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Introduction

This manual explains the procedure for performing motion control by EtherCAT® communication using
Renesas Electronics CN032 AC Servo Solution Kit.

The sample program for RZ/T2M is dual core control, and by performing motion control with Cortex®-R52
and performing EtherCAT communication with Cortex®-R52, communication processing is possible without
degrading the processing performance of motion control.

Data is exchanged between the two cores via the shared memory, and by access right management using
the semaphore register, access conflict to the shared memory is prevented.

The sample program for RZ/T2L or RZ/N2L is single core control, and by performing motion control and
EtherCAT communication with Cortex®-R52.

EtherCAT communication processing implements the CiA402 drive profile and it is possible to evaluate more
practical control.

For details of each function, you can download documents separately from the Renesas Electronics website.

<<Caution when handling the solution board>>
Don't touch the board while power is supplied because CN032 AC servo solution board contains high
voltage circuits.

Target Device

RZ/T2M Group
RZ/T2L Group
RZ/N2L Group

Related Document

CNO032 AC Servo Solution Controller Board Manual (for RZ/T2M, RZ/N2L)
CNO032 AC Servo Solution Controller Board Manual (for RZ/T2L)

CNO032 AC Servo Solution Inverter Board Manual

CNO032 AC Servo Solution Firmware Manual

CNO032 AC Servo Solution Startup Guide (for EtherCAT) (this manual)
CNO032 AC Servo Solution Startup Guide (for Motion Utility Control)

RZ/T2M Group User’s Manual: Hardware
RZ/T2L Group User's Manual: Hardware
RZ/N2L Group User’s Manual: Hardware
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How to Use This Manual

1. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the set-up of the CN032 AC Servo
Solution Kit. It is intended for users evaluating the RZ/T2M or RZ/N2L. A basic knowledge of electric circuits,
logical circuits, and MCUs is necessary in order to use this manual. The manual comprises a step-by-step
description of the installation and initial usage of an application software package that includes the CN032
AC Servo Solution Kit package.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer to
the text of the manual for details.

2. List of Abbreviations and Acronyms

Abbreviation Full Form

CPU Central Processing Unit

PC Personal Computer

UART Universal Asynchronous Receiver / Transmitter
FSP Flexible Support Package

FSA Finite State Automaton

SSC Slave Stack Code

All trademarks and registered trademarks are the property of their respective owners.
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1. Operating Environment

The sample program in this manual assumes the following environment.

Table 1-1 Operation Environment

Item Contents
RZ/T2M edition RZ/T2L edition RZ/N2L edition
MPU Series Rz/T2M RzZ/T2L RZ/N2L
Dual Arm Cortex®-R52 Single Arm Cortex®-R52 | Single Arm Cortex®-R52
Package | R9A07G075M24: R9A07G074MO08: R9A07G084MO04:
225-pin FBGA 196- pin FBGA 225-pin FBGA
Operating frequency 800MHz 800MHz 400MHz

Operation mode

xSPI0 boot mode (x1 boot Serial flash)

Operating voltage

3.3V/1.8V/1.1V

Communication protocol

EtherCAT

m—
EtherCAT.

Integrated development
environment

Refer to Appendix 6.2 on how to
install.

IAR Systems Embedded Workbench for ARM 9.32.2

Renesas Electronics e2studio 2023-07
Toolchain GNU ARM Embedded 9.3.1 (*)

Renesas Electronics FSPSC 2023-07 (*2)

Flexible Support Package
(FSP)

RZT FSP v1.3.0

RZN FSP v1.3.0

Emulator IAR Systems
I-jet
SEGGER
J-Link EDU Version 11.0
SSC Tool Provided by EtherCAT Technology Group (ETG)

Slave Stack Code (SSC) Tool Version 5.12

Software PLC

Beckhoff Automation
TwinCAT® 3

(*1) For instructions on how to install the toolchain, refer to Chapter 6.2.2 Toolchain Install.
(*2) FSP SC (Smart Configurator) is a code generation tool for IAR Embedded Workbench.

The installation of the integrated development environment, SSC Tool, software PLC has been completed.
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The Table 1-2 Controller board and inverter board combination shows the combination of the controller board
and inverter board. Operation is not guaranteed with any combination other than the following.

Table 1-2 Controller board and inverter board combination

No. | Controller board Inverter board
V1.1 V1.2 V2.1
1 RZ/T2M(v1.1), RZ/N2L(v1.1) Available Available N/A
2 RZ/T2M(v2.1), RZ/N2L(v2.1) N/A N/A Available
3 RZ/T2L(v1.0) Available Available N/A
4 RZ/T2L(v2.0) N/A N/A Available

The No.2 in Table 1-2 requires Software Package Ver.5.02(r12an0123xx0502-cn032-ac-servo-solution) or
later, the No. 4 requires Software Package Ver.5.01(r12an0123xx0501-cn032-ac-servo-solution) or later.

When operating No.1 in Table 1-2 on Software Package Ver.5.02(r12an0123xx0502-cn032-ac-servo-
solution) or later, change the mode of PO3_5 to “Disable” in Pin Configurations.

When operating No.3 in Table 1-2 on Software Package Ver.5.01(r12an0123xx0501-cn032-ac-servo-
solution) or later, change the mode of P15_1 to “Disable” in Pin Configurations.

The procedure will be explained using the development environment e?studio of No.3 as an example.

[ Project Explorer X =k g =g

‘,;P *[CNO032_AC_Servo_Solution_CPUQ] FSP Configuration X = a

~ 5 CN032_AC_Servo_Solution_CPUO Pin Configuration

il Includes Generate Project Content
R ap! " - -
_; E'; Select Pin Configuration {4 Export to CSV file [5-] Configure Pin Driver Warnings
&
R encoder [ 32.AC_Servo_Solution_CPUO_RZT2Mpincfg_* Manage confiqurations. Generate data:
Cfyinc
-E"“ Pin Selection £ [ = % Pin Configuration 2 Cycle Pin Group
&zt
8 sharedmemory o = Symbolic Name BUF_ENABLE
& o Comment
- ety v M
- - N ToTIown one.
e Output Type aMos
D (CN032_AC_Servo_Solution_CPUO_RZT2M.pincfg Drive Capacity ow
CN032_AC_Servo_Solution_CPUO Debug_Flatjlink Region ooy
Safety
03amiviabomeniay tion_CPUO Debug_Flatlaunch Schmitt Tigger None
.74 configuration.xmi Slew Rate Slow
v
—Te5Tos [y N
rzt_cfg.txt
15 CN032_AC_Servo_Solution_CPUO_serialboot Module name:  P15_1 @
15 CN032_AC_Servo_Solution_CPUT 5 Port Capabilities:  BSC: A24 5
im0 imiAca
Summary | BSP cnterrupts Event Links | Stacks| Components
[£2 Problems | & Console X | [T Properties| @ AY—k-737%— ) 29—+ ¥=17)l | 2 Call Hierarchy| [J Memory
RZ/T FsP
H ““ H ”
Then click “Generate Project Content” button.
= - & - [=}
4o¢ *[CN032_AC Servo_Solution CPUQ] FSP Configuration X [m]
Pin Configuration

Generate Project Content

Select Pin Configuration J,;" Export to CSV file Z| Configure Pin Driver Warnings

| 32_AC_Servo_Solution_CPUQ_RZT2M.pincfg ¥ Manage configurations... Generate data: |g_hsp_pin_cfg
Pin Selection = & = ﬁz Pin Configuration =} Cycle Pin Group
Type filter text Name Value Link =
Symbolic Name BUF_ENABLE
< P07 ~
/ Pos Comment
, P09 Mode Disabled
1_ P10 Pull up/down None
i P12 Output Type CMOS
’ Drive Capacity Low
c P Region Safety
s P14 g =
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2. Preparation of CN032 AC Servo Solution Kit

The first step of getting started with the CN032 AC Servo Solution Kit is connecting the power supply, the
motor, the encoder and the communication cable. Follow the steps using the cables and the motor included
with the kit.

2.1 Precaution before Operation

When using this kit, please kindly comply with the following 1 to 3:

Use stable power supply with current 1[A] limit setting to inverter board.

2. Do not use DC12-24[V] power supply jack to controller board.
% The power of controller is supplied from the inverter board.

3. Even after turning off, please do not touch the inverter board when high voltage
LED(D27) is on which could be about 3 minutes or more.

If motor malfunctions or makes noise during use, please turn off the power to the inverter board
immediately.

If this malfunction symptom continues, please contact our sales office or agency.

2.2 Connecting the Logic and Motor Power

The power can be inputted from 100V to 250V AC. From this chapter onwards, the procedure for operating
the 220V AC servo motor control system with 220V AC power supply is described.

The power consumption when the controller is idle is around 0.288A but can go up to 0.312A depending on
the connected encoders, sensors and other loads.

The motor that is delivered with the kit is prepared for 220V operation. Power is supplied via 12-pin
connector P4 on the inverter board as shown in Figure 2-1. The 4-pin cable for P4 is included in the kit.

Note: It is recommended to use separate power supplies for logic and motor.

Motor power supply Logic power supply

Figure 2-1 power connection via P4
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2.3 Connecting the Motor Windings

The motor windings are connected using P4 on the inverter board. When connecting, you need to consider
the signal names printed on the motor cable and the inverter board. Figure 2-2 shows the position of the
connections for the motor windings.

Note: silk for U/W on the inverter board (v1.1 only) is wrong printed.

Motor FG(EARTH) Motor windings

Figure 2-2 Connecting the motor windings to P4

2.4 Connecting the Encoder

The encoder is connected to J13 on the controller board via a DB 15 connector. A second encoder (not
included in the kit) can be connected to J14 if desired. The position of J13 on the controller board is
illustrated in Figure 2-3. The encoder of the motor that is supplied with the kit is prepared for immediate
connection. AC Servo Solution Kit is supported Tamagawa encoder.

<4 Encoder connector

Figure 2-3 Connecting the encoder
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2.5 Connecting the UART communication cable

2.5.1 RS232to USB
Communication with the host PC is done via a serial interface available on J5 of the controller board. The
RS232 to USB converter is used when connecting. A suitable serial cable is included in the kit. The
connection is shown in Figure 2-4.

~r

RS232 to USB Converter

a21Aa(]

Figure 2-4 Serial connection to host PC

Table 2-1 Connection RS232 to USB Converter with controller board

RS232 to USB converter | J5 Note

TXD(Green) RXD(J5-1)

RXD(White) TXD(J5-2)

NC 3V3(J5-3) Connection is not needed
GND(Black) GND(J5-4)

2.5.2 RS485to USB
The RS485 to USB converter is connected the J6 or J8 of the controller board.
Table 2-5 is shown the connection with controller board.

RS485 to USB Converter

Figure 2-5 Serial connect to host PC
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2.5.3 Selection for RS232 and RS485
RS232 or RS485 can be selected by SW2-1 according to Table 2-2.

Table 2-2 Communication selection
RS232 RS485(default)
SW2-1 ON OFF

& SW2 on the board

2.6 Connecting the JTAG interface

This connection is required for development purposes or in case new firmware has to be loaded. The

JTAG connector is using a MIPI10 connector (as specified by IAR). The pins are spaced 1.27mm apart
and the connector is polarized.

The connection is shown in Figure 2-6.

J15
ICE debugger =p |25

Figure 2-6 Hardware debugger connection
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2.7 Connecting the Ethernet Interface

An Ethernet connection to the PC or a PLC can be prepared using one of the two RJ-45 connectors J11 or
P12. For running the EtherCAT sample program you can use any of the two connectors.

Ethernet cable

Figure 2-7 Ethernet connection
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2.8 Overall connection configuration

After connecting chapter 2.1 to 2.6 above, the boards will look like the figure below.

2.5 Serial communication

2.6 Ethernet

2.3 Encoder

Figure 2-8 Overall connection configuration

2.9 Power supply to the board

@ xSPI0 boot mode setting
Set SW1 of the controller board to the following.

SH1

Lo
I5
Iy
I
| {=}
3]
4=}
1y
#t

8
9
4
£
S

1
|
4
S

@ Power supply to the inverter board, and then the red lamp lights up.
Additionally, the controller board is supplied 5V DC power from inverter board and then LED1 lights up.

Power lamp of the inverter board Power LED of the controller board

If LED7 does not light up, program for motor control is not written to the flash memory. So, the program need
to be written to the flash memory according to the chapter 6.1 and 6.3.
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3. Preparing EtherCAT Communication

This chapter describes a couple of steps required before actually running the EtherCAT sample project on
the RZ/T2M, RZ/T2L or RZ/N2L.

3.1 TwinCAT®3 Installation

The TwinCAT®3 installation is straight forward and simple. You can download TwinCAT®3 from

http://www.beckhoff.com/english/download/tc3-downloads.htm?id=1905053019883865

Please keep in mind that screen shots and operation method may change without notice for newer
versions of the software. Above URL will lead you to a screen as shown in Figure 3-1.

BECKHOFF @ Beckhoff Worldwide mégzli(nhuff
=, Iyt

= Company Products Industries  Support

) > Support > Download finder > Software and tools UF productnews [[J Productfinder [i) Beckhoff Information System <> Download finder
Download finder AS
Enter search term 5 items v

Your selection: Media: Software and tools € Resetall filter values  Results: 165

i:@

TwinCAT 3 download | eXtended Automation Engineering (XAE) Software and tools, EXE (1.0 GB) X Filter options

TwinCAT Engineering contains the engineering environment of the TwinCAT 3 control software: _

integration into Visual Studio® 2013/2015/2017/2019 (if available) || Application Notes @)
support for the native Visual Studio® interfaces (e.g. connection to source code management systems)
IEC61131-3 (1L, FB, LD, AS, ST} and CFC editors || Data sheets €20
compiler for the IEC 61131-3 languages

[ ]
L]
[ ]
[ ]
® integrated system manager for the configuration of the target system
L]
[ ]
[ ]
[ ]

|| Information media €2

instancing and parameterisation of TwinCAT modules |
integrated TWinCAT C++ debugger

integrated user interface for the parameterisation of modules generated by MATLAB® /Simulink™
if integrated into Visual Studio®, instancing of .NET projects in the same solution (e.g. for HMI)

| configuration files €3

=
¥
8
o

| Environmental product compliance
In addition many functions are already included, please license only. Earlier TwinCAT 3 versions are available upon inguiry with the Support

department.

Software and tools €5
Valid for the following products -

TC1000, TC1100, TC1200, TC1210, TC1220, TC1250, TC1260, TC1270, TC1273, TC1300, TC1320, TE1000, TE1111, TF1400, TF1420, TF1E0

Show more J

|| Technical documentations €23

| Technical drawings €EEE)
|

| certificates, approvals €3

+ Downloads
=+ Ccategory

Figure 3-1 TwinCATe3 Download Screen

Select the TE1xxx|Engineering software package for download. If you are no registered user, you can
register and download as guest; the registration is free of charge. You will then get an e mail with a download
link. After download, TwinCAT®3 can be installed on your PC. The installation procedure guides you through
a number on steps that we will not detail here; simply follow the default installation.
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e The installation procedure asks for a serial number. This field can be left empty.
e Inthe ‘Select Installation Level’ dialog select TwinCAT PLC — IEC 61131-3 PLC system

e Inthe ‘Select Installation Type’ dialog select 30 days demo version (the functions that are
required to run our example last longer than 30 days)

e Install all features

e Target directory for the installation should be C:\TwinCAT

After installation one important point needs to be checked in order to control whether the installation has
completed properly. It is the selection of the network adapter for TWinCAT®3. To check that, start
TwinCAT®3 and in the start-up screen select “Show Realtime Ethernet Compatible Devices” from the
“TwinCAT” menu (see Figure 3-2).

b Start Page - Microsoft Visual Studio (Administrator) Y2 | quikLaunch (Clri+Q P - O x
FILE EDIT VIEW DEBUG TWINCAT SCOPE WINDOW h—P
io-0|B-O-% @m | P
Solution Explorer Rl SttPage & X -
| # -
P 2013 Shell Discover what's
_ (Integrated) 2013 Shell (Intec

You can find information ab
enhancements in 2013 She

Start reviewing the following sect
New Project...
Open Project
Relocate the What's New informats
v
E
= 0Emors | 0 Warnings BN cearch Eror List P~
Description Fie Line Column Project

Figure 3-2 Checking available network adapters for TwinCAT®3

TwinCAT®3 will then show you a list of the network adapters in your PC, grouped into several categories.
There should be at least one adapter listed under “Compatible devices” as shown in Figure 3-2. Select
one of the compatible devices and click “Install”. The network adaptor is then moved to the “Installed and
ready to use devices (realtime capable)” category.
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Installation of TwinCAT RT-Ethernet Adapters x|

~ Ethemnet Adapters Update List
l} Inztalled and ready to use devices{iealime capable)
l} Inztalled and ready to use devices{for demao use only) < Iistall
- &¥ Coppal

- Trizome i
l;" Local Area Connection 4 - D- 5-E100 USE 2.0Fast Ethemet Adapter

&¥ Wireless Metwork Connection - Intel[R) Dual Band Wireless-4C 7265

&¥ Disabled devices

Installation of TwinCAT RT-Ethernet Adapters x|

Ethernet Adapters

= g' I e devices{iealime capable
Local Area Connection - TwinCAT-Intel PCI Ethermet Adapter (Gigabit)
¥ gl devices{for dema use o

l} Compatible devices
& Incompatible devices
li“ Local Area Connection 4 - D-Link DUB-E100 USE 2.0 Fast Ethemet Adapter
li“ Wireless Metwork Connection - Intel(R) Dual Band Wireless-AC 7265
¥ Disabled devices

Figure 3-3 Selecting a compatible network adapter

Check the properties of the network adapter that you use for the EtherCAT connection. Open the Network
and Sharing Center in MS Windows, right-click on the network adapter used for EtherCAT and select
“Properties”. You will then see a list of supported protocols and/or services for this adapter similar to Figure
3-4.

Please uncheck all items that are not EtherCAT related as shown in the screenshot. Then retry to scan for
devices.
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@ Local Area Connection Properties

Networking |Mherrtication I Sharing I

Connect using:

I EIIF‘ TwinCAT-Intel PC1 Ethemet Adapter (Gigabit)

Thiz connection uses the following tems:

] o%Cliert for Microsoft Networks

O gJuniper Network Service

O SQDS Packet Scheduler

O gﬁle and Printer Sharing for Microsoft Networks

<& TwinCAT Ethemet Protocol for All Networle Adapters
[ -2 SIMATIC Industrial Ethemet {150}

[ -+ PROFINET IO RT-Pratocel V2.0

Install.... Uninstall | Froperties

-

=
4] | B

r~ Description
Alows this PC to be discoversd and located on the netwark.

x|

ok |

Cancel |

Figure 3-4 Setting the network adapter used for EtherCAT
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3.2 Copying the ESI File

Obtain the ESI (EtherCAT Slave Information) file " Renesas_ CN032_AC_Servo_Solution_CiA402.xml " file
from the following location shown in Figure 3-5.

Case of the AC Servo Solution Kit (RZ/T2M)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Common\ethercat\src\r_ecat\utilities\esi”

Case of the AC Servo Solution Kit (RZ/T2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2\Common\ethercat\src\r_ecat\utilities\esi”

Case of the AC Servo Solution Kit (RZ/N2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzn2\Common\ethercat\src\r_ecat\utilities\esi”

Then, copy the obtained file to the following folder, in which TwinCAT®3 has been installed:
“TwinCAT\3.x\Config\lo\EtherCAT”

s iy
Home Share View (2]
&« v A “« CPUT » rzt » fsp » src » recat » utilities > esi ~ O Search esi
gecc & Name - Date modified Type
e VXML Y=2 TP AL (1)
CND32AC Servo Solution 5] Renesas_CHD32_AC_Servo_Solution_CiAd02:xm 5/17/2022 7:39 PM XML Y=3R TP
CPUO
CcPU1
application
rzt
arm
board
fsp
inc
src
bsp
r_cmtw
r_ecat
hal
phy
utilities
batch_files
esi
ssc_config
r_ioport
rzt_cfg
rzt_gen
script
sre v < >
1item =
Figure 3-5 Copying the ESlI file
R12ANO124EJ0502 Rev.5.02 Page 16 of 74

Aug.8, 2024 RENESAS



RZ/T2M Group, RZ/T2L Group, RZ/N2L Group Startup Guide (for EtherCAT)

4. Confirm Communication with TwinCAT®3

4.1 Starting TwinCAT®3

(1) Start the "TwinCAT XAE" program by one of the following methods.
1. From the task tray, select [TwinCAT Config Mode] > [TwinCAT XAE (VS2013)]
2. From the start menu, select [All Programs] > [Beckhoff] > [TwinCAT 3] > [TwinCAT XAE (VS2013)]

(2) After starting the program, select [New TwinCAT Project] as shown in Figure 4-1 and create a new
project of type TwinCAT XAE Project. Note that the creation of the new project may take several 10
seconds and watch the progress bar in the lower right corner of the TwinCAT®3 window.

w Start Page - Microsoft Visual Studio (Administrator) Y3 | QuickLaunch (Ctrl+Q) P = B x
FILE EDIT  VIEW  DEBUG  TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW HELP
|| - o-2m 8| - | » At - | o2
Solution Explorer L B Al StartPage X ¥ | Properties - 0
| & v
En s
¢
[B] MewProsect...
—
@ Qpen Project...
Q Connect To Team Foundation Server
Recent Projects
™ Close page after project load
¥ show page on startup
BECKHOFF
Error List
- ‘ 0 Errors ‘ 0 Warnings 0 Messages | Search Error List
Des... File Line Column Project
Error List failietia Properties EGIaIN
Ready
Figure 4-1 TwinCAT®3 start-up screen
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New Project

2 x|

[ e NET Framengr 4.5

= sort by: ‘Default

'| HraH=— Search Installed Templates (Ctrl+E) P~

4 Installed

—
‘ TwinCAT XAE Project (XML format)

4 Templates
b Other Project Types
b TwinCAT Measurement
TwinCAT PLC
TwinCAT Projects
Samples

I+ Online

Click here to go online and find templates.

Name: TwinCAT Projectl

TwinCAT Projects Type: TwinCAT Projects

TwinCAT XAE System Manager Configuration

Location:

|C:\IJsErs-\Dntumenis‘\\n'isua\ Studio 2013\Projects

'| Browse...

Solution name: TWinCAT Projectl

Create directory for solution

C o Do

Figure 4-2 Creating a new project

When the project is created, open the “TWINCAT” menu, chose “EtherCAT Devices” and execute “Reload
Device Descriptions”. This ensures, that the device description (aka .ESI file), that you have copied into the
TwinCATe3 installation file structure in chapter 3.2 can really be used in our project.

Make sure that the CN032 AC Servo Solution firmware project on the RZ/T2M, RZ/T2L or RZ/N2L is up and
running before the next steps in TWinCAT®3. When the project is not up and running, see chapter 6 to

execute the project.
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®)

After you have clicked [Scan], you will be prompted that not all devi
automatically. Click ok. TwinCAT®3 will then show you a list of ava

Right-click [Devices] and select [Scan] (Figure 4-3)

ces in the network can be found
ilable devices in the network. Select the

[EtherCAT] device connected to the network controller that you use for the CN032 AC Servo Solution board

(see Figure 4-4) and click ok

D TwinCAT Project1 - Microsoft Visual Studio

X

Quick Launch (Ctrl+Q) P - O x
FILE EDT VIEW PROJECT BULD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP
i | B-o-2 | [9 - | » Atach.. [Retease - [TwinCAT RT x64) -] A -z
i [Build 402225 (Loaded) -] g BB @ R G| ® 0o [cocalr -] E | | S
Solution Explorer -3 x Proy -1

57 Solution TwinCAT Project!’ (1 project)
4 ] TwinCAT Project!
b (@l sysTEm
MOTION
PLC
R

&% Mapp| O AddNew ltem...
0 Add Existing ltem...

Ins
Shift+Alt=A

Paste with Links

T -

0Erors 0Wamings 0 Messages

Descri... | File Line Column

e Eror List O

This item does not support previewing

Clear | Search Error 2 ~

Project

Properties [P

Figure 4-3 Scanning the network for new devices

(4) Select only [EtherCAT] and click [OK].

1 new /0 devices found

[0k vice 2 EtherCATT o =fimuk [Realek USE GEE Family Controlier]]

Select &l

Unselect Al

Figure 4-4 Selecting the proper EtherCAT device
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Note). When scanning the device, the CiA402's ESl is used, so the axis configuration settings are displayed.
Select [NC-Configuration]

EtherCAT drive(s) added x

Append linked axis to: (®) NC - Configuration

(T CNE - Configuration
Cancel

After clicking ok you will be prompted, whether you want to “scan for boxes” and to “activate Free Run”. In
both cases click “yes”. When Free Run was activated, the RUN and ERR LEDs begin flashing and the L/A IN

LED is flashing rapidly.

Note that if you repeat the “Scan” process in the same project in the same environment, you will be informed
that no new devices were found. This is no bad thing as there has been no change in the network.

(5) The scan result is displayed as "Drive x (CN032 AC Servo Solution CiA402)".

State Machine

% Selution TwinCAT Project!’ (1 project)
4 L TwinCAT Project1
b @l SYSTEM

MOTION Pre-Op. Safe-Op
@ pLC Op Clear Error
3| SAFETY
Ce=
. o DLL Status
4 "2 Devices Port A: Carrier / Open
4 == Device 2 (EtherCAT)

Port B: Mo Carrier / Closed

Mo Carrier / Closed

*% Image

*8 |mage-Info
b 2 SyncUnits
3 Inputs
b Outputs

G InfoData
Q =2, Drive 1(CM032 AC Servo Solution CiA402)

Mo Carrier / Closed

File Access over EtherCAT

Download... Upload...

MName Online

1 Error code a
#] Statusword 4641
#1 Modes of operat... E

Figure 4-5 Result of scan for EtherCAT slave devices

When the scan result is displayed as "Box 1 (Pxxxxxxxx Rxxxxxxxx)” as like Figure 4-6. EEPROM data
should be written according to chapter 6.5. After EEPROM write, Box 1 will be displayed as "Drive x (CN032
AC Servo Solution CiA402)". EEPROM rewrite is described in chapter 6.5.

Mame: Device 2 (EtherCAT)
Object Id: (03010020
Type: EtherCAT Master

Comment:

] Sclution 'TwinCAT Project1’ (1 project)
4 0] TwinCAT Project]
b (@l SYSTEM
MOTION
pLC
| SAFETY
C++
4 170
Pl 4’% Devices
4 == Device 2 (EtherCAT)
*H Image

*B |mage-Info
2 SyncUnits
Inputs
W Outputs
InfoData
& Box 1(PFFFFFFFF RFFFFFFFF)
s’ Mappings

[] Disabled

4
4
b
[

Figure 4-6 Result of scan for unknow devices

Your TwinCAT®3 project is now ready for operation.
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4.2 Checking the Communication Status

To confirm that TwinCAT®3 and the software on the RZ/T2M are running properly, it is recommended to
check the communication status in TwinCAT®3. For the check, double click the "Drive 2 (CN032 AC Servo
Solution CiA402)” device (1), select the “Online” tab (2) and check, whether the current state is “OP” (3).

D& TwinCAT Project’ - Microsoft Visual Stucio ¥ | Quick Launch (Ctrl+) Pl=- B %
FILE EDT VIEW PROJCT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP
E |@-m-2 B % T2 -] » Atech. - | Release ~| [TwinCAT RT (x64) BV mem=el
[Buid 402025 (oade) | <3 BB 2R @) @ 0| [clocal <] <E \ | \ s s
Solution Explorer AR Il TwinCAT Project] # X o l“
— __________________ 3
o-a - -
ol al# General EtherCAT DC  ProcessData Slots  Startup CoE-Online Online F
Search Solution Explorer (Crl=:) P~ -
State Machi
557 Solution TwinCAT Project!’ (1 project) ot Vachne =
4 L] TWIinCAT Project Bootstrap >
>l SYSTEM Current State: -
MOTION Pre-Op Safe-Op
Requestease. (07 3
PLC op Clear Error 2
4] sareTY
[ ==+
« Evo DLL Status
o
4 % Device 2 (EtherCAT)
B g Port B: No Carrier / Closed
*® Image-Info No Carrier / Closed
b 2 Synclnits -
b Inputs No Carrier / Closed
b Outputs
el Te— File Access over EtherCAT
b iR Drive 1 (CNO32 AC Servo Solution GA40Z) D rai T
ownload.. Upload..
il —
e
1 -
Name Online Type Sze  »Addr. In/Out UserlD Linkedto -
¥l Error code 0 UINT 20 7.0 Input o
#l Statusword 4641 UINT 20 73.0 Input o
# Modes of operat.. & USINT 10 750 Input 0
# Position actual v... 0 DINT 4.0 760 Input 0
1 Velocity actual v.. 0 DINT 40 80.0 Input @ -
Error List v X
Y - | € 0Erors 0Warnings OMessages | Clear Search Error List p-
Description File Line Column Project
P Error List [T
Ready P

Figure 4-7 Checking the communication status

In case that the current state is not “OP” (i.e. “INIT”) please restart establishing the communication with the
[Restart TwinCAT (Config Mode)] button shown in Figure 4-8. You will then be prompted for

e Restarting TwWinCAT System in Config Mode
e Loading I/O Devices
e and Activating Free Run

In all three dialogues simply click “yes”. When communication is re-established, the device state in the
“Online” tab must change to “OP” as shown in Figure 4-7.
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D TwinCAT Project] - Microsoft Visual Studio

FILE EDIT VEW PROJECT BUILD DEBUG  TWINCAT
ie-0|B-0-& | |9 -e-
i | Build 4022.25 (Loaded) ~| =
—

TWINSAFE  PLC  TOOLS  SCOPE
» Attach... -

B RO r— |
g

Solution Explorer
@ e-a|s -

%] Solution "TwinCAT Project’ (1 project)
4 ol TWinCAT Project1
b |l SYSTEM
MOTION
e pLc
SAFETY
[ c++
110
4 ¥ Devices
4 S Device 2 (EtherCAT)
2% Image
28 |mage-Info
2 SyncUnits
Inputs
W Outputs
@ InfoData
FE3 Drive 1 (CN032 AC Servo Solution CiA402)
" Mappings

.

3
3
3
b
b

suppert previewing

Search Solution Explorer (Ctrl+:) P

WINDOW  HELP

¥ | Quick Launch (Ctr+Q) P

[Release  ~| [TwinCAT RT (x64)

- A

R sRE e

SR TuinCAT Project] © X

General EtherCAT DC Process Data  Slots

State Machine

r—
Current State:
Pre-Op Safe-Op
Requested State:
op Clear Error
DLL Status

Port G

Port D

File Access over EtherCAT

Startup  Cof - Online  Online

| @ | s -
S
B

=

Download... Upload...

-

Mame Online Type Size  »Addr. In/Out UserlD Linkedto =
# Error code 0 UINT 20 71.0 Input 0
# Statusword 4641 UINT 20 73.0 Input 0
# Modes of operat.. & USINT 1.0 75.0 Input 0
# Position actualv.. 0 DINT 40 76.0 Input 0

# Velocity actual v... 0 DINT 40 80.0 Input 0 -

Error List v 3 x

T - OEmors | * OWamings 0Messages | Clear Search Error List P~

File Line Column Project

Description

ADS Symbol Watch |3y Output

Figure 4-8 Restarting TwinCAT®3 system in config mode
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4.3 CiA402 Drive Profile Operation

The operation mode of CiA402 drive profile supported by CN032 AC Servo Solution Kit is shown as 5.1
Operation Modes.

4.3.1

Operation mode setting

When change the operation mode, following the steps below.

(1)
)
®)

(4
()
(6

3
4

S

Check the module of Motor 1 was changed to module you selected and then push * 2 button to reload the

device.

Solution Explorer

Search Solution Explorer (Ctrl+:)

11 Solution TwinCAT Project7” (1 project)
4 o] TwinCAT Project?

@o-a|s--

S TinCAT Project? & X

Select “Drive x (CN032 AC Servo Solution CiA402)”.
Select “Slots” tab.
Select “Motor 1”.

) Push “X” button to remove current module setting.

) Push “<” button to apply selected module setting.

Select any module from multiple modules supported CN032 AC Servo Solution.

|l svsTem
MOTION

b [l8] NC-Task 15AF
PLC

4 %2 Devices
4 = Device 3 (EtherCAT)
28 Image
28 Image-Info

2 SyncUnits

AC Servo Solution GiA402)
P =hia o
b [ WeState
b @ InfoData
4 &% Mappings
% NC-Task 1 SAF - Device 2 (EtherCAT) Info

Error List

T -

a TwinCAT Project7 - Microsoft Visual Studie
LE EDIT VIEW PROJECT BUILD DEBUG
-olB-a-t e 8o
.o @ 2)
lution Explorer
G o-a &=

sarch Solution Explorer (Ctrl+:)

2] Solution TwinCAT Project?’ (1 project)
t il TwinCAT Project?
b (il SYSTEM
4 MOTION
b [@] NC-Task 1 SAF
o rLc
] SAFETY
[ C+-
4 [Fvo
4 %% Devices

4 == Device 3 (EtherCAT)
Y - r—

3

OErrors

Description

TWINCAT  TWINSAFE PLC TOOLS SCOPE  WINDOW
- B Attach.. - |Re|ease
N | Err—r

- 1 X

0 Warnings

OMessages | Clear

TwinCAT Project7 + X

General EtherCAT DC  Process Dallg tartup  CoE - Online  Online
2
Z
5| Moduleld Mo... Moduleld... Description
Rivotor1 ) PP 0x004128(] iR pp 000413800 Profile position mode

Rpv  0x00619800
R hm 0x00519800
a¥csp 0x00219800
acsv k00319800

Profile velocity mode

Homing mede

Cyclic synchronous position mode
Cyclic synchronous velocity mode

Search Error List

File Line

HELP

-] [TwinCAT RT (x64)

-II»l [

General EtherCAT DC

Process Data  Slots

Startup CoE- Online Online

Slot

Module

Moduleld

I =< Motor 1

csp

1oz

| OxD02198C

i

1

Column

xoqioo)  saniadolg

Project
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4.3.2 Profile Position Mode (pp)
Make sure Module 1 is applied to the operation of Profile position mode (1). Expand the “Drive x

(CN032_AC_Servo_Solution_CiA402)” tree and expand “Module 1” as far as possible as shown in Figure
4-9. For the sake of comfort add the input values to an extra watch window by right-clicking at a value (2)

and selecting “Add to watch” (3).

M TwinCAT Project] - Microsoft Visual Studio

FILE EDIT WIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP

B-o-SiWd | Xd
Sllu A2

| Build 4022.25 (Loaded)

- | b Attach.. - | Release

@ | ® 7. || <Local> -l

Solution Explorer

ST

# Modes of operation
#| Position actual valug
# Velocity actual value

4 [ Outputs

Controlword

Target position

Profile velocity

Profile acceleration

Profile deceleration

Motion profile type

Profile jerk 1

Profile jerk 2

b @ WeState
b @ InfoData
&% Mappings

This item does not support previewing

L |

*3  Online Write...

C  Add to Watch

ARl TwinCAT Project] & X

= || TwinCAT RT (x64)

Change Link...

ol T e Variable Flags  Online
earch So Explorer (Ctrl+ P
121 Solution "TwinCAT Project 1’ (1 project) Name: Error code
4 ] ™WinCAT Projectl T T
b @l SYsTEM
[ moTon Group: Inputs S 20
PLC ——
SaFeTy Address: 71(0x47) UserID: o
Cos
4 Evo Linked to...
4 % Devices r
4 B Device 2 (EthercAT) Comment: object 0x603F:0
*% image
*5 |mage-Info
b 2 SyncUnits
b Inputs
b I Outputs
b B InfoData
PR 37 838 Servo Solution CIA402)
1 22 Module 1 (pp ADS Infor Port: 11, IGrp: 0x3040010, IOffs: 0x80000047, Len: 2
Jfav=ver

Display Mode »

B 2 (EtherCAT) *Drive 1 (CN032 AC Servo Solution CiA402) “Module 1

xoqjoo]  saadaig

ADS Symbol Watch [l

Figure 4-9 Adding values to a watch

If you repeat this exercise for all five input values for “Module 17, you will get a permanently updated watch
window as illustrated in Figure 4-10.

ADS Symbel Watch

Symbol
Error code

Statusword

Position actual value

Velocity actual value

Modes of operation display

Value Type
0 UINT
545 UINT
1 USINT
0 DINT
0 DINT

1/0.Devices.Device 2 (EtherCAT).Drive 1{CN032 AC Servo Solution CiA402).1
1/0.Devices,Device 2 (EtherCAT).Drive 1 (CN032 AC Servo Solution Ciad02).r
1/0.Devices.Device 2 (EtherCAT).Drive 1 (CN032 AC Serve Solution CiA402).F
1/0.Devices,Device 2 (EtherCAT).Drive 1 (CN032 AC Servo Solution Ciad02).1
1/0.Devices. Device 2 (EtherCAT).Drive 1 (CN032 AC Serve Solution CiA402).0

Figure 4-10 Input value watch for “Module 1”

Note: “Input” and “output” are always seen from the perspective of the EtherCAT PLC respectively the
TwinCAT®3 GUI. Therefore you send commands to the drive (i. e. the CN032 AC Servo Solution) using
output variables, while the feedback from the drive is reflected by the input variables.

The values listed under “Output” in the tree structure in TwinCAT®3 can be altered online. By clicking on
“Controlword” more detailed information about the variable can be shown in the TwinCAT®3 window (1). A
value for “Controlword” can then be sent to the drive via EtherCAT by clicking on the “Online” tab (2) and on
the “Write” button (3). This opens a dialog for entering “Controlword” in different formats. Please enter 128 in
decimal format. Closing the dialog with “Ok” (4) sends the value via EtherCAT.
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Controlword 128 (or 0x80) is a kind of reset command that sets the drive to an initial state. If the error code in
the watch window has been different from 0 before sending 128 (as in Figure 4-11), it should be 0
afterwards. Statusword should show the value 545.

D TwinCAT Project - Microsoft Visual Studio X | Quick Launch (Ctrl+Q) £ - B x
FILE EDT VEW PROJCT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE  WINDOW  HELP
fo-o|B-o-AEE| T A2 Q| patch. - [Release | [TwinCAT RT (x64) A Jmem=ecR:
e e 1L rr— | | (0.
Solution Explorer BRI TinCAT Project! + X
o-g -
G| o-@| s Variable Flag 2
Search Solution Explorer (Ctrl+:) P~
1] Solution TwinCAT ProjectT’ (1 project) Valus: [o ~
4l TwinCAT Project1 New Value: Force... Release Wiite... ) 3
b (@l SYSTEM
= Comment: object 0x6040:0
Cs+
4 Fwo
4 ¥ Devices
4 = Device 2 (EtherCAT)
8 Image
28 image-Info Set Valuz Dialog 4 b "
b Inputs D 128 e
b Outputs Hex 0x0080 Cancel
4 3 Drive 1 (CNO32 AC Servo Solution CiA402) o8
4 2 Module 1(pp)
4 B Inputs Bool 0 1 HexEdt...
% Errorcode
% Statusword Binary: [e000 | L1
%1 Modes of operation display e 01 C8 @6 OR O 02
% Pasition actual value
% Velocity actual value
P 5
= 1
B+ Profile velocity —
B+ Profile acceleration HES e VD
B+ Profile deceleration Symbol Value Type Path
&+ Motion profile type Error code 0 UINT 1/0.Devices. Device 2 (EtherCAT).Drive 1 (CN022 AC Serve Solution CiA02).}
E» Profile jerk 1 Statusword 545 UINT 1/0.Devices.Device 2 (EtherCAT).Drive 1(CND32 AC Servo Solution CiA402).!
B Profile jerk 2 Medes of operation display 1 USINT 1/0.Devices. Device 2 (EtherCAT).Drive 1 (CN032 AC Servo Selutien CiA402).)
b Westate Position actual value 0 DINT 1/0.Devices. Device 2 (EtherCAT).Drive 1(CN032 AC Servo Solution CiA402).}
b B InfoData Velocity actual value 0 DINT 1/0.Devices. Device 2 (EtherCAT).Drive 1(CN022 AC Serve Solution CiA402).1
&% Mappings
ADS Symbol Watch |ER e

Figure 4-11 Sending a Controlword for resetting the drive

You can start drive operation by sending the Controlword 15 (or 0x0F).

Next, send values for “Target position”, “Profile velocity”, “Profile acceleration” and “Profile deceleration” with
the same method. Good values for a first experiment are

e 800000 for target position

e 50 for profile velocity

e 100 for profile acceleration and deceleration
e 0 for motion profile type, profile jerk 1 and 2

Figure 4-12 Sending a Controlword for profile velocity illustrates this for “Profile velocity”; use the same
method for the other values. Having sent theses values you can finally start motor spinning by sending the
Controlword 31 (0x1F). The motor will now start spinning with the preset acceleration, velocity and
deceleration until the target position is reached. In the watch window you can observe current speed and
position. after motor spinning, Statusword is changed to 545 by sending the Controlword 6 (0x6). Figure 4-13
shows you three screen shots of the watch window before, during and after operation.

In case that the motor does not start spinning, you may try to send 128 again and/or to reset the CN032 AC
Servo Solution board, which will automatically re-connect to TwinCAT®3.
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D€ TwinCAT Project! - Microsoft Visual Studio ¥ Quick Launch (Ctri+Q)

FLE EDT VIEW PROJECT BULD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP

‘0-O|B-o-SEP|XPE|2-C | P Atech. - Release | | TwinCAT RT (x64) -|| & -
Crrr a1 P e — \ |

Solution Explorer

RerFE=CE:

Figure 4-12 Sending a Controlword for profile velocity

1) before spinning

@ e-8| 5= Variable @ 2
Search Solu Explorer (Crl+ P~
i - y Value: 0
[a1 Solution "TwinCAT Project1” (1 project)
4l TwinCAT Project! New Value: Force. Release 3
b @l SvSTEM
= moTion ¢
e omment: biect 0x6081:0
pLC o
i) SAFETY
[c [<28
4 @vo
4 T Devices
4 = Device 2 (EtherCAT)
% image
*8 Image-Info Set Value Dialog 4 X .
b 2 SyncUnits
b inputs Dec .
b W Outputs Hex 000000032 Cancel
b @ InfoData
4 3R Drive 1(CNO22 AC Servo Solution CiAd02) Flt 70044
4 R Module 1 (pp)
4 [ Inputs Boot [l 1 Hex Edit
# Eror code -
# Statusword Binary: 320000 00 [ ]
# Modes of operation display BiShe 01 O8 Ot ®% Ost O7
#1 Position actual value
# Velocity actual value
4 T Outputs
- Controlword
ADS Symbol Watch
rofile deceleration Symbol Value Type Path
» Motion profile type Error code 0 UINT /0. Devices.Device 2 (EtherCAT).Drive 1 (CNO32 AC Serva Solution CiAd02).}
& Profile jerk 1 Statusword 545 UINT /0. Devices. Device 2 (EtherCAT).Drive 1 (CN032 AC Servo Solution CiA402).}
- Profile jerk 2 Modes of operation display 1 USINT 1/, Devices, Device 2 (EtherCAT),Drive 1 (CNO32 AC Servo Solution Cid02).}
b WeStte Position actual value 0 DINT 1/Q.Devices.Device 2 (EtherCAT).Drive 1 (CNO32 AC Serva Solution CiAd02).!
b @ InfoData Velocity actual value 0 DINT /0. Devices.Device 2 (EtherCAT).Drive 1 (CNO32 AC Servo Solution CiA402).}
&% Mappings
ADS Symbol Watch [

| ADS Symbol Watch > X
Symbol Value Type Path
Error code ] UINT |/O.Devices. Device 2 (EtherCAT).Drive 2 (CN032_AC_Servo_Sclution_CiA402)
Statusword 545 UINT |/O.Devices Device 2 (EtherCAT).Drive 2 (CN032_AC_Servo_Sclution_CiA402)
Modes of operation display 1 USINT |/0.Devices, Device 2 (EtherCAT).Drive 2 (CMN032_AC_Servo_Sclution_CiA402)
Position actual value DINT 1/0.Devices.Device 2 (EtherCAT).Drive 2 (CMN032_AC_Serve_Solution_CiA402)
Velocity actual value DINT 1/0.Devices.Device 2 (EtherCAT).Drive 2 (CN032_AC_Serve_Solution_CiA402)
2) while spinning
ADS Symbol Watch r Ix
Symbol Value Type Path
Error code 0 UINT /0. Devices. Device 2 (EtherCAT). Drive 2 (CNO22_AC_Servo_Solution_CiA402)
Statusword 4663 UINT I/0.Devices.Device 2 (EtherCAT).Drive 2 (CN032_AC_Servo_Sclution_CiA402)
Modes of operation display 1 USINT I/0.Devices.Device 2 (EtherCAT).Drive 2 (CN032_AC_Servo_Sclution_CiA402)
Positicn actual value 83035 DINT I/0.Devices.Device 2 (EtherCAT).Drive 2 (CN022_AC Servo Sclution_CiA402)
Velocity actual value 44 DINT 1/0.Devices. Device 2 (EtherCAT).Drive 2 (CN022_AC_Servo_Solution_CiA402)
3) after spinning
ADS Symbal Watch > ox
Symbol Value Type Path
Error code 0 UINT 1/0.Devices.Device 2 (EtherCAT).Drive 2 (CN032_AC_Servo_Sclution_CiA402)
Statusword 1391 UINT 1/0.Devices.Device 2 (EtherCAT).Drive 2 (CN032_AC_Servo_Sclution_CiA402)
Modes of operation display 1 USINT 1/0.Devices.Device 2 (EtherCAT).Drive 2 (CM032_AC Servo_Sclution_CiA402)
Position actual value 200000 DINT 1/0.Devices.Device 2 (EtherCAT).Drive 2 (CM032_AC Servo_Sclution_CiA402)
Welocity actual value 0 DINT 1/0.Devices.Device 2 (EtherCAT).Drive 2 (CM032_AC Servo_Sclution_CiA402)

Figure 4-13 Watch value changes while motor spins
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4.3.3 Cyclic Synchronous Position Mode (csp)

Confirm that the operation mode is “csp”. Otherwise, change the operation mode to “csp” by following 4.3.1

Operation mode setting.

TwinCAT Project? + X

General EtherCAT DC Process Data Slots Startup CoE - Online  Online
Slot Module Moduleld
I =< Motor 1 csp I 0002 198

Just like the steps described for pp mode, add the input values to an extra watch window for the sake of

comfort.

4 o Drive 1(CN032 AC Servo Solution CiA402)
4 R Module 1{csp)
4

Error code

Statusword

Medes of operation display

Position actual value
Velocity actual value
Torque actual value

& Controlword

B Torcet position

ADS Symbol Watch

mbol

\alue

Paib

Error code

Statusword

Position actual value

Velocity actual value

Torque actual valuz

Modes of operation display

4641

o o oo

UINT
UINT
USINT
DINT
DINT

1/0.Devices.Device 3 (EtherCAT).Drive 1(CN032 AC Serv
1/0.Devices.Device 3 (EtherCAT).Drive 1(CN032 AC Serv
1/0.Devices.Device 3 (EtherCAT) Drive 1(CN032 AC Serv
1/0.Devices.Device 3 (EtherCAT) Drive 1(CN032 AC Serv
1/0.Devices.Device 3 (EtherCAT).Drive 1 (CN032 AC Serv
1/0.Devices.Device 3 (EtherCAT) Drive 1(CN032 AC Serv

Follow steps (1) to (3) to open a dialog to send the value of Controlword.

Solution Explorer
@ eo-a| &=
Search Solution Explorer (Ctrl+)
7 Solution TwinCAT Project6’ (1 project)
4l TWinCAT Projects
b [l svsTEM
4 MOTION

.
3]

4 2 Devices
4 = Device 3 (EtherCAT)

8 image

*H |mage-Infe

2 SyncUnits
Inputs

W Outputs

& InfoData

AT YT W

4 2R Module 1 (csp)
4 [ Inputs

#1 Error code

Statusword

=%, Drive T(CN032 AC Servo Selution CiA402)

-
%1 Modes of operation display
%1 Position actual value

#1 Velocity actual value

#1 Torque actual value

y o

Release

Variable  Flag
Value: [0
New Value: Force
Comment: object 0x6040:0

Set Value Dialog X
Dec: E [ o]
00000 Cancel
- 0
Bool 0 1 Hen Edit
o Einary [0 |
ALS Sy mbol Watch Bit Size: 01 O8 ®16 O3 Ost 02 —
Symbol
Error code 0 UINT 1/0.Devices.
Statusword 4641 UINT 1/0.Devices.
Modes of operation display 8 USINT 1/0.Devices.
Position actual value 0 DINT 1/0.Devices.
Velocity actual value 0 DINT 1/0.Devices.
Torque actual value 0 INT 1/0.Devices.

- Controlwerd

Brget poten 1
- Motion profile type
&~ Profile jerk 1
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Follow steps A) to B) to send the Controlword value and make the motor controllable.

A) Confirm that Statusword is “4641”. Otherwise, set Controlword to 128 to reset Statusword.

ADS Symbol Watch

Symbaol Value Type Pz

Error code 0 UINT 1/0.Devices. Device 3 (Ether

I Statusword 4641 I UINT 1/0.Devices. Device 3 (Ether
Meodes of cperation display ] USINT 1/0.Devices.Device 3 (Ether!
Position actual value 4 DINT 1/0.Devices. Device 3 (Ether

B) Set Controlword to “15” and then Statusword will be “4659” (Power on) and then immediately change
to "4663” (Servo on).

ADS Symbol Watch

Symbol Value Type Pa
Error code 0 UINT 1/0.Devices.Device 2 (Ether(
Statusword 4650 I UINT 1/0.Devices.Device 2 (Ether
Mecdes of operation display 8 USINT 1/0.Devices.Device 3 (Ether(
Position actual value 0 DINT 1/0.Devices.Device 3 (Ether(

ADS Symbol Watch

Symbol Value Type Pa

Error code 0 UINT 1/0.Devices.Device 3 (EtherC

I Statusword 4663 I UINT 1/0.Devices.Device 3 (Ether(
Modes of cperation display ] USINT 1/0.Devices.Device 3 (Ether(
Position actual value 0 DINT 1/0.Devices.Device 3 (EtherC

Follow steps (1) to (3) to open a dialog to send the value of Target Position.
Enter the Target Position value and closing the dialog with “Ok” (4) sends the value via EtherCAT.

Solution Explorer

@ o-a| &= 2
Search Solution Explorer (Ctrl+:) P
%7 Solution TwinCAT Prajects’ (1 project) o Vale |
“ "'i TwinCAT Projects New Value: Force... Release ‘
b |l sysTEM — 3
“ MOTION Comment: object 0x607A:0
b 2] NC-Task 1 5AF
PLC -
SAFETY Set Value Dialog *
[ c++
- Dac: [sa000 | (=1 )4
4 4’% Devices Hex: 0x0007132880 Cancel
= Device 3 (EtherCA’
4 7% Device 2 (EtherCAT) Float 11210388640
+ Image
*B Image-Info
-
P & SyncUnits Bork: 0 ] Hex Ed
3 Inputs
b W Outputs Binary: [e03em 00 |
b [ InfoDsta Bit Size: O1 C8 Ot @32 Ot O7
4 o Drive 1(CN032 AC Serve Selution CiAd02) S -
4 22 Module 1 (csp) _ADb Symbol Watch
4 Inputs Symbol Value Type
# Error code Error code 0 UINT 1/0.Deviv
#! Statusword Statusword 4663 UINT 1/0.Devie
%! Medes of operation display Modes of operation display g USINT 1/0.Devir
* PDSI"_DH actual value Position actual value a DINT 1/0.Devit
#1 Velocity actual value i X
Velocity actual value 0 DINT 1/0.Devir
# Torque actual value
4 W Outputs Torque actual value 0 INT 1/0.Deviv
e Conscolucrd 4
- Target position
Motion profile type 1
B R
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Then, the motor rotates until the Position actual value counts up to the Target Position value.

ADS Symbol Watch

Symbol Value Type
Error code 0 UINT I/0.Device
Statusword 4663 UINT 10, Device
Modes of operation display ] USINT /0. Device
| Position actual value 15583 | DINT 1/0. Device
Velocity actual value 3 DINT /0. Device

When stop the motor control, set Controlword to “6” and then Statusword will be “4641”.

4.3.4 Cyclic Synchronous Velocity Mode (csv)

Confirm that the operation mode is “csp”. Otherwise, change the operation mode to “csp” by following 4.3.1

Operation mode setting.
wncat P+ < [

General EtherCAT DC Process Data Slots Startup  CoE - Online  Online

Slot IModule Meoduleld
| =€ Motor 1 csv | 0003198

Just like the steps described for pp mode, add the input values to an extra watch window for the sake of
comfort.

4 o Drive 1(CND32 AC Serve Solution GA402)
4 R Module 1(esv)
p

ADS Symbol Watch

- Symbol Value Ti pe. Path
el el

13 Error code Error code 0 UINT 1/0.Devices.Device 3 (EtherCAT).Drive 1 (CN032 AC Serv
Statusword Statusword 4641 UINT 1/0.Devices.Device 3 (EtherCAT).Drive 1 (CN032 AC Serv
Modes Of operation display Modes Of operation display a USINT 1/0.Devices.Device 3 (EtherCAT).Drive 1 (CN032 AC Serv
5°|5‘“_°" a““al' ""I'“E Position actual value -1 DINT 1/0.Devices. Device 3 (EtherCAT), Drive 1(CNO32 AC Serv
elocity actual value Velocity actual value 0 DINT 1/0.Devices.Device 3 (EtherCAT).Drive 1 (CND32 AC Serv

Torgue actual value
4 T Outputs Torgue actual value 0 INT |/0.Devices.Device 3 (EtherCAT).Drive 1 (CN032 AC Serv

B+ Controlword
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Follow steps (1) to (3) to open a dialog to send the value of Controlword.

Solution Explorer Bl TinCAT Project7 = X

°-a -
@D - & Variable F\i 2
Search Solution Explorer (Cirl+:) P
137 Solution TwinCAT Broject™ (1 project) Value: o
4 ull TwinCAT Project7 New Value Forcen Relesse
bl svsTEM 3
4 I morion Comment; object 0x6040:0
b 8] NC-Task 1 5AF
[ pLc
[ saFETY
i co+ Set Value Dialog x
4 Fvo
4 Devices Des [ | [

4 = Device 3 (EtherCAT) Hew: 00000 Cancel
2% Image . b |
3% Image-Info e [ ]

> 2 SyncUnits
b 1 Inputs .
> I Outputs Book 0 1 Hex Edi...
b @ InfoData Binary: o000 |
4 3 Drive 1 (CND32 AC Servo Solution GIAAD —
«R Drive 1 ervo Solutian CiA402) ADS Symbol Watch Bit Size: O1 08 @16 OR Q64 OF
4 R Module 1 (csv)
4 O Inputs Symbol varge s
# Error code Error code 0 UINT 1/0.Devices.De
# Statusword Statusword 4641 UINT 1/0.Devices.De
# Modes Of operation display Modes Of operation display 9 USINT 1/0.Devices.De
¥ 5“‘5“‘“" a““a“ ‘”““E Position actual value B DINT 1/0.Devices.De
*
elocity actual value Velocity actual valus 0 DINT 1/0.Devices.De
# Torque actual value
. B O Torque actual value 0 INT 1/0.Devices.De
& Controlword

B Target velocity 1

Follow steps A) to B) to send the Controlword value and make the motor controllable.

A) Confirm that Statusword is “4641”. Otherwise, set Controlword to 128 to reset Statusword.

ADS Symbol Watch

Symbol Value Type
Error code 0 UINT 1/0.Devices.Device 3 (Efl
I Statusword 4641 I UINT 1/0.Devices.Device 3 (El
Meodes Of operation display 9 USINT I/0.Devices.Device 3 (Etl
Position actual value 0 DINT 1/0.Devices.Device 3 (Etl

B) Set Controlword to “15” and then Statusword will be “4659” (Power on) and then immediately change

to "4663” (Servo on).

ADS Symbol Watch

Symbol Value Type
Errgrcode a UINT I/0.Devices.Device 3 (Ett
Statusword 4659 I UINT 1/0.Devices.Device 3 (Ett
Modes Of operation display a USINT 1/0.Devices.Device 2 (Ett
Position actual value 0 DINT I/0.Devices.Device 3 (Ett

ADS Symbol Watch

Symbol Value Type
i} UINT 1/0.Devices.Device 3 (Eth
I Statusword 4663 I UINT 1/0.Devices.Device 3 (Eth
Meodes Of operation display El USINT 1/0.Devices.Device 3 (Eth
Position actual value 0 DINT 1/0.Devices.Device 3 (Eth
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Follow steps (1) to (3) to open a dialog to send the value of Target Velocity.
Enter the Target Velocity value and closing the dialog with “Ok” (4) sends the value via EtherCAT.

Solution Explorer

@ o-d| &=

Search Solution Explorer (Ctrl+:) P - 2
R] Solution TwinCAT ProjectT (1 project) Value: |
4 o] TwinCAT Project? New Value: Force.. Release
> |@l SYSTEM — 3
=]
4 MOTICN Comment: object (x6OFF:0 |
b A NC-Task 15AF
PLC Set Value Dialog x
|43 SAFETY
[id €+ Diec: 500/ i3 )4
4« Evo Hes DO0000TFA Cancel
4 ¥ Devices
4 == Device 3 (EtherCAT) Float 7.0064323e-43
*8 Image
*B Image-Info 1
b2 SyncUnits 1 Book: 1] 1 Hex Edit...
b Inputs | Binary [Fa o oo oo |
b W Outputs
b T nfoData Bit Size: 01 08 D16 @32 Or OF
4 3 Drive 1{CN032 AC Servo Solution CiA402)

ADS Symbol Watch

4 3 Module 1 {csv)
Symbol Malue Type

4 Inputs
% Error code Error code 0 UINT 1/0.Devices. Device
#| Statusword Statusword 4663 UINT 170 Devices. Device
#/ Modes Of operation display Modes Of operation display 9 USINT 1/0.Devices. Device
# Position actual value Position actual value 0 DINT 1/0Devices. Device
&
Velocity actual value Velocity actual value 0 DINT I/0.Devices.Device
#1 Torque actual value
Torque actual value 0 INT 1/0.Devices.Device

4 [l Outputs
K+ Controlword

IE- Target velocity

b WcState
b & InfoData

Then, the motor rotates while controlling the Velocity actual value to the Target Velocity value.

ADS Symbol Watch

Symbol Value Type
Error code 0 UINT 1/0.Devices.Device 3 (E
Statusword 4663 UINT 1/0.Devices.Device 3 (E
Meodes Of operation display ] USINT 1/0.Devices.Device 3 (E
Position actual value 828306 DINT 1/0.Devices.Device 3 (B
| velocity sctual value s | DINT 1/0.Devices.Device 3 (€

When stop the motor control, set Controlword to “6” and then Statusword will be “4641”.

You can now modify the parameters as you like for further experiments. The full “command set” that is
covered by the Controlword and the specific meaning of error codes or Statusword can be studied in the
“CANopen Device Profile Drives and Motion Control” control document, that is available from the CAN in
Automation organization at

https://www.can-cia.org/can-knowledge/canopen/cia402/

Please note that the document can only be downloaded by organization members. Copies of old versions
are vagabonding on the www.
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5. CiA402 Drive Profile

The CiA402 drive profile is a device profile for driving motors and motion control and mainly defines
functional operations for servo drives, sine-wave inverters and stepping motor controllers. In this profile, the
multiple operation modes and corresponding parameters are defined as an object dictionary. Also, Finite
State Automaton (FSA) to define the internal and external behavior in every state is included. When
changing the state, the result after transition is reflected in the status word object that shows the current state
by specifying the state through the control word object. The control word and various command values (such
as speed) are assigned to RxPDO, and the status word and various real values (such as position) are
assigned to TxPDO. Please see the contents of the CiA402 standard for more details.

Cyclic communication

RxPDO
» Operational command
target value

PLC AC Servo Unit

TxPDO
Operational status
current values

A 4

A
A

Figure 5-1 CiA402 Communication Flow

5.1 Operation Modes

In the application note, the following modes are supported from among the operation modes defined in the
CiA402 standard.

Operation Mode Support
Profile position mode Yes
Velocity mode (frequency converter) No
Profile velocity mode No
Profile torque mode No
Homing mode No
Interpolated position mode No
Cyclic synchronous position mode Yes
Cyclic synchronous velocity mode Yes
Cyclic synchronous torque mode No
Cyclic syn.chronous torque mode with No
commutation angle

Manufacturer specific mode No

Table 5-1 List of Supported Operation Modes
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5.2 State Transition
In this application note, the following is supported as FSA defined in the CiA402 standard.

Start

A 4

Not ready to
Switch on

1

\ 4

15

Fault

Switch on
disabled

A
2 7 14

A A

L

Y

Ready to 13 | Fault reaction

10 )
Switch on 4 active

A

3 6 9
12 v

—— Switched on

A
4 5

16 A 4
Operation
enabled

Quick stop
active

11

Figure 5-2 CiA402 State Transition Diagram

5.3 Object Dictionary

The following is the list of the object dictionaries supported in this application note.

Operation Mode OBJECT Name INDEX | Category Access ELz oo .
Type Mapping
Position actual value 0x6064 | Mandatory ro INT32 Yes
Following error window 0x6065 | Optional rw UINT32 No
Velocity actual value 0x606C | Conditional | ro INT32 Yes
Max torque 0x6072 | Optional rw UINT16 Yes
Torque actual value 0x6077 | Conditional | ro INT16 Yes
Cyclic synchronous — -
position mode Target position 0x607A | Optional w INT32 Yes
. + Software position limit 0x607D | Optional c,rw INT32 No
Cyclic synchronous
velocity mode Position offset 0x60B0 | Optional w INT32 Yes
Velocity offset 0x60B1 | Optional rw INT32 Yes
Torque offset 0x60B2 | Optional w INT16 Yes
Following error actual value 0x60F4 | Optional ro INT32 Yes
Target velocity 0x60FF | Conditional | rw INT32 Yes
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. Data PDO
Function Group OBJECT Name INDEX | Category Access Type Mapping
L Positive torque limit value 0x60E0 | Conditional | rw UINT16 | Yes
Torque Limiting
Negative torque limit value 0x60E1 | Conditional | rw UINT16 Yes
. Home Offset 0x607C | Optional w INT32 No
Homing - —
Homing speeds 0x6099 | Conditional | c,rw UINT32 No
Touch probe function 0x60B8 | Optional rw UINT16 Yes
Touch probe status 0x60B9 | Optional ro UINT16 Yes
Touch Probe -
Touch probe pos 1 pos value 0x60BA | Optional ro INT32 Yes
Touch probe pos 2 pos value 0x60BC | Optional ro INT32 Yes
Gear ratio Gear ratio 0x6091 | Optional c,rw UINT32 No
. Data PDO
Other object OBJECT Name INDEX | Category Access Type Mapping
Error code 0x603F | Optional ro UINT16 Yes
Controlword 0x6040 | Mandatory rw UINT16 Yes
Statusword 0x6041 | Mandatory ro UINT16 Yes
Quick stop option code 0x605A | Optional rw INT16 No
Shutdown option code 0x605B | Optional rw INT16 No
Contrqllmg the power Disable operation option code 0x605C | Optional rw INT16 No
drive system
Halt option code 0x605D | Optional rw INT16 No
Fault reaction option code 0x605E | Optional rw INT16 No
Modes of operation 0x6060 | Optional rw INT8 Yes
Modes of operation disp 0x6061 | Optional ro INT8 Yes
Supported drive modes 0x6502 | Mandatory ro INT32 No
General object Motor type 0x6402 | Optional rw INT16 No
Position demand value 0x6062 | Optional ro INT32 No
Pos]lﬂﬁr;ﬁ(;onntrol Position actual internal value 0x6063 | Optional ro INT32 No
Position window 0x6067 | Optional rw UINT32 No
Optional application Digital inputs 0x60FD | Optional ro UINT32 Yes
FE Digital outputs 0X60FE | Optional crw UINT32 | No,Yes

Table 5-2 List of Supported Object Dictionaries
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5.4 Implementing the Motor Control Program

According to the CiA402 standard from the list of CiA402 protocol stack I/F functions in Table 5-3, implement
the motor control application. Each function links the number of each state transition of CiA402 FSA shown
in Figure 5-2 and the corresponding function is called in case of state transition. In each function, describe
the processing that calls the motor control program or the relevant processing of the main CPU.

CiA402_StateTransitionl

Description

This function is used when state transition 1 has occurred.
Describe the operation in the case of the state transition.
This function issues a POW EROFF command.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark | Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
CiA402_StateTransition2

Description

This function is used when state transition 2 has occurred.

Describe the operation in the case of the state transition.

This function is not used.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
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CiA402_StateTransition3

Description

This function is used when state transition 3 has occurred.

Describe the operation in the case of the state transition.

This function issues a POWERON command and energizes the motor.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402A xis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.

CiA402_ StateTransition4

Description

This function is used when state transition 4 has occurred

Describe the operation in the case of the state transition.

This function issues a SERVOON command and put the motor in torque on state.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.

If 1 is set to return value, state transition does not occur.

CiA402_StateTransition5

Description

This function is used when state transition 5 has occurred.

Describe the operation in the case of the state transition.

This function issues a SERVOOFF command and release the motor fromtorque on state.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting
the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
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CiA402_ StateTransition6

Description

This function is used when state transition 6 has occurred.
Describe the operation in the case of the state transition.
This function issues a POW EROFF command.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.

If 1 is set to return value, state transition does not occur.

CiA402_StateTransition7

Description

This function is used when state transition 7 has occurred.
Describe the operation in the case of the state transition.
This function is not used.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402A xis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.

If 1 is set to return value, state transition does not occur.

CiA402 StateTransition8

Description

This function is used when state transition 8 has occurred.
Describe the operation in the case of the state transition.
This function issues a POW EROFF command.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.

If 1 is set to return value, state transition does not occur.
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CiA402_ StateTransition9

Description
This function is used when state transition 9 has occurred.

Describe the operation in the case of the state transition.
This function issues a POW EROFF command.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.

If 1 is set to return value, state transition does not occur.

CiA402_ StateTransition10

Description
This function is used when state transition 10 has occurred.

Describe the operation in the case of the state transition.
This function issues a POW EROFF command.

Usage
#include "cia402applh"

Parameters

TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.

If 1 is set to return value, state transition does not occur.

CiA402_ StateTransition1l

Description

This function is used when state transition 11 has occurred.
Describe the operation in the case of the state transition.
This function issues a QUICKSTOP command.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402A xis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.

If 1 is set to return value, state transition does not occur.

R12ANO124EJ0502 Rev.5.02

Aug.8, 2024

RENESAS

Page 38 of 74



RZ/T2M Grou

p, RZ/T2L Group, RZ/N2L Group Startup Guide (for EtherCAT)

CiA402_ StateTransition12

Description

This function is used when state transition 12 has occurred.
Describe the operation in the case of the state transition.
This function issues a POW EROFF command.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.

CiA402_Loc

alError

Description

This function is used when state transition 13 has occurred.
Describe the operation in the case of the state transition.
This function is called if an error was detected.

Usage
#include "cia402appl.h"

Parameters
UINT16 ErrorCode

Return Value
none

Remark
If the error corresponding to state transition 13 occurs,
call this function after processing required and saving data at error location.

CiA402_ StateTransition14

Description
This function is used when state transition 14 has occurred.

Describe the operation in the case of the state transition.
This function issues a POWEROFF command.

Usage
#include "cia402appl.h"

Parameters
TCiA402Axis *pCiA402A xis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

If 1 is set to return value, state transition does not occur.

the appropriate values for each object in accordance with the CiA402 standard.
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CiA402_ StateTransition15

Description

This function is used when state transition 15 has occurred.
Describe the operation in the case of the state transition.
This function is called when transitioning from Fault state to Switch on disabled state.

Usage

#include "cia402applh"

Parameters

TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.

CiA402 StateTransitionl6

Description

This function is used when state transition 16 has occurred
Describe the operation in the case of the state transition.
This function issues a SERVOON command and put the motor in torque on state.

Usage

#include "cia402appl.h"

Parameters

TCiA402Axis *pCiA402Axis

Return Value

0 Normal end
1 Error
Remark

In the case of error occurrence during processing, exit the function by setting

the appropriate values for each object in accordance with the CiA402 standard.
If 1 is set to return value, state transition does not occur.
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APPL MOTOR MotionControl Main

Description
Implement the motion control code when the state of CiA402 FSA is

"Operation enabled". Describe the process for each mode of operation.

Usage
#include "cia402applh"

Parameters
TCiA402Axis *pCiA402A xis

Return Value

0 Normal end
1 Error
Remark

At the initial state, this function is described in "main.c" and
calls "CiA402_DummyMotionControl" function for reference.

Table 5-3 List of CiA402 Protocol Stack I/F Functions
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6. Appendix

6.1 Preparation in advance
This chapter is shown preparation for writing a program to flash memory and debugging

6.1.1 Power Supply
Configure the board connection according to the chapter 2.

@ xSPI0 boot mode setting
Set SW1 of the controller board to the following.

SH1

8
>
£
£
S
|
| 4
Z
S

{s)
1
155
14
| {=}
1]
£:]
{: ]
¥

@ Power supply to the inverter board, and then the red lamp lights up.
Additionally, the controller board is supplied 5V DC power from inverter board and then LED1 lights up.

—
o
ek
g1 L

Power lamp of the inverter board Power LED of the controller board
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6.1.2 Generating the Slave Stack Code

To run the EtherCAT communication you must generate the EtherCAT slave code using a special code
generation tool provided by Beckhoff. The slave code generation is performed based on the formal
description of the slave properties in the ESI file that you have copied in the previous chapter.

Make sure the version of the installed SSC tool is V5.12.
Do not update even if receiving update notification when starting the tool.

By CN032 AC Servo Solution EtherCAT CiA402 - Slave Stack Code Tool

File  Project Tool Help
j igati Slave Settings
S50 Version 5.12

solution Ethe
- Slavelnformation
- CGeneric Config File Vergion14.10

(1) Start SSC Tool

Start SSC Tool by double-clicking the SSC project file " CN032 AC Servo Solution EtherCAT CiA402.esp " in
the following location:

Case of the AC Servo Solution Kit (RZ/T2M)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Common\ethercat\src\r_ecat\utilities\ssc_config”

Case of the AC Servo Solution Kit (RZ/T2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2\Common\ethercat\src\r_ecat\utilities\ssc_config”

Case of the AC Servo Solution Kit (RZ/N2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzn2\Common\ethercat\src\r_ecat\utilities\ssc_config”

(2) Generate a slave stack code

In SSC Tool, select [Project] > [Create new Slave Files], and then click [Start] as shown in Figure 6-1. The
slave stack code is then generated in the following location:

Case of the AC Servo Solution Kit (RZ/T2M)

“\r12an0123xxXXXX-cn032-ac-servo-
solution\Software\Firmware\rzt2m\Common\ethercat\src\r_ecat\utilities\ssc_config\Src”

Case of the AC Servo Solution Kit (RZ/T2L)

“\r12an0123xxXXXX-cn032-ac-servo-
solution\Software\Firmware\rzt2\Common\ethercat\src\r_ecat\utilities\ssc_config\Src”

Case of the AC Servo Solution Kit (RZ/N2L)

“\r12an0123xxXXXX-cn032-ac-servo-
solution\Software\Firmware\rzn2\Common\ethercat\src\r_ecat\utilities\ssc_config\Src”

Then, click [OK], and then [Close] to terminate the SSC Tool.
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88 CNO032 AC Servo Solution EtherCAT CiAd02 - Slave Stack Code Tool - a x
File | Project | Tool  Help
() Project Update Es
B-CN 512
Find Setting Ctrl+F

MWersionl4.1.0

me Description Wersion A

Create new Slave Files  F3

- Synchranisation =
(= Application aoeapplh 5

i ProcessData
- Mailbox applhterface h EcatAppl EtherCAT application 512
Compiler bootmoder ESM EtherGAT State Machine 5.12
boatmode b a1
bootloaderapple Bootloader Bootloader Sample 612
bootloaderapplh 612
cigdl2apple GiAt02appl GiAd402 Sample Application 512
cia402applh 612
coeapplc CGoE GAN Application Profile over EtherGAT 512
coeapplh 612 v
Add File(s)
Gontlicts

€ Info A& Warning ) Errer

Figure 6-1 Creating the EtherCAT slave stack code

(3) Prepare a patch command

Last but not least it is required to install a patch file on your computer and to make it usable as an
environment variable. Please download the GNU Patch program (version: 2.5.9 or later) from the following
website:

http://gnuwin32.sourceforge.net/packages/patch.htm

Then, store the patch.exe file, that is part of the download somewhere, and add the (preferably short)
storage path to an environmental variable: In the Windows Control Panel go to ‘System’ and then to
‘Advanced system settings’. In the ‘System Properties’ dialog select ‘Environment Variables’ as illustrated in
Figure 6-2.

[E2 Control Panel\All Control Panel ftems\System - o x
<« v 4 E 5 Control Panel > All Control Panel ltems > System v o Search Control Panel
Q-
Control Panel Home View basic information about your col n T
¥ [ System Properties X|
© Device Manager Windows edition

& Remote settings .Computer Name I Hardware Advanced |System Protection | Remote I

Windows 10 Enterprise
D

g sesectoe © 2019 Microsoft Corporation. Al rights reser
You must be logged on as an Administrator to make most of these changes.
System i~ Perfomance
Manufacturer Renesas Electroni Visual effects, processor scheduling, memory usage, and virttual memory
Modet Global PC 19096
Processor: 11th Gen Intel(R)
Installed memory (RAM):  16.0 GB (15,7 GB 1.
System type: 64-bit Operating
Pen and Touch Mo Pen or Touch — User Profiles
Renesas Electronics support Desktop settings related to yourlogon
Phone number: For ITSupport, su
link below. ;
Support hours: 24x7 for IT Emerg ErE
Website: Online support
Computer name, domain, and workgroup setting [ Startup and R ¥
Computer name: REL-0062199 System startup, system failure, and debugging information
Full computer name: REL-0062199.2dw
Computer description:  Global PC 1909.6. Settings...
Domain: adwin.renesas.co’

‘Windows activation . .
See also Environmert Variables... | )
Windows is activated Read the Microseft Sof =

Security and Maintenance

Product ID: 00329-00000-00003-AA492

ok || Cancel | el |

Figure 6-2 Adding a new environment variable
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Select ‘Path’ in the list of system variables and then ‘Edit’. Add the path, where you have stored the patch file
(in our case C:\Program Files (x86)\GnuWin32\bin), to the already existing search path. Click ‘Ok’ twice to

accept the changes.

(4) Apply the patch

Computer Name I Hardware Advanced |Sy5tem Protection I Remate I
Edit System Variable x|

Variable name: I Path

Variable value:

=

~System variables

Variable | Value |ﬂ
MOTESTDIR C:\Program Files (x86)\PROFINET IO Te...
MUMBER_OF P... 4
os Windows_MNT
Path C:\Program Files (x86)\GCC for Renesa... j

New... ‘l Edit... | ’ Delete |

asS————
oK | Cancel

x|

i

Figure 6-3 Editing the system variable ‘Path’

Next, the patch has to be executed once. Double-click the ‘apply_patch.bat’ file in
Case of the AC Servo Solution Kit (RZ/T2M)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Common\ethercat\src\r_ecat\

utilities\batch_files”

Case of the AC Servo Solution Kit (RZ/T2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2A\Common\ethercat\src\r_ecat\

utilities\batch_files”

Case of the AC Servo Solution Kit (RZ/N2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzn2\Common\ethercat\src\r_ecat\

utilities\batch_files”

The script in this file moves the directory that contains the slave stack code, and then applies the patch
that makes the corrections for the sample program.

If a “Patching file ...” message similar to Figure 6-4 does not appear, the patch is not applied. In this case,
right-click “apply_patch.bat”, and then select “Run as administrator”.

If a message such as "Hunk #xx failed with xxx" is displayed, change the line breaks in slave stack code to

LF(Line Feed).

Figure 6-4 Patch file execution messages

Now the preparations for running the EtherCAT project are finally completed.
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6.2 How to Install Development Environments

6.2.1 Development Environments Install
AC Servo Solution Kit (RZ/T2M, RZ/T2L)

Download e?studio or FSPSC for RZT FSP v1.3.0 from the following web site.

Release v1.3.0 - renesas/rzt-fsp - GitHub

Download “setup_rztfsp_v1_3 0_e2s v2023_07.exe” for FSP with e2studio installer.
If using IAR, download “setup_rztfsp_v1_3 0 _rzsc_v2023_07.exe” for smart configurator installer.

v Assets 7

@fspidccumentationylS.U.Zip 3.53 MB Sep 6
@RZT FSP_Packs v1.3.0.exe 40 MB Sep 6
DRZT_FSP_Packs_v1.3.0zip 36.6 MB Sep &
Dsetup_rztfsp_v1_3_0_e2s v2023-07.exe 1.96 GB Sep 16
@setup_rztfsp_v1_3_0_rzsc_v2023-07.exe 588 MB Sep 8
@Source code (zip) Sep &
@Sour(e code (tar.gz) Sep b

AC Servo Solution Kit (RZ/N2L)
Download e2studio or FSPSC for RZN FSP v1.3.0 from the following web site.

Release v1.3.0 - renesas/rzn-fsp - GitHub

Download “setup_rznfsp_v1_3 0_e2s v2023 07.exe” for FSP with e2studio installer.
If using IAR, download “setup_rznfsp_v1_3 0 _rzsc_v2023 07.exe” for smart configurator installer.

v Assets 7
@fsp_documentation_v1.3.0.zip 3.57MB Sep 26
CORZN_FSP_Packs_v1.3.0.exe 334 MB Sep 26
PRZN_FSP_Packs v1.3.0.zip 30 MB Sep 26
Dsetup _rznfsp_v1 3 0_e2s v2023-07.exe 195 GB Sep 27
@setup_rznfsp_v1_3_0_rzsc_v2023-07.exe 580 MB Sep 27
E]Suur(e code (zip) Sep 26
@Scurce code (tar.gz) Sep 26

If using IAR, download IAR Embedded Workbench® for Arm Version 9.32.2 from IAR web site.
Products | IAR Systems
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6.2.2 Toolchain Install
When using e? studio, install the toolchain “GNU ARM Embedded 9.3.1” by following the steps below.

(1) Select the “Add Renesas Toolchains” item from the “Help” menu.

&) workspace13 - e* studio
File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help

| - viw i dE G Welcome
{5 Project Explorer == § = O || [CN032_AC Ser () Help Contents up.c
125 CN032_AC_Servo_Solution 4 Search crat

J CN032_AC_Servo_Solution_Serialboot (in CN032_AC Servo_Solut Show Context Help
on.p
Show Active Keybindings... Ctrl+Shift+L

Cheat Sheets...

Renesas Help

e T TNy

// Add Renesas Toolchains

elelo s el G e o

“2 Perform Setup Tasks...

Check for Updates

-_(1!— Install New Software...

Q’} Eclipse Marketplace...

Install Renesas IDE Features...

IAR Embedded Workbench plugin manager...

About e* studio
T pm->mapPhaseU = pm->regPhaseU;
pm->mapPhaseV = pm->regPhaseV;
pm->mapPhasel = pm->regPhaseli;

8

(2) Click “Download...” button.

& Preferences

type filter text Renesas Ichai :

Device add-ins Suppc ~

Scan for installed toolchains on startup

[:En[h Settings Toolchain Type Installation Path

Logging ~ [] GNU ARM Embedded

My Renesas 12.2.1.arm-12-mpacbti-34 C¥Program Files (x86)¥Arm GNU Toolchain arm-none-eabi¥12.2 mpacbti-rel1¥

Renesas QF 1221.am-12-24 C¥Renesas¥rzt¥e2studio_v2023-07_fsp_v13.0¥toolchains¥gce_arm¥arm-gnu-toolchain-12.2.rel 1-mingw-w64-i686-arm-none-eabi¥
Renesas Toolchain Mz 10.3.1.20210824 C¥Program Files (x86)¥GNU Arm Embedded Toolchain¥10 2021.10¥

Smart Browser 93.1.20200408 C¥Program Files (x86)¥GNU Arm Embedded Toolchain¥9 2020-q2-update¥

Smart Demo 9.2.1.20191025 C¥Renesas¥rzt¥e2studio_v2023-07_fsp_v1.3.0¥toolchains¥gcc_arm¥9_2019qg4¥

Smart Manual 54.1.20160919 C¥Program Files (x86)¥GNU Tools ARM Embedded¥5.4 2016g3¥

493.20150529 C¥Program Files (x86)¥GNU Tools ARM Embedded¥4.9 2015q3¥
[ KPIT GNUARM-NONE-EABI Toolchain
[] xPack GNU ARM Embedded

GCC ARM A-Profile (AArch64 bare-metal)
10.3.1.20210621 C¥Renesas¥rzt¥e2studio_v2023-07_fsp_v1.3.0¥toolchains¥gcc_arm_aarch64¥10.3-2021.07¥gcc-arm-10.3-2021.07-mingw-w64-i686-aarch64-none-elf¥

Support Folders
Tracealyzer
TraceX

Run/Debug

Scripting

Terminal

TextMate

Toolchains

Tracing

Validation

Version Control (Team)

v

Scan... Add... Remove

Cancel
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(3) Open “GNU ARM Embedded” tab, select “GNU ARM Embedded 9.3.1”, and click “Finish” button.

&) Install O X
Install new software
Select software to install then click Finish to start download & installation
|t',fpe filter text
MName Version Description
~ [m] GNU ARM Embedded GNU ARM Embedded
[] GNU ARM Embedded 12.2- 12.2.1.arm-12-24 GNU ARM Embedded 12.2-Rel1
GMNU ARM Embedded 10.3 . 10.3.0.202110 GNU ARM Embedded 10.3 2021.10
GMNU ARM Embedded 9.3.1 9.3.1.2020q2 GNU ARM Embedded 9.3.1 2020q2
|| GNU ARM Embedded 9.2.1 9.2.1.2019g4 GNU ARM kmbedded 9.2.1 2019q4
[] GNU ARM Embedded 6 201 6.0.0.2017g2 GNU ARM Elbedded 6 2017g2
[] LibGen for GNU ARM Embe 1.2023.11 LibGen for GNU ARM Embedded (requires GNU ARM ...
[] GCC ARM A-Profile GCC ARM A-Piofile
[ "] Run toolchain scan after installing toolchains (some toolchains may need to be agded manually)

*If you cannot find “GNU ARM Embedded 9.3.1” in the above window, please download “9-2020-g2-update”

from the following URL, then restart e? studio and try again.

https://developer.arm.com/downloads/-/gnu-rm

Developer Community  Docum

+ Architecture and Processors »+  Tools and Software

Overview A Ecosystem FVPs

Downloads: 10.3-2021.10  October 21, 2021

Downloads: 10.3-2021.07  July 29,2021

Downloads: 10-2020-q4-major  December 11, 2020

I Downloads: 9-2020-q2-update  June 30, 2020 I

Downloads: 10-2020-q2-preview June 29,2020

Downloads: 9-2019-g4-major  November 06,2019

Downloads: 8-2019-q3-update  July 10, 2019
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(4) Select language and click “OK” button.
a8

Install new software

Select software to install then click Finish to start download & installation

Name Version

w [m] GNU ARM Embedded
[] GNU ARM Embedded 12.2- 12.2.1.arm-12-24
[1 GNU ARM Embedded 10.3 . 10.3.0.202110
GNU ARM Embedded 9.3.1 9.3.1.2020q2
[] GNU ARM Embedded 9.2.1 9.2.1.2019q4
["1 GNU ARM Embedded & 201 6.0.0.2017q2
[] LibGen for GNU ARM Embe 1.2023.11

[] GCC ARM A-Profile

Description

GNU ARM Embedded

GNU ARM Embedded 12.2-Rel1
GNU ARM Embedded 10.3 2021.10
GNU ARM Embedded 9.3.1 2020q2
GNU ARM Embedded 9.2.1 2019g4
GNU ARM Embedded 6 201792

LibGen for GNU ARM Embedded (requires GNU ARM ...

GCC ARM A-Profile

Installer Language X
— Please select a language.
¥y
English R
Run toolchain scan after inst : ed manually)

(5) Click “Next” button.

T ToieE
Install new software
Select software to install then click Finish to start download & installation
Name Version Description
v W] GNU ARM Embedded GNU ARM Embedded
[1 GNU ARM Embedded 12.2- 12.2.1.arm-12-24 GNU ARM Embedded 12.2-Rel1
[] GNU ARM Embedded 10.3 . 10.3.0.202110 GNU ARM Embedded 10.3 2021.10
0 L4’ GNU Arm Embedded Toolchain 9-2020-g2-update - x
Welcome to the GNU Arm Embedded IARM
Toolchain 9-2020-q2—update 9 2020 —
Setup Wizard
This wizard will guide you through the installation of GNU Arm
Embedded Toolchain 9-2020-q2-update 9 2020.
It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,
Click Next to continue.
Next > Cancel e
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(6) After reading click “I Agree” button.
e JHEE O X

Install new software

Select software to install then click Finish to start download & installation

Name Version Description

~ [m] GNU ARM Embedded GNU ARM Embedded
] GNU ARM Embedded 12.2- 12.2.1.arm-12-24 GNU ARM Embedded 12.2-Rel1
[] GNU ARM Embedded 103 ; 10.3.0.202110 GNU ARM Embedded 10.3 2021.10

o= -

[d (' GNU Arm Embedded Toolchain 9-2020-g2-update - X

D (] License Agreement

]y  Please review the license terms before installing GNU Arm Embedded Toolchain (Jj IARM ...

s [ Ged 9-2020-q2-update 9 2020,

Press Page Down to see the rest of the agreement.

“ontains code from project GNU Binutils (https: //www.gnu.ora/software binutils/), A
GNU Debugger (https://www.anu.ora/software jadb)) under the following license(s).

GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <htip://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies

of this license document, but changing it is not allowed.

Run tool B v

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install GNU Arm Embedded Toolchain 9-2020-q2-update 9 2020.

pren canca | [o0cel
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(7) Click “Install” button.
@

Install new software

Select software to install then click Finish to start download & installation

Name Version Description
~ [m] GNU ARM Embedded GNU ARM Embedded
[] GNU ARM Embedded 12.2- 12.2.1.arm-12-24 GNU ARM Embedded 12.2-Rel1
[] GNU ARM Embedded 10.3 . 10.3.0.202110 GNU ARM Embedded 10.3 2021.10
[] +1 GNU Arm Embedded Toolchain 9-2020-q2-update —
D Choose Install Location
Y  Choose the folder in which to install GNU Arm Embedded Toolchain 9-2020-q2-update R ¢ Y ARM..
[] e 9 2020.
Setup will install GNU Arm Embedded Toolchain 9-2020-q2-update 9 2020 in the following
folder. To install in a different folder, dick Browse and select another folder. Click Install to
start the installation. !
Destination Folder
fm Files (x86)¥GNU Arm Embedded Toolchain¥3 2020-g2-update]] Browse...
Run tooll
Space required: 646.4MB
Space available: 24.8GB ™
< Back Cancel gnce
s to display at this time. o
(8) Installation is complete. Click the “Finish” button.
Install new software
Select software to install then click Finish to start download & installation
Name Version Description
~ [H] GNU ARM Embedded GNU ARM Embedded
] GNU ARM Embedded 12.2- 12.2.1.arm-12-24 GNU ARM Embedded 12.2-Rel1
] GNU ARM Embedded 103 . 10.3.0.202110 GNU ARM Embedded 10.3 2021.10
04 4! GNU Arm Embedded Toolchain 9-2020-g2-update —
Completing the GNU Arm Embedded B
Toolchain 9-2020—q2—-update 9 2020
Setup Wizard
GNU Arm Embedded Toolchain 9-2020-q2-update 9 2020 has
been installed on your computer.
Click Finish to dose this wizard.
Show Readme
Launch geevar.bat
[] Add path to environment variable
Add registry information
||
ance
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6.3 Program Writing Procedure
This chapter is shown how to write a program to serial Flash ROM.

6.3.1 Program writing by IAR EWARM
(1) Build the project for CPU1

Case of the AC Servo Solution Kit (RZ/T2M)
@ Open the sample project on IAR EWARM.

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Project\iccarm\CPU1

\CNO32_AC_Servo_Solution_CPU1.eww”

) CMos:_AC_Senvo_Salution_CFLH - IAR Embedded Workbench IDE - Arm 8,301

File Edit View Projedt |jet Toels Window Help

FeRalTn- M-I

Warkspane v 3x
Detug

Files &
c) CNDJZ_AC_Servo_Solution_CPUT ... v
= dEs

L= i Flex Botwane

@ Then, generated the binary file for CPU1 “CN032_AC_Servo_Solution_CPU1.bin" in the following folder

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Project\iccarm\

CPUOQ_serialboot\CPU1_boot_bin”

(2) Build the project for CPUO
@ Open the following sample project on IAR EWARM.
Case of the AC Servo Solution Kit (RZ/T2M)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Project\iccarm\CPUOQ_serialboot\

CNO032_AC_Servo_Solution_CPUO_serialboot.eww”

@ o032 AC Servo_Solution_CPUD_serialbaat - IAR Embedded Workbench IDE - Arm 8301

File Edit View FProject get Toals  Window  Help

P e e K[

Workspace -3 x

Diebug ~

Filas o

2 ®CNDIZ_AC Servo_Solution_CPUD_seri.. ¥
B cg_src

|2 & Flex Software

|-= dinc

= i

Case of the AC Servo Solution Kit (RZ/T2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2|\Project\iccarm\serial_boot

\CNO032_AC_Servo_Solution_serialboot.eww”
Case of the AC Servo Solution Kit (RZ/N2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzn2l\Project\iccarm\serial_boot

\CNO032_AC_Servo_Solution_serialboot.eww”

& CNozz_AC Servo_Solution_serialboot - IAR Embedded Weorkbench IDE - Arm 2.20.1

File Edit View Project ljet Tools Window Help

DD ER 2 W0

Workspace vax
Debug -
Files &
= @ CN032_AC_Servo_Solution_serialboot-D... +

— Elfsn serial bootict
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@ Execute build. Select [Project] > [Rebuild All].

[Project | ljet/TAGjet Tools Window Help

[& Add Files...

[s Add Group..

[4] | import File List...
Add Praject Connection...
Edit Configurations...

% | Remove

D Create Mew Project...
™ Add Existing Project...

o Options..

Version Control System

. Make

Compile

Alt+F7

Ctrl+F7

]
@ Rebuild a1
&

Clean

Batrk kil

Ea

@ Select the [Project] > [Download] > [Download active application] to write the program to serial Flash

ROM.

BaRap =y~
Warkspace
Debug

Files

— Bisp_seria
L@ & output

| eNo32_AC_Serva_
Debug Log

Log
Fridun 03, 2|
Fridun03.2

Debuglog Find i

Dawnload the a

[& | add Fites...

[® Add Group...

[41| import File List...
Add Project Connedtion...
Edit Configurations...

X | Remove

1 create New Project...
@ Add Exsting Project..

& options... AlteFT

Version Control System

@ Make 7
B | compite ctn+F7
@ Rebuild All Fé
2 | Clean

& Batch build... F8

Clean Browse Information

C.STAT Static Analysis

File Edit View [Project| ljet Tools Window Help

© CN032 AC_Servo_Solution_serial_boot - IAR Embedded Waorkbench IDE - Arm 8.20.2

1L 0 5= < B [0

B®=0"

Workbench 3 Oarmibinial

Bh CMSIS-Pack Manager
Open Device Description File

Save List of Registers...

) | stop Build Ctri=Break

© Download and Debug et}

> Debug without Downloading

%) Attach to Running Target

(® | Make & Restart Debugger Cirl=R

C | Restart Debugger Ctri+Shift=R

| Download ¥|  Download activ
T Download file...

Erase memory

ebug session
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6.3.2 Program writing by Renesas e2studio

@ Import the sample project. After the program is started, by selecting [File] — [Import] — [Existing
Projects into Workspace].

Check the “select root directory” and select the folder below.
Case of the AC Servo Solution Kit (RZ/T2M)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Project\gcc”

Case of the AC Servo Solution Kit (RZ/T2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2I\Project\gcc”

Case of the AC Servo Solution Kit (RZ/N2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzn2l\Project\gcc”

If “Copy projects into workspace" is checked, uncheck it and then selecting [Finish].

Q Import

Import Projects

L
Select a directory to search for existing Eclipse projects. / ‘j

(®) Select root directory:

Dr¥r12an012300000-cn032-ac -servo-solution¥Software¥Firmware¥rrt 2m¥P roject¥goc

() Select archive file:

Projects:
CM032_AC_Servo_Sclution_CPUO_serialboot (D:¥r12an012300000(-cn032-ac -serve-solution¥Software¥Firmware¥rzt2m¥p Select All
CM032_AC Servo_Sclution_CPLO (D:¥r12an01 23 XKXX-cn032-ac-servo-solution¥Software¥Firmware¥rztzm¥Project¥goc ¥
CM032_AC_Servo_Solution_CPU1 (D:¥r12an0123x: XXXX- cn032-ac-servo-solution¥Software¥Firmware¥rzt2m¥Project¥gcc Deselect All
Refresh
< >
Options
[]Search for nested projects
[ Copy projects into workspace _ UnCheCk
[ Close newly imported projects upon completion
[ Hide projects that already exist in the workspace
Working sets
[JAdd project to working sets New...
Selec!
‘:?:' < Back MNext > Finish Cancel
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@ Build the “CN032_AC_Servo_Solution_CPU1” project.

& workspacel.3 - ¢ studio
File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help
B-K-% o H-Q-~
(3 Project Explorer =k B = Bl
|5 CND32_AC Serva_Solution_ CPUD
=3 CND32_AC_Servo_Solution CPUD_senialboot

15 CND32_AC_Servo_Solution_CP* = -t~
New >

Go Into
Open in New Window
Show In Alt+Shift+W >
Copy Ctri+C
aste trl+V
® Delete Delete
Source >
Rename... F2
=y Import..
Export...

>

Build Project | Incremental Build of ‘,a\n-.".t"‘.llr.';err\ |

"
Refresh F5
Close Project

Close Unrelated Projects

Build Targets >
Index b
Build Configurations >

Source >

@ Build the “CN032_AC_Servo_Solution_CPUO_serialboot” project In [Project Explorer] view, right click the
node of the project to be debugged and select [Build Project].

& workspace - e studio
File Edit Source Refactor MNavigate Search Project RenesasViews Run  Window Help

45 Debug ~ | | [£7] €N032_AC Servo Solution CPU1D i | oo ﬂi - & g & v &%~ .i}

@il e Bl et ' - o | r#

e 7 1 - o
% CNO32_AC_Servo_Solution_CPUO 1
T_‘vﬁ CM032_AC Servo_Solution_CPUO_serialboot [Debug New
T_‘é CMo32_AC_Servo_Solution_CPU1 Go Into

Open in New Window
Show In Alt+Shift+W >

2 Copy Cirl+C

Paste Cirl+V

Delete Delete
Source >
Move...

Rename... F2

Import...
Export...
Renesas FSP Export >

LE

I Build Project I
ean ﬂmject

#| Refresh F5

Close Project

@ Press the “RESET” switch of the Controller board
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® While the board and J-LINK are connected, start writing to the flash memory in the following order
In [Project Explorer] view, right click the node of the CPUO project to be debugged and select [Debug As]
— [Debug Configurations].

B} workspace - & studio

File Edit Source Refactor MNavigate Search Project RenesasViews Run Window Help

45 Debug [E] CN032_AC_Servo_Solution_CPUH D [mRd ‘ B-R-B A G S G
- v CICRE TR o & o
B Project Explorer X EE 7 ¢ =0 .
=% CN032_AC_Servo_Selution_CPUD
1= CN32_AC_Servo_Solution_CPUO_serialboot [Deb (s s

125 CN032_AC_Servo_Solution_CPU1 Go Into

Open in New Window
Show In Alt+ShiftsW »

B Copy cirl+C
Paste Cirl+V
® Delete Delete
Source >
Move...
Rename... F2
g Import..
a4 Export..
Renesas FSP Export »
Build Project
Clean Project
| Refresh Fs
Close Project
Close Unrelated Projects
Build Targets »

Index >

Build Configurations

Q Runas »
%5 DebugAs > [E¥ 1GDB OpenOCD Hardware Debugging (DSF)
Team > [E 2GDB Simulator Debugging (RH&s0)
Compare With > [E] 3Local (/C++ Application
Restore from Local History... [ 4Renesas GDB Hardware Debugging Pe
wiska-C PR S ST
B C/C++ Project Settings Cirl+Alt+P Debug Configurations... I
Renesas (/C++ Project Settings.

[Renesas DBG Hardware Debugging] — [CN032_AC_Servo_Solution_ CPUQ_serialboot Debug_Flat]
item, then press [Debug].

8 Debug Configurations ] X
Create, manage, and run configurations ﬁ
CHaEX B 7~ Name: | CN032_AC_Servo_Solution_CPUO_serialboot Debug_Flat |
[type fitter text ||| IENBER % Debuager| > Startup| & Source| [ Common

[E] C/C++ Application Project

[£] C/C++ Remote Application

5 EASE Script [cNo32_AC_Servo_Solution_CPUO_serialboot Browse...

[©] GDB Hardware Debugging C/C++ Application:

[£] GDB OpenOCD Debugging

=] GDB Simulator Debugging (RH8S0)
9 Java Applet Variables. Search Project. Browse.
1] Java Application
2 Launch Group.

| Debug/cNozz_AC Servo_Solution_CPUO_serialboot.elf

Build (if required) before launching

Remote Java Application Build Configuration: | Use Active v
ppl
v
[ CN032_AC_Servo_Solution_CPUG.serialboot Debug_Flat O Enable auto build O Disable aute build
@ Use workspace setfings R T
= - pa g Configure Workspace Settings..
% CN032_AC Servo, Solution_CPU1 Debug_Flat
7 Renesas Simulstor Debugging (RX, RL7E)
Revert Apply

Filter matched 15 of 17 items
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©® Press the terminate button to stop the debugging window

8 workspace - Di¥Users¥Documents¥03_e2sudio¥workspace¥en022_220V_serialboot¥CN022_AC_Servo_Solution_CPUD_S P e - & studio
File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help
4 Debug [E7] CN032_AC_Serva_Solution_CPUD_s o~ | &~ KR -RBiF @S i | > o3 &R Q-
By~ Bl vt $ o «
B %[+ 8 = 8 [ sterupc x =8 [
v [£7] CN032_AC_Servo_Solution_CPUQ_serialboot Debug_Flat [Renesas| 379 1dr pc,=Reserved_Handler \n" ~
~ (B CNo32_AC_Servo_Solution_CPUp_serialboot.elf [1] [cores: 0] }:P F’CFIRQ_"E”:%E' \n” N
v o Thread #1 1 (single core) [core: 0] (Suspended : Signal : SIG Wm;ﬂﬁ‘:,;”‘wa” e \n
= system init) 3t startup.ci390 04102000 } s
4 arm-none-eabi-gdb (7.62)
12 Renesas GDB server (Host) ® * After boot processing, LSI starts executing here.[]
= BSP_TARGET_ARM BSP_ATTRIBUTE_STACKLESS void system_init (void)
{
__asm volatile (
“set_hactlr: An™
0, %[bsp_hactlr_bit 1] \n" /* Set HACTLR bits(L)
MOVT  re, #0 An™
" MCR  pls, #4, ro, ¢1, co, #1 \n" /% Write r@ to HACTLR */
::[bsp_hactlr_bit_1] "i" (BSP_HACTLR BIT_L) : "memory”);
_asm volatile (
"set_hers "
MRC  p1s, #4, rl, c1, cl, #0 \n" /* Read Hyp Configuration Register */
ORR  r1, r1, ¥[bsp_hcr_hed_disable] \n" /* HUC instruction disable =/
MR pls, #4, rl, <1, cl, ¥ \n" /* Write Hyp Configuration Register
+:[bsp_hcr_hed_disable] "i" (BSP_HCR_HCD_DISABLE) : “memory”):
__asm volatile (
“set_vbar: n
LR r@, =vector_table \n"
HCR  plS, #0, rO, cl2, e, #0 \n" /* Write ro o VBAR
: "memory”);
S #if (0 == BSP_CFG_CPU)
__asm volatile
"LLPP_access_snable: "
/* Enable PERIPHPREGIONR (LLPP) =/
mrc p15,#9, rl, c15, <@,#8 \n" /* PERIPHPREGIONR */
orr F1, r1, #(exl << 1) \n" /* Enable PERIPHPREGIONR EL2 */ v
<

Press the reset button of the Controller board, and then running the program written to the flash memory
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6.4 Debugging the Sample Project
6.4.1 Debugging the Sample Project in IAR EWARM

In this chapter we will describe, how the sample project for motion control via EtherCAT communication is
debugged using the IAR EWARM environment.

(1) Open the following sample project.
Case of the AC Servo Solution Kit (RZ/T2M)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2m\Project\iccarm\CPUO
\CN032_AC_Servo_Solution_CPUO.eww”

© CN032_AC_Servo_Solution_CPUO - Master - IAR Embedded Workbench IDE - Arm 2,30.1

File Edit View Project Ijet Tools Window Help

E @ CN032_AC_Servo_Solution_CPUD - +
Moy o

i Flex Software

M inc

i lib

& Qutput

&

Case of the AC Servo Solution Kit (RZ/T2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzt2|\Project \iccarm\ram_exe
\CN032_AC_Servo_Solution.eww”

Case of the AC Servo Solution Kit (RZ/N2L)

“\r12an0123xxXXXX-cn032-ac-servo-solution\Software\Firmware\rzn2\Project \iccarm\ram_exe
\CNO032_AC_Servo_Solution.eww”

e ‘CNo32_AC Servo_Selution - IAR Embedded Workbench IDE - Arm 9.30.1

File Edit View Project ljet Tools Window Help

DO M@ = W0 ODC

Debug v

Files &

= @ CNO032_AC_Servo_Solution-D... v
M cg_ste

= mESC

|- W Flex Software

L@ o Output

(2) Select the “Rebuild All” item from the “Project” menu to rebuild the project.

e CM032_AC_Servo_Solution_CPUO - Master - IAR Embedded Workbench IDE - Arm 9.30.1
File Edit View | Project | Ijet Tools Window Help
n B n ﬂ g Add Files...
W Add Group...
[¥] import File List...
Add Project Connection...

e

- £ Q>

= Q>0 Rl

Debug

Files
E @ CND032_AC
By sIC | % | Remove

Edit Configurations...

&1 5 Flex Softy
W Build ] 1) Create New Project...
! Comp ra Add Existing Project...
M Geners
La @ Progrg % Options... Alt+F7
M apl
B dre Version Control System L3
Henc
M sha @ Make F
hal, =
Minc @ rebuild an F&
!hb & Clean
B Jutput
@ Batch build... Fa

Clean Browse Information

(3) Press the “RESET” switch of the Controller board.
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(4) While the board and I-jet are connected, click on the “Download and debug” button in the “Project”
toolbar.

@ CMN032_AC_Servo_Solution_CPUO - Master - AR Embedded Workbench IDE - Arm 9.30.1

File Edit View | Project | et Tools Window Help
P N R @ | [ AddFiles..
Add Group..
[41| import File List...
Add Project Connection...

Workspace

Debug

Files
B @ CND32_ACQ
BCY S | % | Remove
&1 i Flex Satty

B Build 0T Create New Project...
B Comp( 9 add Existing Project...
B Gener
L& @ Progrs £ options... Alt+F7

Edit Configurations...

Version Control System

@ Make F7
| B cCompile Ctrl+F7
Hinc @ Rebuild All F6
M ik & ciean
B Output
& Batch build... 8
Clean Browse Information
C-STAT Static Analysis
ul Stop Build Ctrl=Break
O Download and Debug Ctrl=D

®)  Attach to Running Target
Build
—

—
- - -
CNO32_AC_Sery Debug without Downloading
C

Make & Restart Debugger Ctrl+R |

Case of the AC Servo Solution Kit (RZ/T2M)

After that, the CPU1 project which name is CN032_AC_Servo_Solution_CPU1 will open and debug
connection for CPU1 will also be started automatically. The program will break at the first code in “main”
in both projects.

File Edit View Project Debug Disassembly |-jet Tools Window Help

iDo@@ & BE 5c S Q2 %< B>RAR BO=6c0la3ri 0 Fiem Fia
‘Workspace * 3 X | mainc x w | Disassembly v o X
b <! [main{) o) coto:]

1 /% generated main source file - do not edit */ y .
Files o 3 #include "hal_data.h” Disazsembly
E @ CN032_AC Servo_._. | [= 3 int main(veid) { return _D;
|-mmESC 4 hal_entry(); 0=1000"'&§3a2 - 0=0020
M Flex Software £ return @; 0=1000' 6324 Dxf?fh
i Output H i return 0;

27C0E

0x1000'83a8: 0=2000
0x1000'83aa: O=xbd32
?7Dat
0x1000'83ac: 0x1005°
?7Dat
O0x1000'83b0: O=x1005"
?7Dat
O0zx1000'83b4: Ox1005'
__iar
0x1000'83b8: Ozeell’
O0x1000'83bc: Ox=380"
0x1000'83c0: Oxee0l’
0zx1000'83c4: Dxeldal’
O0x1000'83ch: Dxee07'
_iar
0zx1000'83cc: Oxedal’
0x1000'83d0: Oxsesd’
CN032_AC_Servo_Solution CPUT | « [y r| 4 b -
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Case of the AC Servo Solution Kit (RZ/T2M)
Follow the step (5) to (7) when using the AC Servo Solution Kit (RZ/T2M).
(5) Set the break point at the first code of hal_entry(), and Press the “Go” button in the CPUO project.

File Edit View Project Debug Disassembly I|det Tools Window Help

DD R = D - Q> KrE<BOE0 BO=GcO i0 3Pl Tl Ci
Workspace v B X | manc halentyc x ~ | Disassembly v ox
Debug | [hal_entryt) 0] Gotor
31 L #endif // EthercAT
Files - 32 Disassembly
E @ CND32_AC Servo_... v 33 — 1z
Hicg_src 32 | % moin() is generated by the FSP Configuration editor and is used to generate threads i Oxce20: Dxeel:
|21 5 Flex Sotbware ::T * is called by main() when no RTOS is used. Ouco7d . Dxe380
-_Ewld Configuration 37 void hal_entry(void) O0xco28: OmesD]
i Components B0 { - Oxcc2c: Dxedal
| W Generated Data ® | | DEEEaEEen 0xcc3l: Oxesd’
L & Program Entry 18 _ic
a1 m_startup(); Oxoodd: Dnedal
2 Oxcodb: Oxeest
a3 R_SHM_Init(SHM_SYS_SEMFNO); Oxccic: Oxedal
aa ]
45 [ #ifndef RAM EXECUTION Ez\:z:z E:?;
26 init CPUL();
47 [ #endif //RAN EXECUTION st e |
a8 nain
a9 /% Configure the interrupts */ OxccdB: OxbSE(
58 R_BSP_IrqDisable(VECTOR NUMBER_INTCPUB); hal_eni
51 R_BSP_IrqCfg(VECTOR_NUMBER INTCPUB, 11, (NULL)); Oxooda: Dxf7i
zg R_BSP_IrqEnable (VECTOR NUMBER_INTCRUR); prorom—
: Oxoode: Dx2000
gg 1 ?hﬂe (2 0uco50. OxbdD:
56 m_foreground(); —o*
57 } 0xce52: 0xb534
s8 L} Oxcebd: Dx460:
59 OxceSe: Dxde0c

CNO32_AC Servo_Solution CPUO

Initial settings of cores and registers in SSLB and the program will break at the first code of “hal_entry()”

(6) Press the “Go” button in the CPU1 project. Initial settings of cores and registers in SSLB and the
EtherCAT application program will be run.

(7) While the CPU1 is running, Press the “Go” button in the CPUO project.

Case of the AC Servo Solution Kit (RZ/T2L, RZ/N2L)
Follow the step (5) when using the AC Servo Solution Kit (RZ/T2L, RZ/N2L).

(5) The program will break at the first code in “main”, and then the program is running by pressing the “Go”
button.

File Edit View Project Debug Disassembly Iljet Tools Window Help

AR~ 0 - R - LO D 5 s AR Be=6cO@ in3r
Waorkspace v 1 X | mainc x -
Debug - |main() fo
1 /% generated main source file - do not edit */

Files L 2  #include "hal_data.h"

E @ CN032_AC_Servo_... v | & 3 int main(void) {

Mg src a hal_entry();

EESC 5 return 2;

B Flex Software g

M inc

i lib

H Output

CN032_AC_Servo_Solution
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6.4.2 Debugging the Sample Project in Renesas e2studio

In this chapter we will describe, how the sample project for motion control via EtherCAT communication is
debugged using the Renesas e2studio environment.

Before debugging the sample project in e2studio, make sure the dipswitch setting (SW1).

Set SW1 to other than xSPI0 boot mode (x1 boot Serial flash) and then, press the reset switch for board
reset.

e.g.)
xSPI0 boot mode xSPI0 boot mode
(x1 boot Serial flash) (x8 boot Serial flash)

ON/ON/ON OFF/ON/ON

=X
w
1
1
1
1
1Y
13|

b |
w \
1o
i{s!
| {s|
1
14
1 -

See the section 3.4 Mode Switch in CN032 AC Servo Solution Hardware Manual about the operating mode.
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(1) Import the sample project. After the program is started, by selecting [File] — [Import] — [Existing
Projects into Workspace]. Check the “select root directory” and select the following folder.

Case of the AC Servo Solution Kit (RZ/T2M)

“r12an0123xxXXXX-cn032-ac-servo-solution\Software\firmware\rzt2m\Project\gcc”

Case of the AC Servo Solution Kit (RZ/T2L)

“r12an0123xxXXXX-cn032-ac-servo-solution\Software\firmware\rzt2I\Project\gcc”

Case of the AC Servo Solution Kit (RZ/N2L)

“r12an0123xxXXXX-cn032-ac-servo-solution\Software\firmware\rzn2\Project\gcc”

If “Copy projects into workspace" is checked, uncheck it and then selecting [Finish].

& import m} x
Import Projects —
Select a directory to search for existing Eclipse projects., { ‘
(®) Select root directory: | Di¥r12an0123x: XX ¥X-cn032-ac-servo-solution¥Software¥Firmware¥rzt2m¥Project¥gec v| | Browse... |
() Select archive file: Browse
Projects:
CN032_AC Servo_Solution_CPUO_serialboot (D:¥r12an0123x:XXXX-cn032-ac-servo-solution¥Software¥Firmware¥rzt2m¥p Select All
CNo32_AC_Servo_Solution_CPUO (D:¥r12an0123x0000-cnD32-ac -servo-solution¥Software¥Firmware¥rrt2m¥Project¥goc ¥
CNo32_AC Servo_Solution_CPUN (D:¥r12an0123x:x XXXX-cn032-ac-servo-solution¥Software¥Firmware¥rzizm¥Project¥geoc¥] Deselect All
Refresh
< >
Options
[ Search for nested projects
[ Copy projects into workspace _ UnCheCk
ose newly import rojects upon completion
Oa ly imported proj P pl
ide projects that already exist in the workspace
[ Hide proj hat already exist in th kspa
Working sets
[] Add project to working sets New...
Select
'i?)' < Back MNext > Finish Cancel

(2) Press the “RESET” switch of the CN032 AC Servo Solution board.
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Case of the AC Servo Solution Kit (RZ/T2M)

Follow the step (3) to (4) when using the AC Servo Solution Kit (RZ/T2M).

(3) While the board and J-LINK are connected, start debugging in the following order
<< CPUO Project >>

In [Project Explorer] view, right click the node of the “CN032_AC_Servo_Solution_CPO0” project to be
built and select [Debug As] — [Build Project].

& workspace - ¢ studio

File Edit MNavigate Search Project RenesasViews Run Window Help

45 Debug || £ cNoaz_AC_Servo_Solution_CPUTD v o | B~ & vt %

i Project Explorer X E% Y § =08

&g CN032_AC_Servo_Solution_CPUO [Debug] 1

&g CMN032_AC_Servo_Sclution_CPUQ_serialboc New >
5 CN032_AC_Servo_Solution_CPU1 Go Into

Open in New Window

Show In Alt+Shift+W >
B Copy Carl+C

Paste Cirl+V

elete elete

*K De Del

Source >

Move...

Rename... F2

Import...

B E

Export...
Renesas FSP Export >

I Build Project

Clean Project

LIPS e

In [Project Explorer] view, right click the node of the “CN032_AC_Servo_Solution_CPO0” project to be
debugged and select [Debug As] — [Debug Configurations].

B workspace - ¢ studio

File fdit Source Refactor Mavigate Search Project RenesasViews Run Window Help

% [ % || B 1 Deoug “ || [E¥ CNO32_AC_Seeve_Solution_CPU1 D i e R R R R S S R
x| Q- - 45 &S - -t . - -
My Project Explorer % Ba Y 3 =0 =
15 CND32_AC_Servo_Solution_CPUO [Deb New 2
15 CMo32_AC_Servo_Solution_CPUL Go Into
Open in Mew Window
Shew In AltsShift+W >
[ Copy CrrlsC
Pa Ctrl+¥
K Delete Delete
Source »
Rename... F2
iy Import.
i Export..
Renesas FSP Export »
Build Project
Clean Project
Refresh Fs
e bt~ @ A¥-h-TZ27h x| & ¢[8
Close Unrelated Project Epug)
2 -mthusb -mfloat-abishard -mfpusneon-fp-armvd -fdiagnostics-par
Buikd Torgets > | -athusb -mfloat-abishard -mfpu=neon-fp-arav -fdisgnostics-par
Index > | -sthusb -wflost-sbi=hard -sfpu=neon-fp-armvd -fdisgnostics-par
3 | -mthusb -mfloat-abizhard -mfpu=neon-fp-armvs -fdisgnostics-par
il oy > | -wthusb -mflost-sbi=hard -mfpu=neon-fp-arave -fdiognostics-por
O FRunis 5 | -athusb -mfloat-abi=hard -mfpu=neen-fp-aravs -fdiagnostics-par
47 DebugAs > [ 1GDBOpenOCD Hardware Debugging (DSF) _Selution_CPUB.sr
Team > [ 2GDB Simulator Debugging (RHES0)
Compare With > [€] 2Llocal Q/C++ Application
Restore from Local History... [E 4 Renesas GDB Hardware Debugging
= 1f (N@32_AC_Servo
MISRA-C > o5 Renesas Simulator Debugging (X RLTS) Eils
o - +Alts e i
B C/C+e Project Settings Ctri+ Al PI = e
Renesas C/C++ Project Settings
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[Renesas DBG Hardware Debugging] — [CN032_AC_Servo_Solution_CPUOQ Debug_Flat] item, then
press [Debug].

& Debug Configurations a X
Create, ge, and run configurati ,@-
EREXIBY- Name: [ CN032_AC_Servo_Solution_CPUO Debug_Flat |
type filter text | _ I Debugger| B Startup | i Source| [[] Commen
[€] C/C++ Application Project
[€] C/C++ Remote Application -
§ EASE Script | CNo32_AC_Servo_Solution_CPUO Browse...
[€] GDB Hardware Debugging C/C++ Application:
Ie] GDE Open0CD Debugging | Debug/CN32_AC_Servo_Solution_CPUG.elf
[c7] GDB Simulator Debugging (RH850)
B0 Java Applet Variables... Search Project... Browse...
[1 Java Application Build (if required) before launching
& Launch Group
T, Remote Java Application Build Configuration: | Use Active ~
oy~ 1) GLE Lo o)
I 7 CNo32.AC Servo_ SolutionCPUO Debug_Flat () Enable auto build () Disable aute build
————— = e workspace settings Configure Workspace Settings.
[€7] Renesas Simulator Debugging (RX, RL78)
Filter matched 14 of 16 items -
@. Close

This step can be skipped in case of using software package Rev4.00 later.

If a bit [5] value of CPSR register is “1b”, change it from "1b" to "0Ob" by using [Register] view.
For example, the register value of CPSR is changed from "0x20000fa" to "0x20000da" in the following.

M_ [i] Debug Shell [#] Problems @ AY-k-757%- [} Debugger Console [ Memory

Name Value
3 e 0x0
1 12 Oxes 1004
10 sp 0x101f8
8 e 0x10006d
11 pe 0x100000
4 cpsr o0000tta — 0x200001da

Press the "Resume" button.

When debugging CPUQO is started, the program is interrupted with "hal_entry ();" in main.c.

35 Debug X O % |i» & =
w [£7] CN032_AC_Servo_Solution_CPUI0 Debug_Flat [Renesas GDB Hardware Debugging]
w Lﬁ? CMNo32_AC_Servo_Sclution_CPUQO.elf [1] [cores 0]
~ of® Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)
= main() at main.c:4 Mxeate
s arm-nene-eabi-gdb (7.8.2)
s Renesas GDB server (Host)
startup.c [ hal_entry.c [€] mainc x =

/* generated main source file - do not edit */
#include "hal_data.h”

aeegeata = int main(void) {
Beedeate hal_entry();
BaBdeal2 return @;
ABRea 74 }
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<< CPU

1 Project >>

In [Project Explorer] view, right click the node of the “CN032_AC_Servo_Solution_CP1” project to be
built and select [Debug As] — [Build Project].

B workspace - ¥ studio

File Edit MNavigate Search Project

Renesas Views Run  Window Help

| 4 Debug

o ‘ | T CN032_AC_Servo Solution_CPU D v |

Faa Project Explorer

BES T § —

8

3 src/apl
= Debug
= lib

= rzt_cfg
= script

|=] CN0o32_AC_Servo_Solution_CPUO_RZT:

New

Go Into

Open in New Window

Show In

D CM032_AC Servo_Solution_CPUQ Debu
|%¥] CN032_AC_Servo_Solution_CPUO Debu EEI Copy

5% configuration.ml
B ret_cfg.ixt

Lvﬁ CN032_AC_Servo_Solution_CPUO_serialbo

Paste
Delete

Source

w T_é CN032_AC Servo_Solution_CPU1 [Debuc

[l Includes
2 application
ozt

2 rzt_gen
2 src

= rzi_cfg

[ script

[Z CMo32_AC Servo_Solution_CPU1_|
[E] cHo3z_AC_Servo_Solution_CPU1 Debu
|%] CMNo32_AC_Servo_Solution_CPU1 Debu

4% configuration.eml
= ret_cfg.xt

Move...

Rename...

Import...

G E

Export...
Renesas FSP Export

Al

Alt+Shift+W »

Cirl+C

Delete

i 8- R-5B % &R

>

F2

RZI Build Project

Clean Project
7| Refresh
Close Project

Close Unrelated Projects

Fs

In [Project Explorer] view, right click the node of the “CN032_AC_Servo_Solution_CP1” project to be
debugged and select [Debug As] — [Debug Configurations].

» [8) enc_dat.asm

[ hal_entry.c

» @B src/apl
» (= Debug
& lib
= rzt_cfg
» [ script
[F] CN032_AC_Servo_Sclution_CPUO_RZT2M g
[Z CN032_AC_Servo_Solution_CPUO Debug_
[[] cNoz2_AC_Servo_Solution_CPUO Debug,
{8} configuration.xml
B rt_cfg.txt
~ 15 CN032_AC Servo_Solution_CPU1 [Debug]
» Y Includes

» 3 application

LSt

» 3 rzt_gen

» g2 src

» (= rzt_cfg

» = script
5] CNO32_AC_Servo_Solution_CPU1_RZT2M
|= CNO032_AC_Servo_Solution_CPU1 Debug_
[[] cNo32_AC_Servo_Solution_CPU1 Debug_

{8 configuration.xml

2 rat_cfg.txt
=| setmemarea

£

Paste
Delete
Source
oVE..

Rename...

Import...
Export...

Build Project

Clean Project

Refresh

Close Project

Close Unrelated Project

Build Targets
Index

Build Configurations

Run As

Debug As

Team

Compare With

Restore from Lecal History...
MISRA-C

C/C++ Project Settings
Renesas C/C++ Project Settings
Run C/C++ Code Analvsis

Ctri+V
Delete
>

>

Renesas targets.

b N B e e

8.7.0.v20220104-100354 [02388ddS] (Jan
1GDB OpenOCD Hardware Debugging (DSF)

2 GDB Simulator Debugging (RH850)

3 Local (/C++ Application

4 Renesas GDB Hardware Debugging

5 Renesas Simulator Debugging (RX, RL78)

Fonsole x |@ Z¥-F-759Y- [ A7-+7-27)h O Memory

ution_CPUO Debug_Flat [Renesas GDB Hardware Debugging]
BRI T D = bR BT PSR R SR E U LVIEU

6 2022 15::

form_:
renes:

Ctrl+Alt+P I
>

Debug Configurations...
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[Renesas DBG Hardware Debugging] — [CN032_AC_Servo_Solution_CPU1 Debug_Flat] item, then
press [Debug].

&8 Debug Configurations O x
Create, manage, and run configurations - @
EeEX| BY~ || Name: [CNO32_AC_Servo_Solution_CPU1 Debug_Flat ]
| _ i Debugger | g Startup | & Source | [T] Common|
[€] ¢/C++ Application Project:
[€] ¢/C++ Remote Application
-/ EASE Script |CN05~2_AI:_Sen-o_Solution_I:DU1 Browse...
[€] GDB Hardware Debugging C/C++ Application:

[€] GDB OpenOCD Debugging
[£7] GDB Simulator Debugging (RH850) = —
1 Java Applet Vanables... Search Project... Browse...
[T Java Application
@ Launch Group

= Remote Java Application Build Configuration: | Use Active s
[£¥] Renesas GDB Hardware Debuggin

[Debug/CNO32_AC_Servo_Solution_CPU1.elf

Build (if required) befare launching

<

() Enable auto build () Disable auto build
(®) Use workspace settings Configure Workspace Settings...

CN032_AC_Servo_Solution_CPLN Debug_Flat
| Renesas simulator Debugging (Fk, AL /6)

Filter matched 14 of 16 items

i?} Close
The message "The Renesas GDB debug session is already active" is displayed. Select "No".
&) Launcher *
I-_ A Renesas GDE debug session is already active.
Do you want to terminate all currently active debug sessions before starting the new
session? (Note: Selecting Mo may result in unstable debug functionality)
[ Remember my decisicn
Yes Mo Cancel
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After that, the CPU1 project which name is CN032_AC_Servo_Solution_CPU1 will open and debug

connection for CPU1 will also be started automatically.

Click "system_init() at startup.c:430 0x10010000" in CPU1 project Thread, then switches to the debug

screen of CPU1. While CPU1 debugging screen, press the "Resume" button.

w [£7 CN032_AC_Servo_Solution_CPUO Debug_Flat [Renesas GDB Hardware Debugging]
v i CNO32_AC_Servo_Solution_CPU0.elf [1] [cores: 0
~ f® Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)
= main() at main.c:4 Oxeabe
s arm-none-eabi-gdb (7.8.2)
s Renesas GDB server (Host)
w E CM032_AC_Servo_Solution_CPU1 Debug_Flat [Renesas GDB Hardware Debugging]
v i CNO32_AC_Servo_Solution_CPU1elf [1] [cores: 0

T P
= system_init{) at startup.c:430 0x 10010000

Signal : SIGTRAP:Trace/breakpoint trap)

e =
s Renesas GDB server (Host)

The program will break at “hal_entry();”in main.c .

Press the “Resume” button again to execute the CPU1 application program.

B %y 2 =8

~ 7] CND32_AC_Servo_Solution_CPUIO Debug_Flat [Renesas GDB Hardware Debugging]
v E CN032_AC_Servo_Scluticn_CPUD.elf [1] [cores: O]
v of® Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)
= main() at main.c:4 Oxeabe
s arm-none-eabi-gdb (7.8.2)
s Renesas GOB server (Host)
~ [ CNO32_AC_Servo_Solution_CPU1 Debug_Flat [Renesas GDB Hardware Debugging]

hd = — - - Laams T
I 5@ Thread #1 1 (single core) [core: 0] (Running)

= =
p Renesas GDB server (Host)

(4) Restart debugging the CPUO project. In [Debug] view, Click "main() at main.c:4 Oxea6e" in CPUO project
Thread, then switches to the debug screen of CPUOQ. Press the “Resume” button to execute the CPUO

application program.

B |

= 0

000

~ @ CM032_AC_Serve_Solution_CPUQ Debug_Flat [Renesas GDB Hardware Debugging]
w E CN032_AC_Servo_Solution_CPUD.elf [1] [cores: 0]
. T ) 0] (Suspended : Breakpoint)
= main() at main.c:4 Oxeabe
- L
s Renesas GDB server (Host)
~ [7] CN032_AC_Servo_Sclution_CPU1 Debug_Flat [Renesas GDB Hardware Debugging]
~ (2 CN032_AC_Servo_Selution_CPU1elf [1] [cores: 0
+& Thread #1 1 (single core) [core: 0] (Running)
p arm-none-eabi-gdb (7.8.2)

p Renesas GDB server (Host)

Execute the CPUO application program.

B | i

oo

= 0

~ [£7 CN032_AC Servo_Solution_CPUO Debug_Flat [Renesas GDB Hardware Debugging]
ﬁ_ﬂ_ e O L
& Thread #1 1 (single core) [core: 0] (Running)
e
w Renesas GDB server (Host)
w E CMN032_AC_Servo_Solution_CPLNM Debug_Flat [Renesas GDB Hardware Debugging]
v &,} CNO22_AC_Servo_Solution_CPU1.elf [1] [cores: O]
& Thread #1 1 (single core) [core: 0] (Running)
s arm-none-eabi-gdb (7.8.2)
s Renesas GDB server (Host)
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Case of the AC Servo Solution Kit (RZ/T2L, RZ/N2L)
Follow the step (3) when using the Controller board with RZ/T2L, RZ/N2L.
(3) While the board and J-LINK are connected, start debugging in the following order

In [Project Explorer] view, right click the node of the RZ/T2L, RZ/N2L project to be built and select
[Debug As] — [Build Project].

8 workspace - * studio

File Edit MNavigate Search Project RenesasViews Run  Window Help

45 Debug [E7 CN032_AC_Servo_Solution Debug_ S - ‘ 5o Q - @ % 8 % | v

B Project Explorer B Y § =0
v 7% CN032_AC_Servo_Solution MMehinl |
;;-? Binaries New 4
[l Includes Go Into
% application/ecat
2 cg src Open in New Window
E.'B rzn Show In Alt+Shift+W >
rzn_gen
g src_g [E Copy Cirl+C
2 src/apl Paste Cirl+V
(Z= Debug 3 Delete Delete
[ application Source »
= inc
- Move...
= lib
& rzn_cfg Rename... F2
&= script fa Import...
[E] cNo32_AC_Servo_Solutic 2 Exoort
[¥] CNO32_AC Servo_Solutic part..
& configuration.xml Renesas FSP Export *
B R9AD?GDS4MMGEG.pirI Build Project
= rzn_cfg.ixt =
Clean Project

In [Project Explorer] view, right click the node of the RZ/T2L, RZ/N2L project to be debugged and select
[Debug As] — [Debug Configurations].

&) workspace - e? studio -
File Edit Mavigate Search Project RenesasViews Run Window Help

4 Debug [ CNo32_AC_Servo_Solution Debug_ = LS LIk
- = Wi g . P = e | Q @ | @@ CC++ 45 Debug {5 FSP

B Project Explorer BESY 8§ =0 =8 |Fx
== CN032_AC_Servo_Solution [Debual
Mew >

The act
Go Into elemen

this vie
Open in New Window

Show In Alt+Shift+W >

B Copy Cirl+C

¥ Delete Delete
Source »
Move...

Rename... Fz

iy Import...

& Export.
Renesas FSP Export >
Build Project
Clean Project
Refresh Fs
Close Project

Close Unrelated Project

— | ] N _
[ Properties % |[£] Probler CAEEe s ¥ Pin Conflicts | B Console 3 | [ Memos
p 2] ry
Index > = =
CNO32 AC Servo.Solutl 54 copfigurations > I X % | B bl W |E]E&E] =
9 terminated> CN032 AC Servo_Solution_CPUO Debug_Flat [Renesas GDB Hardware Debugging]
Resource  Property Q RunAs > |R9AB7GE7SM2S_CPU@ ~JEFE, ARM Target
v ‘”F‘; . Debug As 51 & 1GDB OpenOCD Hardware Debugging (DSF)
eriver
cditable Team > | &7 2GDB Simulator Debugging (RH8S0)
Jast modifi Compare With > 3 Local C/C++ Application
linked Restore from Local History... [&7 4Renesas GDB Hardware Debugging
location MISRA-C > 5 Renesas Simulator Debugging (RX. RL7E)
name .
path W% C/C++ Project Settings Ctrl+Alt+P Debug Configurations..
Renesas {/C++ Project Settings.
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[Renesas DBG Hardware Debugging] — [CN032_AC_Servo_Solution Debug_Flat] item, then press
[Debug].

&8 Debug Configurations

Create, manage, and run configurations

BFeRX BT - Name: | CNO22_AC_Serve._Selution Debug_Flat |
type filter text ||| [ENMER %5 Debugger| i Startup | [0 Common| E Source
[E] C/C++ Application Project:
[E] C/C++ Remote Application
5 EASE Script [cn32_AC_Servo_Solution Browse...
[E] GDB Hardware Debugging C/C++ Application:
[£] GDB OpenOCD Debugging | Debug/Choz2_AC Servo_Solution.elf
[c7] GDB Simulator Debugging (RHE50)
1 Java Applet Variables... | |Search Project...| |  Browse..
(2] Java Application Build (if required) before launching
& Launch Group
[T Remote Java Application Build Configuraticn: Use Active ~
& CNO32_AC Servo,Solution Debug Flat O Enable auto build ) Disable auto build
== T (® Use workspace settings Configure Workspace Setfings...

Apply

Filter matched 13 of 15 items

Close

@

This step can be skipped in case of using software pachage Rev4.00 later.

If a bit [5] value of CPSR register is “1b”, change it from "1b" to "0b" by using [Register] view.
For example, the register value of CPSR is changed from "0x20000fa" to "0x20000da" in the following.

M_ [1) Debug Shell [#] Problems @ AV-k-757%- [} Debugger Console [J Memary

Mame Value
e 0x0
i 2 Oxes1#004
1ol sp w1018
B e 0x10006d
8 pe 0100000
il cpsr oxz0000ita — 0x200001da

Press the "Resume" button.
When debugging RZ/T2L, RZ/N2L is started, the program is interrupted with “hal_entry ();” in main.c.

%5 Debug
v E CMN032_AC Servo_Solution Debug_Flat [Renesas GDB Hardware Debugging]
w Lﬁ} CNO32_AC_Servo_Solution.elf [1] [cores: O]
~ o Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)
= main() at main.c:5 OxB2da
s arm-none-eabi-gdb (7.8.2)
p| Renesas GDB server (Host)

[ startup.c [€] main.c
1 /* generated main source file - do not edit */
2 #include “hal_data.h”

= int main{wvoid)

hal entry ();
return 8;

And then, press the “Resume” button again to execute the RZ/T2L, RZ/N2L application program.
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6.5 EEPROM Data Update on CN032 AC Servo Solution

If the link between TwinCAT®3 and CN032 AC Servo Solution is established, you can update EEPROM data
on the kit from TwinCAT®3. The EEPROM contains identification data like VendorID or Product ID.

The EEPROM is blank when purchasing the CN032 AC Servo Solution; in this case Box1 will be displayed
as “PFFFFFFFF RFFFFFFFF” as shown in Figure 4-6. Depending on the history of your board you may as
well find other data in the EEPROM; therefore we recommend to update the EEPROM in any case as
described in the next steps.

To update the EEPROM, double-click on Box 1 (1), select the “EtherCAT” tab (2) and click the “Advanced
settings” button (3) as illustrated in Figure 6-5.

D& TwinCAT Project - Microssft Visusl Studio ¥ | QuickL -0) P - A x
FILE EDT VIEW PROJECT BUILD DEBUG TWINCAT TWINSAFE PLC TOOLS SCOPE WINDOW  HELP

Pfo-0|B-o-2EHE %090 -] Atach. - [Release -| [TwincaT R (x64) -] 2] HlmemEe
ol () G0 — | | [swa 00, .

bl TwinCAT Project] & X

olution Explorer - S roperties
T -
@ ‘ -a | /o[- € Bt onis Box 1 (PFFFFFFFF RFFFFFFFF)
=N

Search Selution Explorer (Ctrl+:) P-
a1 Solution ‘TwinCAT Projectl’ (1 project) Type: | ‘ B Misc
4 ] TwinCAT Project1 Product/Revision: | e (Name) Box 1 (PFFFFFFFF RFFI
b @l SvSTEM Disabled SMDS_NOT_DISABLE
MOTION Aute Inc Addr ItemType H
[og pLc PathName TIID*Device 2 (Ether(
EtherCAT Addr: (] [ TE Advanced Settings.
) sarery I: - O Persistent
Cer SavelnOwnFile  False
P Vo
4 8, Deu Previous Port: Master

4 =% Device 2 (EtherCAT)

2 SyncUnits
b Inputs
b W Outputs

Name Online Type Sze  >Addr. In/Out UserlD Linkedto

# State 81 UINT 20 1548.0 Input 0

< »

Y -| @ 28rors | ¢ 0Wamings | © 0Messages | Clear Search Error List P~
Description File Line Column | Project

1 2022/05/17 17:52:17 465 ms | 'Box 1 (PFFFFFFFF RFFFFFFFE)’
(1001): 'INIT to PREOP" failed! Error: 'check device state for
PREOP'. AL Status '0x0011" read and '0x0002' expected. AL
Status Code '0x0016 - Invalid mailbox configuration

€ 2 2022/05/17 17:52:17 465 ms | 'Box 1 (PFFFFFFFF RFFFFFFFF)’
(1001): state change aborted (requested 'PREOP', back to
INIT).

Misc

ADS Symbol Watch |Rasgi Output Properties [

Figure 6-5 Updating the EEPROM

Then expand the list of advanced settings accordingly, so that you can select the “Hex Editor” (1). In the
“Hex Editor” view click “Download from List” (2) (See Figure 6-6). This list contains numerous devices for
which the required EEPROM content is ready to use.

At the bottom of the list you find as well some Renesas devices Select “CN032 AC Servo Solution CiA402”
and click ok (see Figure 6-7).
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Advanced Settings x

- General Hex Editar
Behavior

Timeout Settings
Identification
FMMU / SM
¢ L Init Commands
Distributed Clock
- ESC Access
& EPROM
‘.. Configured Station
‘.- Enhanced Link De

1
- Memory
Download Read from File... Download from List... 1
Upload Write to File...
< >

+oeh

Figure 6-6 Selecting the hex editor for EEPROM file download

Write EEPROM >

Awailable EEPROM Descriptions: [ Show Hidden Devices | oK |

EtherCAT Fieldbus Boxes [ERTxxx] ~ Cancel
EtherCAT Fieldbus Boxes (ER 21xx]
EtherCAT Fieldbus Boxes [ERZ3u)
EtherCAT Fieldbus Boxes [ERSmms]
EtherCAT Fieldbuz Boxes [ERduxs]

(

(

(

(

EtherCaT Fieldbus Boxes [ERSxxs]
EtherCaT Fieldbus Boses [EREx==]
3| EtherCAT Fieldbus Boxes [ER 7w)
3 EtherCAT Fieldbus Baoxes [ERSwax)
EtherCaT Cx Device

EtherCaT PC card

-a ]| Drives

- d A Sy 0000-021x

-l A Gy-0000-020x

-] A Ey-0000-00:x (Hy 1)

-2 ]| AXE000 Power supply modules
-2 ]| 48000 Capacitor modules

-2 ]| AXE000 Axis modules

-} Eva Board [Interfaces) Browsze. ..
cF Eva Board [Sample Source Demas)

T

B-F-E-E-E-E-E-E-E

m EtherCaT Piggyback controller boards [FBE1:04)
BR Renesas Electronics Corp.
= B FEEITEM Slaves

L2 e

Figure 6-7 Selecting the proper EEPROM description file

The data is then downloaded to the EEPROM; at the end of the download process the data is automatically
verified. With “Upload” (see Figure 6-6) you can check, whether the EEPROM programming was successful.
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Now repeat the device scan shown in Figure 6-8. TwinCAT®3 will now scan once more for devices and it will
find the CN032 AC Servo Solution board with the updated description data in EEPROM. The subsequent
“Check Configuration” dialog shows you the list of found items. Copy the “CN032 AC Servo Solution CiA402”
device with “Copy All” into the list of “Configured Items” (1). When the representation of the devices in the list
changes to green, leave the dialog with “OK” (2).

Check Configuration

Found Items: Configured Items:
--a®, Diive 2 [CNO32 AC Servo Solution Cia402) oo @ Box 1 [PFFFFFFFF RFFFFFFFF)
Delete »
» Copy Before »
+ Copy Alter >
C > Copyans> 1

Cancel

ol

[] Extended Information

Figure 6-8 Copy the found device into the configuration
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Website and Support
Renesas Electronics website

http://www.renesas.com/

Inquiries

http://www.renesas.com/inquiry
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1.

Precaution against Electrostatic Discharge (ESD)

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
Input of signal during power-off state

Do not input signals or an I/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Vix (Min.).
Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

10.

1.

12.

13.
14,

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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