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Purpose of the Course )

This course is intended for beginners who are considering purchasing Motion Control Software SWM-G.

This course is available to anyone interested in Motion Control Software SWM-G.

Microsoft, Visual C++, Visual Studio, and Windows are either registered trademarks or trademarks of Microsoft Corporation in
the United States and/or other countries.
Intel is either a registered trademark or trademark of Intel Corporation in the United States and/or other countries.

The company names, system names, and product names mentioned in this course are either registered trademarks or
trademarks of their respective companies.

In some cases, trademark symbols such as ™" or '®" are not specified in this course.



LGS Course Structure

The contents of this course are as follows.
We recommend that you start from Chapter 1.

Chapter 1 Product Overview

This chapter describes the overview of Motion Control Software SWM-G and advantages to introduce it.
Chapter 2 Features

This chapter describes the main features of Motion Control Software SWM-G.

Chapter 3 Various Functions

This chapter describes the various functions of Motion Control Software SWM-G.

Chapter 4 Extensive Motion Control (Positioning Control)

This chapter describes the positioning control of Motion Control Software SWM-G.

Final Test

5 sections in total (5 questions) Passing grade: 60% or higher



How to Use This e-Learning Tool )

Go to the next page

Back to the previous page

Move to the desired page

Exit the learning

Go to the next page.

Back to the previous page.

TO

"Table of Contents" will be displayed, enabling you to navigate to the desired page.

e[l

Exit the learning. Window such as "Contents" screen and the learning will be closed.




Cautions for Use )

HSafety precautions

When you learn based on using actual products, please carefully read the safety precautions in the corresponding manuals
and handle the product properly while taking all precautions for safety.

HPrecautions in this course

The screen images shown in the course may differ from your actual software depending on the version.



m Product Overview

This chapter describes the overview of Motion Control Software SWM-G and advantages to introduce it.

1.1 What Is Motion Control Software SWM-G?

1.2 Product Lineup

1.3 Product Configuration

1.4 Operating Environment

1.5 Advantages of Motion Control Software SWM-G
1.6 Characteristics of Motion Control Software SWM-G
1.7 Performance and Specifications

1.8 Items to Be Prepared by Customers

1.9 Summary of This Chapter




_ What Is Motion Control Software SWM-G? )

Motion Control Software SWM-G is software that is installed in a personal computer to perform motion control and network
control.

Motion Control Software SWM-G is available for download at Mitsubishi Electric Factory Automation Global Website.
To use the software, purchase the USB key for Motion Control Software (license).

‘1 !q Motion Control Software SWM-G
- - Included software compenents
-ﬁm ‘ ﬁc; (1) Integrated Test Tool
Mitsubishi Electric Factory Automation (SWM-G Operating Station)
Global website (2) API Library
www.mitsubishielectric.com/fa SWM-E (3) Real Time OS (RTX64)"

4) Motion control engine

MR-J5-G MR-J5-G MR-J5W2-G MR-15W3-G

CC-LINkIE TSN 1B
il |

USB key
(license)

Personal computer (IPC)

*1 RTX64 (Real-time Extensions) is an extension by IntervalZero to transform Windows into real time system.



_ Product Lineup )

This chapter shows the product lineup of Motion Control Software SWM-G.

B Download module (SWM-G installer) ﬁ

Motion Control Software SWM-G can be installed by downloading a download module at Mitsubishi Electric Factory
Automation Global Website.

e This software is compatible with the USB key for Motion Control Software (license) of all models.

e Since this software includes software components required for motion control, it can be introduced only by purchasing the
USB key for Motion Control Software (license).

Product name

Motion Control Software SWM-G SW1DNN-SWMG-M

H USB key (license) E[]
There are four types of USB key for Motion Control Software (license) depending on the maximum number of control axes,
which can be selected according to the scale and purpose of your system.

Maximum number
Name Model
of control axes

16 MR-SWMG16-U

USB key for Motion Control 32 MR-SWMG32-U
Software

(license) 64 MR-SWMG64-U

128 MR-SWMG128-U




_ Product Configuration )

Configuration of Motion Control Software SWM-G

Motion Control Software SWM-G includes all the software components (1) to (4) shown in the following figure.
The personal computer is connected to the control target devices such as servo amplifiers via CC-Link IE TSN using an Ethernet
cable.

- | Windows
(1) Integrated Test Tool
(SWM-G Operating Station) (3) Real Time OS m*a
A A
BSWMOS[SWM-G Operating Station] @ ]
on Oiperation ._: Cg'u' |

Configurati
N XN O e
application™
StartComm StopComm | ServoOn ServoOff  AlarmReset
Communication All Axis

| Motion Control Software |
. L

{2) API
Library

(4) Motion control engine

9 & | Engineinfo ) Sing|
& B sWMos ol AllAes A
:a Syﬂtm. o [00JAsis0
- E‘E_nsme | g [0aison )
\_ vy

CC-LINkIETSN |

Personal computer (IPC)

*1 The user application must be prepared by the customer.
*2 RTX64 (Real-time Extensions) is an extension by IntervalZero to transform Windows into real time system.



_ Product Configuration )

What is CC-Link IE TSN?

This section describes CC-Link IE TSN, which connects personal computers to the control target devices such as servo amplifiers.

CC-Link IE TSN is a type of network that can integrate information and communications with IT systems while ensuring real-time
control by the extended Ethernet standards.

This network allows more flexible system configuration while reducing wiring costs by integrating the network that connects
machines and equipment in production sites and IT system network.

*TSN: Time Sensitive Networking

IT system (
—_— T

) Factory automation (production site)
Wire-less router

. ' T TR | ] CC-LinkIE TSN
R -.-'6 Ethernet
General-purpose = Firewall

personal computer

Metwork connecting the machines and
equipment and IT system network
can be integrated.




_ Operating Environment )

The operating environment of Motion Control Software SWM-G is shown in (1) to (3).

(1) Personal computer

Item Description

Windows 10 loT Enterprise LTSC 64-bit version is recommended.

(ON) Windows 10 (Home, Pro, Enterprise, or Education) 64-bit version can also
be used.

CPU Intel® Atom™ (2 GHz, 4 cores) or higher is recommended.

Memory 4 GB or more is recommended.

Free space on hard disk At installation: 5 GB or more free space on hard disk

Communication interface Ethernet port (Refer to (2) and (3).)

(2) Network Interface Card (NIC)
e Available NIC

Device name

Intel 1210 (Vendor ID: 0x8086, Device ID: 0X1533)

Intel 1350 (Vendor ID: 0x8086, Device ID: 0X1521)

Intel 1211-AT (Vendor ID: 0x8086, Device ID: 0X1539)

* As of October 2023. For the latest information, refer to the latest manual (for installation).

e How to check the device ID of NIC
You can check whether the NIC in your environment is supported as follows.
a. Right-click the start icon at the left end of the Windows task bar, and select [Device Manager] from the context menu.
b. Right-click the device in question under [Network adapter], and select [Properties] from the context menu.

c. In the property window for the device, select "Hardware Ids" from the property pull-down menu in the "Details" tab and
check the ID.

Realtek USB GbE Family Controller Properties X

General Advenced Driver | Details JEvents

5 Realtek USB GbE Family Controller

Select "Hardware |ds".

Property

Hardware Ids h
"VID_****" = \fendor ID
"PID_****" = Device ID

Value

In this example, the NIC is not
supported because the vendor ID is
0x0BDA and device 1D is 0x8153.

USB¥VID_0BDA&PID_8153&REV_3001

(3) Ethernet cable

e Specifications of the Ethernet cable to be used



Ethernet cable specifications

Category 5e or more, double shielded/STP

Straight cable




_ Advantages of Motion Control Software SWM-G )

This chapter describes the advantages of using Motion Control Software SWM-G.

B Ability to create control programs and user applications using C++ and C#

Control programs and user applications described below can be created using C++ and C# programming*.

e Extensive motion control
The API library required for motion control can be used to create motion control programs such as positioning,
synchronization, cam, speed, and torque.

Continuous Jerk
Linear Circular path contral acceleration/
interpolation interpolation (path deceleration
interpolation) method

Synchronous
control
(tandem drive)

Gantry home Helical Triggered
position return § interpolation motion

Personal computer (IPC)

* The development environment Microsoft® Visual Studio® 2017/2019 must be prepared by the customer.
H Use of Windows GUI

e User applications can be created using Windows GUI.

Demonstration

User application (example)

H Flexible options of personal computer

e You can freely select a personal computer to use as a controller as long as it meets the operating environment conditions.

Personal computer ~ MELIPCuzeoe  MELIPC mizoo
(IPC)

B Flexibility in system configuration



e Network control enables connection and settings of a remote 1/0 module or other devices to be controlled and devices
compatible with IP communication.

Drive control system compatible with CC-Link IE TSN

e Real Time OS (RTX64) included in the software enables real-time processing on your personal computer, which is to be
applied to a drive control system compatible with CC-Link IE TSN.

waned JRTX 64

MR-15-G MR-J5W2-G MR-I5W3-G

CCLINKIETSN &= BB BB

Personal computer
{IPC)

* Compatibility with vision systems

Vision systems are highly compatible
because they can be connected to Ethernet switch
the same network as personal computers {IP-cammunication
. compatible device) .
and other control target devices.
Example:

Vision sensor | |
V570 series C. | r
|

o
IP-communication IP-communication IP-communication
compatible device compatible device compatible device

i Fmr e

Remote IO module
Inverter
FR-ABDO-GMN



_ Characteristics of Motion Control Software SWM-G

This chapter describes the characteristics of Motion Control Software SWM-G.
Refer to the following when selecting the software.

Item Description

System

. . No sequence function (programmable controller) is provided.
configuration 9 (prog Jisp

e Windows user applications (non-real time) and RTX64 (real time) in the IPC

Real-time e Real-time performance is not ensured in user applications that run on Windows.
performance When real-time processing is required such as for periodic position monitoring, use an
API function and run the processing on RTX64.

Home position
P Controlled by the controller (IPC).

return
. All devices are defined as variables.
Device .
Example) Command position: poscmd
The following manuals are required for using Motion Control Software SWM-G.
Manual User's manual/Operating manual (PDF) *1
Help manual (SWM-G User Manual) *2
Number of The maximum number of control axes differs depending on the USB key for Motion Control
control axes Software (license) used.

*1 It is available for download at Mitsubishi Electric Factory Automation Global Website.
*2 Itis included in Motion Control Software SWM-G.



Performance and Specifications )

This chapter describes the performance and specifications of Motion Control Software SWM-G.

MR-SWMG16-U MR-SWMG32-U MR-SWMG64-U MR-SWMG128-U

Number of control axes

16 axes 32 axes 64 axes 128 axes

Number of connected stations

Up to 128 stations

CC-Link IE TSN Communication
speed

1Gbps/100Mbps™1*2

Communication
cycle

Default: 1000 [ps] Setting value: 125 to 8000 [us]

Other
communication
specifications

Mixture of class B, Hot Connect, SDO communication, IP communication

Transmission line
type

Line topology, star topology, line + star topology

I/O size

Input 8000 bytes, output 8000 bytes

Positioning

Up to 128 axes simultaneously (absolute value command, relative value command)
Override is possible.

Acceleration/deceleration
processing

Trapezoidal, S-curve, jerk ratio, parabolic, sine, advanced-S, trapezoidal moving average
time, jerk-limited, jerk limited S-curve, jerk-limited advanced-S, two velocity trapezoidal,
two velocity S-curve, two velocity jerk ratio, time acceleration trapezoidal, time
acceleration S-curve, time acceleration jerk ratio, time acceleration parabolic, time
acceleration sine, time acceleration advanced-S, constant deceleration, jerk ratio/fixed
velocity-T, jerk ratio/fixed velocity-S, jerk-limited/fixed velocity-T, jerk-limited/fixed
velocity-S

Interpolation function

2- to 4-axis linear interpolation (up to 128 axes), 2-axis circular interpolation, 3-axis
circular interpolation, 3-axis helical interpolation, PVT

Continuous path

Combination of linear and circular interpolation, spline interpolation, pre-read speed
automatic control, linear/circular continuous path with rotation stage

Real-time control

Event, triggered motion, position synchronous output

Synchronous control

Simple synchronization, synchronous gear ratio, synchronous phase offset, synchronous
compensation, dynamic establishment/cancellation of synchronization, multiple pairs (up
to 64 pairs) of synchronization between 1 axis and multiple axes (synchronous group)

Electronic cam

Cam curves of eight systems can be defined, cam curve per communication cycle, phase
operation, clutch

Home position return function”3

Home position return using the Z-phase (index pulse), home position sensor, limit sensor,
limit proximity sensor, external input signal, mechanical end, and gantry axis can be
performed.

Compensation function

Backlash/pitch error compensation, plane strain (straightness) compensation

*1 When there are two ports, 1Gbps devices and 100Mbps devices can be assigned to each port.

*2 When multiple CC-Link IE TSN classes are mixed, the functionality and performance of a part of the network or the entire
network are equivalent to the lower CC-Link IE TSN class.

*3 It does not support the home position return mode of the servo amplifier.




_ Items to Be Prepared by Customers

The following items are required to introduce Motion Control Software SWM-G.

*Cé Motion Control Software
SWM-G St

-[. MR Configurator2

Personal computer that meets
the operating environment

(Refer ta 1.4 "Operating Environment".)

Visual Studio 2017/2019
* Operation is not guaranteed
in other development environments.

USB key for
_ Motion Control Software

(license)




_ Summary of This Chapter

In this chapter, you have learned:

e What Is Motion Control Software SWM-G?

Product Lineup
e Product Configuration

e Operating Environment

e Advantages of Motion Control Software SWM-G

e Characteristics of Motion Control Software SWM-G

e Performance and Specifications

e |tems to Be Prepared by Customers

Point

What Is Motion Control Software SWM-G?

Product Lineup

Product Configuration

Operating Environment

Advantages of Motion Control Software SWM-G

Characteristics of Motion Control Software
SWM-G

Performance and Specifications

Items to Be Prepared by Customers

Motion Control Software SWM-G is software that is installed in a personal computer to perform
motion control and network control.

The product lineup includes Motion Control Software SWM-G and USB keys for Motion Control
Software (license) (numbers of axes 16, 32, 64, and 128).

Motion Control Software SWM-G includes all the software components required for motion
control.

Check the device ID of the NIC if it is available.

The advantages of Motion Control Software SWM-G include ability to create control programs
and user applications using C++ and C#, flexible options of personal computer, and flexibility in
system configuration.

Motion Control Software SWM-G is software to be installed on a personal computer to perform
motion control and network control.
* No sequence function (programmable controller) is provided.

When considering purchasing Motion Control Software SWM-G, please check the performance
and specifications.

MR Configurator2 and Visual Studio 2017/2019 must be prepared by customers because they are
not included in Motion Control Software SWM-G.




This chapter describes the main features of Motion Control Software SWM-G.

2.1 Support for Systems with Wide Range of Numbers of Axes
2.2 Reduction in Equipment Design and Startup Time

2.3 Integrated Test Tool (SWM-G Operating Station)

2.4 Servo Amplifier Setting and Adjustment in Multi-Axis Systems
2.5 Sample Programs

2.6 Summary of This Chapter




_ Support for Systems with Wide Range of Numbers of Axes )

We provide four models using 16 to 128 control axes to support synchronous control of multiple axes in various scales of
manufacturing equipment.

nbly equipment




u Reduction in Equipment Design and Startup Time

Motion Control Software SWM-G includes the integrated test tool, sample programs, and API library.
These software components contribute to reducing TCO and design time as shown below.

e |t contributes to reducing TCO through total support for all processes from design to verification, including test operation,
verification of operation patterns, and simulation.

e |t also contributes to reducing design time by checking the communication settings and communication status of the personal

computer (master station) and control target device (remote station).

Integrated Test Tool
{SWM-G Operating Station)

SWMOS(SW-G Operating Station)
Configuration Operation

-
Main

Ereine Information

Sample programs

ﬁ a # 'ﬁ' = | Single axis Positioning (Continuous)
StatComm StopComm | SenvoOn ServoOff AlarmReset AllStop €
Communication All Axis Control Eneine ]
- - Axis 1 Servo ON
Navigator L Engine Info ) Single Control |
F'B%‘ SRl AllAses A | TestMovs Monita ntinuous standby type
B=- I 1 .
o i o [00)AxisD0 v It Id ] ta 1t
;- & Engine | i [0 AsisD Pasitin
[ @ Diagnostics L@ Cornm Pasitia Continuous operation
) & Network | g o
i Comm/ & ~ 5 A | Si | STUP | Pause Exs
N\ Setwp s g S J

e

SWM-6

Mation Control Software SWM-G



_ Integrated Test Tool (SWM-G Operating Station) )

This chapter describes the following functions of the integrated test tool (SWM-G Operating Station).

e Parameter setting

e Communication setting

e Communication monitoring of master station
e Communication monitoring of remote station
e Status display of remote station

e Test operation of single-axis control

The integrated test tool enables parameter settings required for application development and test operations such as JOG
operation, inching, and positioning operation.
In addition, the tool can be used for verifying the startup timing and operation pattern with its function to display the status of

each axis and sampling waveform.

B SWAMOSEWR. G Operating Seation

Operation Analyzer Tools
. P a o
N I o | A E5T00
N X 6 it Q E3 of & o
StartComm  StopComm | ServoOn Servolff  AlammAeset p ControlBox  SyncAxes | Position L'OStatus | E-Stop Release | ="
Communication All s Condro i Emengency
Mesgator L] Engire lnfo | Single Contral - ¥ | Auis Position w
SWAOS 5
Hli-h‘u il Al Axes a| Tethove ndeddove |Page: 4= mb | Select Status ters (8 A Config
ystem N
- o)A
& Engine W [0 Autl Position  valoity | Torque B EncoderCommand EncoderFesdback Home *
License ra Buis Position 436493528 436493576 C
' Diagnostics e Command Pos : Z3898.00 ey Alarm
ol Netwech e : * — Q@ ror @oss @ror LI
Corimi o Actual Pos: m
a 2 = Home Syme
- Setup Shoy
Pacametess o Shart Canlig
— Hernrn prod Jog
20 Motor{CyclicSyncPos) ; Josey S ¢ | 10 Command Vel oG 106G
SingleContol . =—cow T ow
3 MuniContral = Accel/Decel ; | 100000 Actual Vel : -
: Jerk Ratio: (073 . 123032.00 [ Enabde TrackBar Contro
= -238 436544478 Current
- 0 i
R DigaalControl o Mowe
BB AnelogControl = AosMove  StepMove
e ] CW Limit
- Profile Type: | JerkRatio hl Get Jog Limit |
. o9 L (=] COW Limit
— Welgeity|Ws] ; [ 10000 Position1 : |0 Abchonvel
= Aeeel[Uis*Z] Jerk e Ratio[0-1] Position2 : | 100000 MAbshMowe2
o 100000 0. =
= St
: s sentue et B=a
= 100000 | 0.73 - Deelay(ms) 1 | 100 1 Check InPos
el v
Systern Messages *
Messages B Infos: 17 o Waming= 00 £} Ermors: 00 N, Clear log
> Tume Infarmation -
e 2021-p9-28 15 Engirestate: idle
W zp21-09 Enginestate; Running
F'-'- Eﬂglngﬁlare: Communscat ng
W

IR Owltne : CC-Limk JE TSN | (1316300 COPYRIGHT(C) 2020 MITSUBISHI ELECTRIC CORPORATION



m Parameter setting

This function displays a list view for setting and checking parameters of each axis.
The settings can be imported/exported from/to a file in the personal computer.

[ Farsmeters |

v X
Essential  Detailed
[tem Ao Aoas] Aoz Auisd Aoisd Axiss Aoz AansT Aosh Aozl Aas10 ™
b Axis Command Mode Position | Position ™~ I Position ] Position VI Position V[ Position I Position | Position * || Position I Paosition ] Position
Gear Ratic Numerator 1 1 1 1 1 1 1 1 1 1 1
Gear Ratic Denominator 1 1 l 1 [ 1 [ 1 I 1 l 1 1 1 1 [ 1
Direction Normnal | Nomal VI Mormmal "I Mormal VI Naormal VI Normal *'I Normal | Normal | Neormal VI Mormal "I Mormal
In Pesition Width[U] 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Home Type CurPos v | CurPos | CurPos | CurPos | CurPos | CurPos | CurPos ~| CuPos v | CurPos | CurPos | CurPos
Horne Direction Positive | Positive | Positive | Positive | Positive | Positive | Positive | Positive || Positive | Positive | Positive
Horning Vel. Fast[Uys] 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000
Homing Vel. Fast Ace[Ufs*2] 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000
Haoming Vel Fast Dec[U/s"2] 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000
Homing Vel. Slow[U/s] 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000
Homing Vel. Slow fcc[U/s*2] 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000
Homing Vel. Slow Dec[U/s*2] 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000
Home Shift Distance[U] 0 0 0 0 0 0 0 0 0 0 ]
OpenLoopHoming Disable | Disable | Disable | Disable | Disable | Disable * | Disable | Disable | Disable | Disable | Disable
Immediate Stop at LS False | False ~| False ~| False ~| False ~| False ~| False | False | False | False | False
Quick Stop Deceleration[U/s*2] 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000 100000
. Lirmit Switch Direction Normal | Normal “I Mormal VI MNormal VI Mormal VI MNaormal VI Normal | Nermal ~ | Normal uI MNormal “I MNormal )‘ o
[ RestoreDefauit | | P esportFie || [ import File

D Referesh || 22 Apply



m Communication setting

This function is for setting the IP address, axis number, and communication cycle of the remote station.

The settings can be imported/exported from/to a file in the personal computer.

Remote stations are automatically set depending on the connection status.

| Comm1 |/ Comma |

- M
@; Comm1 Master Setting
CC-Link IE TSN )
€ Simulation CommCycle [us] IP Addr PrintLog Messagelevel
= Monitor 1000 v 1921683253 | |oOFF Error ¥ | Advanced Setting
Slave Setting
SlavelD Model IP Addr AxesNo Detail Setting In Addr Out Addr
0 : 0 <D ! >
1 MR-15-G 192.168.3.2 1 <Detail Setting> - | -
2 MR-J3W3-G 192.168.3.3 34 <Detail Setting> | - | -
3 NZ2GN251-32T 192.168.3.4 <Detail Setting> | 0-11 | 0-11
4 NZ2GN251-320 1592.168.3.5 <Detail Setting> | 12-23 | 12-23
Load Sawve
from Project to Project
Load Save Auto Assign Axes Auto Detection
from Engine to Engine




m Communication monitoring of master station

This function displays a summary of communication information (settings) of the master station.
The system status display shows the communication status.

Slave Status

Master Information System Status
. Status: - Detail
Cycle Time [us] : | 1{}00| 0%- 20%: 0.00%
B @ Interrupt Interval 20% - 50%:0.00%
P Address : | 192.1683.253] 0% - B0%. 0.00%
. () Motion Process 80% - 95%:- 0.00%
MAC Address : T AT 95% - 105%: 0.00%
| | B © Command Process 105% - 120% - 0.00%
Cycle Count : | 455510| B O Communication 120% - 150%: 0.00%
150% - 180%: 0.00%
B O Cycle Process 180% - ~ :0.00%
Cycle Frames Num : | 4?|
. () Feedback Process
Tx PDO Size [Byte] : | 38|
Rx PDO Size [Byte] : | ?2|
Packet Timeout : | 1|
Tx Error | 0|




m Communication monitoring of remote station

(1) Communication monitoring of remote station

This function displays the network status and IP address of the remote station.

Master Status Slave Status

SlavelD Model IP Addr Axesho State Detail In Addr Out Addr
MR-13-G-RJ 192.168.3.1 0 Op < Detail> - -
1 MR-13-G-RJ 192.168.3.2 1 Op < Detail> - -




m Communication monitoring of remote station

(2) Remote station status display
The detailed network status of the remote station can be displayed and test operation can be performed.

Detail : 00. MR-13-G

PDU Infermation Operation
Slave Infermaticn
00. MR-15-G

Slave ID : Maodel Code : 000001005 IP Address : 192.168.3.2
Vendor Code : 000000002 Ex Model Code : MAC Address : |:|

Axes Information

MNum Of Axes : 01

Axis Index :

ol -

S =
) bl
= =
Q =]

Si

&

£

MMT State :

X




m Test operation of single-axis control

The test operation of single-axis control can be performed.
This function supports reciprocating operation, which is frequently used in the test operation.

- Single Control

£ All Axes

o [00]Axis00
& [01]AxisD1
2 [02]Axis02
2 [03]Axis03
i [04)Axis04
i [05]Axis05
2 [06]Axis06
i [07])Axis07
i [08]Axis08
i [09]Axis00
2 [10]4xis10
& [11]Axis11
i [12]Axis12
2 [13]Axis13
2 [14]Axis14
i [15]Axis15
& [16])4xis16
& [17]4xis17

~

TestMove  |ndexMove

Position | Velocity  Torque

Axis Position
Command Pos: Alarm
"’l Reset
Actual Pos:
Sync
Op Status: Config
Jog

Command Vel :

10G [ 10G
SSeoow U ow

Accel/Decel : | 100000 Actual Vel : -

Jerk Ratio : |0.75 O ] Enable TrackBar Centrol

Jog Speed: 10000

0 10000 Current
v Pos Set
Move
AbsMove StepMol,re
Profile Type : | JerkRatio ~ Get Jog Limit CW Limit
CCW Limit

Velocity[U/s] : PositionT : D AbsMovel

Accel[Ufs"2] Jerk Acc Ratio[0~1] Position?_: AbsMove?
on B

Decel[U/s"2] Jerk Dec Ratio[0~1]

0.73 = Delay(ms) : 1 Check InPas

Stop



_ Servo Amplifier Setting and Adjustment in Multi-Axis Systems )

The IP communication mixed function of CC-Link IE TSN allows the ease of setting and adjustment of the servo amplifier even in

multi-axis systems.

Servo adjustment is possible while checking the communication status of the servo amplifier by using the integrated test tool
and MR Configurator2 together.

Integrated Test Tool

(SWM-G Operating Station)

N

StatComm  StopComm
Commamnication

[ SWMOSEWM-G Operating Station)
Configuration Operation

=1
.

¥ N # 0

SerepOn ServoOff AlarmReset AllStop

All Axis Control

fiining ®  Engine Info } Single Control
= Eg;‘}:" o Al Axes ~ || Testhe
=t em [ i)
B3 Engine ; u.?l_f Puositi
25 License rage o Raiz
_--(r?ual;gknnmc: & Comn
I Ll Commt : o 4
REE - T S

*Metwork configuration can be easily set
-The system status and communication

status can be checked

MR Configurator2”
(Multi-axis connection)

*MR-J5-G is supported

*Multi-axis system can be managed in one
project with multi-axis connection

+The machine diagnosis function can be
easily configured in the dedicated window

CC-LinkIE TSN

(IP communication mixed)

== —a)
i 1

Personal computer (IPC) * MR Configurator2 must be prepared by the customer.



_ Sample Programs

)

Sample programs enable parameter settings required for application development and test operations such as JOG operation,

inching, and positioning operation.

In addition, the programs can be used for verifying the startup timing and operation pattern with its function to display the

status of each axis and sampling waveform.

e Click a button on the "Main" window to display the window of the corresponding function.

Main

Engine Information

[ EneneSwp |

Communication Stop

Communicating

Single Axis Pos (Gonti)

Engine state
Axes Monitor window Monitor
Axes Monitor
Single Axis Pos / Positioning Gontrol/JOG Operation
L el Single Axis Pos/J0G
SDO Read/ SD0 Control
Write window SDO Read/Writs

SDO Read/Write{Batch)

Close

Single Axis Pos (Conti) window

-

SDO Read/
Write (Batch) window




_ Summary of This Chapter

In this chapter, you have learned:

Point

e Support for Systems with Wide Range of Numbers of Axes

Reduction in Equipment Design and Startup Time

Integrated Test Tool (SWM-G Operating Station)

Servo Amplifier Setting and Adjustment in Multi-Axis Systems

Sample Programs

Support for Systems with Wide Range of
Numbers of Axes

Reduction in Equipment Design and Startup
Time

Integrated Test Tool (SWM-G Operating Station)

Servo Amplifier Setting and Adjustment in Multi-
Axis Systems

Sample Programs

We provide four models using 16 to 128 control axes to support synchronous control of multiple
axes in various scales of manufacturing equipment.

Motion Control Software SWM-G contributes to reduction of TCO and design time.

The integrated test tool enables parameter settings required for application development and test
operations such as JOG operation, inching, and positioning operation.

The IP communication mixed function of CC-Link IE TSN allows the ease of setting and adjustment
of the servo amplifier even in multi-axis systems.

Sample programs enable parameter settings required for application development and test
operations such as JOG operation, inching, and positioning operation.




m Various Functions

This chapter describes some of the various functions of Motion Control Software SWM-G.

3.1 Position Synchronous Output (Cam Switch)
3.2 Touch Probe (Mark Detection)

3.3 Pitch Error Compensation

3.4 Backlash Compensation

3.5 Acceleration/Deceleration Methods

3.6 Monitoring of Servo Data

3.7 Summary of This Chapter




_ Position Synchronous Output (Cam Switch) )

The position synchronous output function is used to set the output signal when a specific condition is satisfied.
This function can be substituted for the limit switch.

Example:
The figure below shows an example where the output signal is 1 when the axis position is 3000 or less, and 0 when the axis

position exceeds 3000.
Output signal =1

3000 or less
[ ]

1
[— :
- m\‘m\mmwww
| ] |
———————————————

0 1000 2000 3000 4000



_ Position Synchronous Output (Cam Switch) )

The position synchronous output function is used to set the output signal when a specific condition is satisfied.
This function can be substituted for the limit switch.

Example:
The figure below shows an example where the output signal is 1 when the axis position is 3000 or less, and 0 when the axis

position exceeds 3000.
Output signal =0
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_ Position Synchronous Output (Cam Switch) )

The position synchronous output function is used to set the output signal when a specific condition is satisfied.
This function can be substituted for the limit switch.

Example:
The figure below shows an example where the output signal is 1 when the axis position is 3000 or less, and 0 when the axis

position exceeds 3000.
Output signal =0

Owver 3000
|
-
- = m\l&W\\m\m\M\lmw
=6 =] |
e ————

0 1000 2000 3000 4000



_ Touch Probe (Mark Detection) )

The touch probe function is used to set the home position of the workpiece and measure the dimensions.
This function can be divided into two types.

e Software touch probe function
The current position of the servo motor can be read when a touch probe signal is input.

e Hardware touch probe function
The axis position is latched using the dedicated hardware for touch probe on the servo.
The hardware touch probe function can latch the position data more accurately than the software touch probe function.

Example:
Workpiece home position setting Workpiece dimension measurement

110 signal 0
1

"~ Touch| /O signal 1

Reading the current value
of the servo motor

1/0 signal 0

1/0 signal 1

Reading the current value
of the servo motor

Measure the end surface of the workpiece Measure the end surface of the workpiece
before machining to determine the machining home position.  after machining to measure the dimensions.



_ Pitch Error Compensation )

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets measured at
the command positions at regular intervals of the axes.
The ball screw can be compensated to improve accuracy.

Position before and after compensation Pitch compensation value and

(command position) command position
4000 .
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w
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compensation

|
l
1
1
1
1
1
1
T
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.
{
1
1
|

Pitch compensation value [p]
(]

-150

Position before compensation [p]
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Position after compensation (command position) [p] Command position [p]
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_ Pitch Error Compensation )

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets measured at
the command positions at regular intervals of the axes.
The ball screw can be compensated to improve accuracy.

Position before compensation and
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_ Pitch Error Compensation )

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets measured at
the command positions at regular intervals of the axes.
The ball screw can be compensated to improve accuracy.
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_ Pitch Error Compensation )

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets measured at
the command positions at regular intervals of the axes.
The ball screw can be compensated to improve accuracy.
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_ Pitch Error Compensation )

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets measured at
the command positions at regular intervals of the axes.
The ball screw can be compensated to improve accuracy.
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_ Pitch Error Compensation )

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets measured at
the command positions at regular intervals of the axes.
The ball screw can be compensated to improve accuracy.

Position before and after compensation Pitch compensation value and
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_ Pitch Error Compensation )

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets measured at
the command positions at regular intervals of the axes.
The ball screw can be compensated to improve accuracy.

Position before and after compensation Pitch compensation value and
(command position) command position
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_ Backlash Compensation

)

The backlash compensation function compensates the set amount when the axis changes the movement direction.

The rattle of the ball screw can be compensated to improve equipment accuracy.

Current machine position Servo amplifier position

Compensation
<

H Clearance in the

Inside ball screw

Mut

Screw axis
e S———



_ Acceleration/Deceleration Methods )

There are 24 types of acceleration/deceleration methods such as the trapezoidal, S-curve, jerk ratio, parabolic, sine curve, and
acceleration time specification trapezoidal.You can select the acceleration/deceleration method according to the purpose.

Move Example:
Trapezoidal acceleration/deceleration method
An acceleration/deceleration method that increases acceleration in steps.

AbhsMove StepMaove

Profile Type] | JerkRatio v Get Jog Limit

Velocity[U/s] ; | 30000 Postionl: |0

AccellU/e"2] Jerk Ace Ratio[0~1] Position2 : | 10000 i J—— R 5
100000 075 - Position |-—--mmmmas- i Lo
Decel[U/s*2] Jerk Dec Ratio[0-1] “ Linear waveform L
100000 0.75 o Delay(ms) : .‘II:[I _.______——-‘___P__
Speed | — - - N
Acceleration |

*

Time
Sudden start!

Sudden stop!




_ Jerk Acceleration/Deceleration Method )

The jerk acceleration/deceleration method increases acceleration slowly not to cause vibration to the machine, maintains the
jerk during acceleration, and restores the jerk to maintain a constant speed.

Appropriate jerk control reduces the acceleration time to the target speed while ensuring smooth acceleration.

The jerk is equivalent to the accelerator.

The speed is represented by S-curve waveform.

Position |——————e== o mm == i . .

Speed | e

+lerk is set.
Jerk -I-—_ ,

“ -
Acceleration time Time

Accelerates slowly Decelerates slowly

L I=Y M= Y M=



_ Monitoring of Servo Data )

Motion Control Software SWM-G can acquire information such as the machine diagnosis information of the servo amplifier
MR-J5-G and encoder internal temperature via CC-Link IE TSN to visualize the equipment status.

Data
- ——— e e ~
Belt diagnosis function (example)
SWM-6

. . . . B Machine diagnosis information
Belt tension reduction diagnosis

Diagnosis target
’ fy" Internal + Linear guide, ball screw i
Friction threshoﬁ/ = Servo motor, parts of equipment
« Gear
+ Belt

M Encoder internal temperature
etc.

/Warnipsg-

occu

Static friction [%]

temperature

Belt tension [N] )

A
CC-LinkIE TSN

Belt driving system

Belt tension is reduced




3.7

In this chapter, you have learned:

Point

Summary of This Chapter )

e Position Synchronous Output (Cam Switch)

e Monitoring of Servo Data

Touch Probe (Mark Detection)

Pitch Error Compensation

Backlash Compensation

Acceleration/Deceleration Methods

Jerk Acceleration/Deceleration Method

Position Synchronous Output
(Cam Switch)

Touch Probe (Mark Detection)

Pitch Error Compensation

Backlash Compensation

Acceleration/Deceleration
Methods

Jerk Acceleration/Deceleration
Method

Monitoring of Servo Data

The position synchronous output function is used to set the output signal when a specific condition is satisfied.

The touch probe function is used to set the home position of the workpiece and measure the dimensions.

The pitch error compensation function compensates the physical irregularities of the axes by defining the offsets

measured at the command positions at regular intervals of the axes.

The backlash compensation function compensates the set amount when the axis changes the movement

direction.

There are 24 types of acceleration/deceleration methods such as the trapezoidal, S-curve, jerk ratio, and jerk.

The jerk acceleration/deceleration method increases acceleration slowly not to cause vibration to the machine,

maintains the jerk during acceleration, and restores the jerk to maintain a constant speed.

Motion Control Software SWM-G can acquire information such as the machine diagnosis information of the

servo amplifier MR-J5-G and encoder internal temperature via CC-Link IE TSN to visualize the equipment status.




[\ ET 1T Bl Extensive Motion Control (Positioning Control)

This chapter describes the extensive motion control by Motion Control Software SWM-G.

4.1 Linear Interpolation

4.2 Circular Interpolation

4.3 Continuous Path Control (Path Interpolation)
4.4 Synchronous Control (Tandem Drive)

4.5 Helical Interpolation

4.6 Triggered Motion

4.7 Summary of This Chapter




_ Linear Interpolation )

The linear Interpolation interpolates the axis so that it moves in a straight line in synchronization.
In the example shown below, the axis moves from point A to point C in a straight line.

In the next section, we will show you a sample video of linear interpolation.

T

" Motion Block
\l'l F Y !

-l on Mation Block  Axis Status
c ] W' Linear 1. Group Motion Control
: :, ircular Motion State
a9y Helical

Do Reedy ]

. Home Alarrm Motion Block Num

o o e e o | I s

2. Parameter Setting

Select Motion Type : | Linear Interpl Axis Count: |2
A B

v Profile
X
Prafile Tune

lerkRatin



m Linear Interpolation

The following shows the sample video of linear interpolation. Click the play button.




_ Circular Interpolation )

The circular interpolation interpolates two axes onto a circular arc.
In the next section, we will show you a sample video of circular interpolation.

|~ Motion Block |

Va £ GeneralMotion - |M°t'°”BI°Ck Aods Status

1 Motion State

iL.qop Helica
SvOn

Home  Inpos  Alarm
Motion Block Mum

1. Group Motion Control

Servo Home Alarm

[
€, G Move Stop
Center position On Start Reset < 0 >
(;i'arsfj 2. Parameter Setting
position Select Motion Type : | CenterAndLength ~ | Aods Count: |2
Circular length (degree) v Profile .

-
-

Nl e W e [N, Jr



m Circular Interpolation

The following shows the sample video of circular interpolation. Click the play button.




_ Continuous Path Control (Path Interpolation) )

The continuous path control (path interpolation) is a type of interpolation to make a two-dimensional path by combining some
linear and circular segments.

Two interpolation axes follow the defined path with either a single motion profile or different motion profiles for each segment.

In the next section, we will show you a sample video of continuous path control (path interpolation).

-~ Motion Block

ion

& Linear
: 49p Circular

Motion Block  pus
1. Group Motion ¢

Q0

SvOn Home
Servo Ha
On 5t

! Podis

1. Group Metien (

Q0

SvOn Home
Servo Ha
On 5t

Y 4

Path Mo. 4
Circular

Path No. 3
Linear
, Path Mo, 2
Circular

Path Mo. 1
Linear




m Continuous Path Control (Path Interpolation)

The following shows the sample video of continuous path control (path interpolation). Click the play button.




_ Synchronous Control (Tandem Drive) )

In the synchronous control of Motion Control Software SWM-G, specify the master axis and following axis.
When the synchronous control starts, the command positions of the master axis and following axis will be synchronized.
Thereafter, when the command position of the master axis changes, the command position of the following axis also changes

by the same amount.

In the next section, we will show you a sample video of synchronous control (tandem drive).

NN
SWN-E | | CC-LinkIE TSN

.
Sync Configuration
Master Axis
00 ~ AudsNo SyncState Enable *
Sync Axes 00 Enable

Avis01 01 Enable

Axis02
0z Enable
03 Enable f
04 Enable
05 Enable




m Synchronous Control (Tandem Drive)

The following shows the sample video of synchronous control (tandem drive). Click the play button.




_ Helical Interpolation )

The helical interpolation interpolates the axes in three-dimensional spiral paths.
In the linear motion in the spiral movement is along with one axis, and the rotational motion in the spiral movement is along
with the other two axes.

~" Motion Block

Motion Block A
1. Group Moticn

Q0

SvOn Home

Servo He
On S
f . Start paint
Z-axis
{mm/inch/pulse)
Z-axis

¥-axis

X-axis ,
End point




_ Triggered Motion )

The triggered motion delays the execution of the motion command until the trigger condition is satisfied.

Specify the normal operation for the Y-axis, and immediately after that, specify the triggered motion for the X-axis.
When the trigger is turned on halfway through the Y-axis operation, the X-axis starts operation.

Because the controller automatically starts the axis, the takt time can be reduced in transportation equipment and other
systems.

Y-axis target position

. X-axis target position

)

Start point

End point

) A

NS

\‘;\‘;\‘\ﬂ -



€ 55 voior )

The triggered motion delays the execution of the motion command until the trigger condition is satisfied.

Specify the normal operation for the Y-axis, and immediately after that, specify the triggered motion for the X-axis.
When the trigger is turned on halfway through the Y-axis operation, the X-axis starts operation.

Because the controller automatically starts the axis, the takt time can be reduced in transportation equipment and other
systems.

With triggers

Y-axis target position Y-axis start trigger ON
. X-axis target position

e

p'l ‘ .'.--------J..

Takt time is reduced. ." .’.‘

X-axis start trigger ON

Takt time is reduced.

RS

Start point End point

NN




4.7

Summary of This Chapter )

In this chapter, you have learned:

Point

Linear Interpolation

Circular Interpolation

Continuous Path Control (Path Interpolation)
Synchronous Control (Tandem Drive)

Helical Interpolation

Triggered Motion

Linear Interpolation The linear Interpolation interpolates the axis so that it moves in a straight line in synchronization.

Circular Interpolation The circular interpolation interpolates two axes onto a circular arc.

Continuous Path Control The continuous path control (path interpolation) is a type of interpolation to make a two-dimensional path by
(Path Interpolation) combining some linear and circular segments.

Synchronous Control In the synchronous control (tandem drive), the command position of the following axis changes according to the
(Tandem Drive) command position of the master axis by the same amount.

Helical Interpolation The helical interpolation interpolates the axes in three-dimensional spiral paths.

Triggered Motion The triggered motion delays the execution of the motion command until the trigger condition is satisfied.




Now that you have completed all of the lessons of the Motion Control Software SWM-G for Beginners Course, you are ready
to take the final test. If you are unclear on any of the topics covered, please take this opportunity to review those topics.

There are a total of 5 questions (5 items) in this Final Test.
You can take the final test as many times as you like.
Score results

The number of correct answers, the number of questions, the percentage of correct answers, and the pass/fail result will appear
on the score page.
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Final Teot 1 D

Select the correct sentence to describe the product lineup of Motion Control Software SWM-G. (You may select multiple answers.)

Motion Control Software SWM-G is available for download at Mitsubishi Electric Factory
Automation Global Website.

The USB key for Motion Control Software (license) must be purchased.

There are four types of USB keys for Motion Control Software (license) with the maximum
numbers of axes 32, 64, 128, and 256.




Select the option that meets the operating environment of Motion Control Software SWM-G. (You may select multiple answers.)

Windows 10 Pro 64-bit operating system

Personal computer without NIC

Memory of 8 GB

1 GB of free space on hard disk at installation

6.00 GHz CPU with 24 cores




Final Test 3 D

Select the item required for introducing Motion Control Software SWM-G. (You may select multiple answers.)

Personal computer that meets the operating environment of Motion Control Software SWM-G

Motion Control Software SWM-G

MR Configurator2

Visual Studio 2022

USB key for Motion Control Software (license)




Final Test 4

Select the correct function of Motion Control Software SWM-G. (You may select multiple answers.)

Touch probe function

Continuous path control (path interpolation)

Backlash compensation

Sequence function




Final Test 5 D

Select the correct sentence to describe the features of Motion Control Software SWM-G. (You may select multiple answers.)

By using network control, control target devices such as a remote 1/0 module and IP
communication compatible devices can be connected and set.

User applications can be created using Windows GUI in C++ or C#.

Real Time OS (RTX64) included in the software enables real-time processing on your personal
computer, which is to be applied to a drive control system compatible with CC-Link IE TSN.

The API library required for motion control can be used to apply motion control such as
positioning, synchronization, cam, speed, and torque to various systems.

A personal computer to use as a controller can be freely selected as long as it meets the
operating environment conditions.
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Select the item required for introducing Motion Control Software SWM-G. (You may select multiple answers.)

Personal computer that meets the operating environment of Motion Control Software SWM-G
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Visual Studio 2022

USB key for Motion Control Software (license)




Final Test 4

Select the correct function of Motion Control Software SWM-G. (You may select multiple answers.)

Touch probe function

Continuous path control (path interpolation)

Backlash compensation

Sequence function




Final Test 5 D

Select the correct sentence to describe the features of Motion Control Software SWM-G. (You may select multiple answers.)

By using network control, control target devices such as a remote 1/0 module and IP
communication compatible devices can be connected and set.

User applications can be created using Windows GUI in C++ or C#.

Real Time OS (RTX64) included in the software enables real-time processing on your personal
computer, which is to be applied to a drive control system compatible with CC-Link IE TSN.

The API library required for motion control can be used to apply motion control such as
positioning, synchronization, cam, speed, and torque to various systems.

A personal computer to use as a controller can be freely selected as long as it meets the
operating environment conditions.




You have completed the Final Test. You results area as follows.
To end the Final Test, proceed to the next page.

1 2 3 4 5 6 7 8 9 10
Final Test 1 v Total questions: 5
Final Test 2 v Correct answers: 5
Final Test 3 v
Final Test 4 v Percentage: 100 %
Final Test 5 v

Clear




You have completed the "Motion Control Software SWM-G for
Beginners" Course.

Thank you for taking this course.

We hope you enjoyed the lessons and the information you acquired in this course is useful for configuring
systems in the future.

You can review the course as many times as you want.

Review

Close
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