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he first motion controllers in a
new series-the Compact PCI
Bus Controllers-have  been cre-

ated for designers who need a rugged,
environmental enclosure and an oper-
ating system that runs under standard
Windows or DOS.

Called the DMC-1600 series, the
new  Compact PCI bus controllers
use the tough Eurocard chassis and
provide all the speed and ease of use
of the PCI bus. They are available
with 1, 2, 3 or 4 axes of motion con-
trol per card.

High performance. The new con-
trollers provide all the high-perfor-
mance features of Galil’s popular
DMC-1700 ISA bus series. The
user can configure each axis for either
step or servo motor control. Modes of
motion include independent position-
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ing of each axis, multi-axis linear and
circular interpolation, electronic gear-
ing, ecam, and contouring. 

The DMC-1600 also provides on-
board, non-volatile memory for gen-
erating custom application programs.
Multitasking permits simultaneous
execution of up to eight programs.

Eighty I/O points. The new
controllers have 80 user-

programmable

I/O points, useful for synchronizing
motion with external switches and
event triggers. Another new feature is
on-board sinusoidal commutation for
brushless servo motors (see Jacob Tal’s
article in this issue).

Like all Galil controllers, the
DMC-1600 is easy to program using
simple, intuitive commands. Many
software tools are available including
WSDK for automatic setup and tun-
ing, the Visual Basic Tool Kit for

developing operator inter-
faces, CAD-to-DMC for

translating AutoCAD files,
and G-codes-to-DMC for trans-

lating G-code files.
The DMC-1600s are available

now for immediate delivery. Call
Galil at 800-377-6329 for a techni-
cal data sheet.

GALIL INTRODUCES–
THE COMPACT PCI BUS CONTROLLER

n optically isolated module is now available for expanded input/output
on the DMC-1600 Compact PCI and DMC-1700 ISA motion controllers.
The IOM-1964 module provides 64 I/O points divided into eight banks of eight

I/O points each. The user can configure each bank as either inputs or outputs. 
The optically isolated inputs are rated for 2 mA at up to 28 volts. Sixteen of the outputs are high-

side, high-power outputs capable of up to 500 mA each. All I/O points are conveniently labeled and have a
status LED. The 6.8" x 11.4" I/O module uses a 100-pin shielded cable to connect to the controller.

The IOM-1964 is available for immediate delivery. Call Galil at 800-377-6329 for a technical data sheet.
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NEW! OPTICALLY ISOLATED
I/O MODULE



The control and commutation of
brushless motors (BLM) using sinu-
soidal commutation are best described
in terms of the following diagram:

The main control loop is similar to
that of a conventional servo system. A
closed loop compares the reference
position R with the feedback C, to
form the position error, E.  A compen-
sation filter produces the signal V,
which represents the required torque or
acceleration.

Unlike conventional systems that
apply the signal V to the amplifier, a
sinusoidally commutated system gener-
ates two current command signals:

Sa = V • Sin q
Sb = V • Sin (q-120 )

where q is the commutation phase,
which varies by 360 over one com-
mutation cycle.  The two signals, Sa
and Sb, are applied to an amplifier
that generates proportional currents.
Because the sum of all three phase cur-
rent must be zero, the amplifier con-
structs the third current, Ic , as
Ic = - ( Ia + Ib)

An optical encoder attached to the
motor shaft reports the motor position
enabling the controller to determine
the commutation phase q.

The unique feature of this
approach is that the current com-
mand signals are generated by the
motion controller, allowing the use
of low-cost amplifiers. 

In addition to this economical
advantage, sinusoidal commutation
provides two other advantages.  First,

the sinusoidal drive signal results in the
most efficient system: it generates the
least amount of power dissipation in
the motor while supplying the required

torque.  Second,  the motion is
smoother: because of sinusoidal modu-
lation, the output signal varies gradual-
ly, resulting in the smoother motion.

To effect sinusoidal commutation,
one additional step is needed: the ini-
tialization of the commutation phase.  

Commutation phase initialization.
Phase initialization is the process of
finding the initial value of the phase.
This value can be determined in sever-
al ways: by using Hall sensors, by the
“stepper motor” method, and by the
delta method.

Hall sensors. When the motor is
equipped with Hall effect sensors, the
Hall signals can be input to the
motion controller. The three signals
allow the controller to estimate the
commutation phase within ± 30
upon power up. This phase resolution
is sufficiently good to drive the motor.
Once the motor passes through a tran-
sition point of any Hall sensor, the
controller can detect the transition and
calculate the phase exactly.

Stepper motor method. This
method is based on the fact that the
basic structure of a BLM is similar to
that of a stepper motor. By applying
known voltages to the amplifier, we
can force the motor to move to a posi-
tion where the commutation phase is
zero. This allows the determination of
the initial phase.
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Delta method. This alternative
method does not lead to an abrupt
move. Here, small signals are applied
to the two motor phases, and the
corresponding displacements are
monitored. This is then used to cal-
culate the commutation phase based
on the system model.

The combination of the initial-
ization process and the control
method leads to a  cost-effective
method for controlling BLM.  It
promises to be a leading technology
in high-precision systems and is
available in Galil’s DMC-1600 and
DMC-1700 controllers.
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SINUSOIDAL COMMUTATION OF 
BRUSHLESS MOTORS By Dr. Jacob Tal

SINUSOIDALLY COMMUTATED BLM

SINUSOIDAL 
COMMUTATION
GOES STANDARD

he DMC-1600 and DMC-
1700 controllers now
include sinusoidal com-

mutation for brushless motors as a
standard feature. The controllers
output two sinusoidal signals that
are shifted by 120 . The amplifi-
er generates the current for the
third phase. For smooth initializa-
tion, brushless motors with Hall
sensors are recommended.
However, when Hall sensors are
not present, auto-initialization is
available.

The sinusoidal commutation
feature uses two digital-to-analog
converters for each sinusoidal
axis. For example, a DMC-1740
four-axis controller is required to
control two brushless motors.
For optimum flexibility, a single
controller can be configured for
any combination of brushless,
stepper, or brush servo axes.

The controllers include an
automatic routine that guides the
user through all the system wiring.
The new sinusoidal commutation
feature is available in the DMC-
1600 and in the DMC-1700
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have to be a programming expert and is
provided with a variety of tools to build
the interface such as colors, buttons and
sizing for any Windows platform.

The graphics can be drawn in the
CAD/CAM system that is included in
the tool kit or they can be imported
from standard CAD file formats such as
DXF, IGES, Gerber or HPGL.  There is
no program size limitation.  And,
because the Galil motion controller and
the CAD/ CAM system are in one inte-
grated unit, no code needs to be written
or reviewed. The standard programming
method allows for manual or “off line”
G Code programming, as well.

CamSoft, located in Lake Elsinore,
California, was founded in 1981.  So
far more than 7,000 software CamSoft
systems are at work in the machine
tool industry, solving a variety of
applications.  
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igh speed is particularly impor-
tant in applications such as
mold making where a large

CNC file needs to be processed quickly
when prescribing complex 3D profiles
in real time. CamSoft’s tool kit finds
important uses in applications involv-
ing such varied machine tools as milling
machines, lathes, and water jets.

CamSoft’s complete machine tool
kit for the PC combines a software
package (including a CAD/CAM sys-
tem) and a high speed Galil motion
controller. The tool kit does not require
a hardware PLC—all logic is handled
through Windows. The CamSoft tool
kit can respond to events in real time in
a few milliseconds. 

CamSoft uses the Galil DMC-1000
motion controller in configurations
from two to eight axes. For example,
one application for the CamSoft tool
kit uses the linear interpolation mode
of the DMC-1000 for simultaneous
five-axis control where new segments
can be sent ahead of motion and the
vector speed can be changed on the fly. 

The CamSoft engineers particular-

CamSoft’s machine tool controller turns a
PC with Galil’s DMC-1000 installed into

a powerful CNC.

CamSoft and Galil Solve Very High-speed
Machine Tool Applications.
A revolutionary concept by a company called 
CamSoft converts screen graphics directly into multi-
axis machine tool motion. When joined with a powerful
Galil motion controller, the company’s software allows
very high-speed machine tool applications to be solved.

SMART MOVES SPOTLIGHT

H
ly like the ease of
programming and
the flexibility
inherent in the
Galil motion con-
trollers.

According to
Gary Corey of
CamSoft, “There is so much program-
ming flexibility in the Galil controller. I
can program it to do whatever I want,
and even make it work beyond the capa-
bilities listed in the manual.”

CamSoft also likes the technical sup-
port offered by Galil. “The Galil engi-
neers promptly answer my questions.
This is important because I really am
exercising the full potential of the con-
troller,” says Corey.

The Galil motion controller incorpo-
rates many “extras” as standard features.
In particular, CamSoft customers need
the digital I/O and analog inputs, both
standard features of the DMC-1000.

CamSoft’s software provides an easy-
to-use graphical user interface and can
be customized by the user for a particu-
lar CNC application.  The user does not

The CamSoft engineers particularly 
like the ease of programming and the
flexibility inherent in the Galil motion
controllers.

SEE GALIL AND CAMSOFT AT WESTEC ’98.
MARCH 23–26,1998, LOS ANGELES CONVENTION CENTER, BOOTH #3482.
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SPRING 1998 SEMINAR–
MOTION CONTROL MADE EASY

S E M I N A R  
S C H E D U L E

Monday, March 2, 1998....................Sunnyvale, CA

Wednesday, March 4, 1998...............San Diego, CA

Tuesday, March 10, 1998...................Issaquah, WA

Wednesday, March 11, 1998.............Wilsonville, OR

Monday, March 16, 1998..................Etobicoke, Ontario

Tuesday, March 17, 1998...................Dorval, Quebec

Wednesday, March 18, 1998.............Chelmsford, MA

Thursday, March 19, 1998................Bloomington, MN

Monday, March 30, 1998................... King of Prussia, PA

Tuesday, March 31,1998...................Charlotte, NC

Thursday, April 2, 1998.................... Lisle, IL

r. Jacob Tal, a well known expert in the servo
motion control field and President of Galil, is
teaching his popular seminar, “Motion Control

Made Easy,” this Spring. The half-day seminar reviews
the basics of programmable motion control and includes
the latest innovations and design techniques. Topics
include Description of Servo Elements, Motion
Component Selection, Servo System Tuning, Motion
Programming and Design Examples.

The seminar will be held this Spring in many loca-
tions across the United States. The cost is just $59 and
attendees receive Dr. Tal’s textbook, Step-by-Step Design of
Motion Control Systems (a $25 value), Motion Component
Selector Software (a $50 value) and a complete set of
course notes. All the sessions will start at 8:30 am and
end at 12:30 pm.

Pre-registration is required. The seminars fill quickly,
so please register now. Call Galil at 800-377-6329 with
your credit card number to register or send payment with
the enclosed reply card.
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Agenda—Day 2
• Application Examples
• Visual Basic Tool Kit
• Review of Individual Applications
• Individual Instruction as needed

Price:
$250 for 2 days
Payment in advance by check, credit card or
purchase order.

Location:
Galil Motion Control
203 Ravendale Drive
Mountain View, CA 94043

Dates:
April 9 & 10, 1998
June 4 & 5, 1998

Call Galil at 800-377-6329 to register.

alil is offering 2-day training workshops for users
of Galil’s advanced motion controllers. The
workshop provides users with detailed technical

information about connecting system elements, system
tuning, and motion programming. Students will have the
opportunity to experiment in a lab with actual hardware.
They can also review the details of their own application
with Dr. Jacob Tal. Day 2 includes a 3-hour training ses-
sion on Visual Basic for interested users.

Agenda—Day 1
• Overview of Motion Control Systems
• Elements of Motion Control Systems
• Connection of Hardware
• Tuning Servo Systems Using SDK Software
• Motion Programming
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IN-HOUSE PRODUCT TRAINING
2-DAY WORKSHOP


