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Introducing the DMC-52xx0 EtherCAT 
master, Galil’s first 32 axis motion controller. This 
new addition to Galil’s EtherCAT family is a pure 
EtherCAT controller with the ability to control up 
to 32 drives and 2 I/O modules. This space efficient 
package also provides uncommitted I/O for easy 
integration into any EtherCAT application.

The DMC-52xx0 is offered in 2, 4, 8, 16, and 32 
axis formats. Coordinated moves can be done within 
banks of up to 8 axes allowing for minimal changes 
of Galil’s programming language. The DMC-52xx0 
operates in Cyclic Synchronous Position mode (CSP). 
In this mode, the servo control loop is closed on 
the EtherCAT drive while the Galil controller sends 
motion profile commands at a rate of 1 kHz. Galil 
supports a host of EtherCAT devices for virtually any 
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application. See the list below for more details.

Designed to solve complex motion problems, the 
DMC-52xx0 can be used for applications involving 
jogging, point-to-point positioning, position tracking, 
contouring, linear and circular interpolation, electronic 
gearing, ECAM, and PVT. The DMC-52xx0 makes 
configuration and programming easy with just a handful 
of EtherCAT configuration commands and Galil’s 
intuitive, two-letter programming language.

The DMC-52xx0 features 8 uncommitted opto-

isolated inputs and 8 uncommitted opto-isolated high 
power outputs. It also includes 8 uncommitted analog 
inputs and 8 uncommitted analog outputs (analog I/O 
is 12-bit standard, 16-bit option available). 

The DMC-52xx0 comes with one Ethernet port 
for communication with a host PC and one EtherCAT 
port to communicate with EtherCAT devices. Multiple 
EtherCAT drives can be linked together in a daisy 
chain configuration and connected to the controller’s 
EtherCAT port, simplifying wiring and decreasing setup 

Supported EtherCAT Devices

•	 Galil RIO-574x0

•	 AMC DZEANTU Series

•	 Copley Xenus PLUS XEL-230-36

•	 Delta Electronics ASD-A2-0721-E

•	 LS Mecapion Pegasus

•	 LS Mecapion L7N

•	 Panasonic Minas A5B

•	 Parker P Series

•	 Sanyo-Denki SANMOTION R 
RS2A01A2HA5

•	 Yaskawa Sigma-5 SGDV

•	 VIPA EtherCAT IO

   

time. One USB port is also provided for alternative 
communication with a host PC. The DMC-52xx0 is 
packaged in a compact metal enclosure measuring 9.75” 
x 5.00” x 1.60” and is powered by a single 90-250 VAC 
supply.

The DMC-52xx0 EtherCAT controller is available 
now. If you would like to speak to an Applications 
Engineer about the DMC-52xx0 or for other questions, 

please call (916) 626-0101 or (800) 377-6329 
(US Only) or email support@galil.com. For more 
information about the DMC-52xx0 go to http://www.
galil.com/motion-controllers/multi-axis/dmc-52xx0.

Please also see http://www.galil.com/ethercat for an 
updated supported EtherCAT devices list. 
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Figure 1: Simplified Ethernet packet structure.

EtherCAT or Ethernet for Motion Control:
Choosing the Right Network Solution for your Application

Introduction

Ethernet based bus solutions have become the 
dominant method of communications in motion 
and industrial control. TCP, UDP, Modbus TCP 
and EtherCAT are just a few of the Ethernet 
protocols implemented to bring high speed, robust 
communications to motion control applications. Since 
EtherCAT and Ethernet use the same physical hardware 
and are often used in concert, it can be difficult 
to differentiate between the two. Control systems 
designers can however make educated choices about the 
appropriate communication bus for their application 
by understanding just a few key factors; centralized vs. 

distributed control, determinism, and cost. 

First, a brief overview of the two communication 
protocols will be provided. Centralized vs. distributed 
control and the role of determinism in motion control 
will then be discussed. Finally, the relative costs and 
advantages of each protocol will be outlined. The general 
rule is that EtherCAT is an appropriate solution for 
applications that require real-time, deterministic control 
over distributed networks. This capability is offset by 
the higher cost of EtherCAT hardware vs. conventional 
hardware.

Ethernet Communication

The primary goals of Ethernet communication are 
data integrity and throughput. Data is quantized into 
objects known as packets. Each packet contains a 
collection of fields such as source address, destination 
address, payload data etc. The data contained with the 
payload, labeled 'Ethernet Data' in Figure 1, can be 

any number of protocols. Galil Motion Controllers for 
example use the Telnet protocol to send ASCII data 
between the controller and host PC over TCP/UDP. 100 
Mbit/sec speeds make this communication effectively 
instantaneous. 

(cont. pg 4)
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The ‘effectively’ qualifier is used because Ethernet 
communication does come with some overhead 
which may cause intermittent delays if, for some 
reason, a packet is lost or a collision occurs. Keeping 
all components on a closed network can minimize 
the chances of occasional delays, but they can not be 
completely eliminated. If it occurs, this delay is rarely 

longer than a millisecond and for the purposes of most 
motion control applications is a non-issue. This being 
said, Ethernet communications are often referred to as 
‘non-deterministic’ since there is no absolute guarantee 
that information will arrive at the prescribed destination 
at a defined time. 

(cont. pg 5)

Figure 2: Ethernet control layout.

 A block diagram of a motion control system that 
uses Ethernet to communicate with a host PC is shown 
in Figure 2. Notice that Ethernet communication is 
restricted to communication with the host and that 
communication with the servo drives uses the standard 
+/- 10V analog servo command signals. Real-time 
motion profiling, IO control and PID filtering are left 

to the motion controller. Since TTL level and analog 
voltages are transmitted across copper wires and PCB 
traces, communication between the motion controller 
and drives is negligible for even the most demanding 
applications. Non-real-time tasks are left to the host PC 
via Ethernet.
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Figure 4: EtherCAT frame structure.

(cont. pg 6)

Instead of an analog voltage, 32-bit position 
commands or 16-bit torque commands are sent to each 
drive via the EtherCAT protocol. Data is transmitted 
in a packet structure similar to that used in Ethernet 
communications, see Figure 4. Similarly, encoder and IO 
data is returned to the EtherCAT Master. This all occurs 
at a regular interval known as the EtherCAT Cycle Time, 
typically in the millisecond range. 

If EtherCAT uses the same packet structure as 

Ethernet, how does it get around the potential for 
communications delays? The difference is the high degree 
to which EtherCAT communication is coordinated 
and structured and the fact that no two EtherCAT 
transmitters share the same physical wire, eliminating 
the possibility of collisions. Each drive is equipped with 
an ASIC that allows it to take information directly from 
the EtherCAT packet and map it to its memory space 
while inserting information into the same packet. This 

EtherCAT Communication

An EtherCAT solution still uses Ethernet 
communications between the Host PC and EtherCAT 
Master for non-time-critical tasks. Motion profiling and 
IO control is handled in the EtherCAT Master, similar 
to the system outlined in the previous section. However, 

the primary difference between the two systems is the 
method by which motion commands are relayed to the 
Servo Drives (referred to as EtherCAT Slaves in Figure 
3).

Figure 3: EtherCAT control layout.



6

| 270 Technology Way | Rocklin, CA 95765 USA | 800.377.6329 | 916.626.0101 | 916.626.0102 fax | www.galil.comGalil Motion Control, Inc. 

(cont. pg 7)

Figure 5: Centralized control system layout.

Centralized vs. Distributed Control

A centralized control system consists of an, aptly 
named, centrally located motion controller. The motion 
controller is responsible for motion coordination, IO 
scheduling and communication with a Host PC or 
HMI. A perfect example is a CNC machine, see the 
simplified block diagram in Figure 5. There is at least 
four axes of servo control and numerous IO points like 
limit switches, touch probes etc. in addition to a PLC 
for additional IO control. All input data and output 
commands are routed through a single device that can 

coordinate actions to within microseconds. In these 
systems, a clock based servo interrupt ensures that 
feedback is sampled and commands are written in a real-
time, deterministic manner. Communication latency is 
minimal since all connections are copper based i.e. all 
on the same PCB or hard wired into other components. 
For increased speed, noise immunity, and reduced cost, 
drives that are integrated into the controller are the 
perfect option.

data is then used to either profile motion or update 
position registers, depending on the mode of operation 
of the EtherCAT network. It is this direct mapping that 
makes for minimal communication delay and overhead. 
This allows EtherCAT network commands to be process 
at a speed that is on par with traditional analog based 
systems.

The high degree of coordination on an EtherCAT 
network does come at a cost. The network must be 
set up via software prior to use. Each EtherCAT Slave 

must be configured to ‘look at’ only a particular set of 
bytes within the EtherCAT packet, forwarding along 
data meant for subsequent drives on the network. An 
EtherCAT network is by necessity a closed network, 
incompatible with standard Ethernet hubs or switches. 
Lastly, since each EtherCAT slave must come equipped 
with the EtherCAT ASIC, digital/analog IO, servo 
amplifier and motion profiler, there is a significant cost 
increase over standard analog command drives. For select 
applications however, the increased cost is justified.



7

| 270 Technology Way | Rocklin, CA 95765 USA | 800.377.6329 | 916.626.0101 | 916.626.0102 fax | www.galil.comGalil Motion Control, Inc. 

(cont. pg 8)

Factory process management that does not 
require tight coordination between actions is ideal for 
distributed control. In this scheme, shown in Figure 
6, motion controllers and PLCs all share information 
over a communication bus, typically some form of 
Ethernet communication. Deterministic control of IO 
and motion is handled locally at each ‘node’ while a 
central master issues commands and monitors the status 
of the various devices. The benefit is that everything 

can be controlled from one location despite each node 
being physically separated by even hundreds of meters. 
The trade off is that each node must, in addition to 
monitoring and running its assigned tasks, handle 
communications as well. A closed network means that 
communication over Ethernet remains fast and reliable 
but as previously stated, there is no guarantee of precise 
timing.

Figure 6: Distributed control system layout.
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Summary

Due to lower cost, simplicity of operation and 
decades of proven performance, analog control signals 
will continue to be the industry standard for some time 
to come. It is an established technology using standard 
components most engineers are familiar with. These 
control systems fit the bill for applications that allow for 
the controller, drives, IO modules and motors to be in 
close proximity or ‘in the same box.’

EtherCAT is emerging as a solution to a very specific 
problem; real-time, deterministic control over long 
distances. The main disadvantage is cost. Every node 
on the line (drives and IO) must have the EtherCAT 
ASIC on board in order to properly read and write 

data. In addition, every drive must also implement 
what essentially is a motion controller that can generate 
motion profiles and handle PID control. This vastly 
increases costs over a standard analog command control 
system.

The goal then for a system designer is to accurately 
identify the goals of an application in order to assess 
whether the added cost and complexity of an EtherCAT 
control system is appropriate. Table 1 lists a few key 
decision points to consider when deciding between 
Ethernet and EtherCAT communications. 

Using a defined hardware interrupt signal or 
EtherCAT cycle time synchronization pulse to ensure 
data is transmitted and acted upon in real-time are 
both examples of deterministic operation. Often 
the assumption is made that since EtherCAT is a 
deterministic network, it must be used in order to ensure 
this kind of performance. To be clear, in each case it is 
the motion controller or EtherCAT Master that is setting 
the pace. Deterministic performance is guaranteed in 
either case. In any system design, the crucial deciding 
factor between using a centralized motion controller 
or distributed EtherCAT network is the need for 
deterministic performance over long distances. Classic 
examples are a factory floor or processing plant. In 
layman’s terms, EtherCAT is a means for sharing the 
servo interrupt between all devices on the network and 
doing so over the Ethernet bus.

In a broader sense, a perfectly deterministic 
system exists only in theory. In practice, determinism 
is a relative term. Electronic devices are slaves to the 
processor clock and transistor propagation times, 
typically measured in nanoseconds. These times define 
the upper bounds of how fast an electronic system can 
operate. However, most motion control systems can be 
perfectly controlled using a servo update rate in the kHz 
range. When the time resolution of a system is 1 ms, a 
handful of nanoseconds is for all intents and purposes 
instantaneous. Similarly, Ethernet communication, even 
with potential for occasional communications delays, 
is ‘virtually’ deterministic. The communication time 
between Host and Motion Controller is insignificant 
when compared to the requirements of the mechanical 
system.

Determinism

(cont. pg 9)
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Ethernet EtherCAT

Lower cost Higher cost

Established technology New technology

Virtually deterministic Simplified wiring over long distances

   

Table 1: Decision points for using Ethernet or EtherCAT communications.

Galil Motion Control has offered high performance 
motion controllers for over three decades and was a 
pioneer in the introduction of Ethernet communications 
to the motion control industry. Galil's flagship product, 
the DMC-40x0 series, is capable of handling the most 
demanding motion control applications using Ethernet 
communications with both internal and external servo 
drives.

In addition, Galil now offers a line of EtherCAT 
products for integration into new or existing applications 

that can benefit from the use of EtherCAT. The DMC-
500x0 is also fully compatible with Galil's line of 
internal amplifiers. The DMC-52xx0 is an EtherCAT 
only master, capable of controlling up to 32 EtherCAT 
servo drives as well as 2 EtherCAT IO modules on the 
same network. In addition the RIO-574x0 is a dedicated 
EtherCAT IO module. Galil's line up of Ethernet and 
EtherCAT capable motion controllers ensures that we 
can meet the needs of your application, regardless of the 
requirements.
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The Parker P Series Now Supported

Galil’s EtherCAT Masters (DMC-52xx0 and 
DMC-500x0) now provide support for Parker’s P Series 
EtherCAT drives. The Parker P Series includes 400, 
1000, and 3500 Watt drives where motors can also be 
ordered to provide a complete EtherCAT solution.

The DMC-500x0 is offered in 1 through 8 axis 
formats. Axes 1 - 4 can be configured as either local or 
EtherCAT drives while axes 5 – 8 can be configured 
for additional EtherCAT drives. Unique to the motion 
control industry is this ability to mix and match local 
and EtherCAT drives on the same controller. The DMC-
500x0 also features 8 uncommitted opto-isolated inputs, 
8 uncommitted opto-isolated high power outputs, 8 
uncommitted analog inputs, and 32 user configurable 
extended I/O.

The DMC-52xx0 is a pure EtherCAT controller 
capable of controlling up to 32 drives and 2 I/O 
modules in a small, space efficient package. It’s offered 
in 2, 4, 8, 16, and 32 axis formats and features 8 
uncommitted opto-isolated inputs and 8 uncommitted 
opto-isolated high power outputs. It also includes 8 
uncommitted analog inputs and 8 uncommitted analog 
outputs.

The RIO-574x0 is available if additional I/O is 
needed. It provides 16 uncommitted opto-isolated 

inputs and 16 uncommitted opto-isolated high 
power outputs, 8 uncommitted analog inputs, and 8 
uncommitted analog outputs.

If you would like to speak to an Applications 
Engineer about any EtherCAT or other questions, please 
call (916) 626-0101 or (800) 377-6329 (US Only) or 
email support@galil.com. For more information on 
Galil’s EtherCAT products, please see http://www.galil.
com/ethercat. 
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Galil 2-day Live Training Coming in September 2016

Our next two-day product school is Thursday 
September 29, 2016 through Friday September 30, 
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 September 15, 2016. 
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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  - 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















EtherCAT MASTER CONTROLLERS

DMC-500x0 Ethernet/RS232 

DMC-52xx0 Ethernet/USB-- NEW!

SOFTWARE TOOLS

Galil Design Kit. Galil’s seemless software

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.


