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      The mission of Galil’s experienced 
Applications Department is to provide 

prompt and accurate technical 
assistance to help OEMs successfully 

deliver their products to market.
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The Galil Design Kit (GDK) is Galil’s newest software 
environment that provides easy communication with Galil’s motion 
controllers and PLCs. Galil has recently introduced the new Scope 
and Tuner to GDK’s growing list of tools and capabilities. All tools 
are customizable by editing the XLM that’s located in the “More 
Options” menu at the top right corner of the GDK software. 
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GDK now includes the following six tools:
•	 Scope:  emulates a traditional digital 

Oscilloscope.
•	 Tuner:  assists the user in optimizing their 

system’s performance.
•	 Terminal: send commands and receive responses 

from the controller.

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

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

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

Scope Tool

The GDK Scope is designed to emulate a traditional 
digital Oscilloscope. There are many features that it 
provides such as intuitive measuring and zooming tools, 
trigger tools, autoscale, and more. There are a variety of 
trigger modes available such as Scan, Auto, and Normal 
which allows the user to customize their waveform 

viewing experience. This tool can be used for many 
difference applications such as tuning, measuring motor 
settling time and overshoot, and measuring the system’s 
characteristics such as resonances and backlash. All this 
and more can be achieved with this intuitive Scope Tool.

Figure 1: A tuning test signal being plotted using GDK’s Scope Tool.

(cont. pg 3)
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Tuner Tool

The GDK Tuner is designed to assist the user in 
optimizing their system’s performance. It provides 
a single user interface for editing a variety of filter 
parameters such as Pole, Notch, and PID. The user can 
also edit the controller’s torque limits, the voltage offset, 
and feedforward parameters. The Auto-Crossover tuning 
algorithm is customizable as well as the Tuner’s Test 
Signals. The GDK Tuner is made to work seamlessly 
with GDK’s Scope Tool to provide an adaptable tuning 
experience.

Figure 2: The Basic Filter view in the GDK Tuner Tool.

Viewer Tool

The Viewer Tool allows customized real-time viewing 
of the controller’s I/O status, motor position, and much 
more. This tools is convenient during troubleshooting 

and integration since so many of the systems parameter’s 
can be viewed at once. The user can customize what is 
viewed by editing GDK’s XML.

Figure 3: The A-Axis information window in the Viewer Tool.
(cont. pg 4)
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(cont. pg 5)

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. The Editor includes a variety of 
convenient tools such as toggling comments, quick 
Go To functionally, and a Find/Replace mechanism.

Editor Tool

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 is 
very powerful in that it enables the user so view all the 
controller’s important information, save it to a PC, 

and load this information on multiple controllers (or 
the same controller if a Master Reset was executed or 
new firmware was loaded). This tool alone will increase 
productivity by saving time during integration and 
troubleshooting.

Figure 4: The information window for the Setup 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 to print the Terminal’s output.

Terminal Tool
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Ordering Information
GDK lite, which currently includes the Terminal, Editor, Viewer, and Setup tools, is available to download here: 

http://www.galil.com/downloads/software/GDK. The GDK full version, which also includes the Scope and Tuner, 
is available for purchase at $195. Please see the GDK manual for more specific details about GDK: http://www.galil.
com/sw/pub/all/doc/gdk/html/. 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. 

New Communication Server
GDK’s communications library, gclib, now uses a 

communications server by default. This software layer 
works as a multiplexer to the hardware and allows 
multiple applications to communicate with the same 
controller. Data that was once only available to one 
application is now distributed to all subscribing clients. 
The benefit of this architecture is that an application can 

leverage all communication features of a Galil controller, 
while an attached debugger, for example 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.
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When dealing with high resolution applications 
where positioning down to the nanometer level is 
required, choosing the right hardware is critical. For 
systems such as these, a piezoelectric motor is often 
selected over a conventional electromagnetic motor. 
Piezoelectric motors have excellent positioning accuracy, 
high speed capabilities, and minimal electromagnetic 
interference. This makes them an excellent candidate for 
applications where high precision and speed is required 
over small distances, as well as for applications in 
sensitive environments.

One of the downsides of piezoelectric motors 
however is that they are non-linear, and therefore 
are much more difficult to tune when compared to 
a standard brushless servo motor. To overcome this 
challenge, The Galil Applications Team utilized a Galil 
DMC-30019 coupled with a LEGS linear piezoelectric 
motor from PiezoMotor. The DMC-30019, a 
customized controller/driver for use with Piezo LEGS 
motors from Piezomotor, can easily be programmed 
and tuned to achieve high performance motion with 
accuracy down to the nanometer scale. 

(cont. pg 7)

Tuning a Piezomotor DMC-30019 and LEGS Piezoelectric 
Motor for High Resolution Motion Control

System Hardware

The hardware used in this demonstration system 
consisted of a DMC-30019, a PiezoMotor LEGS LS15 
linear motor, a Micro E Systems Mercury II encoder 
with 5nm feedback and a PM-Bearings Precision Slide 
with 40mm of travel. Two sample moves were used 
to demonstrate the use of this system. The first was a 

step and settle move, and the other was a longer slew 
move. Each sample move was done twice, once with the 
system unloaded and once with a load of 225g. Tuning 
was done by viewing the system response to motion 
commands in GDK’s scope tool and adjusting filter 
gains on the fly. 

System Performance

The first move was a 0.5 mm step and settle at 5 
mm/sec with an acceleration and deceleration of 300 
mm/sec^2. Once tuned, the system was able to settle 
within +/- 5 counts in 4.73 msec.  Figure 1 shows the 
system’s performance of this step and settle move. The 

vertical green shaded area shows the time the system 
takes to settle, while the horizontal area shows the +/- 
5 count error constraint. The settling time, error, and 
system gains used are listed in Table 1.
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Figure 1: Step and Settle GDK Plot

Table 1: Loaded and Unloaded Step Move System Parameters and Characteristics

KP KI KD FV Settling Time (msec) Final Error (counts) Final Error (nm)

Unloaded 4.25 0 0 11 3 +/- 5 +/- 25

Loaded 4.75 0 0 11.5 4.25 +/- 5 +/- 25

   

(cont. pg 8)
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The second move was made longer (5 mm at 5 mm/
sec) to show the dynamic performance of the system. 
With the gains shown in Table 2, the system was able to 
maintain a following error of +/- 35 counts (175 nm) 
during motion in both the loaded and unloaded tests. 

In Figure 2 the vertical green shaded area represents 
the constant velocity portion of the move, while the 
horizontal shaded area shows the maximum amplitude 
of the error during this section.

(cont. pg 9)

Table 2: Loaded and Unloaded Slew Move System Parameters and Characteristics

KP KI KD FV Steady State Error During 
Move (counts)

Steady State Error 
During Move (nm)

Unloaded 4.75 0 0 14 +/- 35 +/- 175

Loaded 4.5 0 0 14 +/- 35 +/- 175

   

Figure 2: Slew Move GDK Plot 
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Conclusion

The Galil DMC-30019 and LEGS motor from 
PiezoMotor can meet the high requirements of today’s 
applications. The DMC-30019 takes care of the 
difficulties associated with the non-linearities and 
high friction that make for difficult tuning, saving 

development time and engineering resources. For more 
information, or to discuss a specific application, please 
contact Galil’s Application Engineering Team at 1-916-
626-0101 or toll free at 1-800-377-6329 (US only). 
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(cont. pg 11)

Exosent Engineering: Welding Non-Concentric Cylinders

Since 2010, Exosent Engineering has been leading 
the industry in the innovation of cargo tanks and 
pressure vessels. The design of these highly engineered 
products has been relatively constant for decades in 
North America. Exosent has gone above and beyond in 
order to create new designs that are custom, innovative, 
and safer for their customers.

The engineers at Exosent wanted to improve on the 
design of cargo tanks so they created tanks that allow 
high pressure, flammable fluids to be transported lower 
to the ground. This is an advantage which minimizes the 
potential of tank trailer roll over. Just by lowering the 
center of gravity, Exosent has created a product that is 
safer for truck drivers and motorists alike.

In order to improve these tanks, Exosent wanted to 
lower the center of gravity. However, in order to connect 
the tank to the truck bed, they had to keep the front 
of the tank at the same height as classically designed 
tanks. Exosent engineers overcame this issue by lowering 
the tank a full 16 inches after it clears the truck. The 
result is a cargo tank that is not perfectly cylindrical 
which creates a challenge in itself when it comes to 

manufacturing.

The team at Exosent Engineering didn’t stop at just 
designing a revolutionary product, they also created a 
way to manufacture these products faster and with more 
precision. Exosent prides themselves in keeping all levels 
of manufacturing in house so their engineers devised 
a better way to manufacture these one of a kind cargo 
tanks. They came up with a solution that required them 
to build a special machine to assist in manufacturing.

Exosent Engineering teamed up with Galil Motion 
Control to create this machine to weld these non-
concentric cargo tanks. When welding these tanks, the 
welder head needed to keep a constant velocity and 
vertical distance across the entire work piece in order 
to obtain a uniform weld. This created a challenge for 
the engineers at Exosent since the target welding point 
would be moving in both the horizontal and vertical 
plane due to the non-concentric design of the tanks.

In order to overcome this challenge, Exosent 
engineers designed a four axis welding machine using 
Galil’s precise and intuitive controllers. Galil’s controller 
takes the information from feedback sensors in order to 

Figure 1: Non-Concentric cargo tank
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position the welder at the target welding point. 
Two axes are used to control the horizontal and vertical 
position of the welder head while a third axis is used to 
move the entire welding machine along the tank. This 
third axis is primarily used to weld the long seams of the 
high quality steel plates that are rolled to create the tank. 
The fourth axis is used to control a cross slide for the 
weld head. This design allows the machine to weld these 
unique tanks with high accuracy and efficiency.

Galil and Exosent engineers worked in collaboration 
to create this advanced, custom machine. Daniel 

Freer (one of Exosent’s engineers) said it best when 
he described his personal experience in working with 
Galil’s support team. “The Galil engineers were friendly, 
responsive, and seemed truly interested in what I was 
working on. I had heard that the tech support at Galil 
was good, but even so, it exceeded my expectations.”

With the team work of Galil’s and Exosent’s 
engineers, Exosent now has a manufacturing solution 
that will get these revolutionary cargo tanks to customers 
in less time and with more accurate welding. 

Figure 2: Welding apparatus
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(cont. pg 13)

Compensating For External Forces in Motion Control 
Applications

When an external force is applied to a system, 
standard PID parameters may not be sufficient to 
compensate for it. To better understand how to address 
this problem, four applications with external forces will 

be analyzed and an effective solution will be provided 
for each application. These applications include servo 
motors moving a vertical load, a spring load, a lever arm, 
and a compressible substance.

Figure 1: Block Diagram of System with External Force

Vertical Load

The first application examines a motion controller 
with an amplifier, and a linear servo motor with a 
vertical load. The motor and load are mounted vertically. 

As the motor moves the load, gravity exerts a force 
pulling the load downward. This gravitational force 
makes tuning and system stability a challenge.

Figure 2: Vertical Load Application
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Figure 3 shows the performance of the system with 
the standard PID tuning parameters. As the load has 
a fixed mass and gravity is a constant uniform force, 
a fixed open loop offset can be used to counteract the 
downward force and improve the performance of the 
system. The counteracting force can be calculated by 
using the known mass of the load and the force of 
gravity.  With a 2 kilogram (kg) mass (m) the total 
amount of force in Newtons (N) to keep the load in 
place vertically is given by equation (1).

(1)

(2)

A 19.6 N force is required to counteract the force of 
gravity.  With a gain of  1  Amp/Volt  the amplifier will 
produce 1 Amp of current for every 1 Volt commanded 

by the controller.  The motor has a Force Constant of 11 
N/Amp. The current required to produce a 19.6 N force 
can be calculated as:

(3)

Figure 3: Motor Position and Position Error Vs. Time with PD tuning 
parameters

(cont. pg 14)
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(cont. pg 15)

With a gain of 1 Amp/Volt the calculated offset voltage 
is 1.78 Volts. This value can also be derived from trial 
and error. Another alternative approach is to command 
the motor to move back and forth multiple times and 
take the average torque. Applying the open loop offset 

will reduce the position error and provide greater 
stability during moves. By applying the open loop 
compensation the position error of the system is greatly 
reduced, as shown in Figure 4.

Figure 4: System Performance of Vertical Load with Open Loop Compensation

Spring Load

In this second application the setup is the same as 
previous vertical load, but the motor has a spring 
connected to the load with a 1 micrometer (μm) 
resolution encoder. In this situation the external forces 
on the load include gravity and the spring. Unlike 

gravity, the force applied by the spring is not uniform. 
The force applied by the spring is dynamic, and will vary 
based on the position of the spring. This means a fixed 
open loop compensation will not adequately counteract 
the effect of the spring.
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The performance of the system without 
compensation is shown in Figure 6. To determine the 
compensation required, the physical behavior of the 
spring has to be characterized. A spring, having a linear 
force vs position. The spring’s force in this system can 
be characterized by the following equation:

(cont. pg 16)

Figure 5: Spring Load Application

Figure 6: System Performance of Spring Vertical Load Without 
Compensation

(4)

In equation 4,  F is the force applied by the spring, 
K is the spring constant, x is the position of the spring, 
F_P is the spring pre-loading constant to account for 
compression, and F_G is the force required to counter 
act gravity.  The value for the spring constant K is 
provided by the spring manufacturer. For the spring 
used in this application has a spring constant as follows:

(5)
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(cont. pg 17)

When the spring is pre-loaded it will move a distance 
of 5 mm. By using the spring constant K and the pre-

loaded distance traveled for the spring d, the spring 
preload F_P can be calculated as:

(6)

(7)

The force to counteract gravity  F_G was already 
calculated with equations (1) and (2) with a result of 

19.6 N. With the position of the motor reported in 
encoder counts (cts) equation (4) now becomes:

(8)

Using equation (3), current gain of 1  Amp/Volt, and the motor force constant of 11  N/Amp :

(9)

This equation allows the controller to generate a 
counteracting force F in Volts that changes dynamically 
as the spring compresses and extends. With the equation 

providing compensation for the spring, the position 
error is reduced for the system. This can be seen with the 
lower position error shown in Figure 7.
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(cont. pg 18)

Figure 7: Performance with spring compensation applied

Lever Arm

In this example the system has a motor, a motion 
controller with an amplifier, and a lever arm with a mass 
at the end. Due to the lever arm’s mechanics the effective 

force of gravity will vary as the arm travels from 0 to 90 
degrees as shown in Figure 8. 

Figure 8: Lever Arm Example 
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(cont. pg 19)

(10)

The motion for Figure 9 can be described with equation (10):

Where F is the additional moment applied, R is the lever 
arm length,     is the angle (0° being vertical) and m is 
the mass of the object. Assuming the lever arm itself has 

negligible mass, the force required to counteract gravity 
can be calculated dynamically. With a mass of 1 kg and a 
length of 20 cm, the equation (10) becomes:

(11)

The angle              is calculated by converting the motor’s 
position in encoder counts into degrees. This can be 
done by using the conversion factor. The motor has an 

encoder that is 4000 cts per revolution and is connected 
to the lever arm.  One full revolution of the motor 
results in one full revolution of the lever arm.

After conversion equation (11) becomes:

(12)

By implementing equation (12), the controller applies a 
counteracting force of magnitude F which improves the 
system’s overall performance and reduces position error. 

Figure 9 shows the performance without applying the 
compensation, and Figure 10 shows the improvements 
by applying compensation.
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(cont. pg 20)Figure 10: Lever Arm System performance with compensation

Figure 9: Lever Arm System performance without compensation
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(cont. pg 21)

Compressible Substance

In this final application there is a linear motor connected 
to a motion controller with an amplifier. The motor 
is moving an apparatus that is compressing a viscous 
substance. As the substance is compressed it generates 
a variable pressure force that pushes back against the 
motor. As the volume of the substance decreases, the 

overall pressure against the motor will increase. Unlike 
the spring, the substance’s response is not linear. In order 
to oppose this external force the motor must apply a 
counteracting force that changes dynamically based on 
the motor position.

Figure 11: Compressible Substance Application

By assuming a constant operating temperature, the ideal gas law equation (13) can be used to model the pressure 
applied to the motor.

(13)

After making multiple measurements on the substance, 
the data is recorded into Table 1. This data characterizes 

the pressure force for different positions of the motor. 
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Position in Encoder 
Counts Force in Newtons

400 0.15

800 0.21

1200 0.23

1600 0.29

2000 0.4

2400 0.5

2800 0.6

3200 0.8

3600 1.2

4000 1.8

Table 1: Substance Pressure Data

   

Figure 12: Encoder Position vs. Pressure Force

(cont. pg 22)
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(cont. pg 23)

The data from Table 1 is then entered into the 
controller’s memory as an array. With the array data, the 

controller can calculate the amount of force required to 
oppose pressure with the equation (14):

(14)

Where:

(15)

m is the difference between two points in the array 
data and X is the motor’s current position in Counts. 
Calculating m and X allows the controller to interpolate 
between the Table 1 data points to dynamically 

determine the offset Y.  The controller will then apply an 
offset of magnitude Y  to counteract the pressure. The 
resultant system performance before applying an offset is 
shown in Figure 14. 

Figure 13: Compressible Substance system performance without compensation
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Figure 14: Compressible Substance system performance with compensation

Effective Solutions

The effects of external forces can be addressed by 
various methods. In each of the preceding examples the 
affect an external force was reduced by commanding a 
corrective force from the motor. This corrective force 
was calculated using multiple methods including an 

equation, formula, and data table. Using these methods 
with the available tuning parameters allows the Galil 
controller to deliver accurate and stable motion in any 
application with external forces. 
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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.  

DMC-41x3 Econo Motion Controller

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

DMC-42x0 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-3x01x Ethernet/RS232 

RIO-47xxx Ethernet/RS232 

RIO-574x0 EtherCAT

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















EtherCAT MASTER CONTROLLERS

DMC-500x0 Ethernet/RS232 

DMC-52xx0 Ethernet/USB

SOFTWARE TOOLS

GDK. Galil’s seemless 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.


