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Galil’s brand new 2003 Motion Con-
trol Catalog has been re-designed and
re-formatted to make it even easier
for you to find the right controller for
your motion applications. It’s available
at no cost and can be shipped immedi-
ately. Just request your catalog now at
http://www.galilmc.com/products/
catalog.html, or download the pro-
duct specifications of your choice.

The 2003 catalog provides compre-
hensive technical specifications and
pricing for Galil’s complete line of
motion controllers. It also includes a
convenient controller selection matrix
that makes it easier to choose from
Galil’s array of single or multi-axis,
bus-based or stand-alone, and box-
level or card-level controllers. Available
interface options include PCI, ISA,
PC/104, VME, cPCI, USB, RS232 and
Ethernet.  Controllers are available in
1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-axis versions
and can be configured to run stepper
or servo motors on any combination
of axes.

Detailed specifications on Galil’s
controller accessories, including inter-
connect boards, amplifiers, cables and
I/O expansion modules, are provided.
There are also descriptions on Galil’s
WSDK servo tuning software and their
ActiveX Tool kit for developing opera-
tor interfaces for Galil controllers.

Additionally, the 96-page catalog
has a general description of motion
controller features and provides pro-
gramming examples for various modes
of motion such as point-to-point
positioning, jogging, linear and circu-
lar interpolation, contouring and elec-

tronic gearing.
Upon request, Galil is ready to mail

you the new 2003 catalog at no charge.
Place your order today by calling Galil
at 800-377-6329 or on-line at http://
www.galilmc.com/products/catalog.
html.

Order Galil’s Brand New
2003 Motion Control Catalog Today

http://www.galilmc.com/products/catalog.html
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In Galil’s new 2003 catalog, you’ll find a convenient guide to help you select the right controller for your application.
You’ll be selecting from among Galil’s wide offering of single and multi-axis controllers which come in many formats,
including the popular PCI bus and Ethernet. The process is simple. Just answer the following questions and then use
the selection matrix below:

Selecting the Right Motion Controller

Selection Guide
1. Communication 

Do you want a controller card that plugs directly into a PC bus, or to reside outside of the PC and connect serially, or do you 
need the controller to operate stand-alone without a computer ? For a controller that plugs into the PC, the PCI bus is the most
popular format. Other bus formats include ISA, cPCI, VME and PC/104. If your controller is located outside of the PC bus or operates
stand-alone, Galil offers card-level and box-level controllers with RS232, USB and Ethernet connectivity.

2. # of Axes
How many axes of motion do you require? Galil offers controller configurations in 1- through 8-axis and, more importantly, lets you
purchase only the exact number of axes that your project requires. Should your application require more than 8 axes, then you would
use more than one controller. For example, an 11-axis application can use an 8-axis and a 3-axis controller. If you need just one axis,
Galil’s Econo series is a good choice.

3. I/O 
What are your I/O requirements? All Galil controllers provide forward and reverse limits and a home input for every axis. Galil also
offers uncommitted digital inputs and outputs with each controller. If you do not need analog inputs or optically isolated inputs, then
choose Econo versions of Galil’s popular Ethernet or PCI bus controllers.

INTERFACE # OF AXES FORMAT # OF DIGITAL INPUTS, DIGITAL OUTPUTS, ANALOG INPUTS EXPANSION OPTIONS           MODEL NUMBER

PCI 1 card                     7 in, 3 out, 0 analog DMC-1417

PCI 1-4 card                     8 in, 8 out, 0 analog 64 I/O with DB-14064 DMC-18x2 

PCI 1-8 card                     8 in, 8 out, 8 analog * 64 I/O with DB-14064 DMC-18x0 

Ethernet/RS232 1-2 card or box         3 in, 3 out, 2 analog 64 I/O with DB-14064 DMC-14x5

Ethernet/RS232 1-2 card or box         3 in, 3 out, 2 analog (for distributed control) 64 I/O with DB-14064 DMC-34x5

Ethernet/RS232 1-8 box 8 in, 8 out, 8 analog, 64 configurable I/O * DMC-21x0 or -22x0

Ethernet/RS232 1-8 card 8 in, 8 out, 0 analog 40 I/O, 8 AN w/DB-28040 DMC-21x2 or -21x3

USB/RS232 1-8 box 8 in, 8 out, 8 analog, 64 configurable I/O * DMC-20x0

RS232 1 card or box         7 in, 3 out, 0 analog DMC-1412

PC/104 1 card                     7 in, 3 out, 0 analog DMC-1411

PC/104 1-8 card                     8 in, 8 out, 8 analog * 64 I/O with DB-12064 DMC-12x0

ISA 1 card                     7 in, 3 out, 0 analog DMC-1410

ISA 1-4 card                     8 in, 8 out, 8 analog, 64 configurable I/O DMC-17x8

ISA 1-8 card                     8 in, 8 out, 8 analog * 64 I/O with DB-14064 DMC-17x0

VME 1-4 card                     8 in, 8 out, 8 analog, 64 configurable I/O DMC-13x8

cPCI 1-4 card                     8 in, 8 out, 8 analog, 64 configurable I/O DMC-16x0

*DMC-18x0, DMC-17x0: 24 in, 16 out for 5 thru 8 axes models; DMC-2xx0, DMC-12x0: 16 in, 16 out for 5 thru 8 axes models Note: “x” denotes 
the number of axes

Galil Controller Selection Matrix

http://www.galilmc.com/


Galil continues to increase the avail-
able options for its popular DMC-21x3
Ethernet controllers with the addi-
tion of two servo amplifier boards, the 
AMP-20420 2-axis and AMP-20440
4-axis, both of which are designed to
attach directly to the 96-pin DIN con-
nector of Galil’s DMC-2143 controller
without any cable. Each board provides
a cost-effective amplifier solution for
driving brush-type servo motors up to
200 Watts.

The AMP-20440 contains four trans-
conductance, PWM amplifiers on a sin-
gle board measuring just 4.95" x 3.75".
The AMP-20420 contains two PWM
amplifiers. Each amplifier can produce
up to 200 Watts and accepts 20-60 VDC,
3.3 Amps. No external heatsink is
required.

These new amplifier boards are a
very cost-effective solution for OEMs.
For example, the AMP-20440 4-axis
version costs only $595 per unit, and
lowers to $295 in 100 quantity. With
the DMC-2143 4-axis controller priced
at $795 in 100 quantity, this brings the
combined amplifier/controller solution
to just $1090, which comes in at less
than $275 per axis (for both the con-
troller and the drive!) Also, the combi-
nation of a DMC-2143 4-axis motion
controller and an AMP-20440 4-axis
amplifier eliminates the extra cabling
usually required between the controller
and drives, providing even more sav-
ings for OEMs.

The amplifier boards use 2-pin Mo-
lex connectors for each motor and a
15-pin high-density "D" connector for
encoder, limits and home for each axis.
A single 44-pin high-density "D" con-
nector is used for additional I/O sig-
nals. A 4-pin Molex is used for the DC
voltage input from a single DC power
supply ranging from 20-60 Volts.

For applications with more than
four axes, two AMP-20440 amplifier

boards can be attached to a single
DMC-2183 8-axis controller. The
DMC-2183 has two 96-pin connectors
allowing an AMP-20440  4-axis ampli-
fier to be attached to each connector.

In addition to these two new
boards, Galil provides other multi-axis
amplifier boards for the DMC-21x3
Ethernet motion controllers, including
the SDM-20240 4-axis full and half-
step drive for stepper motors and the 

AMP-20340 4-axis linear drive for 20W 
servo motors. For applications that use
external amplifiers, the ICM-20100 pro-
vides d-sub connectors for easy connec-
tion to external drives. 

For complete specifications on the
DMC-21x3 Ethernet motion control-
lers and the various amplifier options,
contact Galil at 800-377-6329 or go to
http://www.galilmc.com/products/
econo/dmc21xx.html

The AMP-20440 provides four PWM amplifiers for driving brush-type motors.

New 200-Watt Servo Amplifier Board Options for DMC-21x3

The AMP-20440 attaches directly to the DMC-2143 controller.
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Since motion control systems are de-
signed to force the motor to follow the
commanded position, any deviation
between the commanded and actual
positions is considered a position error.
With that in mind, designers should
focus their efforts on reducing the posi-
tion error.

When considering the position error,
motion control systems can be divided
into two groups: point-to-point systems
and trajectory-following systems. The
first group comprises systems where
the motor must reach the final point
precisely, but the path to that point is
not critical. On the other hand, trajec-
tory-following systems require the mo-
tor to follow the required path while it
is moving. These systems include appli-
cations such as engraving and water-
jet cutting, where the task is perform-
ed during the move.

The common method for reducing
the position error is Increased Loop
Gain. Here, the designer increases the
gain of the compensation filter as much
as possible, resulting in a reduced error.
As the increased gain widens the system
bandwidth, this method may be viewed
as a maximum bandwidth design.

A second, lesser-known method is
the feedforward design. This method
can be added to the compensation me-
thod to significantly reduce the position
error in trajectory-following systems.

The following describes a design
method that includes both the system
compensation and the feedforward
design.

For a more specific explanation of
how the compensation affects the fol-
lowing error, see Figure 1, which shows
the System Elements. If the motor has
to follow a certain path, including some
curves, there is a need for some torque
to accelerate/decelerate the motor with
the load. That load requires some cur-
rent (I) which, in  turn, is commanded
by some voltage (V), out of the motion
controller. The filter output (V) is the

product of the position error (E) and the
filter gain.

If the filter gain is increased, the re-
sult is a reduced error, as the error is the
reciprocal of the filter gain.

Following this procedure, the de-
signer attempts to increase the filter
gain in order to reduce the position
error. However, as the filter gain in-
creases, causing an increase in the sys-
tem bandwidth, the system becomes
unstable due to imperfect elements in
the loop. This is the point at which
the designer realizes that he has utilized
the bandwidth approach as much as
possible.

What’s next? For most designers...
nothing. However, there is a second
design approach called the feedforward,
which can be used in addition to the

bandwidth method. Figure 2 shows
the System Elements with the feedfor-
ward function. In some cases, the band-
width design is not sufficient to reduce
the error to within the acceptable range.
Here, one can apply the feedforward
approach in order to further reduce the
position error.

The main advantage of the feedfor-
ward method is that it is an open loop
method and, therefore, it does not
affect the loop stability and dynamic
response. One can think of the feed-
forward signal as an educated guess of
a bias signal. For example, if the volt-
age (V) has to be 8 volts and the feed-
forward signal is 7 volts, then only 1
volt must be generated by the closed
loop path. This reduces the position
error by eight fold.

How To Combine Bandwidth With Feedforward For Best Results
By Jacob Tal, president/founder, Galil Motion Control

Figure 1. System Elements

Figure 2. System Elements with Feedforward.

Continued on next page
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To illustrate the process of design by
bandwidth and feedforward, consider
the following example:

Design Example

For simplicity, assume that a control
system must follow the velocity profile
shown in Figure 3. The required distance
is 8,000 encoder counts, which corre-
sponds to two revolutions. Specifically,
the motor moves a distance of 8,000
counts, with a slew velocity of 40,000
ct/s and an acceleration/deceleration
rate of 800,000 ct/s2.

Following are some experimental
results. The first set shows the diagnos-
tic results with low PID gains of:

KP = 8      KD = 200 KI = 0

The integrator gain, KI, was inten-
tionally set to zero in order to clearly
illustrate the effects of the bandwidth
and the feedforward design methods.

Figure 4 shows the diagnostic results,
including the motor velocity profile,
the following error and the motor com-
mand, V.

Note that the largest following error
is 535 counts, and that the largest volt-
age is 7V.

To illustrate the effect of the band-
width method, we increase the gain to

KP = 16      KD = 400 KI = 0

This results in a smaller error as
shown in Figure 5. Note that the largest
error has been reduced to 283 counts.
However, the voltage required to per-
form the move does not change.
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Figure 3. Velocity Profile for Example.

Figure 4. Diagnostic Results with Low Gain.

Figure 5. Diagnostic Results With Increased Gain.Continued on next page
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To illustrate the effect of the feed
forward design, an acceleration feed-
forward term, FA20, has been added.
This generates a bias signal that is
proportional to 20 times the com-
manded acceleration. The results,
as illustrated in Figure 6, indicate a
further reduction in the position
error, down to 181 counts.

Increased feedforward term pro-
vides a larger bias signal, thereby
further reducing the position error.
When the feedforward signal was
doubled to FA40, the following error
was reduced to 87 counts, as illustra-
ted in Figure 7.

Conclusion

The above discussion and design
example illustrates the relationship
between the bandwidth and feedfor-
ward design methods. The two meth-
ods complement each other nicely.
The bandwidth method is used first
to maximize the loop gain. In the sec-
ond phase, the feedforward signal
is added to further reduce the posi-
tion error.
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Figure 6. Diagnostic Results with Feedforward Term FA20.

Figure 7. Diagnostic Results With Increased Feedforward Term F40.

http://www.galilmc.com/


Galil Motion Control, Inc. 3750 Atherton Road • Rocklin, CA 95765 USA • 800-377-6329 • Phone: 916-626-0101 • Fax: 916-626-0102 • www.galilmc.com 7

“Live” Tech Support
for Fast Answers to Your

Questions

Galil has in residence a full team of dedicated
application engineers ready to support your project.
They are motion control specialists, each personally
trained by Jacob Tal, President of Galil and renowned
expert in motion control. To receive prompt service
from a “live” Galil engineer, just call Galil 800-377-6329
Mon-Fri 8am-5pm Pacific Standard Time. Or, email
support@galilmc.com. They’re at your service.

Galil Technical Support Team
Top Row-left to right–Chris Richtsmeier, Chris Cortopassi;
3rd Row-left to right–Kaushal Shah, Yanjie Sun, Robin Riley;
2nd Row-left to right–Eric Kelley, Todd Shearer
Front–John Hayes.

Jacob Tal,
the preemi-
nent authori-
ty on motion
control, will
personally
conduct his

acclaimed motion control semi-
nars this Spring season.The half-
day Basic Seminar will  be offered
in Silicon Valley and in Boston. In
addition, Galil’s two-day Product
Workshop will be conducted at
Galil headquarters in Rocklin,
California. Course summaries,
pricing and locations are detailed
as follows:

■ Motion Control Made Easy
Half-day (4 hours)  $79

— Mon. 4/28/03 Santa Clara, CA
— Mon. 5/5/03 Boston, MA

This Basic introduction on how to
successfully implement motion control
systems covers such subjects as selecting
system elements, servo tuning, program-
ming and application examples. Also
available on video and as a web-based
training course.

■ Product Workshop
Two-days  $250

— Thurs/Fri. 5/19-20/03

Users of Galil motion controllers
will gain detailed understanding about
connecting system elements, tuning,

motion programming and trouble-
shooting. They can test their applica-
tion on actual hardware and review it
with Galil specialists. Attendees must
have purchased and/or used a Galil
controller.

Over 10,000 engineers have attend-
ed Jacob’s seminars to gain and expand
their motion control knowledge and to
increase their productivity. Your com-
plete satisfaction is guaranteed or your
money back. Call Galil at 800-377-6329
to reserve your seat or register on-line
at www.galilmc.com/training/semi-
nars.html.

Enrollment is limited. If a live semi-
nar isn’t held near you, the half-day
seminar is available on video or as a
web-based training course.

Jacob Tal Presents “ Motion Control Made Easy ”
Seminar in Silicon Valley and Boston

http://www.galilmc.com/training/seminars.html
http://www.galilmc.com/
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Galil. We Move the World.
With over 300,000 controllers installed

worldwide, Galil is the #1 leading suppli-
er of motion controllers. Galil’s legacy
of innovation began in 1983 when they
introduced the first microprocessor-based
servo motion controller. Today, Galil con-
tinues its leadership  by offering the most
powerful, cost-effective and easy-to-use
motion controllers to accommodate all
your motion needs.

Galil provides you with the widest
choice of single or multi-axis, bus-based
or stand-alone, and box-level or card-level
controllers. Interface options include
PCI, ISA, PC/104, VME, cPCI, USB,
RS232 and Ethernet. Select from 1-, 2-,
3-, 4-, 5-, 6-, 7- and 8-axis controllers, and
configure them to run stepper or servo
motors on any combination of axes.

Additionally, Galil provides various
accessories that enable you to complete
your project quickly. These include servo
motors, amplifiers and software tools
for quick set-up and “one-button” servo
tuning.

Motion Controllers–PCI

DMC-18x0. PCI, 1-8 axes
DMC-18x2. PCI, 1-4 axes
DMC-1417. PCI, 1 axis

Motion Controllers–Ethernet/RS232

DMC-20x0. USB/RS232, 1-8 axes
DMC-21x0. Ethernet/RS232, 1-8 axes
DMC-21x2/x3. Ethernet/RS232, 1-8 axes
DMC-14x5. Ethernet/RS232, 1-2 axes
DMC-34x5. Ethernet/RS232, 1-2 axes
IOC-7007. Ethernet I/O controller

Motion Controllers–Other

DMC-12x0. PC-104, 1-8 axes
DMC-13x8. VME, 1-4 axes
DMC-16x0. cPCI, 1-4 axes
DMC-17x0. ISA, 1-8 axes
DMC-1410. ISA, 1 axis
DMC-1411. PC/104, 1 axis
DMC-1412. RS232, 1 axis

Software Tools

Communication Drivers. For DOS, QNX,
Linux and all current versions of Windows

SmartTerm. Provides a friendly interface to
all Galil controllers

WSDK. Servo Tuning and analysis software

ActiveX Toolkit. Custom controls for
Visual Basic or other ActiveX software

CAD-to-DMC. Translates AutoCAD DXF
files into DMC controller files

For complete specifications and pricing on all Galil products, please go to www.galilmc.com.
Request a free catalog at http://www.galilmc.com/products/catalog.html
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