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The Galil Design Kit (GDK) is Galil’s newest software environment 
that provides easy communication with Galil hardware. GDK is 
based on the same feature set as Galil’s previous generation software 
but will be a more robust, more user friendly solution for any 
application. 
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This release of GDK and will include the following four 
tools:

•	 Setup: used to read, edit, save, and restore all 
controller memory.

•	 Viewer: enables real-time viewing of the 
controller’s I/O status, motor position, and more.

•	 Terminal: used to send commands to the 
controller and receive responses from the 
controller.

•	 Editor: used to write, save, and execute 
application programs.

This GDK lite version is free of charge and is available 
as a download from Galil’s website. This version is a 
technical preview and is in active development . All 
customer feedback is welcome. The full version of GDK 

(which will include the scope and tuner tools) will be 
released in the third quarter.

GDK’s communications library, gclib, now uses a 
communications server by default. This software layer 
works as a multiplexor to the hardware and allows 
multiple connections to share the same physical resource. 
Data streams that were once only available to one 
application are now distributed to all subscribing clients. 
The upshot of this architecture is that an application 
can leverage all communications features of a Galil 
controller, while an attached debugger, e.g. GDK, can 
also have full-featured access. Previously written gclib 
code can use the server by omitting the “-d” switch in 
GOpen(). Install the latest version of gclib and GDK to 
try the new server.

Setup Tool
The Setup Tool allows the user to view, edit, backup, and 
load controller memory such as parameters, variables, 
arrays, and the program buffer. This tool will provide 
the capability to upload to a file. This file can then be 
loaded onto another controller, or the same controller if 

a master rest was issued. Overall, this tool provides fast 
and easy setup for Galil products increasing throughput 
and decreasing setup time. See Figure 1 for an example 
of the Setup Tool interface.

Figure 1: An example of the information window for the Setup Tool.
ä(cont. pg 3)
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VIewer Tool
The Viewer Tool allows customized real-time viewing of 
the controller’s I/O status, motor position, and much 
more. The user can customize what is viewed in order 

to provide for a simple solution for troubleshooting any 
application. See Figure 2 for an example of the Viewer 
Tool interface.

Figure 2: An example of the A Axis information window in the Viewer Tool.

Terminal Tool

The Terminal Tool provides easy communication to 
and from Galil controllers. It can be used to query the 
controller’s parameters or even execute a program. This 
tool has the capability to search command history, 
repeat or auto repeat commands, and is color coded. 
These features makes for an intuitive user experience.

The Editor Tool allows the user to write, save, 
download/upload, and execute application code. 
With this tool, multiple programs can be opened, 
edited, and saved all in the same seamless user 
interface.

Editor Tool

Ordering Information
The free technical preview release of GDK is available to download here: http://www.galil.com/downloads/software/
GDK. If you would like to speak to an  Applications Engineer about GDK or for other questions please call (916) 
626-0101 or (800) 377-6329 (US Only) or email support@galil.com. n
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The AMP-43520, AMP-43540, and AMP-43740 have 
been enhanced to incorporate 16 bit PWM resolution.  
The AMP-43520 and AMP-43540 are 2 and 4 axis 600 
Watt sinusoidal amplifiers with a switching frequency of 
33 kHz. While, the AMP-43740 is a 4 axis 1200 Watt 
sinusoidal amplifier with a switching frequency of 20 kHz. 
Galil has increased the PWM resolution from 12 bit to 16 
bit without decreasing the switching frequency. Galil has 
added the benefits of increasing the resolution on a PWM 
amplifier without the usual required trade-offs.

Some of the advantages of a high resolution amplifier are 
enhanced sub-micron positioning, reduced torque ripple, 
and smoother speed control. Overall, these enhancements 
will increase the system’s performance for many 
applications.

Any new AMP-43520, AMP-43540, and AMP-43740 
will include this upgrade with no change in cost from the 
previous 12 bit versions.

Galil’s AMP-43520, AMP-43540, and AMP-43740 Now 
Have 16 bit PWM Resolution

Part Number Description Price (1pc/100pc)

D3520 Two 600W servo drives with sine 
commutation

$650 / $375

D3540 Four 600W servo drives with sine 
commutation

$1,000 / $600

D3470 Four 1200W servo drives with sine 
commutation

$1,300 / $800

   

For more information on the benefits of 16 bit resolution check out the “Improving Performance with High 
Resolution PWM Drives” White Paper located here: http://www.galil.com/news/servotrends/white-paper-effects-
amplifier-resolution-servo-motor-control. For more information on these amplifiers refer to http://www.galil.com/
accessory/internal-amplifier-and-drive-options. Also to speak to an Applications Engineer by calling (916) 626-0101 
or (800) 377-6329 (US Only) or email support@galil.com.  n

Improving Performance with High Resolution PWM Drives

With continued miniaturization, the requirements for 
sub micron control of high bandwidth, high resolution, 
low inertia systems are becoming more and more 
stringent. To match this demand, the motion control 
industry has steadily moved to more powerful and 
higher resolution platforms. This iterative process has 
continued to drive improvements in the PID control 
loop and its capabilities from 8 bit systems in the 1980’s 

to today’s 16 to 32 bit architectures. Any control system 
however is only as capable as it’s ‘weakest’ component. 
20 bit encoders, 32 bit processors and 16 bit DACs are 
of limited benefit when the resolution of the amplifier is 
typically limited to only 12 bits. A 16 bit amplifier with 
the same high PWM frequency of a 12 bit allows for the 
full performance capabilities of a modern control system.

Introduction

ä(cont. pg 5)
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Since the PWM duty cycle is controlled via a digital 
controller, it is by definition quantized, restricted to 
a range of discrete bits. For instance, a 12 bit PWM 
signal can assume one of 4096 discrete duty cycles. A 
16 bit PWM signal provides 16 times the resolution 
of a 12 bit signal, providing 65,536 possible current 
values. If a servo amplifier is able to supply up to 10 

Amps of current to a motor, the current resolution in 
a 16 bit PWM is 0.305 mA/bit as opposed to a 12 bit 
PWM signal which provides a current resolution of 
4.88 mA/bit. Equation 1 dictates that the motor torque 
is also constrained to these values by the motor torque 
constant, KT. The end result is that higher resolution 
PWM control results in higher resolution torque control.

PWM Control
Servo amplifiers require a command signal from a 
motion controller which is then translated into a 
current supplied to a motor’s coils. One of the most 
used amplifier types in servo control today is the PWM 
Amplifier or ‘switcher.’ Manipulation of motor current 
is achieved by quickly switching a series of power 
MOSFETs in an H Bridge configuration. During an 
interval defined by the PWM frequency (typically in 

the tens of KHz range), each coil is switched on and 
off and the ratio of how long the FET is on vs the total 
interval time is known as the duty cycle. The higher the 
duty cycle, the longer the FETs are on and the more 
current is delivered to the motor. Current resolution and 
responsiveness is then a function of two parameters, the 
switching frequency and the PWM duty cycle.

PWM Resolution
Current Resolution
(Imax = 10 Amps)

12 bit 4.88 mA/bit

16 bit 0.305 mA/bit

   

Figure 1: PWM Duty Cycle

  
 

Equation 1: Relation of motor torque to current ä(cont. pg 6)

Δτ(n): Torque resolution [Torque/bit] 
n: PWM resolution [bits] 
KT: Motor Torque Constant [Torque/A] 
Imax: Amplifier maximum current rating [A]

Table 1: Example current resolutions vs PWM resolution
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The majority of mechanical systems possess enough 
inherent inertia and friction to make this ripple 
unnoticeable.  Also for low to medium resolution 
systems, the dead-band effect of 12 bit amplifiers is 
not significant to prevent accurate control. In high 

resolution, low inertia, and high bandwidth systems 
however, the differences become more noticeable both in 
the system performance and production of undesirable 
audible noise. Linear or ceramic motors and low friction 
bearings are especially susceptible to these effects.

Dead Band and Torque Ripple
The effects of PWM resolution are most evident when 
current demand falls between the discrete values set 
by the PWM signal. For the high resolution encoder 
system example shown in Figure 3 using a 12 bit 
PWM amplifier, as the position error increases from 0 
to 15 counts no current is generated by the amplifier. 
Therefore there is no corrective torque to drive the 
system to eliminate the position error. This behavior 
effects the system in the same manner as a mechanical 
dead-band.  With a 16 bit PWM amplifier even a single 
count of position error generates current from the 
amplifier eliminating the dead-band in the system.

Torque ripple is again the result of the PWM signal 
attempting to meet a current demand. In Figure 2, a 
current of 1.877 A has been commanded by the motion 
controller in order to move a mechanical system at a 
constant velocity. Assuming a +/-10 amp range with a 
resolution of 12 bits, the amplifier can produce either 
1.875 A or 1.8798 A. In order to achieve the desired 
current, the processor must modulate the command to 
be 1.8798 A for 1 sample and 1.875 A for 2 samples. 
The 16 bit amplifier can produce 1.8769 A or 1.8772 
A and so as a result, the magnitude of the variation has 
been reduced by a factor of 16.

Figure 3: Torque response to position error Figure 2: Effect of PWM resolution on torque ripple

ä(cont. pg 7)
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A Fully Digital Drive
The Galil AMP-43540 Servo Amplifier has 16 bit PWM 
resolution while maintaining a PWM frequency of 33 
kHz.  The higher power AMP-43740 has 16 bits with 
a frequency of 20 kHz. Combined with with sinusoidal 
commutation, these amplifiers provide high resolution 

torque control, high current bandwidth, fast response 
times, and minimal torque ripple in a fully digital drive. 
This capability makes these amplifiers the ideal solution 
for high performance control systems with low inertia, 
high resolution or high bandwidth requirements. n

The Duty Cycle vs. Frequency Trade Off
Given that the advantages of a 16 bit PWM amplifier is 
clearly superior, why aren’t all amplifiers made this way?  
The problem is maintaining a high PWM frequency.  
Typically a PWM frequency has an inverse relationship 
to the system clock frequency, as shown in  Equation 2. 

For instance, with a system clock of 100 MHz a 12 bit 
PWM will have a frequency of 24.4 KHz (108/212). For 
a 16 bit PWM the frequency would be reduced to 1.5 
KHz.

  
 

Equation 2: ƒPWM is the PWM frequency, ƒC is the system 
clock frequency, and n is PWM resolution

A PWM frequency this low has a number of drawbacks.  
First, it is well in the audible range and no doubt be 
intolerable for any person within earshot.  Second, 
the current bandwidth, which is a measure of how 
responsive the amplifier will be to commands, will 
be no better than one eighth of the PWM frequency. 
A bandwidth of 200 Hz is unacceptable in any high 
performance system. Finally the current ripple, which 

represents lost power and excess heat, increases as the 
inverse square of the PWM frequency.  Most sub-
horsepower motors would burn up with a 1.5KHz 
frequency. The challenge then is to produce a 16 bit 
PWM amplifier to gain the benefits of high resolution 
while maintaining the high switching frequency 
necessary for a high performance practical control 
system.
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Check Out Galil’s New EtherCAT Video

This informational video will demonstrate how fast and easy it is to set up an EtherCAT system with Galil’s  
DMC-50000 series n
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HMI
The Raspberry Pi can be used as an alternative to 
an HMI. With the Raspberry Pi the user has the 
opportunity to customize their user interface for any 
application. With a low cost touch screen, a machine 
interface can easily be created using a Raspberry Pi to 
communicate with Galil hardware.

Programmable Host
Now that the Raspberry Pi has the ability to 
communicate with Galil hardware, it can be used as a 
host PC for a motion control system. The Raspberry 
Pi can be programmed in many different languages 
including C/C++, Python, and Java, just to name a few.

Support for Raspbian Jessie for the Raspberry Pi 2 Model B will be included in the next update of gclib (free of 
charge). If you would like to speak to an Applications Engineer about Raspberry Pi support or for other questions 
please call (916) 626-0101 or (800) 377-6329 (US Only) or email support@galil.com. n

gclib Now Supports Raspberry Pi

Galil's gclib has been ported to Raspbian Jessie, an 
opertating system for Raspberry Pi. gclib is Galil's 
C-compatible application programming interface (API) 
for communicating with Galil motion controllers 
and PLCs. The Raspberry Pi is a low cost, small form 
factor single board computer. Raspbian Jessie is the 

latest operating system for Raspberry Pi hardware. The 
Raspberry Pi 2 Model B is the hardware supported in 
this release.

There are many ways a user can use a Raspberry Pi with 
a Galil controller. Here are just a few examples:

Data Logging
Being able to communicate with Galil hardware allows 
the Raspberry Pi to record massive amounts of data 
from the controller. Digital inputs, motor position, 
and analog sensor readings are just a few examples 
of what could be recorded on the Raspberry Pi. This 
is accomplished by using just one simple function 
(GRecord()). An external USB hard drive can also 
be mounted to the Raspberry Pi enabling the user to 
record Terabytes of data with almost no effort.

Internet Gateway
The Raspberry Pi, just like any desktop computer, 
has the ability to connect to the internet. This allows 
the user to communicate with the Raspberry Pi, and 
therefore a Galil Controller, from anywhere in the world. 
The user could even connect a cellular modem to the 
Raspberry Pi enabling them to communicate to their 
control system from their cellphone.
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Australian Synchrotron EPICS Upgrades
In June, 2014 Galil announced its EPICS Baseline 
support. EPICS is an acronym which stands for 
Experimental Physics and Industrial Control System. 
It is an open source, distributed software framework 
used extensively in “Big Physics” projects 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 nodes, called Input/Output controllers 
(IOCs), can communicate while providing high-level 
functionality and interaction.

Working closely with engineers from the Australian 
Synchrotron, Galil defined a general-purpose EPICS 
driver for Galil motion controllers and PLCS. This 
driver provides basic motor record support as well as 
access to the embedded program memory and arrays. 
This allows any Galil hardware to be inserted into an 
EPICS network without requiring a deep knowledge of 
EPICS IOC development.

Since the release of Galil’s EPICS Baseline fork, the 
original project has continued to grow.

Major improvements include:

1. Best-practices, ASYN-based model for communications.

2. Example MEDM displays, as well as updated QT-based displays with the QE framework.

3. PLC support for Analog and Digital I/O control with Galil’s RIO family.

4. Enhanced Motor Record.

5. Motion Coordination.

6. Data record mapping using a portion of Galil’s new gclib library.

The new EPICS driver can be found at http://motorapp.github.io/Galil-3-0/ 
Galil’s Epics Baseline can be found at http://www.galil.com/downloads/software/epicsdriver   n
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Galil 2-day Live Training Coming in May 2016

Our next two-day product school is Thursday May 5, 
2016 through Friday May 6, 2016.  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. 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. If you are a new user 
to Galil or want to learn more, signup now! For more 
information and to register go to http://www.galil.
com/learn/classes or contact Mark Middleton at Mark.
Middleton@galil.com. Please register by April 22, 2016. 
n

The RIO-57420 is Now Available with 16 bit Analog I/O
 The RIO-574x0 series is Galil’s first EtherCAT 
Slave I/O Controller.  This device is specifically designed 
to interface seamlessly with Galil’s EtherCAT Master 
Motion Controller, the DMC-500x0, but it can also be 
used with any generic EtherCAT Master. 

 All RIO-574x0 have 16 opto-isolated digital 
inputs and 16 high-power (500mA sourcing) opto-
isolated digital outputs.  The RIO-57420 also includes 
8 analog inputs and 8 analog outputs, both individually 
configurable in the ranges of 0-5V, 0-10V, ±5V, or ±10V. 

Now, the user has the option of utilizing 16 bits of 
resolution as opposed to the 12 bits that come standard 
with the RIO-57420. This enhancement will provide 
a more accurate, higher performance solution for any 
application.

 The 16 bit option is only a $100 adder to the 
RIO-57420 for the single piece price and a $50 adder 
at the 100 piece price. The RIO-57420 is $595 for the 
single piece price and $395 for the 100 piece price (one 
third the cost of other comparable products). n

The RIO-574x0 Now an Official Conformance Tested 
Product

Galil’s RIO-574x0 series is now a certified EtherCAT 
product (certified by the EtherCAT Test Center).  This 
certificate validates that the RIO-574x0 has been tested 
by a third party to interface properly in any EtherCAT 
system. This ensures that an engineer can feel confident 
in using the RIO-574x0 for their I/O need in any 
EtherCAT based application.

For more information on the RIO-574x0, refer to http://
www.galil.com/plcs/remote-io/rio-574x0, or for more 

information on all of Galil’s EtherCAT products, refer 
to http://www.galil.com/ethercat.  For more information 
on EtherCAT Test Center conformance testing, refer to 
https://www.ethercat.org/en/conformance.html. As with 
all Galil controllers, the RIO-574x0 comes backed with 
the proven support of Galil’s Applications department.  
To speak with an Applications Engineer, please call Galil 
at (800) 377-6329 (US only) or (916) 626-0101 (global) 
or visit http://www.galil.com/contact.  n
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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.galil.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 (US only) or (916) 626-0101 
(global) 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-42x0 Ethernet/RS232  - NEW!

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-3x01x Ethernet/RS232 

RIO-47xxx Ethernet/RS232 

RIO-574x0 EtherCAT  - NEW!

POCKET PLC I/O CONTROLLER

FREE Online Support Tools

Application notes, white papers and industry articles
http://www.galil.com/learn/application-notes

Tutorials and videos about servo tuning, motion programming, & motors and drives
http://www.galil.com/learn/online-videos

MotionCode™ Toolkit, step-by-step solutions with downloadable code
http://www.galil.com/learn/sample-dmc-code

MotorSizer™ Tool for quick sizing of stepper and servo motion systems
http://www.galil.com/learn/motorsizer

Interactive bulletin board with knowledge base for fast answers to your questions
http://www.galil.com/forum

Customer stories and videos 
http://www.galil.com/learn/customer-stories

Product catalog with specs and pricing
http://www.galil.com/downloads/product-catalog
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EtherCAT MASTER CONTROLLERS

DMC-500x0 Ethernet/RS232 

SOFTWARE TOOLS

Gali Design Kit. Galil’s Newest  

Software - NEW! 

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.


