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Galil is pleased to announce our latest 
firmware release, revision 1.2, for the DMC-
40x0 and DMC-41x3.  This release provides 
an increase in program memory from 2000 
x 80 characters to 4000 x 80 characters, and 
an increase in the total array elements from 
16,000 to 24,000.

The DMC-40x0 comes in a box-level 
format and delivers ultra-high speed with 
specifications that include acceptance of 
encoder inputs of up to 22 MHz, servo 
sample periods as low as 32 microseconds, 
and command processing times as low as 40 
microseconds for application programs.  The 
DMC-41x3 comes in both box-level and 
card-level formats and delivers precise control 
in a low-cost package.  Both highly successful 
multi-axis controllers have up to 8-axes, can 

handle any mode of motion, have built-
in Ethernet ports for easy daisy-chaining, 
include uncommitted isolated digital inputs 
and outputs and uncommitted analog inputs.

Both controllers provide precise control of 
a variety of motors including brush servos, 
brushless servos, hydraulic servos, steppers 
and piezo ceramic motors. They can be easily 
connected to external drives of any size, or to 
internal multi-axis drives contained within 
the box.  Controllers with Built-in internal 
drives reduce space, cost and wiring. Table 1 
shows the multi-axis drive options available 
for the DMC-40x0 and DMC-41x3 series.

For additional information on the new 
firmware release and the instructions to 
download the firmware, see http://www.galil.
com/fw  n
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Model Number Motor Type # of Axes Current Voltage

AMP-43020 Brush/Brushless Trapezoidal 2 7A cont, 10A peak 20-80V

AMP-43040 Brush/Brushless Trapezoidal 4 7A cont, 10A peak 20-80V

AMP-43140 Brush/Brushless Trapezoidal 4 1A cont, 1A peak ±12-30VDC

AMP-43240 Brush/Brushless Trapezoidal 4 10A cont, 20A peak 20-80V

AMP-43520 Brush/brushless sine commutation 2 8A cont, 15A peak 20-80V

AMP-43540 Brush/brushless sine commutation 4 8A cont, 15A peak 20-80V

AMP-43640 3-phase sine commutation 4 1A cont, 2A peak 15-30VDC

SDM-44020 1,2,4,16 microstep 2-phase stepper motor 2 1.4A/phase 12-30VDC

SDM-44040 1,2,4,16 microstep 2-phase stepper motor 4 1.4A/phase 12-30VDC

SDM-44140 64 microstep stepper motor 4 3A/phase 12-60VDC

Table 1:  Internal Multi-axis Drive Options for DMC-40x0 and DMC-41x3 Series.

Illustration 1:  Input/Outpt controller showing Galil EPICS integration.

EPICS stands for Experimental Physics and Industrial Control System. It is a set of open source, distributed software tools used 
extensively for scientific instruments such as particle accelerators, telescopes, and other large-scale experimental installations. 
Using EPICS, scientists are able to network together arbitrarily complex systems of nodes, such as motion controllers, PLCs, 
instrumentation, and other software and hardware agents. Using a read/write protocol called Channel Access, the Input/Output 
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ä(cont. pg 4)

Table 2:  Examples of helpul Motor Record Fields

Field Description

ACCL Acceleration, Deceleration specified in seconds. Duration of the accel/decel 
region.

ATHM At home. State of HM input.

DHLM Dial High Limit. Essentially a soft forward end of travel.

DLLM Dial Low Limit. Essentially a soft reverse end of travel.

DMOV Motion complete Boolean. 1 = finished; 0 = moving.
Uses motion complete bit from data record.

EGU Engineering units. Galil baseline normalized to counts/steps.

ERES Encoder step size in EGU

HOMF Home Forward. Set to 1 to initiate home.

HOMR Home Reverse.  Set to 1 to initiate home.

HVEL Homing velocity.

ICOF Integral Gain (KI normalized). Valid range; 0.0 <= ICOF <= 1.0

JAR Jog Acceleration (EGU/s/s).

JOGF Jog motor forward.  Set to 1 to initiate jog forward.

JOGR Jog motor reverse.  Set to 1 to initiate jog reverse.

JVEL Jog Velocity.

MRES Motor step size (EGU)

PCOF Proportional Gain

REP Raw Encoder Position

RMP Raw Motor Position. The contents of the hardware’s step-count register. 
Maps to Galil TD.

STOP Stop motion. Set to 1 to initiate stop (ST)

VAL Desired position. Will call a PA/PR to move the motor.

VELO Velocity (EGU/s)

VMAX Max Velocity (EGU/s)

controllers (IOCs), can interact while providing high-level 
functionality and interaction for sophisticated physics 
applications. 

Galil now offers the EPICS Driver Baseline. As shown in 
Illustration 1, this software provides communication drivers 
and device support to create a Galil EPICS IOC. The software 
comes with the basic support needed for building a feature-
rich IOC including the following:

•	 Support for the DMC-3x01x, DMC-4000, and DMC-41x3 
Ethernet based controllers.  Galil communications libraries 
allow extension to PCI-based controllers such as the DMC-
18x6, DMC-18x2, and DMC-18x0. The array access feature 
allows easy extension to Galil’s line of RIO-47xxx PLCs.

•	 Basic Motor Record Support, which is an EPICS IOC 
Record designed specifically for motion controllers. See 
Table 2 for some example fields in the EPICS Motor Record.

http://www.galilmc.com
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ä(cont. pg 5)

Customer’s needs for servo control has progressed over the 
years resulting in more exotic mechanics being introduced 
into the market.  Examples of some of these new mechanics 
are nonlinear systems such as articulated arms and spring-
based mechanisms.

Nonlinear systems introduce forces that are not uniform into 
the control system.  These non-uniform forces must have 
compensation.  Compensating for a uniform force, such 
as gravity, is simple because you can add force to directly 
compensate for the force of gravity.  Compensating for a force 
that isn’t uniform can be complicated because of its dynamic 
nature.  For example, an articulating arm has the force from 
gravity added to the load while the arm is horizontal, but no 
additional force from gravity when the arm is vertical.  The 

length of the arm also affects the load.  The additional load 
seen by the arm can be calculated by using sin(rQ)*F where 
r is the arm length, Q is the angle, and F is the force from 
gravity.

A spring mounted to a stage will have similar forces added 
to the load but the motor/spring position will be the driving 
force of the equation instead of the angle.  The equation to 
calculate the force, or compensation, for a spring is y=mx+b, 
where y is the force, x is the motor position, m is the spring 
constant (in terms of volts/count), and b is the spring 
preloading.  The picture below shows an application that uses 
a SMAC linear motor, that is connected to internal spring and 
has 1 micron resolution, connected to a Galil DMC-30012 
(controller and amplifier).  

Spring Compensation In A Linear Motor System Using A Galil 
Controller

DMC-30012 Connected to a SMAC LCA31 Motor

Using the EPICS Channel Access feature, Galil array data 
can be read and written directly from the EPICS network.  
Coupled with DMC code embedded on the controller, the 
EPICS user can easily extend the EPICS support to any 
desired Galil firmware feature or programmable function. 
The array access feature, which is part of the Galil EPICS 
driver, allows quick deployment in an EPICS system without 

requiring a deep knowledge of EPICS IOC development. 

For step-by-step instructions on integrating a Galil 
controller or RIO PLC into an EPICS platform, e-mail Galil 
Applications Engineering at support@galilmc.com or call (800) 
377-6329. n

http://www.galilmc.com
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To initialize the system, the controller uses the equation 
for spring compensation to calculate the initial force y, by 
multiplying the spring constant m to the motor position 
received from the encoder x (which is zero), then adding 
it to the spring preloading b (which is at zero position).  

After the system is initialized, the code listed in Table 3 
runs to calculation ongoing compensation based on the 
spring constant m, and preloading b.  The PID loop runs 
alongside this code to achieve optimal control, precision, and 
repeatability. 

The controller saves the variables and only needs to update the offset based on position. The loop also allows the use of an 
additional offset by setting the ‘vertoff’ variable. The vertoff variable is used when the motor is a vertical axis and the controller 
needs to compensate for both gravity and the spring. Below is a scope capture that shows the servo motor settling within 5 
counts (5µm) of the target which is 1ms. The controller has a servo update of 4 kHz while the spring compensation updates at 2 
kHz. n

GalilSuite Scope View of Settling Time

Table 3:  Code to calculate compensation (force/offest) 
to a motor connected to a spring

#f ;’ Beginning of loop

OFA=(m*_TPA/scale)+b+vertoff calculate force/offset on axis A, vertoff used 
if vertical axis

WT2 ;’ wait 2 servo loops

JP#f ;’ jump back to beginning of loop

http://www.galilmc.com
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Galil is focused on providing the best motion control and PLC solutions to customers quickly and cost-effectively.  If our 
standard product offering does not satisfy a customer’s requirements, we will build a special product that does.   Over the 
years we have produced thousands of custom hardware and firmware solutions; more than 50% of our customers have some 
customization on their controllers and PLCs.

Custom motion controllers and PLCs consist of hardware and/or firmware modifications.   An example of a hardware solution 
might include a unique form factor, special connectors, user-specified communication interfaces, integrated amplifiers and 
additional I/O.

Examples of firmware modifications are coordinate transformation, user created programs, communication to unique devices, 
user specific requirements for motion, complex calculations, custom filters and custom I/O commands.  The cost for custom 
firmware starts as low as $800.00.

The typical lead time is two weeks for minor firmware modifications and up to twelve weeks for hardware modifications.

The process of creating a custom motion controller or PLC requires iterative collaboration between Galil and the customer.   The 
procedure for requesting and receiving a custom controller is:

A customer brings a special request to 
our engineering team.

An engineer on the team works 
closely with the customer to define 
the solution.

Once it’s defined, the Galil team 
writes a detailed specification and 
generates a quote. The quote includes 
charges for engineering, the estimated 
lead time and the unit price at the 
specified quantity (we give quantity 
discounts).

The customer reviews the 
specification, signs it and sends it 
back to Galil with a purchase order.

Galil’s R&D team develops the 
custom solution, tests the solution, 
and documents the changes.

The solution is delivered to the 
customer within the specified time 
frame.

After delivery to the customer, Galil’s engineering team continues to provide technical support free-of-charge during 
implementation at the customer site.

The controller in the picture above is an example of a custom, single-axis controller with a sinusoidally commutated amplifier.

Galil is committed to delivering the best standard or custom controller solution to our customers, along with superior 
application support for the life of the project. n

Galil Provides Custom Motion Controllers and PLCs to Meet 
Project Specifications

Single-Axis Controller with a Sinusoidally Commutated Amplifier

http://www.galilmc.com
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Galil 2-Day Live Training Coming in July 2014
Our next two-day product school is Thursday July 17, 2014 
through Friday July 18, 2014. If you are new to Galil, sign-
up now! The training will be at our headquarters in Rocklin, 
CA (near Sacramento).  
 
This technical training provides an overview of Galil 
products, a description of system elements, tuning, motion 
programming, software, troubleshooting and hands-on labs 
with actual hardware.  On the afternoon of the second day 

there is an opportunity to spend one-on-one time with the 
application engineers to ask additional questions or discuss 
individual applications.  Past attendees have given us great 
reviews about our training.  
 
To register go to the Galil website at http://www.galil.com/
training or contact Mark Middleton at Mark.Middleton@
galilmc.com.  Please register by July 7, 2014. n

Galil Automates Extraordinary Artwork: The Sonic Plaza at  
East Carolina University

It’s almost midnight on campus and a group of college 
students are walking back to their dorm rooms after 
a long night of studying.  As they move toward 
the University’s plaza entrance, they pass through 
the library’s columns and are surprised by sounds 
that emanate from overhead, creating a consonant 
harmony that changes in pitch and timbre.  They look 
towards the plaza and see a large misty cloud with a 
huge clock tower looming above.   Lights flash, and 
a kaleidoscopic video begins bouncing between 12 
monitors arranged around the clock face.  The classic 
circus song, Entry of The Gladiators, begins to play 
overlaid by a man reading a poem about time and 
space. Then, slowly, from the center of the clock, a 
jester’s head lighted from beneath moves into the 
night, alerting them that midnight has arrived!  And if 
that’s not enough, as they pass through the cloud and 
walk by the clock, they are immediately greeted by a 
wall of water that dances to music and keeps pace with their 
movement.  What is it?  It’s the Sonic Plaza!

The Sonic Plaza was commissioned in 1991 by the North 
Carolina Arts Council as part of a 1%-for-Art project at East 
Carolina University.  The program’s objective was to place 
diverse artwork in places where people gather, live, work, 
play, and learn, throughout the state.   Christopher Janney, 
an internationally known Massachusetts born sound artist 
who has created interactive sound/architecture artworks 
in public places all over the world, was selected to design 
the multimedia artwork piece within the fabric of the 
plaza.  Janney decided to incorporate student work from the 
Universities’ fine arts, communication, and music and dance 
departments into the design.  Janney says the Sonic Plaza 
was “designed to activate the plaza and provide transitions 
from new to old”. 

The Plaza consists of four different elements: the Sonic 
Gates, the Media Glockenspiel, which is controlled by a 
Galil motion controller, the Percussion Water Wall and the 
Ground Cloud.  The original columns of the plaza are the 

basis for the Sonic Gates.  They are cylindrical columns that 
create a variety of sounds activated by people passing by.  
The musical sounds, emitted from hidden speakers in the 
structure, were intended to encourage passers-by to ’jam’ or 
create music.

Within the plaza’s 85 foot clock tower sits the Media 
Glockenspiel.  It is a ring of 24” video monitors with the 
center displaying graphic symbols of the rising or setting 
sun around the world over the course of a day.  Unique 
sculptures, transported from inside the tower out through 
the center of the Glockenspiel by a Galil DMC-4143, appear 
four times a day.  At sunrise, a rooster emerges and greets 
the day with crowing.  To alert that noon has arrived, a horn 
appears along with a high pitch whistle.  At sunset, a cannon 
with smoke and cannon fire reveals itself with a thunderous 
welcome (the university’s mascot is a Pirate).  And finally, 
at midnight, a jester’s head appears accompanied by circus 
music layered with sound bites designed by Janney.

In operation from April through October, the Percussion 
Water Wall has 65 water jets that perform a series of water 
patterns accompanied by a quiet sound score. n

http://www.galilmc.com
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With over 750,000 controllers installed 
worldwide, Galil is the leading supplier 
of motion and I/O controllers. Galil’s 
legacy of innovation began in 1983 
with the introduction of the first 
microprocessor-based servo motion 
controller. Today, Galil continues its 
leadership by offering the most powerful, 
cost-effective and easy-to-use controllers 
to accommodate all your motion and 
I/O needs.

Galil offers a broad array of motion 
controllers in a variety of formats: single 
and multi-axis, card-level and box-
level, bus-based and stand-alone. Galil’s 
Ethernet/RS232 and PCI controllers 
are available in an Econo version for 
lowest cost and Accelera version for ultra 
high-speed performance. Plug-in, multi-
axis drives for steppers and servos save 
space, cost and wiring. For intelligent 
I/O control, the RIO Pocket PLC is 
compact, low-cost and packed with 
analog and digital I/O. 

At Galil, we share our expertise with 
our customers. You will find a wealth 
of information on our website at 
http://www.galilmc.com. Here you can 
view any of Galil’s free web-tutorials, 
read an application note or white 
paper, post a question on our bulletin 
board, or download the latest software 
and manuals.
 
Exceptional application support is a 
top priority at Galil. Call Galil today 
at (800) 377-6329 to discuss your 
project with one of our highly-trained 
applications engineers.  n

DMC-41x3 Econo Motion Controller

Galil. We Move the World.
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DMC-40x0 Ethernet/RS232

DMC-18x6 PCI

ACCELERA CONTROLLERS AND DRIVES

DMC-41x3 Ethernet/USB/RS232 

DMC-18x2 PCI

ECONO CONTROLLERS AND DRIVES

SINGLE-AXIS CONTROLLERS AND DRIVES

DMC-30000 Ethernet/RS232 

RIO-47xxx Ethernet/RS232

POCKET PLC I/O CONTROLLER

GalilTools. Servo Tuning and analysis software

GalilSuite. New Version of GalilTools

Frequency Analysis Software. Performs 
Servo Tuning in the frequency domain.

Ladder Interface. Converts Ladder program 
into DMC code for RIO Pocket PLC.

Galil PVT. Software tool for PVT mode of motion.

SOFTWARE TOOLS

FREE Online Support Tools

Application notes, white papers and industry articles
http://www.galilmc.com/support/application-notes.php

Free 2-minute how-to videos 
http://www.galilmc.com/learning/two-minute-videos.php

Over 20 tutorials about servo tuning, motion programming, & motors and drives
http://www.galilmc.com/learning/tutorials.php

MotionCode™ Toolkit, step-by-step solutions with downloadable code
http://www.galilmc.com/learning/motioncode.php

MotorSizer™ Tool for quick sizing of stepper and servo motion systems
http://www.galilmc.com/learning/motorsizer.php

Interactive bulletin board with knowledge base for fast answers to your questions
http://www.galilmc.com/forums/ubbthreads.php

Customer stories and videos 
http://www.galilmc.com/support/smartmoves.php

Product catalog with specs and pricing
http://www.galilmc.com/support/catalog.php
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