is limited due
to the sliding electrical contact made
through the brushes.



Servo Motors

The term servo motor implies that this
motor will be used in a high performance
motion control system with a feedback
device of some kind.. .. a closed loop
system. The basic principles used in servo
motors are similar to the AC and DC
motors described previously. The main
difference is that a servo motor is opti-
mized in the following ways:

1. Size and weight of the rotor is reduced.
This is done to minimize the inertia.
Inertia is a physical parameter...a
resistance to high acceleration and
deceleration of the rotor. The smaller
and lighter the rotor the faster it can
change speed.

2. Heat build-up within the motor is mini-
mized. Fins and special materials are
used to dissipate heat to the surrounding
air or mechanical structure. Motor parts
are built with special high temperature
materials.

3. Virtually all servo motors are built with
provisions to mount feedback devices
right into the motor. Feedback devices
like tachometers to measure shaft speed
and encoders or resolvers to measure
shaft speed and position are commonly
mounted inside the motor housing.

The most commonly used servo
motors in industrial motion control appli-
cations are DC permanent magnet brush-
type, DC permanent magnet brushless type
and AC induction type.

Advances in power electronic devices
have played a major role in the growth of
permanent magnet brushless and AC
induction servo motors. The elimination of
the sliding brush contacts used in brush-
type commutators has increased motor
performance and reliability. The winding
switching role of the brush-type commu-
tator has been replaced with electronic
switching devices.

Principal strengths:

1. High performance for speed and posi-
tion control.

2. Small size relative to output torque.

3. Supported by a wide variety of motion
control components.

4. Speeds up to 30,000 rpm are available
with specialized motors and electronic
controls.

Principal weaknesses:

1. Relatively high cost.

2. High performance motors are limited
to under 30 horsepower, principally by
electronic control limitations.

3. High speed torque output is limited
due to the commutator or electronic
packages.



Electric Servo System
Concepts
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Figure 2 shows a typical closed loop
electric servo motor-based motion control
system. The system shown is a rotary
system. The concepts discussed apply
equally to linear systems. The major
components are:

1. Servo Motor—Converts winding current
to mechanical torque, producing the
“motion” in the motion control system.

2. Position Transducer—Transmits motor
shaft position feedback to the
comparator.

3. Comparator—Receives and compares
two signals. The position feedback from
the position transducer is compared to
the command position signal. The
output from the comparator is the differ-
ence between the two and is called the
position error.

4. Servo Amplifier—Converts the compar-
ator output signal (position error) to
current which is applied to the servo
motor winding. The output of the servo
amplifier is connected in such a way as to
minimize the position error signal by
causing the servo motor to rotate in the
direction that vields zero error.

5. Command Signal Generator—Provides
the desired or command position signal
which tells the motion control system
how to move.

The major components are connected
to provide movement of the motor shaft
that is the same as the command position
signal. The system components provide the
means for a design engineer to turn a
motion concept into a working system.

The block diagram shown in Figure 2
is the basis for a broad variety of systems.
The basic concept used here is called nega-
tive feedback. The output of the system—
the actual motor position—is measured
and compared to the commanded position.
The goal is to make both positions the
same—zero error.

Assume that the system has been
turned on with the motor shaft at 0 deg
and the command generator at 0 deg. The
system would be at rest. There would be
no motion. The comparator compares the
0 deg command with the 0 deg position
feedback. The result of that comparison is
called position error. In this case it is 0,
so the amplifier would not produce any
impulses to move the motor. The system
is at rest.



Now let’s assume that some outside
force or torque moves the motor shaft 1
deg CW (clockwise). The position feedback
signal is now 1 deg CW but the command
signal is still 0 deg. The comparator detects
this difference and responds by command-
ing the amplifier to produce CCW (counter-
clockwise) torque.

The CCW torque turns the motor
shaft CCW in response to the outside
torque which moved the shaft CW, Since
the system activity is continuously moni-
tored, the motion of the shaft in the CCW
direction is sensed by the comparator. It
responds by decreasing its position error
signal to the amplifier. As the motor rotates
back to its 0 deg position, the position
error decreases until the motor shaft is at 0
deg. The comparator’s output is 0, and the
system is at rest.

The same sequence of events occurs
in reverse if the motor shaft is displaced in
a CCW direction. All closed loop servo
systems use components that are bi-direc-
tional and provide equal response in both
the CW and CCW directions.

Again assume that the system is at
rest. The motor shaft position is 0 deg and
the command position is 0 deg. Now let’s
cause the command generator to produce
acommand of 1 deg CW.

The comparator responds with a posi-
tion error that causes the amplifier to
produce CW torque and therefore CW
shaft motion. As the motor shaft moves
toward 1 deg CW the position feedback
signal moves towards 1 deg CW and the
comparator reduces the position error
signal or difference. When the motor shaft
reaches 1 deg CW the position feedback is
1 deg CW. The comparator position error
is 0, thereby yielding zero motor torque.
The system is again at rest but at a new
position. A 1 deg CCW position command
signal yields a similar but reversed response
from the closed loop servo system and
the shaft would be at rest at 1 deg CCW,

The system response to both a shaft
disturbance and a command signal change
is very similar. The output shaft of the
motor moves in such a way as to make
the motor shaft position equal to the
commanded position. It follows that if
the command signal was changed to any
degree position, the system would respond
by moving the motor shaft to that com-
manded position.

Real world servo motion control
systems have certain limitations that do not
yield the ideal performance described
above. Some of the most common limita-
tions are:

1. The amplifier and motor have limits as
to how much power (torque) they can
produce. If the motor shaft load is more
than can be overcome by the motor and
amplifier, the system will stall.

2. The comparator and feedback devices
are not perfect and cannot detect
changes in shaft position that are less
than a hundredth of a degree. (+ .01
degrees) This limitation produces motor
shaft position errors that are not
detected and therefore not responded to.

3. All servo system components have limita-
tions on how rapidly they can respond to
changes. This limitation can cause the
motor shaft to respond imprecisely to
rapid command sequences or changes
inload. In the extreme case the system
can become unstable; system response
may be so slow that by the time it
responds, the motor shaft may already
be moving in a different way. This type of
problem is called instability or oscilla-
tion and can actually cause the system to
never come to rest or remain hunting for
the commanded position indefinitely.

To a large extent, all of these system
limitations can be compensated for in the
design of an actual motion control system.
Systems with positional accuracies of a few
millionths of an inch are possible within
today’s design capabilities.
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Figure 3 shows an expanded block
diagram of a typical motion control system.
The key element added is the micropro-
cessor. No single component has enhanced
motion control technology like the applica-
tion of a microprocessor to the command
generator section. The microprocessor
can provide both simple and complex

commands to the comparator section.

These commands, as was shown
earlier, provide precise movement of the
motor shaft. The microprocessor can store
a group of commands in its memory and
execute them in a sequence or as indi-
vidual commands based on logical deci-
sions concerning external events.



Input/output P Operator
/0 Communications nierface !
A
¥
omm
Cposiiig:d Command |
signal | Microprocessor
generator
-— :
Position
Comparator S 2= ar%?:rlrﬁger =
_/ I/ Servo
A motor
Position feedback \
Position
transducer
Figure 4
Figure 4 expands further on the a particular part. This type of coordi-

motion control system block diagram. The

microprocessor’s role has been expanded
to control and coordinate the functional
relationships between the motion require-
ments, machine input/output, commu-
nications with other devices and the
human or operator interface. In many

applications this coordination requirement
is just as demanding as the motion control.

1. The input/output or I/O functions of a
motion control system usually involve
interfacing with the balance of the
machine. Push buttons, limit switches,

indicator lamps and solenoids are exam-
ples of 1/0 functions frequently required

in industrial applications. Another use
for I/O in motion control systems is the
interface to other machine control

devices such as industrial Programmable

Logic Controllers (PLC).

2. Modern industrial control systems may
have a system or host computer that
coordinates the activities of many types

of industrial controllers, Motion, tempera-

ture, logic and measurement systems
may need to be coordinated to produce

nation is typically done by linking all
these controllers to the host computer
via communication ports on the various
controllers. Communications between
industrial controllers is presently one of
the most debated topics in the industry.
Hardware configurations and commu-
nications protocols are still not fully
standardized from vendor to vendor and
user to user.

. The human or operator interface allows

the motion controller to “talk” to the
operator. Typical operator interface
devices are:

® Push buttons

® Indicator lamps

® Thumbwheel switches

® Alpha numeric displays

® Keypads

® CRT terminals

These devices are located near the
machine operator and are used by the
operator to make changes in the motion
control process, such as speed or
distance. They also allow the operator
to monitor the motion controller, by
providing diagnostic and data messages.



A multi-axis motion control system is
shown in Figure 5. In some applications it
is necessary to coordinate the motion of
two or more axes to create a complex part.

As can be seen in Figure 5, a multi-
axis servo controller can be configured
around a single microprocessor that gener-
ates the motion commands for all the axes
as well as tend to the 1/0, communications
and operator interface. This single micro-
processor strategy is somewhat limited
when managing high speed applications
because the microprocessor has to handle
a wide variety of tasks at once.

For example, if two of the motors are
moving, the microprocessor is generating
two motion commands, While generating
these commands, a host computer may
send over a request via the communications
port and the operator may be requesting a
change to start up the third motor. It is
easy to see that as the number of requested
activities goes up, the microprocessor has
less time to spend with each individual
task. This type of microprocessor, time-
management bottleneck is one of the most
challenging engineering software problems
for the motion control design engineer.
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The block diagram in Figure 6 is
expanded again to reconfigure the pieces
of a modern multi-axis motion controller.
Here a master processor has been added
and each motion control axis has its own
microprocessor for command generation.

This configuration allows higher speed
and increasingly complex applications to
be handled without running into the time-
management bottleneck. The master
processor tends to the 1/0, communica-
tions and operator interface. The difficult
task of command generation has been
downloaded to the individual axis micro-
processors. This configuration can also
better handle multiple axes.

The modern motion control system is
much more complex than the overview
presented here. In reality the micro-
processor is required to do other tasks
not covered here, such as:

1. Monitor and report on the internal oper-
ation of power supplies, memory, high

speed logic operations etc.

2. Monitor and report motion control
errors such as motor or amplifier over-
loads, hardware failures, disconnected
wires or servo runaway.

3. Communicate with the outside world of
host computers and operator interface
devices with a myriad of formats and
protocols.

4. Monitor and tune the servo response
parameters so the motor amplifier is
stable and provides smooth operation.

All of these tasks must be done
continually to provide a solid motion
control system that is reliable and easy to
use. The advances in micro electronics and
power electronics continue at a rapid pace,
forcing manufacturers to produce a new
product every two to three years so as not
to be left behind in the industry.



This rapidly changing motion control
marketplace provides challenges and
opportunities for vendors and users alike.
The opportunities lie in applying modern
motion control systems to the factory
production floor and reaping the benefits
of increased productivity and quality. The
challenges involve keeping up with a tech-
nology that is new to many and rapidly
changing. Users must be willing to make an
investment in time and energy to keep
current with the state of the art.

Industrial Indexing Systems, Inc. has
been providing industrial motion control
systems for over ten years. We led the
industry by shipping the first micro-
processor based motion control system
over eight years ago. IIS continues to lead
the industry with a complete line of motion
control system products.

The system philosophy at IS means
that all aspects of the motion control
requirements are analyzed and specified.
The system philosophy means we can
supply a completely tested system with
motors, controllers, software, documen-
tation and NEMA enclosures. The system
philosophy means no unpleasant surprises
when you integrate our motion control
system into your application.

1IS can provide additional higher level
applications-oriented documents, product
brochures, capabilities guides, computer
assisted motor/amplifier selection and
technical manuals to help guide the user to
a successful motion control application.

The SERVO MOTION CONTROL
SELECTOR GUIDE has been included for
your reference. This guide gives an over-
view of the products and services offered by
Industrial Indexing Systems, Inc.

Call or write our applications engineering
staff today.

Industrial Indexing Systems, Inc.
626 Fishers Run
Victor, New York 14564
(716) 9249181
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GLOSSARY

Actuator—a device which creates mechan-
ical motion by converting various forms of
energy to mechanical energy.

Closed Loop—a regulating device in which
the actuator position is sensed, and a
signal proportional to this position (feed-
back position) is compared with a signal
proportional to the desired actuator posi-
tion (command position). The difference
between these signals is the error signal.
The error signal causes a change in the
actuator so as to force this difference to

be zero.

Command Position—the desired angular
or linear position of an actuator. The
command position is typically a signal that
represents a realization of a motion control
strategy.

Command Signal Generator—a device
that supplies a command position signal to
an automatic control system. This signal
represents the desired motion of the actu-
ator that is required to accomplish a task
such as making a part. This signal is
usually in the form of an electrical signal.
Communications—the transmission of
information from one device to another.
The information can take many forms such
as command signals, device status and fault
conditions.

Commutator—the part of the rotating
armature of a motor that causes the elec-
trical current to be switched to various
armature windings. The proper sequenced
switching of the windings create the motor
torque. The commutator also provides the
means to transmit the electrical current
from the stationary body of the motor to
moving rotor.

Comparator—a device where the feedback
signal is subtracted from the command
signal. The difference output of the
comparator is called the error signal.

DC Drive—an electronic control unit for
running DC motors. The DC drive
converts AC line current to a variable DC
current to control a DC motor. The DC
drive has a signal input that controls the
torque and speed of the motor.
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Encoder—a type of feedback device which
converts mechanical motion into electrical
signals to indicate actuator position.
Typical encoders are designed with a
printed disc and a light source. As the disc
turns with the actuator shaft, the light
source shines through the printed pattern
onto a sensor. The light transmission is
interrupted by the patterns on the disk.
These interruptions are sensed and
converted to electrical pulses. By count-
ing these pulses, actuator shaft position is
determined.

Host Computer—a computer system
whose function is to monitor and coordi-
nate the processes of other devices. A host
computer will typically coordinate motion
control functions as well as their interac-
tion with other machine processes.

I/0 (Input/Output)—the reception and
transmission of information between
control devices. In modern control
systems, 1/O has two distinct forms. In one
it refers to switches, relays etc. which are in
either an on or off state. In the other form,
110 refers to analog signals that are contin-
uous in nature such as speed, temperature,
flow etc.

Inertia—the measure of an object’s resis-
tance to a change in its current velocity.

Instability—undesirable motion of an actu-
ator that is different from the command
motion. Instability can take the form of
irregular speed or hunting of the final rest
position.

Line Shaft—a shaft rotated by the primary
motor drive. The line shaft transmits power
from the motor to a load or series of loads.
In the multiple load case, the loads are
synchronized to one another because they
are connected to the common shaft.
Microprocessor—a miniaturized computer
system that executes instructions in a
sequential manner. The sequential
instructions form a control strategy for
devices that may be connected to the
system. The sequential instructions are
loaded into the microprocessor and can be
easily changed or modified. Modern micro-
processors are small electronic devices that
execute a wide range of instructions at
speeds as high as 1,000,000 instructions
per second.



Micro Stepping—In stepper drive systems,
the actuator will have a fixed number of
electromechanical detents or steps. Micro-
stepping is an electronic technique to
break each detent or step into smaller
parts. This results in higher positional
resolution and smoother operation.
Multi-axis Control System—is a system
designed to control more than one actu-
ator. This type of controller allows the actu-
ators to work independently or as a coordi-
nated group to perform more complex
tasks.

Negative Feedback—a process where the
actuator output signal is subtracted from
the input command signal. This difference
is used by the system to move the actuator
in such a way as to force the difference

to zero.

Open-loop System—a system where
command signal results in actuator move-
ment but the movement is not sensed and
therefore not corrected for error. Open
loop means no feedback.

Operator Interface—a device that allows
the operator to communicate with a
machine. This device typically has a
keyboard or thumbwheel to enter
instructions into the machine. It also has
adisplay device that allows the machine
to display messages.
Oscillation—undesirable motion of an
actuator that is different from the
command motion. See instability.
Programmable Logic Controller—an elec-
tronic device that scans on/off type inputs
and controls on/off type outputs. The
relationship between the inputs and
outputs are logical statements that are
programmable by the user.

Position Error—the difference between
the present actuator position (feedback)
and the desired position (command).
Position Feedback—present actuator posi-
tion as measured by a position transducer.
Resonance—vibration of a stepper motor
caused by an interaction of the current
pulses moving the motor and the load.
When the vibration frequency and the
current pulses are the same frequency,
loss of actuator torque and accurate posi-
tioning occur.

Resolver—a type of feedback device which
converts mechanical position into an elec-
trical signal. A resolver is a variable trans-
former that divides the impressed AC
signal into two sine and cosine output
signals. The amplitude of these two signals
represent the absolute position of the
resolver shaft.

Rotor—the rotating part of a magnetic
structure. In a motor, the rotor is
connected to the motor shaft.

Servo—an automatic control device for
controlling large amounts of power by
means of very small amounts of power and
automatically correcting the performance
of the mechanism. Servo systems are
closed loop systems.

Servo Amplifier—an electronic device
which produces the winding current for a
servo motor. The amplifier converts a low
level control signal into high voltage and
current levels to produce torque in the
motor.

Servo Motor—an actuator which converts
electrical energy (winding current) to
mechanical energy (torque). Servo motor
construction is optimized to provide maxi-
mum torque with minimum rotor inertia.
Starter—an electrical control device used
to connect standard line voltage to an AC
type motor. The starter also contains
protective devices that break the line
voltage should an overload occur.
Stator—the non-rotating part of a
magnetic structure. In a motor the stator
usually contains the mounting surface,
bearings and non-rotating windings or
permanent magnets.

Tachometer—a device attached to a
moving shaft that generates a voltage signal
directly proportional to rotational speed.
Variable Frequency Drives—a electronic
device used to control the speed of a stan-
dard AC induction motor. The device
controls the speed by varying the
frequency of the winding current used

to drive the motor.
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