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Galil is proud to introduce the RIO-574x0, its first EtherCAT Slave I/O 
Controller.  This controller is packed with digital and analog I/O and can 
greatly expand the I/O capability of an EtherCAT application.  The RIO-
574x0 is specifically designed to interface seamlessly with Galil's EtherCAT 
Master Motion Controller, the DMC-500x0, but it can also be used with 
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any generic EtherCAT Master.  Priced around 1/3rd of the competition, the RIO-574x0 provides a compact, cost-
effective I/O controller perfect for any EtherCAT application.

Each RIO-574x0 has 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.

Specification RIO-57410 RIO-57420

Communication USB, EtherCAT USB, EtherCAT

Power 9-48 VDC 9-48 VDC

Digital Inputs 16 opto-isolated 16 opto-isolated

Digital Outputs 16 opto-isolated 500mA sourcing 16 opto-isolated 500mA sourcing

Analog Inputs None 8 ±10V configurable 12-bit *

Analog Outputs None 8 ±10V configurable 12-bit *

Connectors Screw terminal Screw terminal

Dimensions 4.24’’ x 4.81” x 2.35” 4.24’’ x 4.81” x 2.35”

Table 1: RIO-574x0 Features List

   

* 16-bit option available

When interfaced with Galil's DMC-500x0 EtherCAT Master, the communications setup is accomplished with only 
a few intuitive commands. All remote I/O can be accessed on the DMC-500x0 as if the I/O is local.  This allows the 
user to smoothly integrate the RIO-574x0 into an EtherCAT system.  The RIO-574x0 also has a USB port to easily 
configure the controller using Galil's simple two-letter commands.  

Table 2: RIO-574x0 Price and Standard Options

Part Number Description Price (1pc/100pc)

RIO-57410 EtherCAT PLC with 32 Digital I/O $495 / $345

RIO-57420 EtherCAT PLC with 32 Digital I/O 
and 16 12bit Analog I/O  
(16bit and 4-20mA options available)

$595 / $395

(16BIT) 16bit Analog I/O $100 adder / $50 adder

(4-20mA) 4-20mA Analog Inputs $10 adder / $10 adder

   

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.  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



Modern motion controllers can include the ability to 
run stepper motors with encoder feedback, resulting 
in true closed-loop motion control.  This mode of 
motor control is very similar to standard three-phase 
brushless servo motor control, where the three phases 
are offset 120 electrical degrees.  With steppers, the 
motor has two phases offset by 90 electrical degrees.  
The benefits of closed-loop control with stepper 
motors include improved velocity smoothness, 
high torque at low velocity, and reduced power 
consumption.

To compare velocity smoothness and current 
consumption between open-and closed-loop steppers, 
two systems were assembled.  For open-loop testing, a 
motion controller provided step and direction signals 
to a 3.0A microstepping driver with 64 microstep/full 
step resolution.  This was connected to a linear stepper 
motor.  For closed-loop control, a controller with a 
built-in two-phase brushless amplifier was connected to 
the same linear stepper motor, shown in Figure 1. 

The objective of these tests is to maximize velocity 
smoothness and minimize current consumption.  
Achieving this will result in a system with higher 
performance, lower operating costs, and possibly an 
increase in longevity.

To test for velocity smoothness, the open-loop system 
was commanded to jog at a steady speed in terms 
of motor steps.  The built-in encoder’s velocity was 

monitored by graphing software.  The closed-loop 
system was then commanded to jog at a speed that was 
equal to that of the open-loop test, except that the motor 
was commanded in terms of encoder counts, not motor 
step pulses.  The closed-loop system was tuned manually 
using the built-in PID (Proportional-Integral-Derivative) 
filters.  In addition, other filters were used to improve 
performance even further.  

To test for reduced current consumption, the motor 
was run continuously for 30 minutes, then the motor 
case temperature was measured.  A lower temperature 
indicates less current consumption.

Figure 2 shows the velocity smoothness when running 
open-loop.  As can be seen, there was a sinusoidal 
velocity ripple due to the physical properties of a stepper 
motor.  The velocity ripple was approximately +/-500 
encoder counts/second.  There was an audible pulsing 
sound when moving, typical of open-loop steppers.

3

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

Closed-Loop Stepper Motor Performance Gains

ä(cont. pg 4)

Figure 1:  Linear Stepper Motor

Figure 2:  Open loop stepper motor velocity
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Figure 4:  Closed loop stepper velocity and error using PID and notch filter

Switching to the closed-loop solution and commanding 
motion based on encoder counts, the position error was 
added to the plot.  Using a combination of automated 
and manual tuning adjustments, the motor velocity 

smoothness was improved dramatically.  The velocity 
ripple was measured to be approximately +/-60 counts/
second.

Figure 3:  Closed loop stepper motor velocity using tuned PID values

On the plot of position error, there was a repeating 
waveform.  A portion of this position error was due 
to the natural resonance of the motor and load.  The 
motion controller’s notch filter was used to help 
minimize the effect of this natural resonance on the 

accuracy of the motion.  

Figure 4 shows the effect on the error when using a 
notch filter at 16 Hz.  The velocity ripple was  measured 
at +/- 15 counts/second.

Both the closed-loop and open-loop stepper were 
operated continuously for 30 minutes with identical 
motion profiles.  The motor case temperature was then 
measured.  With an ambient temperature of 19 °C, 
the open-loop stepper motor warmed up to 33.5 °C, 
whereas the closed-loop stepper motor case only rose to 

26.6 °C.

By integrating a suitable position feedback device such 
as an incremental quadrature encoder and using a two-
phase brushless amplifier in a stepper motor application, 
the accuracy and smoothness of the motion was 
improved dramatically. n



When open-loop stepper performance isn’t suitable for 
an application, an engineer will typically use a closed-
loop three-phase brushless motor. This solution can 
become costly especially if high torque performance is 
also required. However, now it is possible to use Galil’s 
2 Phase Brushless (2PB) option with stepper motors to 
gain the advantages of both stepper motors and closed-
loop three-phase brushless motors in one small, easy to 
use package.   Three phase BLM and 2PB are mutually 
exclusive features.  If you require mix of the motors, 
please contact an applications engineer at Galil.

Like a three-phase brushless motor, Galil sinusoidally 
commutates a two phase stepper motor which ensures 
smooth motion with no discontinuities. A small 
difference is that each phase in a three-phase brushless 
motor is offset by 120 electrical degrees while each phase 
in a two-phase stepper is offset by 90 degrees. The 2PB 

closed-loop solution also allows the controller to use PID 
parameters, pole/notch filters, and feedforward control 
parameters. These capabilities enable the controller 
to account for friction, resonances, and other system 
perturbations.

There are many benefits to closed-loop stepper control 
such as greater position accuracy and reduced motor 
power consumption. Other advantages include high 
torque performance comparable to implementing a 
three-phase brushless motor with a gear box. The greatest 
advantage of using steppers in closed-loop control is the 
low cost of the stepper motors themselves and the cost 
benefit of not needing a gear box when high torque is 
required. All of these advantages provide an ideal option 
for an application that requires a high torque, low cost, 
precise solution.
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Controlling a Stepper as a Closed-Loop Brushless Motor

 
For additional information on closed-loop stepper performance, please refer to the following article:
http://galil.com/news/motors/closed-loop-stepper-motor-performance-gains 

The 2PB option is available now for Galil’s integrated sinusoidal amplifiers the AMP-43540, AMP-43520, and the 
DMC-30017. For ordering options, please refer to Galil's part number generator:
http://galil.com/order/part-number-generator/dmc-40x0#DMC-4010-C022-I000-D3520(2PB)  n

Modbus Enhancements for DMC-40x0, DMC-42x0 and 
DMC-41x3

Galil had introduced Modbus slave support for the 
following controllers: the DMC-40x0, DMC-42x0, and 
the DMC-41x3.  These controllers now have the option 
of being either a Modbus master or slave.  

Because Modbus/TCP is an open protocol, these 
controllers easily integrate with other Galil Ethernet 
products or third party devices.  The RIO-47xxx and 
DMC-3x01x product lines also have this feature set, 
expanding the availability of using Galil controllers in 
these modular or remote applications.

An example of how these enhancements can be utilized 
includes implementing a third party HMI panel as a 
Modbus master while communicating with a DMC-
40x0 and a RIO-47xxx as Modbus slaves.  The HMI 
can read and write to different memory locations and 
I/O points on the DMC and RIO which can also trigger 
subroutines on either the DMC or RIO.  

Existing controllers can receive these enhancements 
by downloading the latest firmware.  Please see Galil’s 
firmware download and release notes page for more 
information: http://galil.com/downloads/firmware n



Legacy Upgrade Path

The DMC-42x0 controller, introduced 
earlier this year, is the latest addition 
to the Accelera family. This controller 
shares most of the firmware features 
with its counterpart, the DMC-40x0. 
The DMC-42x0 offers servo update 
rates as high as 16 kHz with command 
processing as fast as 40 microseconds. 
Compared to the prior generation 
controllers, the DMC-42x0’s update 
frequency is four times faster with 
almost double the encoder frequency. 
The output frequency for steppers, the 
program memory, and array element 
space has also been doubled.

The DMC-42x0’s layout and 
connectors are identical to the prior 

generation DMC-2xx0 controllers (DMC-21x0 and 
DMC-22x0). This similar design gives users a direct 
upgrade path from Galil’s prior generation products. 
Users can use their current cables and breakouts without 
changing any of the existing wiring. Applications that 

require a PC with an ISA or PCI slot, and now cannot 
find PCs with these slots, can use the DMC-42x0 as an 
easy Ethernet based upgrade path.

When upgrading from a prior generation controller 
to the DMC-42x0 there are a few differences in the 
command set. In order to optimize the more powerful 
processor, commands on the DMC-42x0 have been 
enhanced. Please refer to Application Note #2503 on 
Galil’s Website for more information:

http://galil.com/download/application-note/note2503.
pdf

Please contact a Galil Applications Engineer for more 
information on the DMC-42x0 and upgrading from a 
prior generation controller.  n
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With the increasing presence of EtherCAT in the 
motion control industry, choosing between EtherCAT 
and Ethernet is becoming an increasingly important 
question. This presentation will cover the technical 
differences between both methods and provide advice 
on how to choose between them based on application 
requirements. Strengths and weakness of both Ethernet 
and EtherCAT will be discussed including development 
time, ease of use, cost, and complexity. 

Additionally, Galil’s DMC-500x0 EtherCAT Master and 
DMC-40x0 Ethernet controller will be reviewed with 
regards to the capabilities and advantages they can offer. 
This presentation is geared towards system developers 
looking to understand the differences, costs, and 
capabilities of both Ethernet and EtherCAT.

This webinar takes place on January 26th at 11:00AM 
EST. For more information and to register for this 
webinar, please refer to the following link:  http://www.
motioncontrolonline.org/webinars-detail.cfm?id=275 n

or Ethernet for Motion Control Webinar:
Choosing the Right Network for Your Applications
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Our next two-day product school is Thursday January 
28, 2016 through Friday January 29, 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 new user to Galil or want to learn more, signup 
now! 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 January 21, 
2016. n

Galil 2-day Live Training Coming in January 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.  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

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.


