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Details of revision history

The sixth edition (F)

Safety precautions i

©

©

©

©

@ ©

Description is corrected as below.
, wait at least 10 minutes before performing these tasks. = , wait at least 15 minutes before
performing these tasks.

.1-12, p. 1-13, p. 1-14, p. 4-20, p. 13-4, p. 16-50, p. 16-51

Name of connector manufacturer is changed.
Sumitomo 3M Ltd = 3M Japan Limited

.1-12, p. 1-13, p. 1-14, p. 16-50, p. 16-51

Name of connector manufacturer is changed.
Tyco Electronics Amplifier Co. Ltd. = Tyco Electronics Japan G.K.

. 4-8
Description is corrected as below.
Therefore, do not touch a power supply terminal for 10 minutes for the prevention from an electric
shock. = Therefore, do not touch a power supply terminal for 15 minutes for the prevention from an
electric shock.

. 7-8, p. 7-86, p. 7-120

Communication objects below are added.
0x203D.01 Amplifier temperature warning high level setting
0x203D.02 Amplifier temperature warning low level setting

L7-72,p. 7-73
In body text of 0x6083: Profile acceleration and 0x6084: Profile deceleration, description of "Cyclic
Sync. Velocity mode (csv)" is deleted.
. 7-90
Description below is added.
0x2000 bit15 Real time setting enabled at the torque command addition during servo-on
. 7-110
Setting range of communication object below is extended.

0x2020 Speed Zero Range 0x0032 to 0x01F4 = 0x0005 to 0x01F4

.7-121
Description in the object below is changed.
0x20F0 Amplifier Function Selection
01 Limit behavior Selection, Content of body text.
.7-131
Description in the object below is changed.
0x20FB Torque command addition during servo-on, Content of body text.
. 7-134, p. 7-135
Motors are added.
Ox20FE: Motor code
.10-19
Description is corrected as below.

Group9 1D20: Monitor Display Selection [MONDISP]
= Group7 ID06: Monitor Display Selection[MONDISP]



Details of revision history

m p115

Description below is added.
Note 10) It occurs when the ASIC dedicated for EtherCAT communication is failed to initialization
and is not reply to the access from CPU.

. 11-25

Description below is added.
Alarm Code F2 (Initial Process Time-Out)
(Initialization failure of the ASIC dedicating for EtherCAT communication)

|
@ ©

® p. 15-10
Description is corrected as below.
td: Descending run time [s] = tD: Descending run time [s]

® p.16-56

Description below is added.
Fixing brackets for 300A



Safety Precautions Make sure to follow

Please read this User Manual and its appendix carefully prior to installation, operation, maintenance or inspection
and perform all tasks according to the instructions provided here. A good understanding of this equipment, its safety
information as well as all Warnings / Cautions is also necessary before using.

Matters that require attention are ranked as “Danger” “Warning” and “Caution” in this document.

m  Warning Symbol

Denotes immediate hazards that will probably cause severe bodily injury
Danger or death as a result of incorrect operation.
Denotes immediate hazards which will probably cause severe bodily
. injury or death as a result of incorrect operation.
Warning

Denotes hazards which could cause bodily injury and product or property
Caution damage as a result of incorrect operation.

Even those hazards denoted by this symbol could lead to a serious accident. Make sure to
strictly follow these safety precautions.

m Prohibited, Mandatory Symbols

® Indicates actions that must not be allowed to occur / prohibited actions.

0 Indicates actions that must be carried out / mandatory actions.




Safety Precautions Make sure to follow

m Attention in use

A\ Warning

Make certain to follow these safety precautions strictly to avoid electric shock or bodily injury.
€ Do not use this device in explosive environment.
Injury or fire could otherwise result.

Do not perform any wiring, maintenance or inspection when the device is hot-wired. After
switching the power off, wait at least 15 minutes before performing these tasks.
Electric shock or damage could otherwise result.

@ The protective ground terminal (@ ) should always be grounded to the unit or control
board. The ground terminal of the motor should always be connected to the protective
ground terminal ( @) of the amplifier.

Electric shock could otherwise result.

4 Do not touch the inside of the amplifier.
Electric shock could otherwise result.

4 Do not damage the cable, do not apply unreasonable stress to it, do not place heavy items
on it, and do not insert it in between objects.

Electric shock could otherwise result.

4 Do not touch the rotating part of the motor during operation.

Bodily injury could otherwise result.

A\ Caution

€ Use the amplifier and motor together in the specified combination.
Fire or damage to the device could otherwise result.

4 Only technically qualified personnel should transport, install, wire, operate, or perform
maintenance and inspection on this device.
Electric shock, injury or fire could otherwise result.

€ Do not expose the device to water, corrosive or flammable gases, or any flammable
material.

Fire or damage to the device could otherwise result.

€ Be careful of the high temperatures generated by the amplifier/motor and the peripherals.
Burn could otherwise result.

4 Do not touch the radiation fin of the amplifier, the regenerative resistor, or the motor while
the device is powered up, or immediately after switching the power off, as these parts
generate excessive heat.

Burn could otherwise result.

€ In terms of designing safety systems using the Safe Torque Off function, personnel who
have expertise of relevant safety standard are supposed to do that job with good
understanding of this instruction manual.

Injury or damage to the device could otherwise result.
@ Please read the User Manual carefully before installation, operation, maintenance or
inspection, and perform these tasks according to the instructions.
Electric shock, injury or fire could otherwise result.
€ Do not use the amplifier or the motor outside their specifications.
Electric shock, injury or damage to the device could otherwise result.
Regenerative resistor has instantaneous capacity. Contact our offices if the instantaneous
regenerative power could be high as the result of high-inertia load or high-velocity
rotation.




Safety Precautions Make sure to follow

m Storage

Q Prohibited

€ Do not store the device where it could be exposed to rain, water, toxic gases or other
liquids.

Damage to the device could otherwise result.

@ Magnetic rails have been magnetized. Keep away from the magnets anyone who has
electronic medical device such as a pace maker. Otherwise, the medical device will not
work appropriately, leading to a serious danger to the person who has the medical
device.

O Mandatory

€ Store the device where it is not exposed to direct sunlight, and within the specified
temperature and humidity ranges {- 20°C to + 65°C, below 90% RH (non-condensing)}.
Damage to the device could otherwise result.

€ Please contact our office if the amplifier is to be stored for a period of 3 years or longer. The
capacity of the electrolytic capacitors decreases during long-term storage, and could
cause damage to the device.
Damage to the device could otherwise result.

€ Please contact our office if the amplifier is to be stored for a period of 3 years or longer.
Confirmations such as bearings and the brakes are necessary.

m Transportation

A\ Caution

4 When handling or moving this equipment, do not hold the device by the cables, the motor
shaft or detector portion.
Damage to the device or bodily injury could otherwise result.

€ Keep in mind that it is dangerous at the time of conveyance if it falls and overturns.
Bodily injury could otherwise result.

O Mandatory

€ Follow the directions written on the outside box. Excess stacking could result in collapse.
Bodily injury could otherwise result.

4 The motor angling bolts are used for transporting the motor itself; do not use them for
transporting the machinery, etc.
Damage to the device or bodily injury could otherwise result.




Safety Precautions Make sure to follow

m Installation

A Caution

Do not stand on the device or place heavy objects on top of it.
Bodily injury could otherwise result.

Make sure the mounting orientation is correct.

Fire or damage to the device could otherwise result.

Do not drop this device or subject it to excessive shock of any kind.
Damage to the device could otherwise result.

Do not obstruct the air intake and exhaust vents, and keep them free of debris and foreign
matter.

Fire could otherwise result.

Consult the User Manual regarding the required distance inside the amplifier disposition.
Fire or damage to the device could otherwise result.

Open the box only after checking its top and bottom location.

Bodily injury could otherwise result.

Verify that the products correspond to the order sheet/packing list.
Injury or damage could result.

Secure the device against falling, overturning, or shifting inadvertently during installation.
Use the hardware supplied with the motor (if applicable).

Bodily injury could otherwise result.

Install the device on a metal or other non-flammable support.
Fire could otherwise result.

Magnetic rails have been magnetized. A strong magnetic attraction (or repulsion between
magnets) arises between the magnets themselves or the magnets and any other objects
made of iron such as jigs. Treat them carefully.

Bodily injury could otherwise result.

€ Magnetic rails and coil have metal edges. Handle them with care.
Bodily injury could otherwise result.

€ Voltage is generated at the motor power line when the coil is moved after having been
installed.
Electric shock could otherwise result.

€ Place limit switch and collision safety device to linear motor stroke end.
Failure to observe this may result in injury.

4 Make sure to install a limit switch and collision safety device at the stroke end.

Make the collision safety device strong enough to resist the maximum output of the

system.

Bodily injury could otherwise result.

* 6 o o * 6 o o

L R 4




Safety Precautions Make sure to follow

m Wiring

A Caution

Wiring connections must be secure.
Bodily injury could otherwise result.

Wiring should be completed based on the Wiring Diagram or the User Manual.
Electric shock or fire could otherwise result.

Wiring should follow electric equipment technical standards and indoor wiring regulations.
An electrical short or fire could otherwise result.

Do not connect a commercial power supply to the U, V or W terminals of the servo motor.
Fire or damage to the device could otherwise result.

Install a safety device such as a breaker to prevent external wiring short-circuits.
Fire could otherwise result.

Do not bind or band the power cable, input/output signal cable and/or encoder cable
together or pass through the same duct or conduit.
This action will cause faulty operation.

Do not connect DC90V or AC power to the DC24V Brake of the servo motor. Also, do not
connect AC400V to the AC200V Fan of the servo motor.
An electrical short or fire could otherwise result.

€ There is no safeguard on the linear motor. Use an over-voltage safeguard, short-circuit

breaker, overheating safeguard, and emergency stop to ensure safe operation.

Injury or fire could otherwise result.

* 6 & 6 o o

*




Safety Precautions Make sure to follow

m Operation

A Caution

€ Do not perform extensive adjustments to the device as they may result in unstable
operation.
Bodily injury could otherwise result.

@ Trial runs should be performed with the motor in a fixed position, separated from the
mechanism. After verifying successful
operation, install the motor on the mechanism.
Bodily injury could otherwise result.

@ The securing brake is not to be used as a safety stop for the mechanism. Install a safety
stop device on the mechanism.
Bodily injury could otherwise result.

€ In the case of an alarm, first remove the cause of the alarm, and then verify safety. Next,
reset the alarm and restart the device.
Bodily injury could otherwise result.

€ Check that input power supply voltage is less than a specification range.
Damage to the device could otherwise result.

4 Avoid getting close to the device, as a momentary power outage could cause it to suddenly
restart (although it is designed to be safe even in the case of a sudden restart).
Bodily injury could otherwise result.

4 Do not use motor or amplifier which is defective or failed and damaged by fire.
Injury or fire could otherwise result.

@ In the case of any irregular operation, stop the device immediately.
Electric shock, injury or fire could otherwise result.

€ When using the servo motor in vertical axis, provide safety devices to prevent falls during
the work that will cause an alarm condition.
Injury or damage could result.

€ Do not touch the rotating part of the linear motor during operation.
Bodily injury could otherwise result.

@ Install sufficient protective cover in moving part of linear motor.
Bodily injury could otherwise result.

¢ Keep away dust, water or others from the coil moving area and the magnetic rails.
Electric shock, injury or damage to the device could otherwise result.

Q Prohibited

€ The built-in brake is intended to secure the motor; do not use it for regular control. Damage
to the brake could otherwise result.
Damage to the device could otherwise result.

€ Keep the motor’s encoder cables away from static electricity.
Damage to the device could otherwise result.

€ Standard specification servo amplifiers have a dynamic brake resistor. Do not rotate the
motor continuously from the outside when the amplifier is not powered on, because the
dynamic brake resistor will heat up, and can be dangerous.
Fire or burn could otherwise result.

Vi



Safety Precautions Make sure to follow

O Mandatory

€ When transporting the magnetic rail, it must packed as it was.

Transporting it without package could result in injury, since it has been magnetized.

4 Install an external emergency stop circuit that can stop the device and cut off the power
instantaneously. Install an external protective circuit to the amplifier to cut off the power
from the main circuit in the case of an alarm.

Motor interruption, bodily injury, burnout, fire and secondary damages could otherwise
result.

€ There is no safeguard on the motor. Use an over-voltage safeguard, short-circuit breaker,
overheating safeguard, and emergency stop to ensure safe operation.

Injury or fire could otherwise result.
4 Operate within the specified temperature and humidity range.
Servo Amplifier
Temperature 0°C to 55°C
Humidity below 90% RH (non-condensing).
Servo Motor
Temperature 0°C to 40°C

4 Humidity below 90% RH (non-condensing).

Burnout or damage to the device could otherwise result.

m Maintenance-Inspection

A\ Caution

€ Some parts of the servo amplifier (electrolytic capacitor, cooling fan, lithium battery for
encoder, fuse) can deteriorate with long-term use. Please contact our offices for
replacements.
Damage to the device could otherwise result.

€ Do not touch or get close to the terminal while the device is powered up.
Electric shock could otherwise result.

@ Be careful during maintenance and inspection, as the body of the amplifier becomes hot.
Burn could otherwise result.

€ Please contact your distributor or sales office if repairs are necessary.
Disassembly could render the device inoperative.
Damage to the device could otherwise result.

€ When a work must be done with the protective cover removed, start working carefully and
safely paying attention to an electric shock or runaway.
Electric shock or injury could otherwise result.

Q Prohibited

€ Do not overhaul the device.
Fire or electric shock could otherwise result.
4 Do not measure the insulation resistance and the pressure resistance.
Damage to the device could otherwise result.
4 Do not unplug the connector while the device is powered up.
(Except those that can be inserted or removed)
Electric shock or damage could otherwise result.
4 Do not remove the nameplate cover attached to the device.

Vii



Safety Precautions Make sure to follow

m Disposal

O Mandatory

@ If the amplifier or the motor is no longer in use, it should be discarded as industrial waste.

m  When you use SANYO DENKI amplifier with other manufacturer servo
motor combined.

This Servo amplifier system is designed for using in combination of SANYO DENKI linear motor.

If other companies’ linear motors are used in combination, we will provide you necessary parameters
(Motor parameter files) to drive that based on your motor constant provided to us.

In that case, SANYO DENKI do not conduct the combination test of this servo amplifier with other
companies’ linear motors. Therefore, SANYO DENKI assumes no responsibility whatsoever for any
motions and characteristics resulting from the use in the combination of that.

Also, SANYO DENKI cannot be held responsible for any damages or failures arising out of the use or
inability to use those linear motors, even if SANYO DENKI has been advised of the possibility of such
damages or failures.

Viii
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1. Preface Introduction

1.1

Introduction

The AC Servo amplifier SANMOTION R ADVANCED MODEL is a consolidated power supply, single-shaft type servo
amplifier consisting of three (6) models according to capacity.

The servomotor corresponds to the Rotary Motor R series, Q-series over-2kW model, linear motor DS-series and DD-series.
For motor encoder, rotary motor can use serial encoder and pulse encoder, linear motor can use pulse encoder. Furthermore,
This system also corresponds to external pulse encoder for fully closed control system. Backup batteries for motor encoder
can be supplied via servo amplifier connector and installed in encoder cable. EtherCAT communication connectors, PC
connection connectors and encoder are all equipped with connectors for the monitor.

SANMOTION R ADVANCED MODEL features
(Differences from SANMOTION R)

B Reduced size

The integrated power connector uses a smaller connector for the motor encoder.
In addition, we intend to reduce the cubic volume by a maximum of 15% by miniaturizing the power circuit and save
19% of energy by adopting a new generation IPM.

B Increased response time (High response speed control position)

We have shortened the positioning time to 1/2 the current use, which improves the throughput of the machine using a
high-response model following control and using model following vibration suppression control and feed forward
vibration suppression control simultaneously.

Furthermore, external disturbance suppression can be performed at the same time with parallel use of an external
disturbance observer, which creates the target value’s required response and the external disturbance suppression as
well as stabilizes the robust activity necessary to operate the servo realistically at a high level.

\\ | , E b
ol \ | Setfing time 50.8 ms :
\‘\ 50ms
p (b) Feed-forward damping control
f AN N .
ot P VL i Ve T
TV ¥ i
+10um i \ F
[ ! | - Block an
SAmsrdy o ’MMV—WMW\/W
(a) No damping control t t
[ Setting time 19.6 ms *
B Noise reduction 50ms

Using “model following vibration control” and “feed forward vibration control” the entire machinery system vibration is
suppressed with an added bonus of cutbacks in energy expenditure.

B Improved positioning resolution

The motor encoder resolution ability has increased and as a result positioning resolution has improved which increases
the processing accuracy of your equipment.
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1. Preface Introduction

B Improved Software Setup functions

Improvement of operation trace function, ability to measure
operational properties of the servo motor with virtually the same
operability of an oscilloscope, which increases measurement
efficiency of machinery properties. Additionally, the creation of a
multi-window display allows the operator to change parameters by 11
checking measurement data for servo tuning, allowing for improved |
tuning efficiency. -

B Alarm display function i

With the addition of “status display function at the time of alarm” and
“time-stamp function of alarm history” diagnosing the specific cause of an
alarm has become easier, improving maintenance.

B Safe torque off function

Servo Amplifier

D—

By using hardware equipped with Safe Torque Off Emergency | outputs
function that safely disables motor torque, Stop button P
you can easily incorporate safety functions to the
machines.
Feedback]
input

Safty unit

1-2



1. Preface How To Use This Instruction Manual

1.2

Instruction Manual

This manual outlines the specifications, installation, wiring, operations, functions, maintenance, etc., of the AC servo
amplifier SANMOTION R ADVANCED MODEL as follows:

Contents

Chapter 1 Preface

Product outline, model number, names of components.

Chapter 2 Specifications

Detailed specifications for Servo Motor, Servo Amplifier and Motor Encoder.
Chapter 3 Installation

Explanation of installation procedure

Chapter 4 Wiring

lllustrations and explanations of wiring

Chapter 5 EtherCAT Interface

Explanation of EtherCAT Interface Overview

Chapter 6 EtherCAT Datalink

Explanation of EtherCAT Slave Controller (ESC)

Chapter 7 Object Dictionary

Explanation of EtherCAT Interface Object Dictionary

Chapter 8 Operations |

Discussion of operation sequence, test operations and parameters
Chapter 9 Adjustments

Explanation of auto tuning, manual servo tuning, etc.

Chapter 10 Digital Operator

Explanation of the LED display and the digital operator

Chapter 11 Maintenance

Explanation of troubleshooting when alarms occur and inspection
Chapter 12 Full-closed Control

Explanation of full-closed control and how to use it

Chapter 13 Linear motor

Explanation of how to use when linear motor connected.

Chapter 14 Safe Torque Off function

Explanation of safe torque off function and how to use it

Chapter 15 Selection

Explanation of selection method for the servo motor as well as regenerative resistance capacity
Chapter 16 Appendix (Materials)

Explanation of EtherCAT terminology, servo motor data sheets, dimensions and international standards

Precautions related to these Instructions

In order to fully understand the functions of this product, please read this instruction manual thoroughly before using the
product. After thoroughly reading the manual, keep it handy for reference.

Carefully and completely follow the safety instructions outlined in this manual.

Note that safety is not guaranteed for usage methods other than those specified in this manual or those methods intended for
the original product.

Permission is granted to reproduce or omit a portion of the attached figures (as abstracts) for use.

The contents of this manual may be modified without prior notice as revisions or additions are created regarding the usage
method of the product. Modifications are performed as per the revisions of this manual

Although the manufacturer has taken all possible measures to ensure the veracity of the contents of this manual, should you
notice any error or omission, please notify your local sales office or the head office of your findings.
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1. Preface

System configuration

1.3  System Configuration

B RS2[001A/RS2003A/ RS2J05A (Rotary motor)

T
1
case circuit breaker (MCCB)

Used to protect power line.
Turns off the power when
overcurrent runs.

Noise filter
101l

Protects the power line from
external noise, and from noise
generated by the servo amplifier.

© CHARGE

Switches power On/Off.
Provides a safety circuit

" n
External Regenerative
Resistor

The external regenerative resistor is used in case of
insufficient capacity such as may be caused by high
frequency of use.

Motor power

Brake power source

.ss"";»’“”'

Used for servo motor with brake.

H

SANYO DENKI
__ADDR. _

345,
o
= =

- L
ECETY

Servo motor

1-4

SANMOTION R ADVANCED MODEL
with EtherCAT Interface

Setup software
Note1)
Enables parameters setup and
monitoring through communication
with a PC.

___ |

(Front cover opened)
Note1)

CNG6 is for setting-up, CN4 is for extended
general input, in the case of amplifier
model trailing number 1, 3, and 5.

B B General Input connector
Note1)

I 1 e
Connection for Homing, Probing

and General signals

Connection for
additional
amplifier

ii

-
Host device

Safety Unit and
Safety PLC, etc.

Connect input/output signals of Safe
Torque off function to safety device such
as safety unit or Safety PLC



1. Preface

System configuration

BRS2[010A/RS2[15A (Rotary motor)

TSR

| B |
Molded case circuit breaker (MCCB)

Used to protect power line.
Turns off the power
when overcurrent runs.

N-ois:e fil-ter

Installed to prevent
incoming noise from power
line.

Electromagnetic contactor]

Turns on/off the power.
Place safety circuit.

External regenerative resistor

[Built-in
regenerative resistor]
Shot-circuits RB4-RB1.

[External regenerative resistor]
Remove short bar RB4-RB1,
Connect the register to RB1-RB2.

L}
: Motor power
-
L}

Sesmmnn

Power for brake

dﬁp-:/ EEEEEEEN

Used for servo motor with brake.

SANMOTION R ADVANCED MODEL
with EtherCAT Interface

SA OTIO

cnA

i

Servo motor

M= S -y =y

PaZm

Setup software Note1)

Enables parameters setup and
monitoring through
communication

with a PC.

I

(Front cover opened)

Note1)
CNB6 is for setting-up, CN4 is for extended

general input, in the case of amplifier model
trailing number 1, 3, and 5.

B B General Input connector

Note1)
Connection for Homing,

Probing and General signals

Em. To other amplifier
i

-
Host equipment

Motor encoder

Safety unit, safety
PLC.

Connects I/0 signal of safety features to

safety devices such as safety unit,

1-5

safety PLC.
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System configuration

BWRS2[30A (Rotary motor)

SANMOTION R ADVANCED MODEL

TSR with EtherCAT Interface

o (Front cover opened)
lolded case circuit breaker (MCCB)

Used to protect power line.
Turns off the power when overcurrent runs.

Noise filter
Protects the power line from external
noise, and from noise generated by the
servo amplifier.

g

ENA

==

=

g

D ¢
@

“I&.—:/ EEEEEEEEEEEEEEEEEN

Power for brake

Used for servo motor with
brake.

PLC.

H

Motor encoder

Servo motor

1-6

Safety unit, safety
PLC.

Connects I/O signal of safety features to
safety devices such as safety unit, safety

Enables parameters setup and
monitoring through communication
with a PC.

Setup software Note1)

ErrERRRRE D

—
Qiai
Note1)

CNB6 is for setting-up, CN4 is for extended
general input, in the case of amplifier model
trailing number 1, 3, and 5.

m m m General Input connector
Note1)

Connection for Homing,
Probing and General signals

ol

e 1 © Other amplifier

L s

Host equipmer




1. Preface System configuration

BWRS2[J#4L (Linear motor)

This system configuration is for RS2J10L.
Refer to section 13 Linear motor, system configuration diagram for the other system configuration.

(Front cover opened)
Enables parameters setup and
SANMOTION R ADVANCED MODEL J: monitoring thl’OUgh communication
——— " with a PC.

with Ether CAT Interface

TSR

I I IMoIded case circuit breaker (MCCB)

Used to protect power line.
Turns off the power when overcurrent runs.

Setup software Note1)

mEo. Noise filter

Installed to prevent
incoming noise from
power line. -
l @ CHARGE [ . IGeneral Input connector
Note1)
Electromagnetic = Connection for Homing,
contactor HT = A . ! Probing and General signals
_. [l i) | T 10 other amplifier

y

-

Note1)

CNB6 is for setting-up, CN4 is for extended
general input, in the case of amplifier model
trailing number 1, 3, and 5.

Turns on/off the power.
Place safety circuit.

External regenerative
resistor

[Built-in
regenerative resistor]
Shot-circuits RB4-RB1.

[External regenerative resistor]
Remove short bar RB4-RB1,
Connect the register to RB1-RB2.

Linear motor
Power line

Hall sensor

Safety unit, safety
PLC.

Connects I/O signal of safety features

to safety devices such as safety unit,

safety PLC.

Linear encoder




Prior to Use Servo Motor Encoder Model Number

1.4 Model number structure

1) Rotary motor model number (R series)

[AA] [06] [020] c] [P] [oo] [
_
| | Note 1)
i Code Reducer Reduction
R Series Maximum rotational ratio
velocity A Planet gear 1/3
B----2,000min-1 B 1/5
Servo Motor type L-+--3,000 / 4,000min-1 c 119
. : : H----3,500min-1 D 115
2 Medium Inertia D----4,500/5,000min-1 E 1/25
F----6,000min-1 S Backlash-less 1/5
T planet gear 1711
- U 1/21
Holding brake
X;It_afg_‘;oov i X+ ++No brake v 1733
A 10 Ov'm°t°" B- - -With brake (90V)
“mo%or C- - - With brake (24V)
[
Flange dimensions Rated output Additional specification identification
04------ 40mm 003---30W  020---200W  120---1.2kW M- - -CE mark + UL supported
06+ -- 60mm 005---50W  040---400W  200---2kW 0- - -With decelerator and no standard
08+ -+ 80mm 008---80W  050---500W/550W  500- - -5kW certificates
BGe.eee 86mm 010:--100W 075 750W —
Specification identification
13- 130mm L{ 00---Standard Note 1)
22:xx 220mm
Encoder type
H- - - Absolute encoder for incremental system (PA035S)
P- - -Battery backup method absolute encoder (PA035C)
W - - - Battery-less absolute encoder (RA035C)
S- - -Wire-saving incremental encoder (PP031, PP062)
B Motor Encoder Model Number Note 1) Applicable to the model whose flange size is 86mm or less.
€ Serial Encoder
Resolution within 1 Resolution within o
Model type . : . Name Transmission system
rotation multiple rotations
. Half-duplex
PA035S 131072 (17bit) ; Rosolute encoder for inoremental | asynchronous
Y 2.5Mbps (standard)
Half-duplex
PA035C 131072 (17bit) 65536(16bit) Esgjéirbac"“p method absolute | .o chronous
2.5Mbps (standard)
Half-duplex
RA035C 131072 (17bit) 65536(16bit) Battery-less absolute encoder asynchronous
2.5Mbps (standard)
Half-duplex
HA035 131,072(17bit) 65,536 (16bit) Battery-less absolute encoder asynchronous
2.5Mbps (standard)
€ Pulse Encoder
Standard Applicable range
Model type Division number (pulse number) Division number (pulse number) Name
PPO31T 8192-20000-32768-40000 Wire-saving
ppog2 | B8000(2000P/R) (2048-5000-8192-10000P/R) | incremental encoder

*

Please contact us for combinations with servo motor.
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Prior to Use

Servo Motor Encoder Model Number

2) Rotary motor model number (Q-series)
Q 1 AA 10 200 D C P 00 E
] J J
Q-series Maximum rotational velocity
S----1,000min"'
M- ---1,500min""
s o t B----2,000min™"
ervo motor type o
1---Low-inertia v 2,000m|.n_1
2---Mid- inertia R----2,500min _ Additional spec identification
4---Low-inertia H----3,000 / 3,500min""! E---CE mark-compliant
(Large capacity) L----3,000min™ U- - -UL mark-compliant
D----4,500/ 5,000min'1 M- - -CE+UL mark-compliant

Power voltage
AA---200V-motor

Flange size

10----- 100mm
12----- 120mm
13----- 130mm
18----- 180mm
22+ 220mm

Holding brake
X---No brake
B- - -With brake (90V)
C---With brake (24V)

Specification identification
-Standard

Encoder type
S---Wire-saving

incremental encoder (PP062)

H- - - Absolute encoder for incremental system (PA035S)
P- - -Battery backup absolute encoder (PA035C)
W- - -Battery-less absolute encoder (RA035C)

Rate output

200 2.0kW 400 4.0kw 700 7kwW
250 25kW 450 4.5kW 750 7.5kW
300 3.0kW 500 550W 11K 11kW
350 3.5kW 550 5.5kW 15K  15kW

B Motor encoder
@ Serial encoder
Resolution within 1 Resolution in

Model

Name

Transmission method

rotation. multiple rotation
. _ Absolute encoder for Half-duplex asynchronous
PAO35S 131,072(17bit) incremental system 2.5Mbps (standard)
. . Battery backup absolute Half-duplex asynchronous
PA035C 131,072(17bit) 65,536 (16bit) encoder 2 5Mbps (standard)
RA035C 131,072(17bit) 65,536 (16bit) | Battery-less absolute encoder | Hal-duplex asynchronous

2.5Mbps (standard)

@ Pulse encoder

20000-25000P/R)

Model tvpe Standard Applicable range Name
yp Division number (pulse number) Division number (pulse number)
8192-20000-32768-40000-
PP0O31T 80000-100000 Wire-saving incremental
ppog2 | B8000(2000P/R) (2048-5000-8192-10000- encoder

*

Please contact us for motor combination.
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Prior to Use

Servo Motor Encoder Model Number

3) Linear motor model number (DS, DD-series)
B Coil model number
DS 030 C 1 N 2 E C 1 00
I
Series Cable length Specification
DS-::=- 1---300mm identification
Single magnet-core 2---600mm 00---Standard
type 3---1000mm
DD. -
Dual magnet core
type Thermal specification
A e No thermal
C e With thermal
Magnet width
030----- 30mm
050----- 50mm Hall sensor specification
075----- 75mm E ----- Line driver (standard spec)
100--- - - 100mm B --e-- Open collector
150+ 150mm A e No
Cooling option
Type N2 e Natural cooling
C---Call Y2, Y4 veeen Water cooling
Coil length
Single magnet-core type(DS) Dual magnet core type(DD)
1 200mm 226mm
2 376mm 402mm
3 552mm 578mm
4 - 754mm
B Magnet rail model number
DS 030 M 512 A 00
Series |
DS----- Cover Specification identification
Single magnet-core A e No cover 00 ---- DS-standard
type B «--- With cover 02 ---- DD-standard
DD==--
Dual magnet core
type
Magnet rail length
064:--- 64mm
- 128---- 128mm
Magnet width Tvoe 256---- 256mm
030-----30mm yp _ 512---- 512mm
050----- 50mm M- - -Magnet rail
075----- 75mm
100----- 100mm
150----- 150mm




1. Prior to Use

Servo Amplifier Model Number

4) Servo Amplifier Model Number

| RS2 |

[A]

(o1 ] [A] [O]

K]

[A]

RS2 Series

Input voltage
A----AC200V

E----AC100V

Servo Amplifier size

01--- 15A
03--- 30A
05--- 50A
10---100A
15---150A
30---300A

W For input voltage “E:
AC100V"-specification,

size 15, 30, and 50A (01,

03, 05) can be only
combined.

Servo Motor type
A---Rotary motor

4]
Option 2
Safe-torque-off Versatile 1/0
Input x 2
0 | No OQutput x 2
Input x 6
1| Yes Qutput x 2
4 Yes Input x 2
(With delay circuit) Qutput x 2
5 Yes Input x 6
(With delay circuit) Output x 2
Option 1

A- - - -With built-in regenerative
resistance/ with DB resistance

L- - - -Without built-in regenerative
resistance/ with DB resistance

Interface type
K- ---EtherCAT Interface

Motor encoder type (Rotary motor)

EN1: Motor encoder

EN2: External pulse encoder

Serial encoder

Serial encoder

Pulse encoder

Pulse encoder

>|o|N|O

Pulse encoder

Pulse encoder

<

otor encoder type (Liner motor)

EN1: Linear encoder

EN2: Hall sensor

Pulse encoder

No

> | oo

Pulse encoder

Line driver

B Pulse encoder

Open collector

semi-closed system.

B If you use servo amplifier for fully closed system, the motor encoder type is”2” or “A.”
Please identify applicable motor model number you use.

B Motor encoder type “0” or “8” is dedicated number for semi-closed system, cannot be used for
fully closed system. However, the servo amplifier for fully closed system can be used for

Setup values for the servo amplifier are (default values) at the time of shipment from our factory.

Adjustments for system parameters according to your equipment specifications as well as for combination of servo
amplifier and servo motor are necessary.

See chapter 13 for Safe Torque Off function.

Make certain to follow the appropriate set-up procedure to operate your system by referring to the following pages.




1.Prior to Use

Servo Amplifier Part Names

1.5 Part Names

1)

Servo Amplifier

B RS2*01/RS2*03/RS2005

Connector for analog monitor

e,

CN5: Model NO. on plug side
Connector : DF11—4DS—2C
Contact  : DF11—2428SCA
(Products of Hirose Electric)

5-digit 7-segment LED .,

EtherCAT Status LED(from left)

5
.,
‘e

,
.
hS

Port 0 Link / Act LED (Green)
Port 1 Link / Act LED (Green)
RUN indicator LED (Green)
Error indicator LED (Red)

‘e
‘e
£

EhercAT

Control power status LED
(POWER - Blue)

Main circuit power LED
(Red-CHARGE)

Main circuit power input
Control power input
Regenerative

resistor connector

EEEEEEEEEEN H

. SANYO DENKI
__ADDR

€ CHARGE

CNA: Side plug model
MSTBT2.5/ 8-STF-5.08LUB
(Phoenix Contact)

Servo motor connector

CNB: Side plug model
MSTBT2.5/ 3-STF-5.08
(Phoenix Contact)

Protective
ground terminal

o

o

Open front cover.

«aannaas Digital Operator operation keys

«=» For setup software

(The end NO. of amp model NO. :
1, 3, 5 only)

CN5: Side plug model
Connector: DF11-4DS-2C
Contact : DF11-2428SCA
(Hirose Electric Co., Ltd.)

. Rotary switch for station alias
address

For setup software

o +** (The end NO. of amp model NO. :0, 2, 4)

.
.
.
‘e

«
.,
‘e

For extended general input connector
(The end NO. of amp model NO. :1, 3, 5)

CN4 : Side plug model
MUF-PK8K-X
(J.S.T Mfg. Co., Ltd.)

General input/output connector

CN3: Side plug model
2013595-3
(Tyco Electronics Japan G.K.)

Connector for next slave ampolifier
(CN1)[“EtherCAT OUT” port]

Connector for host unit
input/output signals
(CNO)[“EtherCAT IN” port]

Safe torque Off input/output connector and
sensor backup battery input

CN2: Side plug model
MUF-PK10K-X
(J.S.T Mfg. Co., Ltd.)

**+. Connector (EN2) for fully closed control,

hall sensor signal

Connector for encoder signal (EN1)

EN1 EN2: Side plug model
Plug : 36210-0100PL
Shellkit : 36310-3200-008
(3M Japan Limited)
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Servo amplifier part names

B RS2010/RS2015

Connector for analog monitor-.,,

Open front cover.

CN5: Model numbers on plug side ’
Connector: DF11-4DS-2C
Contact: DF11-2428SCA
(Products of Hirose Electric)

5-digit 7-segment
LED

Control power status LED |
(POWER - Blug) ...ox*=*"""
i CHARGE
Main circuit power LED_,..--*
(Red-CHARGE)

Main circuit power input

Regenerative
resistor connected .,
-,
Sevo motor connected
N

Protective
ground terminal

Control power input connector

EthercAT =

SANYD DEMLI

CNA: Model number on plug side
MSTBT2.5/2-STF-5.08
(Product of PHOENIX CONTACT)

Digital Operator operation keys

For setup software
(The end NO. of amp model NO. :
1, 3, 5 only)

o
.

» For station alias address
+  Rotary switch

R For setup software

0 (The end NO. of amp model NO. :0, 2, 4)
K For extended general input connector
(The end NO. of amp model NO. :1, 3, 5)

K] CN4: Model number on plug side
o MUF-PK8K-X
O (Product of J.S.T. Mfg.)

General I/O connector

CN3: Side plug model
2013595-3
(Tyco Electronics Japan G.K. )

e, Connector for next slave amplifier
(CN1)[“EtherCAT OUT” port]

" **xxus. Connector for host unit input/output
signals(CNO)[“EtherCAT IN” port]

CNO, CN1: Connector on plug
R RJ-45 CAT5e

”., Safe torque Off input/output

', * connector and sensor backup
%, battery input
*, CN2: Side plug model
%, MUF-PK10K-X
., %, (J.S.T Mfg. Co., Ltd.)
“ .
"‘ "‘

. *s Connector (EN2) for fully closed
“‘ control, hall sensor signal

*
* Connector for encoder signal (EN1)

EN1, EN2: Model number on plug side
Plug: 36210-0100PL
Shellkit:36310-3200-008

(3M Japan Limited)




1. Preface

Servo amplifier part names

B RS2030

Open front cover.

Connector for analog monitor.,,

CN5: Model numbers on plug e
side

Connector: DF11-4DS-2C

Contact: DF11-2428SCA

(Products of Hirose Electric)

5-digit 7-segment LED
Main circuit power LED (Red-CHARGE)
Control power status LED

(POWER - Blue)

Main circuit power input

Control power input connector

CNA: Model number on plug side
MSTBT2.5/2-STF-5.08

(Product of PHOENIX
CONTACT)

R

Regenerative resistor «

) connected
Protective

an
ground terminal &

Servo motor
connected

.
..
aeett
P
..

,»» Digital Operator operation keys

,.s=+ For setup software
(The final NO. of amp model NO. :
1, 3, 5 only)

K Rotary switch for station alias
& address
R4

For setup software
(The final NO. of amp model NO. :0, 2, 4)
For extended general input connector

. (The final NO. of amp model NO. :1, 3, 5)

CN4 : Side plug model
MUF-PK8K-X
(J.S.T Mfg. Co., Ltd.)

General input/output connector

CN3 : Plug model numer
2013595-3
(Tyco Electronics Japan G.K.)

* Connector for next slave amplifier
(CN1)[EtherCAT OUT port]

* Connector for host unit input/output signals
(CNO)[EtherCAT IN port]

CNO, CN1: Connector on plug
RJ-45 CAT5e

*

Safe torque Off input/output connector
and sensor backup battery input

CN2: Plug model NO.
MUF-PK10K-X
(J.S.T Mfg. Co., Ltd.)

sauuuns  Connector (EN2) for fully closed
control, hall sensor signal

wsasnsnnnnnnnns  Connector for encoder signal (EN1)

EN1, EN2: Model number on plug side
Plug: 36210-0100PL
Shellkit:36310-3200-008

(3M Japan Limited)
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Servo amplifier part names

2) Rotary motor

B Lead wire type

R20A04000A0C
R20A06000A OO
R20A08000AOG
R20AB8OOOADOO

Shaft

B Connector Type

R2AA13000A0<
R2AA22000A0<¢
Q1AA10000A0S
Q1AA12000A0<C
Q1AA13000A0¢
Q1AA18000A0C
Q2AA10000A0¢
Q2AA13000A0<C
Q2AA18000A0¢
Q2AA22000A0¢
Q4AA18000A0O

Shaft _—

Encoder
Frame

1
: )
:

Power cable for servo motor /

' .:|
Flange

/ Cable for encoder

Cable for brake

Frame Encoder

-

Encoder connector

o

Servo motor power connector



1. Preface Servo amplifier part names

3) Linear motor

B Single magnet core type
DS0300AQO
DS0500A Q0O
DS0750A00
DS1000AOO
DS1500A 00

Shock absorber

Cable-veyor
Stage

Linear motor
(Magnet rail)

Linear guide

Linear guide rail

B Dual magnet core type
DD0300AQO
DD0500AQO
DD0750AQ0

Dummy magnet rail

Linear motor

Linear motor

(Coil)



1. Preface Combination
1.6  Combination
1) Combination motor list
Bl Rotary motor (AC200V-input)
number (OD:0x20FE) number (OD:0x20FE)
number number

RS2A01A#K## R2AA04003F 0x0181 RS2A01A#K## P50B05020D 0x0286
RS2A03A#K## R2AA04003F 0x7181 RS2A01A#K## P50BA2004D 0x027C
RS2A01A#K## R2AA04005F 0x0182 RS2A05A#K## P50B05030K 0x0273
RS2A01A#K## R2AA04010F 0x0183 RS2A01A#K## P50B07030D 0x01F1
RS2A01A#K## R2AA06010F 0x0184 RS2A03A#K## P50B08100D 0x0217
RS2A01A#K## R2AA06020F 0x0185 RS2A03A#K## P50B07040D 0x028A
RS2A03A#K## R2AA06020F 0x7185 RS2A03A#K## P50B08050D 0x028C
RS2A03A#K## R2AA06040F 0x0186 RS2A03A#K## P60B13100H 0x0312
RS2A01A#K## R2AA06040F 0x1186 RS2A05A#K## P60B13100H 0x02C1
RS2A03A#K## R2AA08075F 0x0187 RS2A05A#K## P60B13150H 0x02C2
RS2A05A#K## R2AA08075F 0x01B1 RS2A05A#K## P60B18350M 0x02CF
RS2A10A#K## R2AA13180D 0x01B6 RS2A05A#K## P60B13200B 0x02D2
RS2A03A#K## R2AA08040F 0x0188 RS2A05A#K## P60B18200B 0x02D7
RS2A01A#K## R2AA06040H 0x0189 RS2A30A#K## P60B2215KB 0x02DE
RS2A01 A#K## R2AA08020F 0x018A RS2A05A#K## P60B13150B 0x02DF
RS2A03A#K## R2AA13050D 0x018C RS2A03A#K## P60B13150B 0x0310
RS2A05A#K## R2AA13120D 0x018D RS2A10A#K## P80B22250H 0x02E4
RS2A05A#K## R2AA13120L 0x018E RS2A01A#K## P80C18050B 0x32F3
RS2A03A#K## R2AA13120L 0x118E RS2A10A#K## P80B22350R 0x02E9
RS2A03A#K## R2AA13050H 0x018F RS2A03A#K## Q1AA07075D 0x0046
RS2A05A#K## R2AA13050H 0x718F RS2A05A#K#H# Q1AA10150D 0x0048
RS2A10A#K## R2AA13200D 0x0190 RS2A10A#K## Q1AA10200D 0x0049
RS2A03A#K## R2AA13120B 0x0191 RS2A10A#K## Q1AA10250D 0x004A
RS2A05A#K## R2AA13180M 0x0119 RS2A10A#K## Q1AA12200D 0x004C
RS2A10A#K## R2AA13200F 0x11B2 RS2A10A#K## Q1AA12300D 0x004D
RS2A05A#K## R2AA13200L 0x0192 RS2A10A#K## Q1AA13300D 0x504E
RS2A05A#K## R2AAB8100F 0x0193 RS2A15A#K## Q1AA13400D 0x004F
RS2A03A#K## R2AAB8100H 0x0194 RS2A15A#KH## Q1AA13500D 0x0050
RS2A15A#K## R2AA22500L 0x0195 RS2A15A#KH## Q1AA18450M 0x0051
RS2A10A#K## R2AA22500L 0x1195 RS2A30A#KH## Q1AA18750H 0x0052
RS2A05A#K## R2AA10100F 0x019E RS2A15A#K## Q1AA13500H 0x0058
RS2A03AH#K## R2AA10075F 0x019F RS2A01A#K## Q1AA04010D 0x0043
RS2A05A#K## R2AA13180H 0x01B6 RS2A01A#K## Q1AA06020D 0x0044
RS2A15A#K## R2AA18550R 0x01B8 RS2A05A#K## Q1AA10100D 0x0047
RS2A05A#K## R2AA13180D 0x011B RS2A03A#K## Q1AC06040V 0x00A8
RS2A10A#K## R2AA18350L 0x011C RS2A05A#K## Q2AA13100H 0x0070
RS2A15A#K## R2AA18350D 0x011D RS2A01A#K## Q2AA04006D 0x0061
RS2A15A#K## R2AA18450H 0x011E RS2A01A#K## Q2AA04010D 0x0062
RS2A30A#K## R2AA18550H 0x011F RS2A01A#K## Q2AA05020D 0x0065
RS2A30A#K## R2AA1811KR 0x0120 RS2A03AH#K## Q2AA08050D 0x006A
RS2A30A#K## R2AA18750H 0x01B9 RS2A05A#K#H# Q2AA08075D 0x006B
RS2A30A#K## R2AA18750H 0x51B9 RS2A03A#K## Q2AA08100D 0x106C
RS2A15A#K## R2AA18750H 0x01BA RS2A05A#K## Q2AA08100D 0x006C
RS2A03A#K## R2AA04010F 0x7183 RS2A05A#K## Q2AA10100H 0x006D
RS2A30A#K## R2AA2215KR 0x02BC RS2A05A#K## Q2AA10150V 0x00B3
RS2A30A#K## R1AA1815KB 0x010E RS2A03A#K## Q2AA10150H 0x00DD
RS2A30A#KH# R1AA18750L 0x010F RS2A03A#K## Q2AA13050H 0x006F
RS2A03A#K## R5AA08075D 0x02BA RS2A05A#K## Q2AA13150H 0x0071
RS2A01A#K## R5AA06020F 0x049E RS2A10A#K## Q2AA13200H 0x0072
RS2A01A#KH# R5AA06020H 0x049D RS2A10A#K## Q2AA13300B 0x00EO
RS2A01A#K#H# R5AA06040H 0x049F RS2A10A#K## Q2AA18200H 0x0073
RS2A03A#K## R5AA06040F 0x02BB RS2A15A#K## Q2AA18350H 0x0074
RS2A03A#KH# R5AA08075F 0x04A0 RS2A15A#K## Q2AA18450H 0x0075
RS2A03A#K## P10B13150B 0x100C RS2A15A#KH## Q2AA18550R 0x0076
RS2A05A#K## P10B18200B 0x000D RS2A15A#K## Q2AA22550B 0x007A
RS2A10A#K## P20B13400H 0x002D RS2A15A#K## Q2AA22700S 0x007B
RS2A01A#K## P30B06008D 0x020A RS2A03A#K## Q2AA08075H 0x00CA
RS2A03A#K## P30B08040D 0x02B0 RS2A30A#K## Q2AA18550H 0x00D5
RS2A01A#K## P50B02001D 0x021C RS2A30A#K## Q2AA18750L 0x00D6
RS2A01A#K## P50B02002D 0x0278 RS2A30A#K## Q2AA2211KV 0x00D8
RS2A01A#K## P50B04006D 0x0282 RS2A30A#K## Q2AA2215KV 0x00D9
RS2A01A#K## P50B04010D 0x0283 RS2A30A#K#H# Q4AA1811KB 0x0121
RS2A01A#K## P50B05008D 0x0208

1-17




1. Preface Combination
B Rotary motor(AC100V-input)
ar?ngmit:??r;[fgel Motor model Motor code ar?ngmit:??r'l[fgel Motor model Motor code
number (OD:0x20FE) number (OD:0x20FE)
number number
RS2EQ01A#K## | R2EA04003F 0x0197 RS2EQ01A#K## | Q2EA07020D 0x00C1
RS2E01A#K## | R2EA04005F 0x0198 - - -
RS2E01A#K## | R2EA06010F 0x019A — — -
RS2E03A#K## | R2EA06020F 0x019B - - -
RS2E01A#K## | R2EA06008F 0x019C — — —
RS2E01A#K## | R2EA04008F 0x019D — — -
B Linear motor (AC200V-input)
Complnatlon Motor model Motor code Complnatlon Motor model Motor code
amplifier model number (OD:0x20FE) | @mplifier model number (OD: 0x20FE)
number number
RS2A03L#K## | DSO030C1N2E 0x0343 RS2A10L#K## | DS150C2N2E 0x0354
RS2A05L#K## | DS030C2N2E 0x0344 RS2A15L#K## | DS150C3N2E 0x034D
RS2A10L#K## | DSO030C3N2E 0x0346 RS2A05L#K## | DDO30C1Y4E 0x03D2
RS2A03L#K## | DS050C1N2E 0x0347 RS2A10L#K## | DDO30C2Y4E 0x03D3
RS2A05L#K## | DS050C2N2E 0x0348 RS2A10L#K## | DD0O30C3Y4E 0x03D4
RS2A10L#K## | DS050C3N2E 0x034A RS2A10L#K## | DDO50C1Y2E 0x03D5
RS2A03L#K## | DS075C1N2E 0x034C RS2A15L#K## | DD0O50C2Y2E 0x03D6
RS2A05L#K## | DS075C2N2E 0x034F RS2A30L#K## | DDO50C3Y2E 0x03D9
RS2A10L#K## | DS075C3N2E 0x0349 RS2A10L#K## | DD0O75C1Y2E 0x03DA
RS2A05L#K## | DS100C1N2E 0x0350 RS2A15L#K## | DD0O75C2Y2E 0x03DB
RS2A10L#K## | DS100C2N2E 0x0351 RS2A30L#K## | DDO75C3Y2E 0x03DC
RS2A15L#K## | DS100C3N2E 0x0352 RS2A30L#K## | DDO75C4Y2E 0x03DD
RS2A05L#K## | DS150C1N2E 0x0353 RS2A03L#K## | ACC10060 0x03D7
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Servo amplifier part names

2) Combination encoder list
B Encoder division number
Combination amplifier Combination amplifier Combination artr;phﬂer model
model number model number RS;;;;LZFK## Encoder code
RS2####ABK#H# RS2###HAOK#H# RS2###] AK## OD:0x20FE, 1
RS2##HAAKHH RS2###A2K## RS2###L BK##
Incremental encoder Absolute encoder Linear scale encoder Code
500 P/R 2,048 FMT 5um (200P/mm) 0x0000
512 P/IR 4,096 FMT 2.5um (400P/mm) 0x0001
1,000 P/R 8,192 FMT 2um (500P/mm) 0x0002
1,024 P/IR 16,384 FMT 1.25um (800P/mm) 0x0003
1,500 P/R 32,768 FMT 1um (1,000P/mm) 0x0004
2,000 P/IR 65,536 FMT 0.5um (2,000P/mm) 0x0005
2,048 P/IR 131,072 FMT 0.25um (4,000P/mm) 0x0006
2,500 P/R 262,144 FMT 0.125um (8,000P/mm) 0x0007
3,000 P/R 524,288 FMT 0.1um (10,000P/mm) 0x0008
4,000 P/R 1,048,576 FMT 0.05um (20,000P/mm) 0x0009
4,096 P/R — — 0x000A
5,000 P/R — — 0x000B
6,000 P/R — — 0x000C
8,192 P/R — — 0x000D
16,384 P/R — — 0x000E
32,768 P/R — — 0x000F
10,000 P/R — — 0x0010
B Encoder type (Rotary motor)
Amplifier
Encoder mgdel Motgr
code Combination encoder Specification number El;?o d(:: Remarks (Description)
OD:0x20FE,2 Encoder
type
type
0x0000 [ncremgnta}l encoder 4 pairs 8 A S Set when motor encoder is wire-saving incremental
(Wire-saving incremental) encoder.
2.5MHz
0x0101 A No multiple Encoder for incremental system, which is serial-output
synchronous . o . .
encoder rotation output 0.2 H _onIy within rotation, set to use in the same way as
(Incremental system) 4.0M|—!z anremental epf;oder.
0x0201 No multiple Use the position at power-on as zero.
rotation output
2.5MHz
0x0301 Optical Multlple Encoder normally used in absolute system, set to use in
rotation output h
asynchronous 2 0MHz 0,2 P,R |ncrementa|lsy_stem. _
0x0401 encoder Multiple No backup lithium battery cell is needed to connect.
rotation output
2.5MHz
0x0501 Resolver type rota,\t/ilg:wtlgﬁput 02 W _Encoder normally used in absolute system, set to use in
, incremental system.
asynchronous encoder 4.0MHz * Use the position at power-on as zero
0x0601 Multiple '
rotation output
2.5MHz
0x0300 Optical rot a,\t/ilg:lgﬁput Se_t to_ use in_absolutelsystem.
0,2 P,R This is multiple rotation backup system. For encoder
asynchronous encoder 4.0MHz type P, lithium battery connection to motor is required
0x0400 Multiple yper, vy quired.
rotation output
2.5MHz
0x0500 Multiple .
Revolver type rotation gutput 02 W ﬁlet t.o usein gbsqlute system.
, ultiple rotations is mechanical backup system, no
asynchronous encoder 4.0MHz battery cell is needed to connect
0x0600 Multiple '
rotation output
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B Encoder type (Linear scale encoder hall sensor)

Amplifier
) N model
Encoder code Linear scale encoder Hall CS-normalization number Remarks (Description)
OD:0x20FE, 2 (Incremental) sensor | (CS-reset method) P
Encoder
type
0x0800 Phase A, B, Z Yes Hall sensor A B Set to perform CS-normalization with phase U signal of
Phase U Note1) | hall sensor.
0x0810 Phase A, B, Z Yes Incremental A B Set to perform CS-normalization with phase Z of linear
Phase Z Note1) | scale encoder.
A B On powering-on hall sensor performs CS-normalization,
0x0820 Phass A,8,2 ves No Note1) | but set when CS-normalization not performed.
System using hall sensor.
Incremental encoder Incremental Set to perform CS-normalization by CS-output of
0x0830 : o C Yes 8,A B ) -
(Wire-saving incremental) Phase Z wire-saving incremental sensor and phase Z, at
power-on.
Incremental encoder System using hall sensor.
0x0840 . oo Yes No 8, AB Set to perform CS-normalization by CS-output of
(Wire-saving incremental) ) C
wire-saving incremental sensor at power-on.
No Software setting s ina hall
(Magnetic pole 8 AB ystem not using ha sensor. o
0x0850 Phase A, B, Z " L Set to perform magnetic pole position estimation
position Note2)
o process.
estimation)
No Software setting 8, A, B | System not using hall sensor.
0x0860 Phase A, B, (Forced setting) Note2) Set when CS-normalization not performed.
Note1)  When specification for hall sensor output is for line driver, select encoder type “A” of amplifier model number.

When specification for hall sensor output is for open collector, select encoder type “B of amplifier model number.

Note2)

1-20

Both encoder type “A” and “B” can be used, however, select amplifier “8” when hall sensor not used.
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2.Specifications

2.1
1)

Servo Motor
General Specifications
Series name R2, Q1, Q2, Q4
Time rating Continuous
Insulation classification Type F
Voltage/Dielectric strength AC1500V 1 minute

Insulation resistance

DC500V, greater than 10MQ

Protection method

Fully closed, Auto cooling

Motor flange angle: 86 or less: IP67

Motor flange angle: 130 or over: IP65
However, except for axial penetration part and
cable tip part

Oil Sealing

Motor flange angle: 86 or less: No oil seal
(Optionally available)
Motor flange angle: 130 or over: With oil seal

Ambient temperature

0to +40°C

Storage temperature -20 to +65°C
Ambient humidity 20 to 90% (without condensation)
Vibration classification V15

Coating color

Munsell N1.5 equivalent

Excitation method

Permanent magnet type

Installation method

Flange mount

Exterior Dimensions/ Specifications / Weight

Refer to [Servo Motor Dimension (Section 16)]
Refer to [Servo Motor Data Sheet (Section 16)]

Mechanical Specifications / Mechanical Strength / Working Accuracy

W Vibration Resistance

Install the servo motor horizontally (shown in the figure below), so when vibration occurs in any of three (3)
directions (up/down, backward/forward, left/right) the motor will withstand vibration acceleration up to

24.5m/s?.

_" l Left/Right
<4— Forward/backward — _._._[[--_]

Horizontal direction

B Vibration Classification
The vibration classification of the servo motor is V15 or less at maximum rotation speed for a single servo

Up/Down

| I—

motor unit and is measured as indicated in the figure below.

Vibration measurement position

¢
4

Servo motor
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Servo motor

4)

B Shock Resistance

Install the shaft of servo motor in a horizontal direction (shown in the figure below). This shaft should
withstand shock acceleration up to 98m/s? (when shock is applied in an upward/downward direction) for
two (2) times. However, since a precision motor encoder is fixed to the counter-load side of the flange, any
shock applied to the shaft may cause damage to the motor encoder. Therefore, try to avoid shock to the

shaft under any circumstances.

<«— Horizontal direction —p ‘L

B Mechanical Strength

Up/Down

}

—

The axis strength of the servo motor can withstand instantaneous maximum torque.

B Working Accuracy

The following table shows the accuracy and precision of the servo motor output shaft
(Total Indicator Reading) of the parts surrounding the shaft.

Items

T.I.R. Reference Figure

0.02

Vibration of output shaft terminal: a

0.03 (220) P —

Eccentricity of external diameter of

0.06 (below 80)

flange on output shaft M: B

Perpendicularity of flange face to

a
0.08 (above 100)
0.07 (below 86)

0.08 (130-180) M

output shaft M: y

0.10 (220) v —

* Values in ( ) are the motor flange angle.

Oil Seal Type

S-Type oil seal (as shown in the table below) is fixed to the output shaft of the servo motor.
This oil seal is produced by NOK Corporation.

Servo motor model number

Qil seal type

R20A040000

Standard: N/A
Optional: G-Type

R20O0A060000/R2O0AO80000O

Standard: N/A
Optional: S-Type

Standard: N/A

R20A100000 Optional: S-Type
R20O0A130000 Standard: Double Lip seal type
R2AA180000 Standard: S-Type
R20A220000 Standard: Double Lip seal type

Standard: N/A
R5AA060000] Optional: S-Type

Standard: N/A
R5AA080000 Optional: S-Type
Q10A100000 Standard: S-Type

Q10A120000/Q10A130000

Standard: S-Type

Q10A180000

Standard: S-Type

Q200A130000 Standard: S-Type
Q20A180000 Standard: S-Type
Q20A220000 Standard: S-Type
Q40A180000 Standard: S-Type
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Servo motor

5) Holding Brake
An optional Holding Brake is available for the servo motor. Since the primary use of this brake is for
holding, it should never be used for braking, except in emergency situations.
Turn the brake excitation On or Off using the “holding brake timing signal output”. When using this
signal, set the command for brake release time to Omin™ for the servo amplifier.
To externally control the holding brake, a response time (as in the table below) is required.
When using a motor with the brake, determine a time sequence that accounts for this delay.
Servo motor model number Static friction torque Release time Bra!(ing delay time _ms
N-m ms Varistor Diode
R2AA04003F 0.32
R2AA04005F 0.32 25 15 100
R2AA04010F 0.32
R2AA06010F 0.36
R2AA06020F 1.37 30 20 120
R2AA08020F 2.55 40 20 200
R2AA0604000 1.37 30 20 120
R2AA08040F 2.55
R2AA08075F 2.55 40 20 200
R2AAB8075F 3.92 40 20 200
R2AAB81000] 3.92 40 20 200
R2AAB8100F 3.92 40 20 200
R2AA10075F 3.92 40 20 200
R2AA10100F 3.92 40 20 200
R2 R2AA1305000 3.50 40 30 120
R2AA131200 9.0 100 30 130
R2AA131800 9.0 100 30 130
R2AA1320000 12.0 100 30 140
R2AA1835000 22.0 120 50 150
R2AA18450H 32.0 150 60 250
R2AA185500 42.0 150 60 250
R2AA18750H 54.9 300 140 400
R2AA1811KR 100 300 140 400
R2AA22500L 42 150 60 250
R2EA04003F 0.32
R2EA04005F 0.32 25 15 100
R2EA04008F 0.32
R2EA06010F 0.36
R2EA06020F 1.37 30 20 120
R5AA06020H 1.37 30 20 120
R5AA06020F 1.37 30 20 120
R5 R5AA06040H 1.37 30 20 120
R5AA06040F 1.37 30 20 120
R5AA08075D 2.55 40 20 200
R5AA08075F 2.55 40 20 200
Q1AA10200D 7.84 100 30 140
Q1AA10250D 9.80 100 30 140
Q1AA12200D 7.84 100 30 140
01— GiAATaI00D 56 ~ - o
Q1AA13500D 19.6 120 %0 150
Q1AA18450M 32.0 150 40 250
Q1AA18750H 54.9 300 140 400
Q2AA13200H 12.0 100 30 140
Q2AA18200H 12.0 100 30 140
Q2AA18350H 32.0 120 40 150
Q2AA18450H 32.0 150 40 250
Q2AA18550R
Q2 Q2AA18550H 54.9 300 140 400
Q2AA18750L
Q2AA22550B 90.0 300 140 400
Q2AA22700S
Q2AA2211KV 90.0 300 140 400
Q2AA2215KV




2.Specifications Servo motor

B Brake operating time is measured in the following circuit:
¢ Varistor used circuit

100VAC$ I

60Hz /]\ s |
oo

— B

5o .

€ Diode used circuit

1OOVAC$
60Hz

ﬁ\l/ |
Exciting
voltage — J—EDC
Exciting N (t Ib N
current 100%: i i 100%
Holding SN 1 NN
torque Y <>

Brake release time Braking delay time

*

Brake release time and Braking delay time refers to those times mentioned in the above
table. The Brake release time is the same for both the varistor and diode.

6) Degree of decrease rating for R2ZAA Motor, with Oil Seal and Brake

In terms of servomotors with oil-seal and/or brake, the following de-rating ratios have to be applied
to the torque characteristic in the continuous speed range.

Oil seal Without oil seal With oil seal
Brake
Without brake - Degree O.f
decrease rating 2
With brake Degree of Degree of
decrease rating 1 decrease rating 2
R2AA04005F R2AA04010F R2AA06040F R2AA08075F R2EA04005F
Degree of o .
decrease rating 1 ) 90% 90% - -
Degree of o o . ) :
decrease rating 2 90% 85% 80% 90% 90%
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Motor Encoder

2.2

Motor Encoder

1) Serial Encoder Specifications
B Absolute Encoder for Incremental System
Model Resolution Mult_lple Synchronization Transmission Baud rate
rotations method method
PA035S 131072 C.]'V'Slon None Asynchronous Half duplgx sgrlal 2.5Mbps
(17bits) communication
Model number example: R2-series, square type: 40mm, 200W-model
R2AA06020FCHO00
B Battery Backup Method Absolute Encoder
Multiole Synchroni
Model Resolution P zation Transmission method | Baud rate
rotations
method
131072 d.|V|3|on 65536 (16bit) Asynchron Half duple_x sgnal 2.5Mbps
(17bit) ous communication
PAD3SC 131072 divisi A h Half dupl ial
ivision 65536 (16bit) synchron alf duplex seria 4.0Mbps
(17bit) ous communication
Model number example: R2-series, square type: 40mm, 200W-model R2AA06020FCP00
B Battery-less Absolute Encoder
Multiole Synchroni
Model Resolution P zation Transmission method | Baud rate
rotations
method
RA035C 131072 d_lVlSlon 65536 (16bit) Asynchron Half duplgx sgrlal 2 5Mbps
(17bit) ous communication

Model number example: R2-series, square type: 40mm, 200W-model
R2AA06020FCWO00
2) Pulse Encoder Specifications

B Wire-saving incremental encoder

Model Resolution Conform to motor
flange angle

PP031 1000/2000/2048/4096/5000/6000/8192/10000 P/R Greater than 40mm

PP062 1000/2000/2048/4096/5000/6000/8192/10000 P/R Greater than 80mm

Model number example: R2-series, square type: 40mm, 200W-model R2ZAA06020FCS00



2.Specifications Motor encoder, battery

2.3  Servo motor rotational and moving direction
1) Rotary motor rotational direction

B Servo motor rotation direction and encoder signal pulses of pulse encoder
Motor rotation direction and motor encoder signal phases are related as follows:

Servo motor rotation direction
[CCW] Phase A

I

90°

I I

Phase B

Ik

Phase Z |

Phase B is behind Phase A 90°.

Servo motor rotation direction Phase A
[CW]

90°

Phase B m
Phase Z |

Phase B is behind Phase A 90°

*

When Z Phase is at high level, both Phases A and B cross the low level once every rotation

B Serial Encoder

Servo motor rotation direction : Counterclockwise rotation from the load side “CCW”
== +Note : Position signal output : Increase

Servo motor rotation direction : Clockwise rotation from the load side “CW”
-+ =Note : Position signal output : Decrease

* This is the serial encoder output position, and the rotation direction differs in EtherCAT
communication.

2) Battery Specification

Model: ER3VLY (produced by TOSHIBA LIFESTYLE PRODUCTS & SERVICES CORPORATION)
Voltage:3.6V
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3) Linear motor moving direction

B Forward move of the linear motor means that of the power line leading when a command for
position increasing is input.

<Forward> <Reverse>
Phase AT Phase A [~ | ] [ ]
—d kg — g
Phase B
Phase B | ,—\_ | | I_I
t t
- >
Phase B is ahead of phase A by 90° Phase B is behind Phase A by 90°
B Linear sensor signal phase
<Forward> <Reverse>
Phase A Phase A |
— kg — kg
Phase B | | | | Phaseg
t t
: >
Phase B is ahead of phase A by 90°. Phase B is behind Phase A by 90°.

B Linear motor voltage and hall sensor phase sequence when moving in the reverse direction.

o0 [ N

C

‘ Vw
Move in the reverse direction Vv
v
90 180 / 270 / 0 90 180 270

/\0 PN /\ PN /\

....... / /4
=2 | | | |

| CS offset value [CSOF]: 330deg. For SANYO DENKI liner motor |




2. Specifications

General specifications

2.4
1)

Servo amplifier

General specifications

B General specifications

Control function

Speed control/Torque control/Position control (Parameter changeover)

Control system

IGBT :PWM control Sinusoidal drive

Main Circuit Power

Three-phase : AC200 - 230V+10, -15% , 50/60Hz+3Hz

Note 1) Single-phrase: AC200 - 230V+10, -15% , 50/60Hz+3Hz Note 2)
Single-phrase: AC100 - 115V+10, -15% , 50/60Hz+3Hz Note 3)
Control Power Single-phase:AC200 - 230V+10, -15% ,50/60Hz+3Hz
Note 1) Single-phase:AC100 - 115V+10, -15% ,50/60Hz+3Hz Note 3)
Ambient temperature 0-55°C
Storage temperature -20 - +65°C
Environment (S)tz?erlzttlao;smidity Below 90%RH (no condensation)
Elevation Below 1000m
Vibration 5m/s° _Frequency range 10 - 55Hz tested for 2H in each direction X.Y.Z
Shock 20m/s”

Structure Built-in tray type power supply
Servo amplifier model| RS2#01A#KA# | RS2#03A#KA# | RS2#05A#KA# | RS2A10A##A# | RS2A15AHRAH RS2A30AMHL#
number RS2#01A#KLE | RS2#03A#KL# | RS2#05A#KL# | RS2A10A#LE | RS2A15AH##L#
External dimensions 205(235 205(235 205(235
(HxWxD) 40x160x130 50x160x130 85x160x130 ><10(§><222) X12(§X222) ><22(§><222)
No built-in
regenerative| 0.70kg+0.2kg 0.90kg+0.2kg 1.60kg+0.2kg 4.8+0.2kg 5.1+0.2kg 9.610.2kg
Weight [esistor__
With built-in
regenerative| 0.75kg+0.2kg 0.95kg+0.2kg 1.65kg+0.2kg 5.0+0.2kg 5.3+0.2kg No
resistor

Note 1)

Specified power supply range = AC170V - AC253V
AC100VPower input type: Specified power supply range = AC85V - AC127V

Note 2)
Note 3)
B Performance
Speed control range 1:5000
Frequency characteristics | 800Hz

B Built-in functions

AC200V-single-phase input type corresponds only to RS2[0101/RS2[003/RS2[105.
AC100Vsingle-phase input type corresponds only to, RS2*01/RS2*03

Power source voltage should be within the specified range AC200V Power input type:

Protection functions

Over current, Current detection error, Overload, Regeneration error, Magnetic pole
position estimation error, Amplifier overheating, External overheating, Over
voltage, Main circuit power low voltage, Main circuit power supply open phase,
Control power supply low voltage, Encoder error, Over speed, Speed control error,
Speed feedback error, Excessive position, Position command error, Built-in

memory error, Parameter error

Digital operator

Status display, Monitor display, Alarm display, Test operation, Adjustment mode

Dynamic brake circui

Built -in

Regeneration
process circuit

Built -in

Monitor

Speed monitor (VMON)

2.0V+10% (at 1000min™")

Torque (Thrust) (TCMON)

2.0V+£10% (at 100%)




2. Specifications

General input/output

2)

General Input/Output

B General input signals

Sequence
input signals

Interactive photo coupler (sink, source connection): x2 input

Input power voltage range: DC5V +5%/ DC12V - DC24V+10%,100mA or over (DC24V)

Forward direction limit switch, Reverse direction limit switch, External trip, Forced
discharge, Emergency stop.
Refer to [Index: 0x20F8 General input function selection (Section 7)]

| (PC OFF) | i (PCON) |
-« T — -« T —

T denotes the minimum time that H-level input signal must be held and T, denotes the minimum

time that L-level input signals must be held.

Generic input signals will be set depending on the selection of each function. Validity conditions and

AC characteristics differ depending on set functions.

Shows AC characteristics in respective functions.

General inout functions Photo coupler ON Photo coupler OFF
P Hold time (T.) Hold time (Ty)
Emergency stop function . .

(Emergency Stop) Min.250us Min.250us
Forward direction limit switch
Reverse direction limit switch . .

; . Min.8ms Min.8ms
Forced discharge input
External trip input

amplifier.

Generic output is transmitted when the set function has held longer than 125ms inside the servo

B General output signals

Sequence
output signals

Photorelay output (SYNC, Source connection) x 2 outputs

External power supply voltage: DC5V+5% / DC12V~DC24V+=10%, 20mA or over

Circuit power for output signal:DC5V+5% / Maximum current value 10mA(per 1 output)

Circuit power for output signal:DC12V - DC15V+10% / Maximum current value 30mA
(per 1 output)

Circuit power for output signal:DC24V - DC15V+10% / Maximum current value 50mA
(per 1 output)

Servo ready, Power ON, Servo ON, Holding brake timing, Torque limiting, Low speed,
Velocity attainment, Matching speed, Zero speed, Command acceptable, Status of gain
switch, Velocity loop proportional control status, Control mode switchover status,
Forward/Reverse direction limit, Reverse OT, Warning, Alarm code (3bits), etc.

Refer to [Index:0x20F9(Section 7)]




2. Specifications

Main circuit power. control power capacity

2.5

1)

Power Supply, Calorific Value

Main circuit Power supply capacity, Control Power supply capacity

B AC200V Input (Rotary motor)

Input Servo amplifier Servo motor Rated output Rated main circuit Control
voltage capacity model number (W) power supply (kVA) power supply (VA)
R2AA04003F 30 0.2
R2AA04005F 50 0.2
R2AA04010F 100 0.3
R2AA06010F 100 0.3
R2AA06020F 200 0.6
RS2A01# R2AA06040H 200 1.0
R2AA08020F 200 0.6
R5AA06020H 200 0.6
R5AA06020F 200 0.6
R5AA06040H 400 1.0
R2AA06040F 400 1.0
R2AA08040F 400 1.0
R2AA08075F 750 1.6
R2AAB8100H 1000 2.0
R2AA10075F 750 1.7
RS2A03# R2AA13050H 550 1.2
R2AA13050D 550 1.2
R2AA13120B 1200 2.2
R5AA06040F 400 1.0
R5AA08075D 750 1.6
R5AA08075F 750 1.6
R2AAB8075F 750 1.6
R2AAB8100F 1000 23
R2AA10100F 1000 2.3
RS2A05# R2AA13120D 1200 2.8
R2AA13120L 1200 2.8
R2AA13180H 1800 3.6
R2AA13200L 2000 4.0
R2AA13180D 1800 4.0
R2AA13200D 2000 5.0
AC200V R2AA18350L 3500 6.0 40
Q1AA10200D 2000 4.0
Q1AA10250D 2500 4.2
RS2A10# Q1AA12200D 2000 4.0
Q1AA12300D 3000 5.0
Q1AA13300D 3000 5.0
Q2AA13200H 2000 4.0
Q2AA18200H 2000 4.0
R2AA18350D 3500 7.0
R2AA18450H 4500 74
R2AA18550R 5500 8.4
R2AA22500L 5000 9.6
Q1AA13400D 4000 6.7
Q1AA13500D 5000 8.3
RS2A15# Q1AA18450M 4500 74
Q2AA18350H 3500 6.9
Q2AA18450H 4500 74
Q2AA18550R 5500 8.4
Q2AA22550B 5500 10.0
Q2AA22700S 7000 12.2
R2AA18550H 5500 9.3
R2AA18750H 7500 11.6
R2AA1811KR 11000 16.0
Q1AA18750H 7500 12.6
Q2AA18550H 5500 10.0
RS2A30# Q2AA18750L 7500 12.6
Q2AA2211KV 11000 16.0
Q2AA2215KV 15000 214
Q4AA1811KB 11000 15.7
Q4AA1815KB 15000 214

* The values are of rated speed, torque ratings
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2. Specifications General input/output

B AC100V Input (Rotary motor)

Input Servo amplifier | Servo motor model | Rated output Rated main circuit Control
voltage capacity number (W) power supply power supply
(KVA) (VA)
R2EA04003F 30 0.2
R2EA04005F 50 0.2
AC100V RS2E01A R2EA04008F 80 0.3 40
R2EA06010F 100 0.4
RS2E03A R2EA06020F 200 0.6
* The values are of rated speed, torque ratings
B AC200V Input (Linear motor)
Input Servo amplifier | Servo motor model | Rated output Ra;icjvgaslzpcgl';wt povf/;eorn;Loplply
voltage capacity number (W) (KVA) (VA)
DS030C1N2 160 1.4
RS2A03L DS050C1N2 260 1.4
DS075C1N2 400 1.5
DS030C2N2 320 2.7
DS050C2N2 520 2.7
DS075C2N2 800 3.0
RS2A05L DS100C1N2 540 3.2
DS150C1N2 800 3.2
DD030C1Y4 430 2.7
DS030C3N2 480 3.5
DS050C3N2 780 3.5
DS075C3N2 1200 3.8
AC200V DS100C2N2 1080 5.5 40
RS2A10L DS150C2N2 1600 55
DD030C2Y4 860 4.5
DD030C3Y4 1290 6.8
DD050C1Y2 700 4.4
DD075C1Y2 1050 4.8
DS100C3N2 1620 8.2
DS150C3N2 2400 8.2
RS2A15L DD050C2Y2 1400 8.8
DD075C2Y2 2100 9.5
DD050C3Y2 2100 12.2
RS2A30L DD075C3Y2 3100 13.2
DD075C4Y2 4150 17.5

* The values are of rated speed and force.



2. Specifications Inrush and leakage current

2)

Inrush Current, Leakage Current

B Inrush Current
Input Servo amplifier Control power (Ma%r?r:zrﬁ“;/c;ﬁ:g\gt?/\ceen

Voltage capacity (Maximum value between1ms after input) 1.2seconds after input)
RS2A01#
RS2A03# 22A (O-P)
RS2A05#

AC200V RS2A10# 40A (O-P)
RS2A15# 17A(O-P)
RS2A30#
RS2E01#

AC100V RS2E03# 20A (O-P) 11A (O-P)

# = Optional alphabetical letter

Using thermistor for incoming prevention circuit of control power supply. This is the maximum current
value under normal temperature conditions when AC230V or AC115V is supplied.

Incoming current value is the value when AC230V or AC115V is supplied.

When the power is turned ON again immediately after disconnection, power supply disconnection is
repeated for a short period of time, ambient temperature is high, or, the thermistor temperature rises,
the incoming current exceeding the above table may pass.

B Leakage Current

Servo amplifier capacity | Electric leakage current per motor
RS2#01# 0.8 mA
RS2#03# 0.8 mA
RS2#05# 1.5 mA
RS2A10# 3.0mA
RS2A15# 3.0 mA
RS2A30# 3.0 mA

# = Optional alphabetical letter

While using two (2) or more motors, leakage current from each motor should be added.

These values are applicable when a tough rubber sheath cable of 2M is used as a power line. In the
case of a shorter or longer cable length, values of the above table should be selected as closely as
possible.

The machine should be grounded so that dangerous voltage does not occur at the main part of the
machine, such as the operation panel, etc., during a period of emergency leakage current.

The value of leaked current is the measured value using ordinary leak checkers (Filter 700Hz).
When electric leakage current of high frequency flows through the floating capacity of the motor
winding, power cable or amplifier, malfunctions may occur in the short circuit breaker and protective
relay in the power supply electric circuit. Use the inverter as an electricity leakage breaker to provide
countermeasures for incorrect operations.
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Amount of heat generation

3) Calorific value
H Rotary motor
Servo Servo Servo
Input  |Servo amplifier| Servo motor amplifier Input amplifier Servo motor amplifier
voltage capacity model number | total calorific | voltage . model number | total calorific
capacity
value (W) value (W)
R2AA04003F 13 R2AA18350D 148
R2AA04005F 14 R2AA18450H 163
R2AA04010F 15 R2AA18550R 213
R2AA06010F 15 R2AA22500L 164
RS2A01A R2AA06020F 20 Q1AA13400D 157
R2AA06040H 22 RS2A15A Q1AA13500D 180
R2AA08020F 20 Q1AA18450M 150
R5AA06020H 20 Q2AA18350H 148
R5AA06020F 20 Q2AA18450H 163
R5AA06040H 22 Q2AA18550R 213
R2AA06040F 31 AC200V Q2AA22550B 200
R2AA08040F 30 Q2AA22700S 235
R2AA08075F 43 R2AA18550H 315
R2AAB8100H 45 R2AA18750H 365
R2AA10075F 43 R2AA1811KR 430
RS2A03A R2AA13050H 40 Q1AA18750H 380
R2AA13050D 44 Q2AA18550H 315
AC200V R2AA13120B 50 RS2A30A Q2AA18750L 365
R5AA06040F 31 Q2AA2211KV 440
R5AA08075D 43 Q2AA2215KV 450
R5AA08075F 43 Q4AA1811KB 430
R2AAB8075F 45 Q4AA1815KB 450
R2AAB8100F 52 R2EA04003F 13
R2AA10100F 50 RS2E01A R2EA04005F 15
RS2A05A R2AA13120D 68 AC100V R2EA04008F 16
R2AA13120L 60 R2EA06010F 17
R2AA13180H 87 RS2E03A R2EA06020F 26
R2AA13200L 87
R2AA13180D 92
R2AA13200D 100
R2AA18350L 148
Q1AA10200D 112
RS2A10A Q1AA10250D 118
Q1AA12200D 104
Q1AA12300D 125
Q1AA13300D 127
Q2AA13200H 98
Q2AA18200H 108

*  Generation of heat from regeneration resistance is not included in the numerical value of the above
table. It is necessary to add it if needed.

*  Strictly follow installation method (Installation Servo amplifier (3-1).)
*  Values are rated speed and rated torque.
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2. Specifications

General input/output

MLinear motor

Servo Servo Servo
Input |Servo amplifier| Servo motor amplifier Input e Servo motor amplifier
h e amplifier .
voltage capacity model number | total calorific | voltage capacity model number | total calorific
value (W) value (W)
DS030C1N2 41 DD030C3Y4 138
RS2A03L DS050C1N2 41 RS2A10L DD050C1Y2 110
DS075C1N2 42 DD075C1Y2 110
DS030C2N2 68 DS100C3N2 185
DS050C2N2 68 DS150C3N2 185
RS2A05L DS075C2N2 69 AC200V RS2ATSL DD050C2Y2 210
DS100C1N2 70 DD075C2Y2 210
AC200V DS150C1N2 70 DD050C3Y2 270
DD030C1Y4 65 RS2A30L DD075C3Y2 275
DS030C3N2 9 DD075C4Y2 380
DS050C3N2 9N
DS075C3N2 93
RS2AT0L DS100C2N2 135
DS150C2N2 135
DD030C2Y4 110

*  Generation of heat from regeneration resistance is not included in the numerical value of the above
table. It is necessary to add it if needed.

*  Strictly follow installation method (Installation Servo amplifier (3-1).)
*  Values are rated speed and rated torque.




2. Specifications Operation pattern

2.6

Operation Pattern

Time of acceleration and deceleration, Permitted repetition, Loading precaution
(For rotary motor)

The motor’s acceleration time (t,), and deceleration time (t,) when under constant load is calculated
using the following method:

*

Acceleration time sta= (Uutdy) - (211/60) - {(No-N4) / (0.8xTp-T\)} [s]
Deceleration time Tt= (IutdL) - (211/60) - {(No-N4) / (0.8xTp+T)} [s]
¢t :Acceleration time (s)

® :Deceleration time (s)

¢ Ju :Motor inertia (kg-m?)

¢® J :Load inertia (kg-m?)

€ N1,N2 :Rotational speed of motor (min'1)

¢® Te :Instantaneous maximum stall torque (N-m)

¢ T :Load torque (N-m)

These expressions are for the rated speed values but exclude the viscous torque and friction of the
motor.

Loading precaution

There are separate limitations on repetitive operations for both the servo motor and servo amplifier, and
the conditions of both must be met simultaneously.

Frequency of permitted repetitions for the servo amplifier

When Start/Stop sequences are repeated frequently, confirm in advance that the frequency of repetitions
are within tolerance range. Allowed repetitions differ depending on the type, capacity, load inertia,
adjustable speed current value and motor rotation speed of the motor in use. If the load inertia = motor
inertia X m-times, and when the permitted Start/Stop repetitions (up to the maximum rotation speed)
exceed the following value, please contact us for assistance, as precise calculation of effective torque and
regenerating power is critical.

20
Frequency of repetitions = ——— times / min
m+1

Frequency of permitted repetitions for the servo motor
Permitted Start/Stop repetitions differ according to the motor usage conditions, such as load condition and
operating time.



2. Specifications Operation pattern

B When the motor repeats continuous speed status and stop status

In operating status (shown below) the motor should be used at a frequency in which its effective torque is
less than the rated torque Tr.

T
Servo motor | T > Time
torque A

Ty

ta ts ity

€ If the operating cycle is considered as “t,” the usable range can be determined as follows:

T2t + T2t + Tolty
t >= 7 [s]
R

Ta :Acceleration torque

To :Deceleration torque

To :Load torque

Tms :Effective torque

Tr  :Rated torque

ts :constant speed time [s]

€ When the cycle time (t) is predetermined Ta, Tb, t,, t, appropriate in the above formula are required.

* When actually determining the system drive mode, it is recommended to calculate the load margin

and suppress it to Trms < 0.9Tr.

B When the motor repeats acceleration, deceleration and stop status

In operating status (shown below) the value of permitted repetitions n (times/minutes) is found with the
following equation:

To
Servo motor | T > Time
torque | )
T,
t
Servo motor | N
rotation -> Time
velocity |
N =2.86 x 10%x L x _TP=T? xTg? [times/min]
N (J|\/|+J|_) TPJ

Tr:Rated torque



2. Specifications Operation pattern

B When the motor repeats acceleration — constant speed operation — deceleration status
For the operating status shown below, the value of permitted repetitions n (times/min) is found in the
following equation:

Tp
Servo motor | I > Time
current torque | T,
Servo motor | N
rotation > Time
velocity |
2 -2
n=2.86x 10?x 1 x TR T [times / min]
N (Ju+JL) Tp

Tr: Rated torque

B Negative load
The servo amplifier cannot perform continuous operation with a negative load from the servo motor.
Please contact us when using the amplifier with a negative load.

Examples:
® Motor drive downward (when there is no center weight).
® Using like a generator, such as the wind-out spindle of a winder.

B Load inertia (J)
When the servo amplifier is used with a load inertia exceeding the allowable load inertia calculated in
terms of the motor shaft, “main circuit power over voltage detection” or “regenerative error function” may
be issued at the time of the operation.

¢ Reduce the torque limit

€ Extend the acceleration and deceleration times (slow down)
€ Reduce the maximum rotation speed

€ Reexamine regenerative resistance

2-17



2. Specifications Operation pattern

2) Time of acceleration and deceleration, Permitted repetition, Loading precaution
(For linear motor)

The motor’s acceleration time (t,), and deceleration time (t,) when under constant load is calculated
using the following method:

*

Acceleration time = (Mc+ML) {(V2-V,) / (0.8xFp-F|)} [S]
Deceleration time tt= (Mc+My) -{(V2-V4) 1 (0.8xFp-F)} [S]
® t : Acceleration time (s)

® t : Deceleration time (s)

¢® Mc : Linear motor coil mass (kg)

¢ M : Load weight (kg)

¢ V1V2 :Speed of motor (m/s)

¢ Fp : Maximum thrust (N)

® FL : Load thrust (N)

The above are calculation formulas within rated velocity with frictional force and gravity applied
to moving part ignored.

Loading precaution
There are separate limitations on repetitive operations for both the servo motor and servo amplifier, and
the conditions of both must be met simultaneously.

Frequency of permitted repetitions for the servo amplifier

When Start/Stop sequences are repeated frequently, confirm in advance that the frequency of repetitions
are within tolerance range. Allowed repetitions differ depending on the type, capacity, and load mass,
adjustable speed current value and motor velocity of the motor in use. If the load mass = motor coil mass x
m-times, and when the permitted Start/Stop repetitions (up to the maximum rotation speed) exceed the
following value, please contact us for assistance, as precise calculation of execution force and
regenerating power is critical.

20
Frequency of repetitions = ——— times / min
m+1

Frequency of permitted repetitions for the servo motor
Permitted Start/Stop repetitions differ according to the motor usage conditions, such as load condition and
operating time.



2. Specifications

Operation pattern

B When the motor repeats continuous speed status and stop status

In operating

status (shown below) the motor should be used at a frequency in which its execution force is

less than the rated force Fg.

F
Servo motor | FI Y >  Time
Force
Fy
ta ts |t
i<
t

& If the operating cycle is considered as “t,” the usable range can be determined as follows:

Fa
Fo
FL
FrmS
Fr
ts

Faz ta + F|_2 ts + sz tb
t >= — [s]
R

:Acceleration force
:Deceleration force
:Load force

: Effective force

:Rated force

:constant speed time [s]

€ When the cycle time (t) is predetermined Fa, Fb, t,, t, appropriate in the above formula are required.

*

When actually determining the system drive mode, it is recommended to calculate the load margin

and suppress it to Frms < 0.9Fg.

B When the motor repeats acceleration, deceleration and stop status

In operating status (shown below) the value of permitted repetitions n (times/minutes) is found with the
following equation:

F
Servo motor | Er P N Time
Force N
Fp
t
Servo motor | \%
velocity | > Time
2 2 .
n =30 (M1c+ML) x FPF:FL x Fg’ [times/min]
P

Fr:Rated force
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2. Specifications Operation pattern

B When the motor repeats acceleration — constant speed operation — deceleration status
For the operating status shown below, the value of permitted repetitions n (times/min) is found in the
following equation:

Fo

Servo motor | it > Time
current | Fp
Servo motor | vV

velocity > Time

1 Fr’—F,? [t .
= x imes/min]
n =30 V (Mc+M,) Fp

Fr:Rated force

B Negative load
The servo amplifier cannot perform continuous operation with a negative load from the servo motor.
Please contact us when using the amplifier with a negative load.

Examples:
® Motor drive downward (when there is no center weight).
® Using like a generator, such as the wind-out spindle of a winder.

B Load mass (M,)
For the intended usage in extremely large load mass (M. ) for coil (moving factor) mass, “overvoltage” or
“regenerative overload” alarm may be activated during decelerating.
In this case, the following procedures are required. Please contact us for the details.

¢ Reduce the force limit

€ Extend the acceleration and deceleration times (slow down)
€ Reduce the maximum speed

4 Re-examine regenerative resistance
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2. Specifications Analog monitor

2.7  Specifications for Analog Monitor

B Electrical specifications
¢ Output voltage range: DC+8V
@ Output resistance: 1kQ
¢ Load: less than 2mA

*

Monitor output is indefinite at the time of power ON/OFF and may output DC12V+/- around 10%.

B Velocity command, Velocity monitor
Speed command, speed monitor output

Output Output Output
voltage voltage voltage
PAVA T 2V 2V
orward |Reverse 1000min” | Reverse Forward

-1000min”’ i direction |direction 0 MmN~ direction direction
Reverse 0 1000min™ -1000min” Forward | -1000min" |0  1000min™
direction direction

-2V -2V

* Horizontal unit when suing linear motor is changed from “min™ to “mm/s.”

B Torque command, torque monitor

Torque command, torque monitor output
Output Output OLI'IPUt
voltage
voltage Y(‘)Itage 9 oV
PAVA / — 2V
i Forward |Reversé; Reverse Forward
-Tr i direction |directiort 0 Tr direction direction
Reverse 0 Tr -Tr Forward -Tr 0 Tr
directior] (Rated torque) direction
-2V -2V

*

Horizontal axis unit when using linear motor is change from "Tr (rated torque)” to “FR (rated force).”

W Position deviation monitor

Position deviation monitor output
Output Output Output
voltage voltage voltage
20mV G 20mV 20mV
Forward [Reverse : Reverse Forward
-1 direction [direction | 0 1puls direction direction
Reverse 0 1pulse -1 Forward -1 0 1pulse
direction directior
20mV -20mV
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2. Specifications Dynamic brake

2.8  Specifications for Dynamic Brake

1) Allowable frequency

B Allowable frequency of the dynamic brake (main circuit power ON/OFF)
Less than 10 times per hour and 50 times per day at maximum speed within the applied load inertia.

B Operation intervals
In basic terms, operation of the dynamic brake in six (6) minute intervals is acceptable. If the brake is to be
operated more frequently, the motor speed must be reduced sufficiently.
Refer to the following expression to find a standard of operation:

6minutes

(Rated rotation speed/maximum rotation speed in use)?
B [f/When the load inertia (J) substantially exceeds the applicable load inertia, abnormal heat
can generate due to dynamic brake resistance. Take precautions against (Overheat alarm of

the dynamic break) or (failure of dynamic brake resistance). Please consult us if such a
situation is evident.

2) Instantaneous tolerance

The consumption of energy Erp by dynamic brake resistance in one dynamic brake operation

is as follows:
B Rotary motor 2
2.5 1 21
Ero = X (Uvtdr) % N -1 xTL [J]
R®+2.5 2 0

R® :Servo motor phase winding resistance(Q)

Ju :Inertia moment of servo motor (kg-m?)

JL  :Load inertia moment (motor axis conversion)(kg-mz)
N :Servo motor rotation speed in feed rate V(min™)

| :Integrated stage-down rotation angle(rad)

T.  :Load torque (N-m)

W Linear motor
2.5 1 2

Erp = X M-V [J]
R®+2.5 2

R :Servo motor phase winding resistance (Q)
M :Moving part mass (k@)
\% :Velocity just before deceleration (m/s)

B Instantaneous tolerance of dynamic brake

Servo amplifier Model number ERD (J)
RS2#01A##AH, RS2#H01AHILH 360
RS2#03A##AH#, RS2#03AHH#L# 360
RS2#05A##AH, RS2HOSAHHL# 1800
RS2#10A##AH, RS2H10AHHLH 2450
RS2#15A##AH, RS2#15AH#H#L# 2450
RS2#30A##L# 9384

* # = Optional number or alphabetical letter.
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2. Specifications

Dynamic brake

3) Decreasing the rotation angle

Staging down the rotation angle using the dynamic brake is show as follows:

B Rotary motor

2mNxtp . N
Coasting distance = |1 + I, = Y + (Jwtd) x  (aN+BN°) I
Ju :Inertia of servo motor (kg-mz) I2
Ju  :Load inertia (motor axis conversion)(kg-m?)
N  :Servo motor rotation speed (min'1) b et
Iy :Stage down rotation angle (rad) using amplifier internal process tp + oo
l,  :Stage down rotation angle (rad) using dynamic brake operation
to  :Brake activation delay time: tp [s]
a-fB :Constants for dynamic brake
a-B:
Servo amplifier apacity Servo motor model number a B Ju(kg-m2)
R2AA04003F 227 4.29x10° 0.0247x10™
R2AA04005F 119 2.96x10° 0.0376x10™
R2AA04010F 41.2 1.56x10° 0.0627x10™
R2AA06010F 32.6 5.04x10° 0.117x10™
RS2A01 R2AA06020F 14.5 2.46x10'z 0.21 9x10‘j
R2AA06040H 5.47 1.61x10" 0.412x10°
R2AA08020F 11.3 1.13x10° 0.52x10™
R5AA06020H 1.7 3.76x10° 0.2x10™
R5AA06020F 15.36 2.92x10° 0.2x10™
R5AA06040H 6.09 2.3x10° 0.416x10™
R2AA06040F 8.82 1.00x10° 0.412x10"
R2AA08040F 6.91 4.25x10° 1.04x10™
R2AA08075F 5.84 9.10x10° 1.82x10™
R2AAB8100H 3.09 3.83x107 2.38x10™
R2AA10075F 6.04 1.2x10° 2.0x10™
RS2A03 R2AA13050H 4.37 3.55x10° 3.1x10™
R2AA13050D 6.46 2.14x10° 3.1x10™
R2AA13120B 1.68 1.56x10° 6x10™
R5AA06040F 10.11 1.55x10° 0.416x10™
R5AA08075D 4.67 1.67%x10° 1.65x10™
R5AA08075F 6.45 2.75%x10° 1.65%x10™
R2AAB8075F 6.55 4.16x107 1.64x10™
R2AAB8100F 5.46 2.08x107 2.38x10™
R2AA10100F 5.35 4.86x107 3.5x10™
RS2A05 R2AA13120D 4.06 6.45x10" 6.3x10™
R2AA13120L 2.99 1.21x10° 6x10™
R2AA13180H 2.17 4.66x107 9.0x10™
R2AA13200L 1.83 3.1x107 12.2x10™
R2AA13180D 2.12 1.23x10”7 9.0x10™
R2AA13200D 1.69 0.91x107 12.2x10™
R2AA18350L 0.82 1.6x10° 40x10™
Q1AA10200D 4.19 0.47x107 2.15%x10™
RS2A10 Q1AA10250D 2.70 0.46><10'; 2.65><10':‘1
Q1AA12200D 2.85 0.33x10° 4.37%10°
Q1AA12300D 1.53 0.27x107 6.40x10™
Q1AA13300D 1.78 0.53x107 4.92x10™
Q2AA13200H 1.23 0.48x107 12x10™
Q2AA18200H 1.49 0.36x10" 20x10™
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2. Specifications

Dynamic brake

Servo amplifier Servo motor )
capacity model number o B Ju(kg-m’)
R2AA18350D 1.05 1.3x10® 40x10™
R2AA18450H 0.67 1.2x10 50x10™
R2AA18550R 0.53 7x107° 68x10™
R2AA22500L 0.8 0.41x107 55x10™
Q1AA13400D 213 0.25x107 6.43x10™
RS2A15 Q1AA13500D 1.52 0.20x107 8.47x10™
Q1AA18450M 0.43 0.35x107 27.5x10™
Q2AA18350H 1.14 0.09x107 38x10™
Q2AA18450H 0.74 0.09x107 55x10™
Q2AA18550R 0.52 0.05x107 72.65x10™
Q2AA22550B 0.46 0.11x107 95x10™
Q2AA22700S 0.18 0.10x107 185x10™
R2AA18550H 1.13 4x10° 68x10™
R2AA18750H 0.72 2x10° 98x10™
R2AA1811KR 0.51 3x107° 110x10™
Q1AA18750H 0.92 4.97x10° 52x10™
9 4
RS2A30 Q2AA18550H 1.1 2.38><10_9 73><10_4
Q2AA18750L 0.7 2.40%x10 95x10
Q2AA2211KV 0.46 2.58x10° 186x10™
Q2AA2215KV 0.32 2.04x10° 255%10™
Q4AA1811KB 0.38 2.27x10° 63x10™
Q4AA1815KB 0.25 2.62x10° 85x10™
Servo amplifier Servo motor 2
capacity model number o B Ju(kg-m’)
R2EA04003F 305 3.19x10° | 0.0247x10™
R2EA04005F 171 2.06x10° | 0.0376x10™
RS2E01A R2EA04008F 69.7 1.06x10° | 0.0627x 10"
R2EA06010F 59.1 2.84x10° 0.117x10%
RS2E03A R2EA06020F 38.8 9.10x 107 0.219x 10™

*

The values for a, B are reached based on an assumed resistance value of the power line being 0Q.
Contact us when the combination with an ampilifier is different than those shown above

(invariably values are different).

Brake operation delay time:tp

Servo amplifier model number Delay time tD(S)
RS2#01A##AH, RS2#01AH##LH# 10x10°
RS2#03AH##AH, RS2#H0O3AHHL# 10x107
RS2#05A##A#, RS2#05AHH#L# 10x107
RS2#10A##A#, RS2#10A#HH#L# 24x107
RS2#15A##A#, RS2#15A#H#L# 24x107
RS2#30A#H#L# 42x10°
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Dynamic brake

B Linear motor

*

Linear servo motor can apply dynamic brake by short-circuiting motor power line, as linear servo motor is
permanent-magnet type. Dynamic brake is activated at an emergency stop due to alarm.

When any frictions are ignored in horizontal axis, the coasting distance of moving stage when dynamic
brake activated is calculated by the following guide calculation formulas.

Coasting distance =V -tp + M-(a-V + BV3) [m] N
When frictional force (Ff) is zero, I
V  :Motor velocity [m/s]
to  :Brake operation delay time [s] A
tp is the same constant as the one for rotary motor.
M  :Moving part mass=Mc + ML [ka] p!
(MC: Coil mass [Kg],ML: Load mass [Kg]) 1 o
a,8 :Constants for dynamic brake
a-B:
Servo am.pllfler Servo motor model a B M (kg)
capacity number
DS030C1N2 6.88x10™° 1.59x10° 2.8
RS2A03L DS050C1N2 3.05x10° 1.27x107° 3.8
DS075C1N2 1.75%x10" 1.03x107 5.2
DS030C2N2 5.42x10"° 5.04x10™ 5.4
DS050C2N2 2.27x10‘j 4.26><10": 7.4
DS075C2N2 1.23x10° 3.64 x10° 10
RS2A05L DS100C1N2 2.65%10° 4.05x10™ 6.6
DS150C1N2 1.30x10° 3.49x10™ 9.4
DD030C1Y4 3.98x10"° 1.08x10° 8.3
DS030C3N2 4.46x10° 6.83x10" 7.8
DS050C3N2 1.75><10'j1 6.17><10'Z 10.9
DS075C3N2 8.91x10 5.59x10 14.8
RS2A10L DS100C2N2 2.09x107° 3.21x10" 12.6
DS150C2N2 9.60x10™ 2.96x10° 17.8
DD030C2Y4 2.21x10° 1.22x10™ 15.0
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Servo am.pllfler Servo motor model a B M (kg)
capacity number
DD030C3Y4 2.02x107° 5.92x10" 21.6
RS2A10L DD050C1Y2 3.25x10"° 1.09x10™ 11.2
DD075C1Y2 1.63x10° 9.95x10™ 14.7
DS100C3N2 2.03x10‘j 1.47x10'z 18.6
DS150C3N2 9.23x10° 1.37x10° 26.2
RS2ATSL DD050C2Y?2 2.93x10° 3.01x10™ 21.2
DD075C2Y?2 1.43%x10° 2.83x10° 26.5
DD050C3Y?2 2.83x10° 1.39x107 29.0
RS2A30L DD075C3Y2 1.37x10° 1.32x10” 38.1
DD075C4Y?2 1.33x10° 7.60x107° 495

2.9 Regeneration Process

The tables below are resistance value of the built-in regeneration resistor and regeneration
resistance power that can be tolerated by the amplifier regeneration circuit.

Refer to [Capacity Selection of Regenerative Resistor (14-2)] for the selection method of
regeneration resistance.

1) Resistance value of built-in regeneration resistor

Servo amplifier model Resistance value of built-in resistor
RS2#01A##AH# 50Q
RS2#03A#HA# 50Q
RS2#05A##AH# 17Q
RS2A10A##A#H 10Q
RS2A15A##A# 6Q

* # = Optional number or alphabetical letter.
RS2A30A##L# has no built-in regenerative resistor, so please connect a regenerative resistor.

B Tolerable power of regeneration resistance

Servo amplifier model Tolerable regeneration resistance | Tolerable regeneration resistance
P power-built-in type [PRI] power-external type [PRO]
RS2#01A##AH#
RS2#01AH#L# oW 220W
RS2#03A#HHAH#
RS2HO3AHHLH oW 220W
RS2#05A##AH#
RS2#05AH#HL# 20W S00W
RS2A10A#A#
RS2A10A##L# sow S00W
RS2A15A#HA#
RS2A15AHHLH 120W S00W
RS2A30A##L# - 500W

* # = Optional number or alphabetical letter.
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3 Installation Servo Amplifier

3.1 Servo Amplifier
1) Servo Amplifier

When installing, please be sure to protect the following precautions.

B Various precautions

The device should be installed on non-flammable surfaces only. Installation on or near flammable materials
can cause fire.

Do not stand, and put heavy items on the servo amplifier.

Operate the device within the specified environmental conditions.

Do not drop the device or subject it to excessive shock.

Make sure no screws or other conductive or flammable materials get inside the servo amplifier.

Do not obstruct the air intake and exhaust vents.
The attachment direction should be observed strictly.

Please contact our office if the amplifier is to be stored for a period of 3 years or longer. The capacity of the
electrolytic capacitors decreases during long-term storage.

The thing that damage and mounting parts have damaged should fix by returning to our company
immediately.

M If enclosed in a cabinet

The temperature inside the cabinet can exceed the external temperature depending on the power
consumption of the device and the size of the cabinet. Consider the cabinet size, cooling, and placement,
and make sure the temperature around the servo amplifier does not exceed 55°C.

For longevity and reliability purposes it is recommended to keep the temperature below 40°C.

B If there is a vibration source nearby

| Protect the servo amplifier from vibration by installing it on a base with a shock absorber.

B [f there is a heat generator nearby

If the ambient temperature may increase due to convection or radiation, make sure the temperature near
the servo amplifier does not exceed 55°C.

B If corrosive gas is present

Long-term use may cause contact failure on the connectors and connecting parts.
Never use the device where it may be exposed to corrosive gas.

B If explosive or combustible gas is present

Never use the device where explosive or combustible gas is present. The device’s relays and contacts,
regenerative resistors and other parts can arc (spark) and can cause fire or explosion.

B If dust or oil mist is present

The device cannot be used where dust or oil mist is present. If dust or oil mist accumulates on the device, it
can cause insulation deterioration or leakage between the conductive parts, and damage the servo
amplifier.

B If a large noise source is present

If inductive noise enters the input signals or the power circuit, it can cause a malfunction. If there is a
possibility of noise, inspect the line wiring and take appropriate noise prevention measures. A noise filter
should be installed to protect the servo amplifier.




3 Installation

Servo Amplifier

2) Open package

Verify the followings when the product arrives. If you find any discrepancy, contact your distributor or sales

office.

B Verify that the model number of the servo motor or servo amplifier is the same as ordered.
The model number is located on the main nameplate, following the word “MODEL”.

B \Verify that there is no problem in the appearance of servo amplifier.

B Verify that there are no loose screws on the servo amplifier.

Servo amplifier

Servo amp main nameplate

'|-J}f'\"'\;

RSZAO 1 AOKMOO

3¢ 200-230V AC

50/60Hz 3. 4A Model No.

1¢ 200-230V AC
50/60Hz 0. 2A
OUTPUT 3¢ 0-326V 3. 1A
SER.No. 0123456789 B <€—-

http: //www sanyodenkl co. Jp/en/

CE fm T A

Serial No

. Web Address

SANYODENK' MADE IN JAPAN 00712884+

# ' Electric shock cautions

; W (. MG 10 M.

AN A=W MoEnEWT EEL.
Do nat touch drive unit or terminal cover during  power
on or within 1OMIN after power off.

A R AR Fr—YSY THIERELTS
AR REEL,
Be sure that the charge lamp is off at the time of
maintenance and check.

A7, FRERETILMEBERNT IEADE0ET.
b Equipment may be damaged if mistaken connection is
© made.
gb‘ EOBNED. E— Uy CEMNENTE
Ny Bl
" Fearofabuml Do nottouch a heat sink.
) BREEORDSTT—-AMERRLT T,

\EEY Connect earth terminal against electric shock.

Interpretation of the serial number

Month (2 digits) + Year (2 digits) + Day (2 digits)+ Serial number (4 digits) + Revision ("A" is abbreviated)




3 Installation Servo Amplifier

3) Mounting direction and location

Rear-mounting

A
:/ .__\__\.
! P —
M4
Ventilation ﬁ

*

Refer to Appendix, optional parts, for front mounting plate.

4) Control arrangement within the machine

B Leave at least 50 mm space above and below the servo amplifier to ensure unobstructed airflow from the
inside of the servo amplifier and the radiator. If heat gets trapped around the servo ampilifier,
use a cooling fan to create airflow.

B Make sure the temperature around the servo amplifier does not exceed 55°C. For longevity and reliability
purposes it is recommended to keep the temperature below 40°C.

B Leave at least 10 mm space on both sides of the servo amplifier to ensure unobstructed airflow from the
heat sinks on the side and from the inside of the servo ampilifier.

B If the R-series servo amplifier is installed on its side, make sure that the ambient temperature does not
exceed 50°C, and mount the back panel to a metal plate.

RS2*01, RS2*03, RS2*05 : 2mm or more (recommended metal plate thickness)
RS2*10, RS2*15, RS2*30 : 5mm or more (recommended metal plate thickness)

B For RS2*03 - RS2*05, a cooling fan is attached at the side. Therefore, it is recommended that the servo
amplifier be mounted in an arrangement as shown below.

Front view Side view

% ﬁ ﬁ At least 50mm I At least 50mm
3 SANIRIITION T | ]

Servo amplifier

N

=i 1

b ! ' e .- f
: : : : f At least 50mm
: : ' ' At least 50mm -
Ventilation
At least 10mm At least 10mm At least 10mm

R S S l.

=4




3 Installation Rotary motor

3.2 Rotary Motor

1) Precautions

B Various precautions

The device should be installed on non-flammable surfaces only. Installation on or near flammable materials
can cause fire.

Do not stand, and put heavy items on the servo amplifier.

Operate the device within the specified environmental conditions.

Do not drop the device or subject it to excessive shock.

The attachment direction should be observed strictly.

The thing that damage and mounting parts have damaged should fix by returning to our company
immediately.

2) Open package

Verify the followings when the product arrives.
If you find any discrepancy, contact your distributor or sales office.

B Verify that the model number of the servo motor is the same as ordered.

The model number is located on the main nameplate, following the word “MODEL”".
W \Verify that there is no problem in the appearance of servo motor.
B Verify that there are no loose screws on the servo motor.

Servo motor main nameplate

Servo motor

AC SERVO SYSTEMS R

MODEL Model No.
ROMAGBO2OFCPOOMA | —————
60W AC200V 0.53A
3000min”" 3¢ - I.F IP40
SER N0.090206001

2002 \
SANYO DENKI MADE IN

~_ Serial No
JAPAN 00482921-01

3) Installation

Please note the following regarding the installation location and mounting method for the servo motor.
The servo motor is designed for indoor use. Make sure to install it indoors.

Do not use the device in locations where the oil seal lip is continuously exposed to oil, or where the
device is exposed to large quantities of water, oil drops, or cutting fluid. The motor is designed to
withstand only small amounts of moisture spray.

Ambient temperature: 0 to 40°C Good ventilation, no corrosive or explosive gases present.
Storage temperature: -20 to 65°C No dust or dirt accumulation in the environment.
Ambient humidity: 20 to 90% Easy access for inspection and cleaning.




3 Installation Rotary motor

4) Mounting method
B Mounting in several orientations - horizontal, or with the shaft on top or bottom- is acceptable.

B If the output shaft is used in reduction devices that use grease, oil, or other lubricants, or in mechanisms
exposed to liquids, the motor should be installed in a perfectly horizontal or downward position.
In some models, there is an oil-seal attached to the output shaft. If the shaft is facing upwards and the
seal lip is continuously exposed to oil, oil can enter inside the motor and cause damage, as a result of
wear and degradation of the oil seal. In such cases an oil seal should be used on the load-side as well.
Contact your distributor or sales office if the device is to be used in such conditions.

B The motor connector and cable outlet should be installed facing downwards, as nearly vertical as
possible.

B In vertical installation, create a cable trap to prevent oily water from getting into the motor.

| Cable trap

= S
N
Lead wire m

5) Waterproofing and dust proofing

B The protection inside the motor conforms to IEC standards (IEC34-5). However, such protection is
suitable only for short-term use. For regular use, additional sealing measures are required. Be sure to
handle the connector carefully, as damage to the exterior of the connector (painted surface) can reduce
its waterproofing capability.

B The motor waterproofing is of IPX 7 class level, but still requires careful handling. If the motor is
continuously wet, due to the respiratory effect of the motor, liquid may penetrate inside the motor.

B Install a protective cover to prevent corrosion of the coating and the sealing material, which can be
caused by certain types of coolants (especially water soluble types).

B In the case of a canon plug type motor, use a waterproofed type plug.
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6) Protective cover installation

Install a protective cover (as described below) for motors continuously subjected to liquids.

Turn the connectors (lead outlets) downwards within the angle range shown in the picture below.
Install the cover on the side where the water or oil would drip.

Install the cover at an angle (for runoff), to prevent water or oil from collecting.

Make sure that the cable does not get soaked in water or oil.

Create a sag in the cable outside the cover, to make sure water or oil does not penetrate to the motor.

If it is not possible to install the connectors (lead outlets) facing downwards, create a sag in the cable to
prevent water or oil from entering the motor.

Seal with sheet packing, etc.

Water (oil) collector

7) Gear installation and Integration with the target machinery
B The oil level of the gear box should be below the oil seal lip, for a slight spraying effect on the lip.

B Create a hole to prevent pressure build-up inside the gear box, as pressure can cause water or oil to
penetrate the oil seal and enter inside the motor

B If the motor is used with the shaft facing upwards, an oil seal should be used on the opposite side of the

mechanism as well. In addition, install a drain to expel the water or oil that may penetrate through
this oil seal.

Gear

Shaft outer
Servo motor

i

Qil level
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B Refer to the drawing below for correct centering of the motor shaft and the target machinery.
Please note when using a rigid coupling that even a slight mistake in centering can damage the output shaft.

“HUHE

Measured at all 4 locations, the difference
between the maximum and the minimum should

not exceed 3/100mm !
(coupling rotates jointly) \ =
1
E—— |
1
)
)

B Do not subject the servo motor shaft to shock, as the precision encoder is directly connected to it.
If it is absolutely necessary to hit the motor for position adjustment or other reasons, use a rubber or
plastic hammer and hit the front flange area.

— — 4

<

B If mounting to a machine, create enough mounting holes for smooth coupling of the motor flange rabbet.
The mounting surface should be flat, otherwise damage to the shaft or the load may occur.

B Use the screw at the end of the shaft for installing parts such as the gear, pulley, or coupling, to avoid
shock.

Bolt

Slue=
=S\ A= RN

Pulley Patch Pulley

B Tapered servo motor shafts transmit the torque via the tapered surface. Make sure the key fits without
rattling. The tapered surface contact should be no less than 70%.

B Use a special tool for removing the gear, pulley, etc.

:

TS,

&
IS S

<
G—&,

Removal tool

-

Al

\.@T

Taper
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8) Allowable bearing load

B The table below shows the allowable bearing load of the servo motors. Do not apply excessive thrust load
or radial load. In case of belt driving, make sure that the shaft converted value of belt tension does not
exceed the allowable values shown below. The thrust load and radial load tolerance values assume
individual application to the shaft.

] LR )
1
1
1 1
The radial load tolerance value is the LR/3 E . _ | h
maximum load that can be applied at the —_— e Y

point measured 1/3 of the distance from the Thrust load !

1

1

tip of the output shaft. L
F direction |::> [ D]

F1 direction <::| ﬁ 0| l
J
Radial load Fg

Assembly Operation
Servo motor model Radial load (N) Thrust load (N) Radial load (N) Thrust load (N)
number FR Direction F | Drection FR Direction F | P"ecfion
R2[JA04003 98 78 78 49 29 29
R2CIA04005 150 98 98 98 29 29
R2EA04008 150 98 98 98 29 29
R2AA04010 150 98 98 98 29 29
R2CJA06010 150 98 98 98 29 29
R2[JA06020 390 200 200 200 68 68
R2AA08020 390 200 200 200 98 98
R2AA06040 390 200 200 250 68 68
R2AA08040 390 200 200 250 98 98
R2AA08075 590 390 390 340 200 200
R2AAB8075 590 780 290 340 200 200
R2 R2AAB8100 590 780 290 340 200 200
R2AA10075 590 780 290 340 200 200
R2AA10100 590 780 290 340 200 200
R2AA13050 980 1400 1400 640 490 490
R2AA13120 1700 1900 1900 640 490 490
R2AA13180 1700 1900 1900 640 490 490
R2AA13200 1700 1900 1900 640 490 490
R2AA18350 2300 1900 1900 1500 290 290
R2AA18450 2300 1900 1900 1500 290 290
R2AA18550 3900 2000 2000 1800 590 590
R2AA18750 3900 2000 2000 1800 590 590
R2AA1811K 3900 2000 2000 1800 590 590
R2AA22500 2300 1900 1900 1500 490 490

3-8
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Rotary motor

9)

Assembly Operation
Servo motor Radial load (N) Thrust load (N) Radial load (N) Thrust load (N)
model number FR Direlc__:tion Dir?:c;tion FR Direction E DirT:c1tion

R5AA06020 390 200 200 200 68 68

R5 R5AA06040 390 200 200 250 68 68
R5AA08075 590 390 390 340 200 200
Q1AA10200 980 290 290 690 200 200
Q1AA10250 980 290 290 690 200 200
Q1AA12200 980 290 290 690 290 290
Q1AA12300 980 290 290 690 290 290
Q1AA13300 2000 390 390 980 390 390
Q1AA13400 2000 390 390 1200 390 390
Q1AA13500 2000 390 390 1200 390 390
Q1AA18450 2300 1900 1900 1500 490 490
Q1AA18750 3900 2000 2000 1800 590 590
Q2AA13200 1700 1300 1300 690 290 290
Q2AA18200 2300 1900 1900 1500 490 490
Q2AA18350 2300 1900 1900 1500 490 490
Q2AA18450 2300 1900 1900 1500 490 490
Q2 Q2AA18550 3900 2000 2000 1800 590 590
Q2AA18750 3000 2000 2000 2000 1100 1100
Q2AA22550 3900 2000 2000 1800 590 590
Q2AA22700 3900 2000 2000 2500 1100 1100
Q2AA2211K 3900 2000 2000 2700 1500 1500
Q2AA2215K 3900 2000 2000 2300 1500 1500
Q4 Q4AA1811KB 3900 2000 2000 1800 590 590
Q4AA1815KB 3900 2000 2000 2700 1500 1500

Cable Installation Considerations

Make sure that no stress is applied to the cable and that it is undamaged.

If the servo motor is installed in a moving location, make sure that no excessive stress is applied to the
cable, by allowing a large bending radius.

Avoid pulling the cable over sharp objects such as cutting scrap that can damage its exterior. Make sure
the cable is not touching any machinery, and that it is out of the path of people and machines.

Prevent bending or additional weight stress on the cable connection by clamping the cable to the
machinery.

In applications where the motor or the cable is moving using a cable bear, the bending radius should be
based on the required cable-life and the type of cable used.

Install the cables of moving parts in a manner that permits easy regular replacement.
Consult with your distributor or sales office for recommendations, if you use cables for moving parts.

3-9
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3.3 Linear motor

1) Precautions on linear motor installation
Make sure to read “Safety precautions” carefully to use properly. Failure to observe the safety precautions may

result in damages or accidents.

2) Installation of single magnet core-type linear motor

B Installation of magnetic rails

Step Description

Strong magnet is set in the surface of the magnetic rail. High magnetic attraction force exists between
1 themselves and between the rails and the motor coil or tools made of iron. Take care not to have your
hands caught

Attraction force between the motor coil and the magnetic rail is more than 5 times as strong as the

2 maximum force, which is constant even when the motor power is off. Therefore, the system structure
must be rigid enough to support the magnetic attraction and maintain precision.

Do not start operation having any magnetic dust or metal, or dirt on the surface of the magnetic rails,
otherwise, those foreign materials may be caught in the mover and cause troubles. Depending on the
operation condition, bellows or sliding cover is needed to prevent foreign materials from attaching. Take
care to keep the surface of the magnetic rails clean.

4 All the pinholes of the magnetic rails must be facing the same direction.

When installing, the bottom of the magnetic rails (flat surface) must be the contact point. If the top surface
5 (uneven surface) comes near the base, high magnetic force is generated and may cause injury or
breakage.

Position pinholes of the magnetic rails (¢ 5.1) must be all on the same side. If not, polarity order of the
magnetic rails is inappropriate and there is a danger of runaway.

Install the magnetic rails one by one using all the installing screws. Tightening torque of the installing
screws M6 is 13.6N + m or more (recommended: screw strength class 10.9, and non-magnetic screws),
their engagement length is 9mm or longer and apply fixatives. If some magnetic rails are not fixed by
appropriate screws, magnetic attraction will be generated when other magnetic rails or magnetized metal
come near, resulting in injury or breakage.

0 %‘ﬁ@“ﬁ?@:’ﬁj

o S
i Z/

Install the magnetic rails in order from end. When installing one magnetic rail next to the one already
fixed, do not place the former above the latter but place it from the side of the latter. Otherwise, magnetic
force will be generated and may cause injury or breakage.




3 Installation Linear Motor

B |Installation of coil <Mounting in the place no magnetic rail exist. >

Step Description
Install the magnetic rail at only the half of the whole stroke, and confirm that each area with and without
magnetic rail is longer than the coil length by 50mm minimum.
Shock absorber
Linear sensor
1 (Scale tape)
Linear motor

Place the coil on the base where there is no magnetic rail using a spacer. Use a spacer of appropriate
material which does not damage the base and the coil. Take care not to have your fingers caught in
between the coil and the base. Use a spacer which is a little thinner than the magnetic rails.

Stage

(Lead head)

2 Linear motor
Linear motor
(Magnetic rail)
All the M5 taps for installing the coil must be used. Tightening torque is 8.0N = m or more (screw strength
class 10.9 or more), engagement length is longer than 6mm and shorter than 8mm. Apply fixatives.
Insert a shim between the coil and the stage to adjust the gap between the magnetic rail and the coil. lts
appropriate length is or the one without magnet cover, for the one with magnet cover.
- Without magnet cover : 0.8+0.25mm
- With magnet cover : 0.6£0.25mm
3 (SSt?J%Zorted by linear guide or others.) Clearance
y 9 ' Without magnet  : 0.8%+0.25mm
With magnet cover : 0.6+0.25mm
| ’Id d ’Id ’Id | Shimfor adjusting clearance M fic rail
= =2 =2 agneltic rai
Coil —=>
I_H_rH_Il_Il_ll_rH_H_/l'l If_r|l_|l_|l_|l_r|l_|l_|7’
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Slide the movable stage which has the coil installed onto the magnetic rails which have been fixed by
screws. Magnetic force by which the coil is drawn toward the magnet surface is shown in the table below.
When the whole coil is on the magnetic rail, attraction force no longer exists.
Perform gap adjust between the motor coil and magnetic rail, and
then tighten mounting bolts.
4
5
Installation is complete when the motor has been installed. Then conduct wiring.
Shock absorber
Cable-veyor
6 Linear motor
(Magnetic raill)
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Installation of coil <Mounting in the place magnetic rail exist. >

Step

Description

1

After having installed all the magnetic rails, place the coil above the magnetic rails using non-magnetic
spacer of 50mm or thicker. Non magnetic spacer must be of the material which would not be compressed
by the coil self weight.

Prepare through taps to horizontally raise or lower the stage by bolts. Tips of the through bolts must
contact the base so that the stage can be lifted. To avoid any damage between the through bolts and the
base, use spacers made of resin. Take the magnetic attraction force into account when choosing the
shape and number of the taps and spacers.

Install the stage on top of the coil and connect them together. Insert through bolts into through taps and
lift the stage and the coil together, then separate the coil and non-magnetic spacers and remove the
spacers.

Press more than two through screws down in order to lower the stage horizontally until the guide block can
support it. Then remove the through bolts. Adjust the stage where the space between the coil and the
magnet is wide and attraction force is small.

Through bolt

,___l ,___l Through tap
] =

f . . . Spacer
S - T M | Start pressing down
= [ [ L = beginning from 50mm
Coil or more.
Clearance

Without magnet : 0.8=0.25mm
With magnet : 0.6£0.25mm

Magnetic attraction — Clearance

Characteristics:

Pl

0.01

0. 1 10 100
Gap

Keep 50mm or more for security reasons.
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3)

Installation of dual magnet core-type linear motor

Installation and precautions of magnetic rails

Step

Description

1

Strong magnet is set on the surface of the magnetic rails. High magnetic attraction force is generated
between the magnets themselves and between the motor coil, tools or jigs made of iron when they are
placed near the magnetic rails. Take care not to have your hands caught.

Magnetic attraction force exists between the magnetic rails and the motor coil, which is constant even
when the motor power is turned off. Therefore, the system structure must be rigid enough to support the
magnetic attraction and maintain precision.

Do not start operation having any magnetic dust or metal, or dirt on the surface of the magnetic rails,
otherwise, those foreign materials may be caught in the mover and cause troubles. Depending on the
operation condition, bellows or sliding cover is needed to prevent foreign materials form attaching. Take
care to keep the surface of the magnetic rails clean.

When installing the magnetic rails, make sure to set the magnet surface (uneven surface) of the magnetic
rail on each side facing each other. For security reasons, place a non-magnetic spacer of 30 to 80mm in
width and 100mm or higher between the facing magnetic rails to avoid magnetic attraction between the
magnetic rails on both sides.

Non-magnetic spacer
(Aluminum, wood etc.)

When installing the magnetic rails, make sure that the counter sinking on the installation holes should be
facing up. If installed in wrong direction, the installing bolt head will interfere the motor coil and cause
breakage.

Install the magnetic rails one by one using all the installing bolts. Tightening torque of the installing bolts
M10 is 66 N-m or more (recommended: bolt strength class 12.9), their engagement length is 15mm or
longer and apply anti-loosening agent. If any magnetic rails are not fixed by appropriate bolts, magnetic
attraction will be generated when other magnetic rails or magnetized metal come near, resulting in injury or
breakage.

Magnetic rail : fixed

.mm:é%gmm. Non-magnetic spacer

Magnetic rail : fixed ]
Magnetic rail : not fixed ® Non-magnetic spacer

Magnetic rail : fixed
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Install the magnetic rails in order from end. When installing one magnetic rail next to the one already
fixed, do not place the former from the side of the latter but place it from front or back of the latter.
Otherwise, magnetic force will be generated and may cause injury or breakage.

Magnetic rail : fixed

0000OKPOOOPOOOOOCOO

Non-magnetic spacer

7
Magnetic rail : fixed Non-magnetic spacer
B Installation of coil
Step Description
Install the magnetic rail at only the half of the whole stroke, and confirm that each area with and without
magnetic rail is longer than the coil length by 50mm minimum.
Shock absorber Install the magnetic rail except for the
motor coil length.
1
Install a dummy magnetic rail on the stroke without magnetic rails and insert the motor coil onto the dummy
magnetic rail. Take care not to have your fingers caught in between the motor coil and the base. (See
“External View for the shape of dummy magnetic rail”.)
(Lead head)
Linear motor (coil)
2 Dummy magnetic rail
Linear motor
(Magnetic rail)
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Temporarily fix the motor coil and the stage using installing bolts and adjust the gap between the dummy
magnetic rail and the coil. Appropriate length of the gap is 1.3+0.2mm for the one without magnet cover,
1.1£0.2mm for the one with magnet cover. It is recommended that the difference of gaps at two points be
0.2mm maximum. After adjusting the gap, tighten the installing bolts for the motor coil and the stage. All
the M8 taps for installing the motor coil must be used. Tightening torque is 38N-m (bolt strength class
12.9), engagement length is 8mm to 12mm. Apply fixatives.

Stage

Linear motor
(Magnetic rail)

Linear motor
(Coil)

How to adjust the gap

Make sure to perform gap adjustment on the area where the motor coil is facing dummy magneticrail. If
adjustment is performed on the area with magnetic rails, injury or breakage may occur, because high
magnetic attraction force exists on the motor coil. Never adjust the gap on the area with the magnetic
rails.

When eccentric pins are used.

When eccentric pins are used, adjust the gap from top of the stage.

Make four or more holes for eccentric pins on top of the stage. The hole location must be determined so
that the eccentric pins touch the upper plate of the motor coil. If the eccentric pins stress other point than
the upper plate, the motor coil may break. See the recommended values in the figure below for the location
of the pin holes. Refer to the external diagram for recommended shape of the eccentric pins.

Insert the eccentric pins into the eccentric pin holes on the stage and turn them left and right to adjust the
gap. It is recommended that the difference of gaps at two points between the dummy magnetic rail and the
motor coil be 0.2mm maximum.

Gap-adjusting eccentric pin

\ “51 (Four pins)

3

\ Stage

i

(Recommended location value of gap adjusting eccentric pin)

Gap adjusting eccentric pin

<> <, »/ (Four pins)
S T

T

ﬂ.. 4 Dummy magnetic rail

Motor coil
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When bolts are used.

When bolts are used, adjust the gap from side of the stage.

Prepare four or more taps for gap adjusting bolts on the side of the stage. The hole position must be
determined so that the tip of the gap adjusting bolt touches the upper plate of the motor coil. If the bolts
stress other point than the upper plate, the motor coil may break. See the recommended values in the
figure below for the location of taps of bolts. As tap diameter, M8 or M10 is recommended.

Insert the gap adjusting bolts into the taps on the side of the stage and turn them left and right to adjust the
gap. If the bolt is too short for its tip to reach the upper plate of the motor coil, put a spacer between the
tip of the bolt and upper plate. It is recommended that the difference of gaps at two points between the
dummy magnetic rail and the motor coil be 0.2mm maximum.

Gap-adjusting bolt

‘ ]H Spacer (Four bolts)
O ; O
=y TR
3 gl
@ 8
C Ly B o
- Stage
Motor coil @‘ Dummy magnefic rail
Gap adjusting bolt
(Four bolts)
Stage Spacer
¥
C - 0 - - [Te)
T Tl S
7 +H
Motor coil e ol
Dummy magnetic rail
4 Slide the movable stage with the motor coil installed towards the magnetic rail side which was fixed with

screws. At this time, the motor coil is drawn towards the magnetic rail side by the force of approx. =300N.
When the motor coil is completely inside the magnetic rail, the force no longer exists.
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When the motor has been installed, perform wiring.

Shock absorber Cable-veyor

Linear motor (coil)

Linear motor
(Magnetic rail)

Linear guide

Linear guide rail

4)

Cable installation and considerations

Please be careful not to apply any stresses on or damages to cables.

When it is anticipated to move the servomotor, allow enough flexion radius of the cable to avoid stress.
Install the cables where there is no danger of their sheaths being damaged by cutting flakes or other sharp
materials. Avoid contact with any corner of machines.

Take care not to step on the cables or not to have any machine mounted on them.

Clamp the cables to the machine to avoid stress and self-gravity at the connection point.

Cables connected from the coil are not robot cables, so fix them firmly and do not make them bend
repeatedly. When cables are moved by cable bearer or others, prepare a robot cable as an extension
cable. In that case, determine a flexion radius of each cable by the necessary flexion lifetime and type of
wire.

It is recommended that the cables of a mover should have a structure that enables periodic

replacement.
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4 Wiring Wire

4.1 Control power supply, Regeneration resistance, and Wiring
protective ground

1) Name and its function

Terminal name Conne_ctor Remarks
marking
R-T Single-phase AC100 - 115V +10%,-15% 50/60Hz +3%
Main circuit power supply or Single-phase  AC200 - 230V +10%,-15% 50/60Hz +3%
R-S-T Three-phase  AC200 - 230V +10%,-15% 50/60Hz +3%
Control power supply et Single-phase AC100 - 115V +10%,-15% 50/60Hz +3%
Single-phase  AC200 - 230V +10%,-15% 50/60Hz +3%
Servo motor connector u-v-w Connected with servo motor
Safeguard connector @ Connected with grounding wire of power supply and of servo motor.
Connects regenerative resistance to terminal
RS2401 RB1 and RB. Built-in regeneratine resistance is
RS2#03 already connected at factory setting.
RS2405 Connects external regenerative resistance to
RS2430 terminal RB1 and RB when regenerative
performance is insufficient. Terminal RB4 is not
Regeneration resistance RB1-RB2 supplied.
connector RB4 In the case of built-in regenerative resistance,
terminal RB1 and RB4 are already
RS2#10 short-circuited by short bar at factory setting.
RS2#15 Remove short bar of terminal RB1 and RB4
(opened), to connect external regenerative
resistance to terminal RB1 and RB4, when
regenerative performance is insufficient.
Maker maintenance p-© For maker maintenance. Do not connect anything.

2) Wire
The electric wire used for a servo amplifier main circuit power is shown below.
B Wire type
Kinds of wires Conductor allowable
Code Name temperature [°C]
PVC Common vinyl electric wire -
v 600V electric wire 60
HIV Special heat-resistant vinyl wire 75

The information in this table is based on rated current flowing through three bundled lead wires in ambient
temperature of 40°C. Use the electric wire beyond proof-pressure 600V.

When wires are bundled or put into a wire-duct, such as a hardening vinyl pipe or a metallic conduit, take the
allowable current reduction ratio into account.

If ambient temperature is high, service life of the wires becomes shorter due to heat-related deterioration. In this case,
we recommend using heat-resistant vinyl wires.

4-1
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Permissible current. Recommended Wire Diameter

3) Wire diameter - Permissible current

Nominal cross-sectional Conductor Permissible current over ambient
AWG sides area resistance temperature [A

[mm?] [Q/km] 30°C 40°C 55°C

20 0.5 39.5 6.6 5.6 4.2
19 0.75 26.0 8.8 7.0 5.4
18 0.9 24.4 9.0 7.7 5.8
16 1.25 15.6 12.0 11.0 8.3
14 2.0 9.53 23.0 20.0 15.0
12 3.5 5.41 33.0 29.0 21.8
10 5.5 3.47 43.0 38.0 28.5
8 8.0 2.41 55.0 49.0 36.8
6 14.0 1.35 79.0 70.0 52.5

are shown.
* Use it below by the above-mentioned permissible current.

4) Recommended Wire Diameter (Rotary motor)

The recommendation electric wire diameter used for servo amplifiers and rotary motors are shown below.

B Input voltage AC200V (R-series)

It is a reference value in the case of a special heat-resistant vinyl wire (HIV).

The diameter of an electric wire and permissible current in the case of doing the bundle line of the three electric wires

Servo motor
model No.

Motor power

(U-V-WD )

mm? | AWG No

amplifier to be
combined

Servo

Main circuit power

supply

(R-S-7TD)

Control
power
supply

Regeneration
resistance

mm?

AWG No

mm?

AWG No

AWG No

R2AA04003F

R2AA04005F

R2AA04010F

R2AA06010F

0.5 20

R2AA06020F

R2AA06040H

R2AA08020F

R5AA06020H

R5AA06020F

R5AA06040H

0.75 19

RS2#01#

1.25

R2AA06040F

R2AA08040F

R2AA08075F

R2AAB8100H

R2AA10075F

R2AA13050D

R2AA13050H

R2AA13120B

R5AA08075D

R5AA06040F

R5AA08075D

R5AA08075F

0.75 19

RS2#03#

2.0

14

1.25 16

R2AAB8075F

R2AAB8100F

R2AA10100F

R2AA13120D

R2AA13120L

R2AA13180H

R2AA13200L

2.0 14

RS2#05#

2.0

14

R2AA13200D

R2AA13180D

R2AA18350L

R2AA18350D

R2AA18450H

5.5 10

RS2#10#

5.5

10

R2AA22500L

8.0 8

RS2#15#

8.0

R2AA18550R

R2AA18550H

R2AA18750H

R2AA1811KR

14.0 6

RS2#30#

14.0

1.25 16

2.0 14

2.0

14

5.5 10

5.5

10

8.0 8

8.0

8.0 8

14.0

*

4-2
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Permissible current. Recommended Wire Diameter

B Input voltage AC200V (R-series)
Motor power Main circuit Control Regeneration
(U-v-w- Q) Servo power supply power ;
Servo motor amplifier to be (R-S-TD) supply resistance @
model No. AWG combined AWG
Mm? N mm? mm? AWG No mm2 |AWG No
o No
Q1AA10200D
35 12
Q1AA10250D
Q1AA12200D RS2#10# 5.5 10 5.5 10 5.5 10
Q1AA12300D
Q1AA13300D
5.5 10
Q1AA13400D
Q1AA13500D RS2#15# 8.0 8 8.0 8 8.0 8
Q1AA18450M
Q1AA18750H 14.0 6 RS2#30# 14.0 6 8 8 14.0 6
Q2AA13200H
RS2#10# 5.5 10 5.5 10 5.5 10
Q2AA18200H
5.5 10 1.25 16
Q2AA18350H
Q2AA18450H
Q2AA18550R RS2#15# 8.0 8 8.0 8 8.0 8
Q2AA22550B 8.0 8
Q2AA22700S
Q2AA18550H
Q2AA18750L
Q2AA2211KV
14.0 6 RS2#30# 14.0 6 8 8 14.0 6
Q2AA2215KV
Q4AA1811KB
Q4AA1815KB
B Input voltage AC100V (R-series)
Motor power Main circuit Control .
U-v-w-9) Se_ryo power supply power Reggneratlon @
Servo motor amplifier to resistance
model No be R-S$'T-S) supply
' 2 | AWG . 2 AWG > |AWG 2 | AWG 2 | AWG
mm combined mm mm mm mm
No No No No No
R2EA04003F
R2EAQ4005F
R2EA04008F 0.5 20 RS2#01A 1.25 16 1.25 16 1. 16 20 14
R2EA06010F
R2EA06020F | 0.75 19 RS2#03A 2.0 14 2. 14

# = Optional number or alphabetical letter.

* The information in this table is based on rated current flowing through three bundled lead wires in ambient

temperature of 40°C.
* When wires are bundled or put into a wire-duct, take the allowable current reduction ratio into account.

* If ambient temperature is high, service life of the wires becomes shorter due to heat-related deterioration. In this case,

use special heat-resistant vinyl wire(HIV).
* Depending on the servo motor capacity, thinner electric wires than indicated in the above table can be used for the

main circuit power terminal.




4.Wiring

Recommended wire diameter

5) Recommended wire diameter (Linear motor)
The following shows recommended wire diameter for use in servo amplifier and rotary motor.

B Input voltage AC200V (DS-series: Linear motor)
Motor power Main circuit Control R i
/W - egeneration
Servo motor (U-V-W- &) Sgryo power supply power resistance @
model No amplifierto | (RS T: ©) supply
" | jmz | AWG | becombined |, | AWG | o |AWG | . |AWG )
No No No No | mm" |[AWGNo
DS030C1N2
DS050C1N2 0.75 19 RS2#03L 2.0 14
DS075C1N2
DS030C2N2
2.0 14 20 14
DS050C2N2
DS075C2N2 20 14 RS2#05L 2.0 8
DS100C1N2
DS150C1N2 1.25 16
DS030C3N2
DS050C3N2
DS075C3N2 5.5 10 RS2#10L 5.5 10 5.5 10 5.5 10
DS100C2N2
DS150C2N2
DS100C3N2
8.0 8 RS2#15L 8.0 8 8.0 8 8.0 8
DS150C3N2
B Input voltage AC200V (DD-series: Linear motor)
Motor power Main circuit Control R "
(U-V-W- ©) Servo power supply power egenération @
Servo motor e resistance
model No amplifierto | (R-S-T-D) supply
" | mm2 | AWG | becombined |, | AWG |, |AWG| ., |AWG ) G
No No No No | mm" |[AWGNo
DS030C1Y4 2.0 14 RS2#05L 2.0 14 1.25 16 5.5 14 2.0 14
DS030C2Y4
DS030C3Y4
5.5 10 RS2#10L 5.5 10 5.5 10 5.5 10
DS050C1Y2
DS075C1Y2
DS050C2Y2 1.25 16
8.0 8 RS2#15L 8.0 8 8.0 8 8.0 8
DS075C2Y2
DS050C3Y2
DS075C3Y2 14.0 6 RS2#30L 14.0 6 14.0 6 14.0 6
DS050C4Y2

temperature of 40°C.

# = Optional number or alphabetical letter.
The information in this table is based on rated current flowing through three bundled lead wires in ambient

use special heat-resistant vinyl wire (HIV).

main circuit power terminal.

When wires are bundled or put into a wire-duct, take the allowable current reduction ratio into account.
If ambient temperature is high, service life of the wires becomes shorter due to heat-related deterioration. In this case,

Depending on the servo motor capacity, thinner electric wires than indicated in the above table can be used for the




4 Wiring Wiring of servo motor

6) Wiring of servo motor

B Plug model number for power and brake of R-series servo motor (Products of Japan Aviation Electronics Industry,

Limited)
Plug for powering and braking line Plug for braking line
Servo motor (Cable clamp) (Cable clamp)
model number [Plug + clamp model number] [Plug + clamp model number]
Straight Angle Straight Angle

R2AA13050

R2AA13120

R2AA13180 N/MS3106B24-11S | N/MS3108B24-11S

R2AA13200 (N/MS3057-16A) (N/MS3057-16A) Note 1) Note 1)
R2AA18350 [MS06B24-11S-16] | [MS08B24-11S-16]

R2AA18450

R2AA22500

R2AA18550 N/MS3106B32-17S | N/MS3108B32-17S | JLO4V-6A10SL-3SE-EB-R | JLO4V-8A10SL-3SE-EB-R
R2AA18750 (N/MS3057-20A) (N/MS3057-20A) (JLO4-1012CK(05)-R) (JLO4-1012CK(05)-R)
R2AA1811K [MS06B32-17S-20] [MS08B32-17S-20] | [332706X1] [332707X1]

Note1)  Plug for braking line is used in common with powering line.

*

Please contact us for waterproofing specifications and TUV-compliant products.
Please place your order by “plug + clamp model number,” our exclusive model numbers.

<Specification for leads and plugs and pin assignment table>

Lead color Plug pin NO. Name Remarks
Yellow A Brake Power for brake (24V)
Yellow B Brake Power for brake (24V)
- Cc NC -
Red D U Phase U
White E V Phase V
Black F W Phase W
Green/yellow G Protective grounding terminal
Green/yellow H [an) Protective grounding terminal
- | [an) -

No polarity on terminal for brake power.

R-series servo motor

Canon plug for power line
Pin assignment (Viewed from motor)



4 .Wiring Wiring of servo motor
B Plug model number for power and brake of Q-series servo motor
(Products of Japan Aviation Electronics Industry, Limited)
Plug for power (Cable clamp) Plug for power (Cable clamp)
Servo motor [Plug + clamp model number] [Plug + clamp model number]
model number - - Remarks
Straight Angle Straight Angle
Q1AA10200D | N/MS3106B20-15S N/MS3108B20-15S | JL04V-6A10SL-3SE-EB | JL04V-8A10SL-3SE-EB
Q1AA10250D (N/MS3057-12A) (N/MS3057-12A) (JLO4-1012CK (50)) (JLO4-1012CK (50))
[MS06B20-155-12] | [MS08B20-155-12] (332706 x 1] (332707 x1]
Q1AA12200D JLO4V-6A10SL-3SE-EB | JLO4V-8A10SL-3SE-EB
(JLO4-1012CK (50)) (JLO4-1012CK (50))
Q1AA12300D
N/MS3106B24-11S N/MS3108B24-11S (332706 x 1] (332707 1]
Q1AA13300D | \/Ms3057-16A) (NIMS3057-16A)
Q1AA13400D | [MS06B24-115-16] | [MS08B24-115-16] Note 1 Note 1
Q1AA13500D
Q1AA18450M
N/MS3106B32-17S | N/MS3108B32-17S | JLO4V-6A10SL-3SE-EB J'—%‘I‘_\éffgfg’éf%%'EB
Q1AA18750H (N/MS3057-20A) (N/MS3057-20A) (JLO4-1012CK (50)) ( [3;)2706 9 1(] )
[MS06B32-175-20] | [MS08B32-175-20] (332706 1]
Q2AA13200H N/MS3106B24-11S N/MS3108B24-11S
Q2AA18200H ) i
Q2AA18350H (N/MS3057-16A) (N/MS3057-16A) Note 1 Note 1
[MS06B24-11S-16] | [MS08B24-11S-16]
Q2AA18450H
Q2AA18550R | N/MS3106B32-17S N/MS3108B32-17S
Q2AA18550H (N/MS3057-20A) (N/MS3057-20A)
Q2AA18750L | [MS06B32-17S-20] | [MS08B32-17S-20]
JLO4V-6A10SL-3SE-EB | JLO4V-8A10SL-3SE-EB
Q2AA22550B | N/MS3106B24-11S N/MS3108B24-11S (JL04-1012CK (50)) (JL04-1012CK (50))
(N/MS3057-16A) (N/MS3057-16A) (332706 x 1] (332707 x 1]
Q2AA22700S | 1\1506824-115-16] | [MS08B24-11S-16]
Q2AAZ2TIKY N/MS3106B32-17S N/MS3108B32-17S
Q2AA2215KV i i
Q4AA1B11KE (N/MS3057-20A) (N/MS3057-20A)
[MS06B32-17S8-20] | [MS08B32-17S-20]
Q4AA1815KB
Note 1)  TUV-compliant, DC24V with brake model needs separate plug for brake.

*

Plug for brake is used in common with for power line except for the above model.

Please contact us for waterproofing specifications and TUV-compliant products.

Please place your order by[plug + clamp model number], our exclusive model numbers.




4.Wiring

Wiring of servo motor

Phase U

Phase V

Q-series servo motor
Canon plug for power line
(For N/MS3106 (8)B20-15S)
Pin assignment (Viewed from motor)

Earth Phase U

Q-series servo motor
Canon plug for power line
(For N/MS3106 (8)B32-17S)
Pin assignment (Viewed from motor)

4-7

Q-series servo motor

Canon plug for power line
(For N/MS3106 (8)B24-11S)
Pin assignment (Viewed from motor)

Br

Br

Q-series servo motor
Canon plug for brake line
(For JLO4V-6 (8)A10SL-3SE-EB)
Pin assignment (Viewed from motor)



4 Wiring Wiring Example

7) Wiring Example

Even if it turns off power supply, high-pressure voltage may remain in servo amplifier. Therefore, do not touch a power
supply terminal for 15 minutes for the prevention from an electric shock. Completion of electric discharge turns off the
lamp of CHARGE. Please do connection check work after checking putting out lights.

B Three phase AC200V [Generic output]

€ When using + side of OUT1 or OUT2 for power supply

Three phase
AC200 - 230V

50/60 Hz MC
OO R U SERVO MOTOR
O | O S V
O O T W
— r S
Ot
Operation ON
Mc L OFF
- Emergency
stop RB1
e e o RB2
DC5V, DC12V - 24V
Alarm CN3
RY
ml OUT1+: 1
d OUT2+: 3
OuUT1-: 2
Yg OuT2-: 4
COM

:
L

€ When using - side of OUT1 or OUT2 for power supply

CN3
RY

coMm OUT1+: 1
. OUT2+: 3
L OUT1-: 2

+E .
DC5V, DC12V - 24V OuT2-: 4
S

T

* Use one of the CN3 1 - 4(OUT1, OUT2) outputs, and set either during ALM status output ON or during ALM status
output OFF with the selection setting of “Index:0x20F9 General output function selection”.

* Make sure to install diode as a surge absorber when connecting induction load, such as relay, to output 1-4 on

CN3(OUT1,0UT2).Please carefully install diode so as not to connect polarity of diode. Failure to do this couses
servo amplifier malfunction.

4-8



4.Wiring Wiring Example
B Single phase AC200V, Single phase AC100V [Generic output]
4 When using + side of OUT1 or OUT2 for power supply
Single phase
AC200 - 230V
50/60 Hz
or,
Single phase
AC100 - 115V
50 /60 Hz MC
OO R U SERVO MOTOR
= v
O O T w
p— r S
B - t
Operation N
ON
L OFF
— Emergency
stop RB1
e e RB2
+E
Alarm CN3
RY
DC5V, DC12V - 24V NY\_l OUT1+:1
d OouT2+: 3
OuT1-: 2
& OouT2-:4
COM S
T
€ When using - side of OUT1 or OUT2 for power supply
CN3
RY
COM —NY\—‘L OUT1+:1
T hd OouUT2+: 3
L OuT1-: 2
+E OUT2-: 4

DC5V, DC12V - 24V

S

T

* Use one of the CN3 1 - 4(OUT1, OUT2) outputs, and set either during ALM status output ON or during ALM status

output OFF with the selection setting of “Index:0x20F9 General output function selection”.

* Make sure to install diode as a surge absorber when connecting induction load, such as relay, to output 1-4 on
CN3(OUT1,0UT2).Please carefully install diode so as not to connect polarity of diode. Failure to do this couses

servo amplifier malfunction.



4 Wiring Crimping processing, Tightening torgue

8) Electric wire crimping processing

Insert the wire into ferrule, and use a special tool to crimp it in.
Insert the ferrule deep into the connector, and tighten it with a special minus screwdriver or something.
The recommended torque is 0.5 - 0.6 N-m.

Process 1 Process 3

!

Process 2

Wire AN

!
g

Ferrule

B Model number of recommended ferrules and crimping tools for various wire sizes

Model number
mm? AWG
1Pcs / Pkt 1000Pcs / Pkt Taped components
AI0.75-8GY-B
0.75 mm? 18 AI0.75 - 8GY AI0.75 - 8GY - 1000
(1000Pcs/Pkt)
1.0 mm? 18 Al1 - 8RD Al1 - 8RD - 1000 Al1-8RD-B
' (1000Pcs/Pkt)
1.5 mm? 16 Al1.5 - 8BK Al1.5 - 8BK - 1000 Al1.5-8BK-B
' ' ) (1000Pcs/Pkt)
Al2.5-8BU-B
2.5 mm? 14 Al2.5 - 8BU Al2.5 - 8BU - 1000
(500Pcs/Pkt)

* GY : Gray, RD : Red, BK : Black, BU : Blue

*  Crimping tool model number: 0.25mm? - 6mm?2: CRIMPFOX UD 6-4,
0.75mm? - 10mm?2 CRIMPFOX UD 10-4GY

Manufactured by Phoenix Contact.

*

9) High voltage circuit terminal; tightening torque

Terminal marking
Servo amplifier capacity CNA | CNB &)
RS2#01#
[1.18 N-m]
RS2#03# [0.5-0.6 N-m] )
M4 (screw size)
RS2#05#
Terminal code
Servoamplifiersize | R | s | T | © |re4|rB1|RB2| U | Vv W [D CNA
RS2#10# 1.18 N-m
[ _] [0.5-6 N-m]
RS2#15# M4 (screw size)
Terminal code
servoampliiersze | R | s [T [ ©]lp | lulv]w|©D]| re] RrRe2 CNA
3.73N'm .
RS2#30# [ ! [1.18 N-m] [0.5-6N-m]
M6 (screw size) M4 (screw size)

*

Mark “#” shows optional number or alphabetical letter.



4 .Wiring Wiring of the canon connector for servo motors
10) Wiring of the canon connector for servo motors
Canon plug ) Manufacture
) Name Remark Plug side model No. Remarks
pin No. name
Brak [
A Brake rake power supply MS3106B24-11S Straight type
connection
Brake power suppl DDK
B Brake poWer Supply MS3108B24-11S Angle type
connection
c NC - JL04V-6A24-11SE-EB Straight type
JAE
D u U phase JL04V-8A24-11SE-EB Angle type
E Vv V phase
F w W phase
G @ Protective earth terminal
H @ Protective earth terminal

4-11




4 .Wiring Wiring with Host Unit
4.2  Wiring with Host Unit

1) Control signal and pin number (wiring with host unit)

CNO / 1: EtherCAT r-1-
1
Communication X+ K
.
gkl
1
™ 5
TX- N
T 2
RX+ '
! | 3 | Note1)
L7 Pin 4-5 and 7-8 on CNO / 1EtherCAT
: 8 communication connector are short-circuited
RX- i ? inside the amplifier.
1
1

Pin 4,5, 7, and 8 are connected with
Note2)
CN4: Extended general input

75Q-resistance as indicated in the left figure,
and also connected to pulse trans former

o midpoint with 75Q-resistance.

1

|

Note2)

CN4 can be used as 4-point general input in
the case of the model numbers whose final
number: 1, 3, or 5.

Provided that the model numbers whose final

CONTS- number: 0, 2, or 4 are used for setup

A D B R ——

CONT6+

1
' connection.
CONT6- |

CN3: General
input-output
OuUT1+

1

1
OUT1- i
OouUT2+ |
1

1

1

1

EN1/2: Motor encoder

OuUT2-

CONTA-
Motor encoder

)

1
2]
3
4]
CONT1+ i
6 |
7]
CONT2- 8

CN2: Safe Torque Off
BAT+
BAT-

o ]e |~ o fo]sfo]m]-

' =
|2

Reserved -]
(Please do not connect)) —
HWGOFF
HWGOFF
HWGOFF
L
HWGOFF
EDM+
EDM-

[© [e [ ]o Jor [o oo [ ]~

-—-t----q4--t--F-=-=-=-=-=-=-t---4

é

4-12



4 Wiring CNO.CN1 connector disposition

2) CNO, CN1 connector disposition

B Pin assignment
Two (Port 0/1) standard Ethernet connectionRJ-45 modular connectors are provided for the EtherCAT communication with a
higher-level device. The same pin disposition (same signal) is assigned for both connectors and corresponds to the daisy chain
topology.
Connect CNO (Port 0) to the higher-level device and CN1 to the next slave.
Use twisted-pair cables that satisfy at leas “Category 5e” to connect the cable.
When you make cables using exclusive tools, use STP (Shielded twisted pair cable) and RJ-45 modular plug with shield.
Either straight or crossed cables can be used for the port connection because an automatic crossover function (Automatic
discriminating feature for MDI / MDI-X called Auto MDI / MDI-X) is installed.

CNO (Port0), CN1 (Port1) Terminal Signal Description
number (Ethernet Connection)

1 TX+ Transmitting signals +
2 TX- Transmitting signals -
3 RX+ Receiving signals +
4 - 75Q Connection

5 - 75Q Connection

6 RX- Receiving signals -
7 - 75Q Connection

8 - 75Q Connection

*  Refer to “Control signal and pin number (wiring with host unit)” on the previous page for electrical connection of CNO

and CN1. Pins 4 and 5 and pins 7 and 8 are shorted inside the amplifier and connected with 150Q to the midpoint of
the pulse transmission between pin 4/5 and 7/8.

m  Connection diagram

' '
“ﬂﬂﬂ@! L Host unit

e W
Slave Slave Slave Slave
18t axis 2" axis e n'" axis

v Connect Master (host) cable to the lower connector CNO (Port0), and then connect cable of the upper connector CN1 (Port1)
to the next Slave.

4-13



4 Wiring CNO.CN1 connector disposition

m  Wiring diagram

Slave Slave Slave Slave
15t axis 2" axis n" axis
Shielded Shielded Shielded
CN1 (Port1) | twisted-pair cable | CN1 (Port1) | twisted-pair cable | CN1 (Port1) | twisted-pair cable | CN1 (Port1)
1| X+ 1| T+ 1| X+ 1| T+
2 TX— 2 TX— 2 TX— 2 TX—
3 RX+ 3 RX+ 3 RX+ N 3 RX+
6 RX— ’ 6 RX— \ 6 RX— \ 6 RX—
To Master L o-@ L o-@ L o-@
_________ | N N N N
:';,r D 3:' X+ |1 X+ |1 X+ |1 X+ |1
| | TX— 2 TX— 2 TX— 2 TX— 2
! Ll RX+ |3 RX+ | 3 RX+ | 3 RX+ | 3
H RX— 6 RX— 6 RX— 6 K RX— 6
e *~— - ———— -G ———— -G ————
CNO (Port0) CNO (Port0) CNO (Port0) CNO (Port0)
Shielded
twisted-pair cable

R-ADVANCED EtherCAT amplifier is twisted-pair cable and daisy-chain topology-compliant model, and port0 (CNQ)/(CN1) are
Ethernet connection.

Ethernet port-to-port connection can use both straight and cross cable as the model has auto crossover function for slave
amplifier. Connecting cable shall be Category 5e cable.

m  Caution for RJ-45 modular connector selection

For the modular connector selection and modification, please confirm the standards dimension below (Standards: TIA-968-A).
Especially, when the connector (ready-made/ modified product) which has out-of-range dimension at C (from top end of

connector housing to lower side of terminal) is used, it gives excessive stress to mating connector and may cause a damage of

terminal or connector, and a communication error by contact failure.

Expanded front view

1 oo

O L

A

Standards dimension:
A: 11.58 to 11.78 mm
B: 6.49 t0 6.70 mm
C:5.891t06.15 mm

4-14




4.Wiring

CN2 connector disposition

3) CN2 connector disposition

u MUF-PK10K-X (Note: A view of the connector’s soldered side.)

4 Signal name and its function

Terminal ) .
Signal name Description
number
1 BAT + Battery (+)
2 BAT - Battery (-)
3 Reserve Do not use
4 Reserve Do not use
5 HWGOFF1+ Signal-input for safety function 1(+)
6 HWGOFF1- Signal-input for safety function 1(-)
7 HWGOFF2+ Signal-input for safety function 2(+)
8 HWGOFF2- Signal-input for safety function 2(-)
9 EDM + Monitor for safety function (+)
10 EDM - Monitor for safety function (-)

4-15



4.Wiring CN2 connector disposition
€ Terminal connection circuit
Terminal -
Symbol Name Description
No.
When using a Battery Backup Method Absolute Encoder, the battery for backup
can be mounted in the host unit side, and it can connect via servo amplifier.
When it mounts a battery between servo amplifier and a servo motor, it is not
1 BAT+ Battery (+) necessary to connect.
Host unit Servo amplifier
BAT+
Power | ! ]
Supply |_"= 2
Batt _ BAT-
2 BAT- attery ()
Twisted pair
3 Reserved Terminal for Connecting terminal when Safe Torque Off funciton not used.
) When you do not use Safe Torque Off function, short circuit terminal “3 and 5/7,”
4 Reserved maintenance
“4 and 6/8.”
Safety Function Input signals to control safe torque Off state
) . Power supply voltage range: DC24V+10%
5 HWGOFF1+ Signal input 1 )
) Internal impedance: 2.2kQ
Signals under 8ms cannot be recognized
Safety Function Host unit Servo amplifier
6 HWGOFF1- Signal input 1 Power l HWGOFF1+ —L_ 2.2kQ e
) supply 5 1 !
I HWGOFF1- 47kQ |< !
Safety Function |< HWGOFF2+ 6 2.2kQ I 4
7 HWGOFF2+ Signal input 2 7 ! '
+) HWGOFF2- 4.7kQ :S::Z:ZS |< '
+_ T '
L
Safety Functi d
8 HWGOFF2- alely Funciion \V/
Signal input 2 (-)
The signal monitors the system for Safe Torque Off function failures.
Power supply voltage range (Uext): DC24V+10%
Maximum operational electric current: 50 mA
Output voltage: Uext-0.5 - Uext
9 EDM+ Safety Function Monitor output reverts to ON when safety function signal input 1 and 2 are OFF.
Monitor (+)
Host unit Servo amplifier
N :
! >| | EDM+
: : ) 9 r------ 1
SR ! EDM- 1 !
10 i '
Safety Function L i
10 EDM- .
Monitor (-)
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4 Wiring CN3 General input-output connector disposition

4) CN3 General input-output connector disposition

B 2013595-3 (Note: A view of the connector’s soldered side) 8 6 4 2 —
11
| N N I | .
4 Signal name and its function
Terminal number Signal name Description

1 OUT1+ General output 1 (+)

2 OUT1- General output 1 (-)

3 OuUT2+ General output 2 (+)

4 OouT2- General output 2 (-)

5 CONT1+ General input 1 (+)

6 CONT1- General input 1 (-)

7 CONT2+ General input 2 (+)

8 CONT2- General input 2 (-)

4 Terminal connection circuit
Terminal No. Symbol Name Description
General output circuit is connected with a photo-coupler or a relay circuit.
Power supply voltage range: DC5V+5%
1 OUT1+ Gene1ra(l+c;utput Maximum current: 100mA
Power supply voltage range: DC12V - 15V+10%
Maximum current: 100mA
Power supply voltage range: DC24V+10%
General output Maximum current: 100Ma

2 OouT1- 1(-) Maximum current should be below 20mA when input circuit of host unit side is
from TTL or CMOS.
Host unit Servo amplifier
3 oUT2+ General output e v
2(+) i L ¢
1
! >| SE ! OouT1+ r—----- |
. . 1 =0 :
I OUTH- : o/ V!
1 1
| I 2 T +
! >| SZ ! ouT2+ ' !
4 oUT2- Gene;a(l_c))utput : : 3 Lo :
SR ! ouT2- : o/ 37 :
4 T T
] 1
I
General input circuit is connected with the transistor circuit of a relay or an open
: collector.
5 CONT1+ Ge”?r?l)'”p“t Power supply voltage: DC5V5%/DC12V - 24V+10%
Minimum current: 100mA (DC24V)
Host unit Servo amplifier

6 CONT1- Ge”e1r?_')i”p“t Power supply lCONT1+ L 22k0 R

7 CONT2+ General input % _|< CONT2+ j 2.2kQ ------- *,
2() CONT2- m K:

8 B i

K L

8 CONT2- Genezre(i_l)input v

v Make sure to install diode as a surge absorber when connecting induction load, such as relay, to general (-purpose) output.
Please carefully install diode so as not to connect polarity of diode. Failure to do this causes servo amplifier malfunction.
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4.Wiring

CN4 General input connector disposition

5) CN4 General input connector disposition
*Applicabel to RS2###HHIK#1, RS2HHHHKS, and RS2HHEHIKS.

MUF-PKB8K-X (Note: A view of the connector’s soldered side)

4 Signal name and its function

Terminal number Signal name Description Default setting
1 CONT3+ General input 3 (+) Limit switch function in
2 CONTS3- General input 3 (-) positive direction
3 CONT4+ General input 4 (+) Limit switch function in
4 CONT4- General input 4 (-) negative direction
5 CONTS5+ General input 5 (+) Emeraency stop function
6 CONTS- General input 5 (<) gency stop
7 CONT6+ General input 6 (+) _
8 CONT6- General input 6 (-)
€ Terminal connection circuit
Terminal .
No Symbol Name Description
General input circuit is connected with the transistor circuit of a relay or an open
; collector.
1 CONTa+ | Ceneralinputsd | o e supply voltage: DC5V45%/DCA2V - 24V£10%
*) Minimum current; 100mA (DC24V)
General input 3 Host unit Servo amplifier
2 CONT3- )
Power supply | conax I
I CONT3- 4.7kQ 4
General input 4 '
3 CONT4+ - % _< CONT4+ 22kQ oo S
! ' :
CONT4- 4.7kQ K |
. . ,
4 CONT4- Genere(ll)lnput 4 _< g CONT5+ 2.2kQ Fo--- ---4
CONTS5- 4.7kQ K
G inout 5 —X CONT6+ 2.2kQ - S
eneral inpu b \ ]
° CONTS* ) CONT6- 47kQ g gg :
)
General input 5
6 CONT5-
) v
7 CONTG+ General input 6
()
General input 6
8 CONT6- )
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4 Wiring Wiring of Motor Encoder

4.3  Wiring of Motor Encoder

1) EN1connector name and its function

B Battery backup absolute encoder

R-series
Servo Amplifier Servo motor Q-series Remarks
EN1 Signal name Plug pin number Servo motor Description Note 1)
Terminal No. (Specification for Plug pin number
leads)
1 5V 9 (Red) H Power supply . .
10 (Black G P | Twisted pair
acl ower s
2 SG ( ) Wer supply (Recommended)
common
3 (NC) - - Unconnected -
4 (NC) - - Unconnected -
5 (NC) - - Unconnected -
6 (NC) - - Unconnected -
7 ES+ 1 (Brown) E Serial data ) .
. Twisted pair
<] ES- 2 (Blue) F signal
9 BAT+ 8 (Pink) T ) )
Battery Twisted pair
10 BAT- 4 (Purple) S
Note 2) Earth 7 (shielded) J Shield -

Note 1)  Use shielded cable and perform twisted-pair wiring.

Note 2)  Connect outer-shielded wires of servo amplifier to metal case (earth) of servo amplifier (EN1). For the
servo motor with leads, the outer shielded wire of the servo motor shall be connected to shielded wires of
leads, and for the canon plug-type servo motor, perform wiring very close to servo motor. Encoder and
outer shields are not connected inside the servo motor equipped with this encoder.

B Absolute encoder for incremental system

R-series
Servo Amplifier Servo motor Q-series
. . L Remarks
EN1 Signal name Plug pin number Servo motor Description Note 1)
Terminal No. (Specification for Plug pin number
leads)
1 5V 9 (Red) H Power supply . .
10 (Black) G P | Twisted pair
acl ower su
2 SG PR (Recommended)
common
3 (NC) - - Unconnected -
4 (NC) - - Unconnected -
5 (NC) - - Unconnected -
6 (NC) - - Unconnected -
7 ES+ 1 (Brown) E Serial data ) )
. Twisted pair
8 ES- 2 (Blue) F signal
9 BAT+ 8 (Pink) T Unconnected -
10 BAT- 4 (Purple) S Unconnected -
Note 2) Earth 7 (Shielded) J Shield -

Note 1)  Use shielded cable and perform twisted-pair wiring.

Note 2)  Connect outer-shielded wires of servo amplifier to metal case (earth) of servo amplifier (EN1). For the
servo motor with leads, the outer shielded wire of the servo motor shall be connected to shielded wires of
leads, and for the canon plug-type servo motor, perform wiring very close to servo motor. Encoder and
outer shields are not connected inside the servo motor equipped with this encoder.
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Wiring of Motor Encoder

B Battery less absolute encoder
R-series
Servo Amplifier Servo motor Q-series
. . . Remarks
EN1 Signal name Plug pin number Servo motor Description Note 1)
ote
Terminal No. (Specification for Plug pin number
leads)
1 5V 9 (Red) H Power supply . .
10 (Black) G P | Twisted pair
ac ower su
2 SG PPy (Recommendation)
common
3 (NC) - - Un connected -
4 (NC) - - Un connected -
5 (NC) - - Un connected -
6 (NC) - - Un connected -
7 ES+ 1 (Brown) E Serial data ) )
. Twisted pair
8 ES- 2 (Blue) F signal
9 (NC) - - Un connected -
10 (NC) - Un connected -
Note 2) Earth 7 (Shielded) J Shield -

Note 1) Use shielded cable and perform twisted-pair wiring.
Note 2) Connect the shielded cable to the metal case (ground) on EN1 side and connect the ground to

the motor encoder side.

B Pulse encoder
R-series )
- Q-series
Servo Amplifier Servo motor
) ) Servo motor L Remarks
EN1 Signal name Plug pin number ) Description
) L Plug pin Note 1)
Terminal No. (Specification for
number
leads)
1 5V 9 (Red) J Power supply . .
10 (Black P I Twisted pair
ac ower s
2 SG ( ) N wer supply (Recommendation)
common
3 (NC) - - Unconnected -
4 (NC) - - Unconnected -
5 B 2 (Green) B B-phase pulse ) )
Twisted pair
6 /B 5 (Purple) E output
7 A 1 (Blue) A A-phase pulse ) )
Twisted pair
8 /A 4 (Brown) D output
9 Y4 3 (White) F Z-phase pulse ) )
Twisted pair
10 1z 6 (Yellow) G output
Note 2) Earth 7 (shielded) H Shield -

Note 1) Use shielded cable and perform twisted-pair wiring.
Note 2) Connect the shielded cable to the metal case (ground) on EN1 side and connect the ground to
the motor encoder side.

2) Terminal number

*

(Soldered side)

Wirings vary depending on encoders to be connected, so please perform wiring with care.

B Connector number (3M Japan Limited.)
Model Number Application wire size Application cable diameter
Connector 36210-0100PL AWG30 - AWG18 -
Shell kit 36310-3200-008 - ®7 - 99
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Wiring of Motor Encoder

3) Connector model number for motor encoder
B R-series servo motor encoder Connector model numbers
(Products of Japan Aviation Electronics Industry, Limited)

Motor model number Motor encoder plug model number Connector type Applicable cable diameter
R2#A04003
R2#A04005
R2EA04008
R2#A04010
R2#A06010
R2#A06020
R2AA08020
R2AA06040 (Specification for lead locating) - -
R2AA08040
R2AA08075
R2AAB8075
R2AAB8100
R2AA10075
R2AA10100
R5AA08075
R2AA13050 JN2DS10SL1-R Straight
R2AA13120 5.7 to P7.3
R2AA13180 JN2FS10SL1-R Angle
R2AAT3200 JN2DS10SL2-R Straight
R2AA18350 6.5 to®8.0
R2AA18450 JN2FS10SL2-R Angle
R2AA18550 ]
R2AA18750 JN2DS10SL3-R Straight o o5t
R2ARTBITK JN2FS10SL3-R Angle e
R2AA22500
* Mark “#” shows Optional number or alphabetical letter.
Contact model numbers (Products of Japan Aviation Electronics Industry, Limited)
Type Model number Qty Applicable wire size
L JN1-22-20S-R-PKG100 | Note1) AWG20
Manual crimping
type JN1-22-22S-PKG100 Note1) AWG21 to AWG25
JN1-22-26S-PKG100 Note1) AWG26 to AWG28
Soldering type JN1-22-22F-PKG100 Note1) AWG20 max.
Note1) Please note that you can order us the contact separately.
If you directly order the contact manufacturer, you can order the contact by the pack R-series servo motor
(100 contacts). Encoder canon plugg
Pin assignment
u Q-series servo motor encoder Connector model numbers (Viewed from motor)

(Products of Japan Aviation Electronics Industry, Limited)

Motor encoder plug model number

Motor model number (Cable clamp) Connector type Remarks

[Plug + clamp model number]
N/MS3106B20-29S

(N/MS3057-12A) Straight -
All the model Q1, Q2, [MS06B20-29S-12]
and Q4 N/MS3108B20-29S
(N/MS3057-12A) Angle -

[MS08B20-29S-12])
Please contact us for waterproofing specifications and TUV-compliant products.

Please place your order by “plug + clamp model number,” our exclusive model numbers.

Q-series servo motor
Canon plug for encoder
Pin assignment (Viewed from motor)
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4 Wiring Wiring of Motor Encoder

4) Canon connector plug and contact for motor encoder

B Plug model number (Japan Aviation Electronics Industry Ltd.)

Application cable
Model Number Connector type PP .
diameter
JN2DS10SL1-R Straight
@®5.7 - 7.3
JN2FS10SL1-R Angle
JN2DS10SL2-R Straight
©6.5 - ¢8.0
JN2FS10SL2-R Angle
JN2DS10SL3-R Straight
©3.5-¢5.0
JN2FS10SL3-R Angle
B Contact model number (Japan Aviation Electronics Industry Ltd.)
Model Number Application cable diameter
JN1-22-20S-R-PKG 100 AWG20
JN1-22-225-PKG100 AWG21 - AWG25
JN1-22-26S-PKG100 AWG26 - AWG28

5) Recommended encoder cable specification
Shielded cables with multiple twisted pairs

Cable Ratings 80°C 30V
Conductor resistance value 1Qorless Notel)
Conductor size AWG26 - AWG18
SQ (mm?) 0.15-0.75

Note 1) The conductor resistance value is recommended with the cable length actually used.

6) Encoder cable length

The maximum cable lengths under the conductor size of the power supply cable (5V, SG).

Conductor size Conductor resistance Length
Q/km (20°C) (m)
26 150 or less 5
24 100 or less 10
AWG 22 60 or less 15
20 40 or less 25
18 25 or less 40
0.15 150 or less 5
0.2 100 or less 10
5Q (mm?) 0.3 65 or less 15
0.5 40 orless 25
0.75 28 or less 35

*

Conductor resistance is different by conductor specifications.
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4 .Wiring Peripherals
4.4  Peripherals
1) Power supply capacity and peripherals list (Rotary motor)
H  AC200V input
o Main circuit _— .
Input Servo am'plmer Servo motor power supply Molded case circuit breaker Noise filter Magnetic Surge
voltage capacity model No. rating (KVA) (MCCB) contact absorber
R2AA04003F 0.2
R2AA04005F 0.2
R2AA04010F 0.3
R2AA06010F 0.3
R2AA06020F 0.6
RS2#01# R2AA06040H 1.0
R2AA08020F 0.6
R5AA06020H 0.6
R5AA06020F 0.6
R5AA06040H 1.0
ROAAOBOAOF 0 Model NF30 10A
R2AA08040F 1.0 MITSUBISHI ELECTRIC
R2AA08075F 1.6 S-N10
R2AAB8100H 2.0
R2AA10075F 17 MITSUBISHI
RS2#03# R2AA13050H 1.2 ELECTRIC
R2AA13050D 1.2
R2AA13120B 2.2
R5AA06040F 1.0
R5AA08075D 1.6
R5AA08075F 1.6
R2AAB8075F 1.6
ROAATO100F X HF3030C-UGA
RS2H05H ROAAI3120D 28 Model NF30 15A SOSHIN
R2AA13120L 28 MITSUBISHI ELECTRIC ELECTRIC Co.,
R2AA13180H 3.6 Ltd.
R2AA13200L 4.0
R2AA13180D 4.0
R2AA13200D 5.0 LT-C32G801WS
R2AA18350L 6.0
Q1AA10200D 4.0 s.N18 SOSHIN
AG200V . Q1AA10250D 42 Model NF50 30A ITSUBISHI ELECTRIC Co.,
Q1AA12200D 4.0 MITSUBISHI ELECTRIC Ltd.
Q1AA12300D 5.0 ELECTRIC
Q1AA13300D 5.0
Q2AA13200H 4.0
Q2AA18200H 4.0
R2AA18350D 7.0 S.N35
R2AA18450H 74 Model NF50 50A MITSUBISHI
R2AA18550R 8.4 MITSUBISHI ELECTRIC
R2AA22500L 9.6 ELECTRIC
Q1AA13400D 6.7
Q1AA13500D 8.3
Q1AA18450M 7.4 S-N35
Model NF50 50A
RS2#15# Q2AA18350H 6.9 ode MITSUBISHI
Q2AA18450H 74 MITSUBISHI ELECTRIC
ELECTRIC
Q2AA18550R 8.4
Q2AA22550B 10.0
Q2ARZ2T00S 122 Model NF100 75A S-N50
. MITSUBISHI ELECTRIG  |HF3050C-UQA IMITSUBISHI
ELECTRIC
R2AA18550H 9.3
R2AA18750H 11.6
R2AA1811KR 16.0
Q1AA18750H 12.6 HF3080C-UQA | |
RS2430 Q2AA18550H 10.0 Model NF100 100A SOSHIN MITSUBISHI
Q2AA18750L 12.6 MITSUBISHI ELECTRIC  |ELECTRIC Co.,
Q2AA2211KV 16.0 L ELECTRIC
Q2AA2215KV 214 td.
Q4AA1811KB 15.7
Q4AA1815KB 214
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4.\Wiring Peripherals
B AC100V input
Servo Main circuit
i Servo motor o L Magnetic Surge
Input voltage amplifier power supply Circuit breaker Noise filter
. model No. . contact absorber
capacity rating (KVA)
R2EA04003F 0.2 HF3030C-
LT-C12G801WS
R2EA04005F 0.2 NF30 Type 10A UQA S-N10
RS2#01A
AC R2EA04008F 0.4
SOSHIN
100V R2EA06010F 0.5 MITSUBISHI SOSHIN MITSUBISHI
ELECTRIC
ELECTRIC ELECTRIC ELECTRIC
RS2#03A R2EA06020F 0.8 Co. Ltd Co., Ltd.
0., .

*

1.

Mark “#” is optional number or alphabetical letter.
Please install surge absorber at the input part of servo amplifier when overvoltage such as lightning surge is applied

to servo amplifier.
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Peripherals

2) Power supply capacity and peripherals list (Linear motor)

B AC200V input
i Main circuit .
Input Servo am_pllfler Servo motor power supply Circuit breaker Noise filter Magnetic Surge
voltage capacity model No. . contact absorber
rating (KVA)
DS030C1N2 1.4 Model NF30 10A
RS2#03L DS050C1N2 1.4 MITSUBISHI
DS075C1N2 1.5 ELECTRIC S-N10
DS030C2N2 2.7 MITSUBISHI
DS050C2N2 27 Model NF30 15A ELECTRIC
DS075C2N2 30 MITSUBISHI
RS2#05L 75 : ELECTRIC
DS030C1Y4 2.7
DS100C1N2 3.2
DS150C1N2 3.2
DS030C3N2 3.5
DS050C3N2 3.5 HF3030C-UQA
DS075C3N2 3.8 Model NF50 30A SOSHIN S-N18
DS100C2N2 55 MITSUBISHI Etl(-jECTRlC Co., | MITSUBISHI | |1
ELECTRIC : ELECTRIC
RS2#10L DS150C2N2 55 C32G801
AC200V S030C2 WS
D Y4 4.5 SOSHIN
DS050C1Y2 4.4 ELECTRI
DS075C1Y2 48 C Co., Lid.
DS030C3Y4 6.8
DS100C3N2 82 Model NF50 50A S-N35
DS150C3N2 8.2 MITSUBISHI MITSUBISHI
RS2#15L DS05002Y2 8 ELECTRIC ELECTRIC
DS075C2Y2 9.5
Model NF100 75A S-N50
DS050C3Y2 12.2 MITSUBISHI HF3050C-UQA | MITSUBISHI
ELECTRIC ELECTRIC
RS2#30L DS075C3Y2 13.2 Model NF100 100A HF3080C-UQA S-N65
MITSUBISHI SOSHIN MITSUBISHI
DS050C4Y?2 8.2 ELECTRIC EtlaECTRIC Co,, ELECTRIC

3) Cooling fan connectors to connect motor

* Mark “#” is optional number or alphabetical letter.

* Please install surge absorber at the input part of servo amplifier when overvoltage such as lightning surge is applied

to servo amplifier.

Motor model number

Cooling fan plug model number
(Cable clamp model number)
[Plug + clamp model number]

Connector type

Pin assignment code

AC200V+10%
Single-phase 50/60Hz

All of model Q4

N/MS3106B10SL-4S

[MS08B10SL-4S5-4]

(N/MS3057-4A) Straight A B
[MS06B10SL-4S-4]
N/MS3108B10SL-4S

(N/MS3057-4A) Angle A B

* No polarity for the above parts.
Please place your order by “plug + clamp model number,” our exclusive model numbers.

Fil /\ Fil

Q4-series servo motor
Plug for cooling fan

Pin assignment (Viewed from motor)
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5. Interface About EtherCAT

5.1 About EtherCAT

This chapter describes the technical specifications for the network communication construction
method, physical parameter adjustment method and the function activation method.

An appropriate knowledge of servo amplifiers, motion control, networking and EtherCAT CoE
(CANopen over EtherCAT) is required for the reader of this chapter.

Detailed information of EtherCAT can be obtained from the following ETG(EtherCAT Technology
Group)website:

http://www.ethercat.org/

B Trademark
EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.

1) Overview

Ether CAT is an abbreviation of Ethernet for Control Automation Technology. Ether CAT is an open network
communication between master and slave units using the real time Ethernet developed at BECKHOFF
Automation and is controlled by ETG (Ether CAT Technology Group).

Twisted pair or fiber optic cables can be used for the Ether CAT connection and the Ether CAT also makes various
topological configurations possible, such as line, tree, daisy chain, drop line, etc.

Each slave node reads the output data transmitted from the master, while a telegram is forwarded to the next
device. Similarly, the input data is inserted while the telegram passes through. Standard Ethernet protocol in
accordance with IEEE802.3maintained as the communication protocol; therefore, a new sub-bus construction is
unnecessary for the EtherCAT connection.

This protocol allows transport of control data directly to each Ethernet frame. The frame may consist of multiple
sub-telegrams and realized Broadcast and Multicast communications with logical process images up to a possible
4 gigabytes in size.

A cable length of 100m maximum is possible between devices, and the size of the network is virtually unlimited
since up to 65535 slaves can be connected under the 100BASE-TX Ethernet.

In addition, a switch-based reciprocal connection with ordinary TCP / IP is also possible.

2) EtherCAT Profile

B |EC61158 Section12
-IEC61158-2-12 (EtherCAT Physical Layer Specification and service definition)
-IEC61158-3-12 (EtherCAT Data-link service definition)
-IEC61158-5-12 (EtherCAT layer service definition)
-IEC61158-6-12 (EtherCAT layer protocol specification)

—_~ o~~~

IEC61158 is the forms of the international fieldbus standards including Ethernet-based field buses with the
descriptions that define the basic communication structure of the networks.

EtherCAT protocol is added as "Type 12" that directs EtherCAT Communication Profiles such as EtherCAT State
Machine (ESM), Process Data Communication System using the features of the Fieldbus Memory Management
Unit (FMMU), CoE Service Channel mapps to the EtherCAT Mailbox, SyncManager (SM) and synchronization
structure using Distributed Clocks (DS).

B I|EC61800 Part7 (Adjustable speed electrical power drive systems)
-IEC61800-7-1  (Generic interface and use of profiles for power drive systems - Interface definition)
-IEC61800-7-200 (Generic interface and use of profiles for power drive systems - Profile specifications)
-IEC61800-7-300 (Generic interface and use of profiles for power drive systems - Mapping of profiles to network technologies)

IEC61800 in Part7, Power Drive System(PDS) profile,defines the functional operations of the servo drive systems.
Section1defines the generic interface and use of profiles for PDS.

Section200 defines the specifications of profile types. The object dictionary of data protocol, CiA402, state
transition FSA and operation mode functions are explained in Profile type1 (-201) and primarily SERCOS IDN and
phase are explained in Profile type4(-204) in detail.

Section300 defines mapping of network technologies. CANopen and CANopen over EtherCAT are explained in
the Mapping of profile type1 (-301) and the communication protocols such as SERCOS and Servo drive over
EtherCAT are explained in the Mapping of profile type4 (-304).
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5. Interface

Model (Reference Model)

5.2 Model (Reference Model)

1) OSI Reference Model

Compared with the OSI (Open Systems Interconnection) reference model, the EtherCAT communication model
has no layers in layers 3 - 6.

Comparison of OSI reference model and EtherCAT (CoE) model

Layer OSI reference model EtherCAT model
SDO  (Service Data Object : Mailbox)
7 Application PDO  (Process Data Object)
(Application layer) ESM  (EtherCAT State Machine)
ESI (Slave Information Interface)
6 Presentation (Presentation layer)
5 Session (Session layer)
Empty
4 Transport (Transport layer)
3 Network (Network layer)
SM (Sync Manager)
9 Data link FMMU (Field Memory Management Unit
(Data link layer) PDI (Process Data Interface)
DC (Distributed Clock)
Physical 100BASE-TX
! (Physical layer) E-BUS (LVDS for back plane)
W Layer 1 (Physical layer)

Takes charge of electrical conversion and mechanical work to send out data to communication circuits.
The pin shapes and cable characteristics are also specified on this layer.

Layer 2 (Data link layer)
Ensures the physical communication path and detects data errors passing through the path.

Layer 3 (Network layer)
Selects the communication path to deliver the data and controls the address inside the path.

Layer 4 (Transport layer)
Performs data compression, error correction and resends data delivery controls absolutely and efficiently.

Layer 5 (Session layer)
Establishes and releases virtual connection for sending / receiving data between communication
programs.

Layer 6 (Presentation layer)
Transforms received data from the session layer into an easier to use form and changes the data from the
application layer into a form applicable for communication.

Layer 7 (Application layer)
Provides various services utilizing data communication to users as well as to other programs.
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Model (Reference Model)

2)

Drive Architecture

Q

Ethernet Node

Ijl

Application layer and EtherCAT communication profile IEC61158

|

Drive Profile CiA402

Device Control

State Machine

Functions (Modes of operation)

Homing
Function

Position
Function

Velocity
Function

Torque
Function

Touch Probe
Function

Communication architecture



5. Interface Settings

5.3 Settings

1) Node ID
Each slave drive in the EtherCAT network can have its own respective node ID and the unique node ID
setting is basically performed in the position addressing mode.
Besides, 0 - 65535 axes addresses can be set using the 4 bit rotary switch (0x0 - OxF:bit 3 - 0) at the front
of the amplifier and with a set value of bit 15 — 4, previously written in the non-volatile memory (on R2
setup) inside the amplifier.
The setting values will be written in the station alias setting register (0x0012) in an address space after the
control power has been turned ON.
When an axis address has changed under the control power ON status, re-input the power to enable the
change in axis address.

2) Physical Communication Specifications

Physical Communication Specifications

Item Specifications Notes
Topology Line
Data flow Line: From the master to the first slave and then on to the last slave,

shuttling back and forth.
Communication Twisted pair cable
media
Communication 100 Mbit/s
rate
Communication Auto-negotiation function with ISO/IEC 8802-3
parameter settings Auto-crossover function

Cycle time Depends on application
Device address Selected address
Synchronization Special protocol for data change(DC)
Slave telegram Mailbox SDO telegram using EtherCAT CoE specifications
Master telegram Mailbox SDO telegram using EtherCAT CoE specifications
Initialization Input power >> Init >> Pre-Operational >> Safe-Operational >>
Operational mode
Cable length 100m max Between nodes
Node 65,535 max. Single segment
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Communication Specifications

5.4 Communication Specifications

1) Device Model

B Communication

This unit includes the data transfer function via the network architecture base.

B Object Dictionary

The Object Dictionary affects the application object, the communication object and the state machine
operations used in this device.

B Application

The communication device function of data conversion, according to the operational environment, is
included in the application.

The Object Dictionary has a role as an interface between communication and application.
The explanation of the device application of each data item in the Object Dictionary is called a “Device Profile”.

Servo
Motor

| Servo control
|
|
1 Application (DS 402 Device Profile)
|
| J/I|
| Application Object Dictionary S
| Layer o
I (AL) SDO, PDO PDO Mappi o)

5 apping 5
' 5
! 1r 1C :
l 5
| Mailbox Process Data AL Control/ | | Sync Man S
| AL Status Setting
I Data Link
| Layer _ =nmuns

DL info DL Address FMMU n
| (DL)
I Layer
| EtherCAT DL Control / DL Status Management
Data Link Layer
|
|
| .
Physical
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5. Interface

Communication Specifications

Object Index
All objects are addressed with a 16-bit index using a 4-digit hexadecimal number.

Objects are assigned in the Object Dictionary by individual groups.
The Object Dictionary outline prescribed in CoE is as follows:

Object Index Assignment
Index (Hex) Object
0x1000 - Ox1FFF Communication Profile Area
0x2000 - Ox5FFF Manufacturer Specific Profile Area
0x6000 - OX9FFF Standardized Device Profile Area
0xA000 - OxFFFF Reserved

2) Communication

B Ethernet Protocol
Since EtherCAT is adopting IEEE 802.3 as its standard Ethernet frame, a standard network controller can
be used.
Therefore, system construction is possible on the master side without designing specific hardware.
“Ox88A4” is reserved for the Ether type of EtherCAT and is distinguished from the other Ethernet frames.
EtherCAT does not require IP protocol.
The frame defines EtherCAT datagrams and divides them into detailed accounts at the EtherCAT frame
header.
Only theType1 EtherCAT frame is processed by the slave in the EtherCAT header.
Ethernet Frame Datagrams: max.1514 Byte
8 Byte A
Preamble Ethernet Header(14Byte) Ethernet Data FCS
6 Byte 6 Byte 2 Byte 2 Byte 44N 1498 Byte | 4 Byte |
Destination Source EtherType ECT Header Datagrams FCS
16 bit 1 bit 1 bit 4bit |
EtherType=0x88A4 Length Res. Type Datagrams
— A

|—> Data Type of Datagrams=1

» Data Length of Datagrams=44~1498

Note) Add 1 - 32Bytes when the Ethernet frame is shorter than 64Bytes
(Ethernet Header + Ethernet Data + FCS)

Ether Type and Ethernet Data Headers
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3) EtherCAT Protocol

The commands are standardized as default values with the IEC61158 EtherCAT Communication Profile to simplify
network structuring. Each node in a segment can be addressed individually and the EtherCAT datagrams can be
used by one (1) Ethernet. The frame ends at the EtherCAT datagrams.

Ethernet Header Ethernet Data FCS
14 Byte 2 Byte 44 - 1498 Byte | 4Byte |
Ethernet Header ECT Header 1..n EtherCAT Datagrams FCS
1st EtherCAT Datagrams 2 coc e nth EtherCAT Datagrams
i 10 Byte 0~1486Byte - 2Byte
Datagram Header Data WKC | <- WKC = Working Counter
| 8bit 8 bit 32 bit Mbit  3bit 1B Tbit-ee 16.bit
oCmd s ldx 16 Address sglen 50R | 62C 63 M 64 IRQ 79
i 16bit 16bit | L
More EtherCAT Datagrams
Position Offset —> Position Addressing
Address Offset —> Node Addressing
Logical Address — Logical Addressing
EtherCAT Datagrams

4) Datagram Header

A 10 Byte datagram header at the beginning of the datagram determines how to handle the following data:

EtherCAT Datagram Header

Field Data Type Value / Explanation
Cmd BYTE EtherCAT command type
Index is handled by the master for copy / datagram identification.
ldx BYTE . . . .
This is a numeric identifier. It cannot be changed in a slave.
Indicates the access method of the slave with a 32-bit address.
-Auto-increment address (16bit device address+16bit offset address)
Address BYTE [4] -Node address (16bit device address+16bit offset address)
-Logical address(32bit logical address)
Len 11bit Data length following these datagrams
R 3bit Reserved, 0
. Circulating frame 0 : Frame is not circulating
C 1bit .
1 : Frame was circulated before
Contiguous EtherCAT datagrams
M 1bit 0 : The last EtherCAT datagram (n" EtherCAT Datagrams)
1 : EtherCAT provide further contiguity
(Example:2™ EtherCAT Datagrams will abut the 1t EtherCAT Datagrams
IRQ WORD EtherCAT interrupt request register for all slaves is interlocked with the logic OR
Data BYTE [n] Read / Write data
WKC WORD Working counter
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Communication Specifications

o)

Command Type

Address and access method are determined by the 8-bit command at he head of the EtherCAT datagram.
EtherCAT command types are listed below.
Read / Write operations and Read operation are executed before Write operation.

EtherCAT Command Types
CMD | Abbreviation Name Explanation
(Oxc(')O) NOP No Operation Disregard commands
1 APRD Auto Increment Creates the increment address
(0x01) Read Sets Read data in the datagram when the receive address is 0.
2 APWR Auto Increment Creates the increment address.
(0x02) Write Writes data in the memory domain when the receive address is 0.
3 APRW Auto Increment Creates the increment address. Sets Read data in datagrams and
(0x03) Read Write writes the data in the same memory domain.
4 FPRD Configured Address Sets Read data in datagrams when address is matched.
(0x04) Read
5 FPWR Configured Writes data in datagrams when address is matched.
(0x05) Address Write
6 FPRW Configured Address Sets Read data in the EtherCAT datagrams and writes the data in the
(0x06) Read Write same memory domain when the address is matched.
7 BRD Broadcast All slaves set the logical OR of the memory domain data and
(0x07) Read datagrams data.
(0X808) BWR Brova:/c:ict::st All slaves write data in the memory domain.
9 Broadcast All slaves set the Iogilcal OR of t.he memory domain. data anq the
(0x09) BRW Read Write datagram data then write the data in the memory domain (BWR is not
generally used).
10 LRD Logical Memory Sets read data for the datagrams when the receive address is matched
(Ox0A) Read with read setting FMMU
11 LWR Logical Memory Writes the data in the memory domain when the receive address is
(0x0B) Write matched with write setting FMMU.
12 logical Memory Sfets read datg for the datagr.ams when thg receive address is matched
(0x0C) LRW Read Write with rea(.j setting FM'MU. Writes the da.ta in the memory domain when
the receive address is matched with write setting FMMU.
13 ARMW Auto Increment Creates increment address. Inputs read data to the datagrams when
(0x0D) Read Multiple Write receive address is 0. Other slaves write data in the memory domain.
14 FRMW Configured Read Multiple | Sets read data to the datagrams when address is matched.
(0x0E) Write Other slaves write data in the memory domain.
15~255(0x0F - OxFF) Reserved
Addressing mode of EtherCAT datagrams 32bit Address is explained in the following table (1-7)
EtherCAT Addressing Mode
Mode Field Data Type Value / Explanation
Auto Increment Position WORD Eac.h. slave in.crement is respective to its position, and the slave at
Address Position = 0 will be addressed.
Offset WORD ESC Local register or Memory address
Sonane Address WORD Sla\./e will be addressed when the set :.a?ds address matches the set
Station Address station address (under the enabled condition)
Offset WORD ESC Local register or Memory address
Logical Slave will be addressed when the logical address (set by FMMU
Adc?ress Address DWORD FMMU configuration matches the addregs. ( ’ )
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6) WKC (Working Counter)

Each EtherCAT datagram will end with a 16 bit working counter (WKC).

The working counter counts the device number normally accessed by EtherCAT datagrams.

Also, the working counter is incremented by the ESC (hardware) in which the slave amplifier is loaded.

Each datagram should have an estimated working counter value calculated in the master.

The master can confirm if EtherCAT datagrams have executed processing or not by comparing the estimated
value to counted by the WKC and the result of the commands to each slave.

Working Counter Increment

Command Data Type Increment
Failed No change
Read Command Read succeeded +1
. Failed No change
Write Command Write succeeded +1
Failed No change
Read succeeded +1
R Wri
ead / Write Command Write succeeded )
Read / Write succeeded +3

7) Frame Processing

R-ADVANCED EtherCAT amplifier has two (2) parts and the frame processing order (processing) is according to
the logical port number.

Frame Processing Order
Usage Port Frame Processing Order

1 Port Port0 > Processing ->  Port0
Port1 -> Processing ->  Port1

2 Ports Port0 > Processing ->  Port1 => Port1 -> -> ->  Port0
Port1 -> -> > Port0 => Port0 -> Processing ->  Port 1

The direction via the EtherCAT processing unit is called “Processing” and the direction that does not pass through
the processing unit is called “Forwarding”.

EtherCAT EtherCAT Servo Amplifier
Processing Unit

Port 0 Closed
Auto Loop back function Q
—N
——>F— Forwarder e - =
Port 0 / Port 1

Auto [ | —

< < ﬁ Forwarder|
Port1Closed

Loop back function

Frame Processing of R-ADVANCED EtherCAT Amplifier
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5.5 Addressing Image

1) Position Addressing (Auto-Increment Addressing)

Position addressing is a command to access slaves from the master according to the connection order (physical
position).

Each slave device provides one (1) 16-bit address field every time datagrams pass through and a slave
“0x0000”will be addressed and will respond when receiving the address field.

Position addressing image is as follows: Frame must be transmitted under the position setting of “0x0000” when
addressing the 1%t axis and “OxFFF9” when addressing the 8" axis.

Slave amplifier ~ Slave amplifier Slave I/0 Slave amplifier Slave amplifier
Master 1 2 3,4,5,6 7 8

=
=
g,

safeafesimiy

[Fexi sateagenzif)

i

OxFFFB
OxFFF9 OxFFFA OXOFFC

OxFFFD
OxFFFE

OxFFFF 0x0000

Position Addressing Image (Example: Addressing the 8™ axis)

2) Node Addressing (Fixed Addressing)

The slave matched to the address set at station register (0x0010) from the master by position addressing is
normally addressed in node addressing.

This enables access without fail even when a device is added, the segment topology has changed and/or the
slave has been removed.

The respective slave node address is set with the rotary switch at the front of the amplifier and CoE Object
Dictionary: an added value of the extension station alias (0x20FA) in the station alias. Therefore, identification is
possible even if the connection order differs. Also, this address pattern is accessible by setting in DL Control.

2]
Q
<
D
=
(@)

Slave amplifier ~ Slave amplifier Slave amplifier Slave amplifier

Master 1 2

»
>
o
o))
N
o

i SagS ezl

suleajeniim)
H H T
i oudeageniillif

\
Fesi
23
ER
s

0x07D0O
0x03E9 Ox03EA 0x07D1

0x07D2
0x07D3

0x03EB 0x03EC

Node Addressing Image
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3) Logical Addressing

A 32-bit address field for logical addressing inside the segment is used as one (1) address value.

Logical addressing is not done individually but addresses the 4GB segment width of the logical address space.
This section can be used for any slave number and can translate the 32 bit logical address to a physical address
using the internal address mapping method of the Fieldbus Memory Management Unit (FMMU).

Each FMMU channel maps the logical address space that abuts the contiguous physical address space of one of

the slaves.

Logical addressing image is shown below.

Master Slave amplifier Sl_av_e I_/O_ Slave amplifier S_I_ay_e_l/(z
- e | EEEE = | EEEE
|l ; IR IR
o EEaE EEaE
a - a A 4 -
Logic space
4GByte(32bit)
| |
| |
e l
A A v y Vv v A A J A v W Y
Telegram | Eihemet HDR | HDR1 | AMPData | HDR2| 1/OData |HDRn Data n FCS
Structure |
1 A 1 1 1
/10 | ¢ X ! | X
Data | 1 1 1 1
1 1 1 1
1 1 1 1
Data n [« !
1 1 1 1
1 1 1 1
1 1 1 1
AMP | _ ! | | |
Data | 1 1 1 1
1 1 1 1
L] 1 1 1 1
" | Subtelegram1 ! Sub-telegram2 | Sub-telegramn !
0

Logical Addressing Image

4) FMMU (Fieldbus Memory Management Unit)

FMMU (Fieldbus Memory Management Unit) translates the ESC physical address and the 4GB (32bit channel)

master logical address.

Each FMMU channel can manage a logical address controlled in the master and physical address extending over
the respective slave in batch by allocating the contiguous logical address space of the master to the contiguous

physical address space of the slaves.

The types of access configurations supported by FMMU are “Read”, "Write” and "Read / Write”.
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5) SM (SyncManager)

ESC memory can be used for data conversion between the master and the slave M-controller without any
limitation; however, it has some weak points because the internal ESC is addressed for using communication
memory.

B The data integrity will not be guaranteed.
Signals must be executed with software for coordinate data conversion.

B The data security will not be guaranteed.
It is necessary to process the data security mechanism with the software.

B Both the EtherCAT master and slave (s) must poll the memory until either master or slave has confirmed
the access completion notification.

Definite SM enable and normal data reception are converted between the master and slave and generate change
notification interrupts to both sides.

SM is set in the master and uses a buffer set in the memory area for data conversion.

The communication direction is configured the same as the buffer and mailbox modes.

Access to this buffer is controlled by SM hardware, and it is necessary to access the Start address first. If not,
access will be refused.

The entire buffer will be accessible after the start address is accessed.

The buffer ends with access to the end address and the buffer status will change. An interrupt will also be
generated when the watchdog trigger pulse has been set.

The end address cannot be accessed twice in one frame.

Two (2) communication modes are supported in SM.

B Buffer Mode
Buffer mode enables access to the communication buffer at any time on both the EtherCAT master and
slave side.
The reception side can always Read the latest buffer written on the transmission side. The transmission
side can always update the buffer value.
However, old data will be dropped when the Write buffer is faster than the Read.
Buffer mode is generally used for PDO communications of T x PDO-R x PDO.

B Mailbox Mode
Data will not be lost in mailbox mode because of the handshaking mechanism associated with data
conversion.
Either the EtherCAT master or slave can access the buffer, but only when the other side has ended its
access.
To begin, the transmission side Writes on the buffer, and the next Write command is locked until Read by
the reception side.
Mailbox mode is generally used as an application layer protocol. The SM reception buffer will change in
the master only when FCS (Frame Check Sequence) is normal. Therefore, the buffer will respond
immediately after the frame ends.
The SM setting register is assigned from the address 0x0800.

6) Buffer Mode (3 Buffer Mode)

Buffer mode enables simultaneous data Read/Write on both the master and slave and is called 3 Buffer Mode.
Physically, three (3) same-sized buffers are allocated in this buffer mode and these set the start address as well as
the first buffer size at configuration register SM 0-7 of 0x0800.

This buffer address will be defined for data Read/Write to be used for the master and slave.

Accessing the first (0) address width is performed by SM with automatic switching accessing to one of the three
buffers.

Therefore, the master and slave only need to access the buffer (0) address.

Also, the memory to be used for buffers (1) and (2) will be reserved automatically and disabled. Please consider
this domain carefully when setting another SM.

Generally, one buffer among the three is for Write use, one for Read use and another is reserved for Write use.

5-12
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Shows the definition and data conversion example under the setting of: Start address: 0x0100 Data length:

0x0100
Buffer address Object index
Buffer 0
0x1000 - 0x10FF (Visible) Both the master and slave access Buffer 0
because SM controls all buffers.
0x1100 - Ox11FF Euen .
(Invisible disable) Sets only Buffer 0 for SM setting.
Buffer 2
0x1200 - Ox12FF (Invisible disable)
0x1300 - Next useable domain

Buffer Allocation for SyncManager Buffer Mode

Master EtherCAT Next PDI HController

Write begin ——|data1 data1 data1
Write end —,|datal data1 data1

Buffer 0 | Buffer 1 | Buffer 2 Read latest
Ful (Empty) data0 dataO dataO[— available data
(Full) Pty data0 data0 data0

L

data1 data1 data1
data1 data1 data1

Buffer 1 | Buffer O | Buffer 2 .- Go on Reading
data0O
Empt
(Empty) ” (Full) data0 data0 dataOj—— Read end
Exchange buffer Exchange buffer
(If frame is ok) (If new data available)

Write begin ——|data2 data2 data2
data2 data2 data2

Buffer 1 | Buffer 2 | Buffer O

data1 data1 data1——— Read latest

Empt i
(Empty) datal datal datai available data

Conversion example of SyncManager Buffer Mode (Master => Slave)

SM status register reflects the current status and the latest Write buffer status is displayed as in interrupt status.
The latest Write buffer status shows “3” until the first Write of the SM buffer.

5-13
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7) Mailbox Mode

It is guaranteed that all transmitted data will be delivered to the reception side because the Write/Read are
converted with handshaking in the mailbox mode.

Mailbox mode uses only one (1) size buffer set in advance and will be able to be used as a mailbox buffer after the
initial settings and boot to SM.

When the initial data writing to the data is complete, write access will be blocked and the data can be read on the
reception side.

After the data has been read normally, writing access to the buffer is permitted again.

The time required for data Read/Write is not important in this mode.

Master EtherCAT Slave (uController)

Read =———

Mailbox Empty

]

Data Data Data |e«————  \Write
Data Data Data
Data Data Data

Failed <«——— Read

WKC=0

Mailbox Full | Write end —— Successful

]

Mailbox Empty

Read =———>

Successful «<=—— Read
WKC=1 ... Data

Mailbox Mode data conversion example (Master => Slave)
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5.6 Accessing to Object Dictionary

R-ADVANCED EtherCAT amplifier supports CoE (CANopen over EtherCAT) with two (2) methods provided for
accessing the Object Dictionary device.

B Service Data Object (SDO)
B Process Data Object (PDO)

1) Service Data Object (SDO)

The master can control many of the slave amplifier parameters such as device settings and the monitor, through
Read/Write in the Object Dictionary entry, using SDO transfer.

The master, supporting EtherCAT CoE, performs SDO transfer to each slave device.

The data changes and the Read R_SDO is requested by T_SDO and transmitted from the SDO master.

2) Mailbox Protocol

The mailbox functions as a communication direction of master to slave / slave to master and supports various DL
user protocols with an independent communication system differing from logical addressing.

Data transfer from slave to slave must be processed by the master.

The Mailbox Header has an address field in the master that enables re-direction service.

Mailbox uses two (2) SyncManager (SM) channels: one (1) in each direction.

(Example:SMO: Master -> Slave direction,SM1: Slave -> Master direction)

The physical addressing method, with no FMMU, is necessary in mailbox communication instead of logical
addressing because mailbox communication addresses a single slave intermittently.

Diagram for Mailbox - Interface and protocol configurations are shown below.

Ethernet Header ECT Header 1t ECT Datagrams 2 coc e n" ECT Datagrams FCS
E 10 Byte 0-1486 Byte ™o
Datagram Header Data WKC
8bit___ 8bit 320t 1 bit 3bit 1bit 1bit  16bit ! l | 2Byte |
oCmd |sldx 48 Len |59R [62C [63sM | 64IRQ79 Mailbox Protocol WKC
| 16bit 16 bt~ yd \
16 Position 32 Offset example: SMO=Mailbox output : 0x1800 Setting time(Master => Slave)
->  CoE request time Offset = 0x1800
SM1=Mailbox input : 0x1CO00 Setting time (Slave => Master)
-> CoE response time Offset = 0x1C00

" 6Byt 2 Byte
Mailbox Header CANopen Header Cmd specific data

16 bit___------ e 6 bit 2 bit 4 bit 4pit ! 9 bit 3 bit 4pit ! Max. 1478 Byte '
oLength 16Address 32Channel  33Prio 40 Type 44 Cntr Number Res Type Cmd specific data

Mailbox - Interface
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Mailbox Header Configurations

Name (Abbreviation) Data Explanation
Length
Length (Len) 2 Byte Data length to abut the next
Address (Ad) 2 Byte Sender’s station address
Channel (Ch) 6 bit Reserved (0x00)
Priority (Pr) 2 bit Reserved
Priority(0x00 - 0x03)
Type (Typ) 4 bit Mailbox type. Protocol identifier for contiguous data
0 : Mailbox Error
3 : CoE (CAN open over EtherCAT)
Counter (Ct) 4 bit Sequence number

Incremented in every mailbox service as a duplicate detection.
(Only 1 — 7 can be used because of compatibility to an old version)

3) CANopen Header Protocol

“CANopen Header” is configured with a 2Byte identifier composed of “Number” and “Type”.
“CANopen Header” configuration is shown below.

CoE Command Configuration

Name (Abbreviation) Data Explanation
Length
Number (Num) 9 bit PDO number (PDO Use only in transmission time)
0x000 - Ox1FF
Type (Type) 4 bit Message Type
0 : Reserved
1 : Emergency Message
2 : SDO Request
3 : SDO Response
4 : Reserved (TxPDO)
5 : Reserved (RxPDO)
6 : Reserved (Remote transmission Request of TxPDO)
7 : Reserved (Remote transmission Request of RxPDO)
8 : SDO Information
9 - 15 : Reserved
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4) SDO Message

SDO message is configured by “CANopen Header” and “SDO Data frame”.

Data transfer capacity is up to 4Byte standard and is possible for up to 1470Byte using the “optional Data” domain.
Since most of them are smaller than 4Byte in the R-ADVANCED EtherCAT CoE amplifier, an expedited SDO
transfer is possible.

SDO message configuration is shown below.

8 Byte 2 Byte Max. 1478 Byte
Mailbox Header | CANopen Header Command specific data
i 8 Bit 16 Bit 8 Bit 32 Bit i
SDO Control Index Sub-Index Data Optional Data

1 - 1470 Byte
SDO Message List (example)
SDO Message Configuration
Name Data Explanation
(Abbreviation) Length
SDO Control 1 Byte Standard CANopen SDO service
Index 2 Byte Object address by index
Sub-index 1 Byte Object address by sub-index
Data 4 Byte Data for SDO service
Option Data 1-1470 | Transmission possible for heavier than 4Byte data with 1 frame at the
Byte time of Option command
(Can be used up to full mailbox size)

B SDO Command
Data Read / Write by the master begins by transmitting a command code “Index” and “Sub-index”.
The slave responds to the request by returning the request data.
The same “Index” and “Sub-Index (Sub-idx)” of the request are added to the SDO response.
The response data length is determined by the SDO Command (cmd).
The slave returns an error message when the message is not accepted (Refer to SDO error messages).
The explanation for each command will be shown starting on the next page.

SDO Message List

Command Page/Diagram Notes
SDO Download Expedited Request Diagram1
SDO Download Expedited Response Diagram 2
SDO Upload Expedited Request Diagram 3
SDO Upload Expedited Response Diagram 4
SDO Download Normal Request Diagram 5
SDO Download Normal Response Diagram 2 Same as Diagram 2
SDO Upload Normal Request Diagram 3 Same as Diagram 3
SDO Upload Normal Response Diagram 6

Command specific Abbreviation Definition List

o0 Size Indicator : oS|I 1 Transfer Type DT T

2 Data Set Size : 2DS 4Complete Access : 4CA
5 Command Specific : s5CS 0SDO Control : oSDO
g Index : sldx 24 Sub-Index : 24Sub
32Complet Size : 2CmpS
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B SDO Download Expedited Request

- Mbx Header CANopen Header Command specific data -
Master ! Slave

- —— e ———— e —— —— e — — — — — — — — — — — —

1 1 1 !
. i I 1
- 1 1 i

i I i
H H
- | i
| I |
|
i

2Byte 2Byte 6bit 2bit 4bit 4bit | 9bit 3bit 4 bit 1Byte  2Byte 1Byte  4Byte

oLen [16Ad |32Ch |3sPr |40 Typ [44Ct [oNum |[sR [12Type |o SDO [s Ildx 24Sub |32 Data

L 0x02:SDO Request
0x03:CoE

0x0A:CANopen H. + Cmd Spec Data

1bit 1bit 2bit 1bit 3bit 2Byte 4Byte . 1Byte 1 Byte 1 Byte 1Byte ™\

0S| [(+IT [2DS [¢+CA [|5CS |[s ldx 24Sub |s2Datal [s0Data2? |4 Data3 s6 Data4 e3

} B

0x01: Download Request

0x00: Reserved

0x00: 4 Byte Data(Data1 - 4),0x02:2 Byte Data(Data1,2)
0x01: 3 Byte Data(Data1 - 3),0x03:1 Byte Data(Data1)

0x01: Expedited Transfer

0x01: Data Set Size Specification

Diagram 1 : SDO Download Expedited Request

B SDO Download Expedited Response

Mbx Header CANopen Header Command specific data

2Byte 2Byte 6bit 2bit 4bit 4bit | 9bit 3bit 4bit | 1Byte 2Byte 1Byte 4 Byte :

oLen [16Ad |32Ch |38Pr |40 Typ [44Ct [oNum |[sR [12Type [0SDO |[sldx [24Sub |32 Reservedses

B 7 ’
g . . / 1

0x03: SDO Response

0x03: CoE

0x0A: CANopen H. - Cmd Spec Data

bt 1bit  2bit  1bit  3bit . 2Byte 4Byte 4 Byte

oSl [+IT [2DS [4+CA [sCS |[s Ildx 24 Sub | 32 Reserved 63

0x03: Download Response

0x00:Reserved

0x00: Zero-fixed

Diagram 2 : SDO Download Expedited Response

5-18



5. Interface Accessing to Object Dictionary

B SDO Upload Expedited Request

- Mbx Header CANopen Header Command specific data -
Master - ! Slave

' '
e e — — — — — —— — — — — — — — — — — — — — — —— — —

2Byte 2Byte 6bit 2bit 4bit 4bit | 9bit 3bit 4bit | 1Byte 2Byte 1Byte 4 Byte
oLen |16Ad [32Ch [3sPr |40Typ [4aCt |oNum | sR [12Type | oSDO |sldX [2aSub |32 Reservedss

L 0x02:SDO Request
0x03:CoE
0x0A:CANopen H. + Cmd Spec Data

1bit 1bit  2bit 1bit 3bit 2Byte AByte 4 Byte
0S1 #IT |2 DS [4CA [sCS |[s ldx 24 Sub 32 Reserved 63

0x02: Upload Request
0x00:Reserved
0x00: Zero

Diagram 3 : SDO Upload Expedited Request

B SDO Upload Expedited Response

_______________________ ——
— Slave

- Mbx Header CANopen Header Command specific data -
2 Byte 2Byte Gbit 2bit 4bit  4bit | obit 3bit 4bit | 1Byte  2Byte 1Byte 4Byte |
oLen [16Ad |32Ch [3sPr [40Typ [44Ct |oNum | oR [12Type | 0SDO [s ldx 22Sub (32 Data

) L 0x03:SDO Response
0x03:CoE
- - — 0xOA:CANopen H. + Cmd Spec Data
1 bit “Tbit  2bit  1bit 3 bit _ 2Byte //1/Byte 1 Byte 1 Byte 1 Byte 1 Byte

0S| +ITT |2DS |4CA [sCS [s ldx 24Sub [s;2Datal |sData2 |sData3 |ssDatad es

L

0x02: Upload Response

0x00:Reserved

0x00:4 Byte Data(Data1 - 4),0x02:2 Byte Data(Data1,2)
0x01:3 Byte Data(Data1 - 3),0x03:1 Byte Data(Data1)

0x01: Expedited Transfer

0x01: Data Set Size Specification

Diagram 4 : SDO Upload Expedited Response
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B SDO Download Normal Request

- Mbx Header | CANopen Header Command specific data -

Master ! , . Slave
<——d,—————-g————————————————i-——

2Byte 2Byte 6bit 2bit 4bit 4bit: Obit 3bit 4bit 1Byte 2Byte 1Byte  4Byte n-10 Byt -.__

oLen [16Ad |32Ch [3sPr [40Typ [44Ct |oNum | oR [12Type | 0SDO | sldx [22Sub [:2CmpS [ss Datan- 10

L 0x02:SDO Request

0x03:CoE

n >= 0x0A:CANopen H. + Cmd Spec Data

1bit 1bit 2bit 1bit 3bit , 2Byte 1Byte 4 Byte | n-10 Byte

0S| +ITT |2 DS [«+CA |sCS (s Index |21 Sub-Index |32 Complete Size [ss Datan- 10

n — 10:Data Lengthy u

0x01: Download Request

0x00:Zero

0x00: Normal Transfer

0x01: Data Set Size Specification

Diagram 5 : SDO Download Normal Request

B SDO Download Normal Response
SDO Download Normal Response has the same configuration as SDO Download Expedited Response
Please refer to Diagram 2: SDO Download Expedited Response
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B SDO Upload Normal Request
“SDO Download Normal Response” has the same frame configuration as “SDO Upload Expedited
Request”.
Please refer to Diagram 3 : SDO Upload Expedited Request

B SDO Upload Normal Response

Mbx Header CANopen Header

Command specific data

2 Byte.2 Byte 6bit 2bit 4bit 4bit: 9bit 3bit 4 bit

1Byte  2Byte 1 Byte 4 Byte

olLen

16 Ad

32Ch

38Pr |40 Typ [44Ct [oNum [ 9R |12 Type

0SDO | sldx |[24Sub |32CmpS |56 Datan-10

0x03:SDO Response

0x03:CoE

1bit 1bit 2bit  1bit 3bit . 2Byte

N >= 0x0A: CANopen H. + Cmd Spec Data

1 Byte /'I 4 Byte ! n-10 Byte

0S|

17IT [2DS [4CA [|sCS |8 Index

24 Sub-Index [s2 Complet Size |ss Datan-10

n—10: Data Lengthx \\/

0x02: Upload Response

0x00: Zero

0x00: Normal Transfer

0x01: Data Set Size Specification

Diagram 6 : SDO Upload Normal Response
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B Abort SDO Transfer
The slave returns an error message as a response to the SDO request when the SDO message has not
been accepted for some reason (value is out of set range, etc.)
The Abort SDO message structure details and abort code list are as follows:

Mbx Header CANopen Header Command specific data

2Byte 2Byte 6bit 2bit 4bit 4bit | 9bit 3bit 4bit

1 Byte 2 Byte 1 Byte 4 Byte
oLen [16Ad |32Ch |38Pr |40Typ [44Ct [ oNum |[sR [12Type |o SDO |[s Ildx 24Sub |32 Data
L 0x02:SDO Request
0x03:CoE
- - 0x0A:CANopen H. + Cmd Spec Data
,1bn”ﬁbn 2bit bt  3bit L 2Byte 1 Byte 4 Byte |
0S| [+IT |2 DS [+CA [5CS |8 ldx 24 Sub 32 Abort Code &3

0x04: Abort Transfer Request

0x00: Zero

Diagram7 : Abort SDO Transfer Request

SDO Abort Code

SDO Error Code

Explanation

0x05 03 00 00

Toggle bit did not change

0x05 04 00 00

SDO Protocol Timeout

0x05 04 00 01

Client/Server Command Code disability unknown

0x05 04 00 05

Out of memory range

0x06 01 00 00

An access is not corresponding to the object

0x06 01 00 01

Read has been executed to the object corresponding to Write only

0x06 01 00 02

Write has been executed to the object corresponding to Read only

0x06 02 00 00

The object does not exist in the Object Dictionary

0x06 04 00 41

Cannot map the object with PDO

0x06 04 00 42

The number of mapping objects or the data length has exceeded PDO limitation

0x06 04 00 43

Non-compatibility of generic parameters

0x06 04 00 47

Non-compatibility of generic internals of device

0x06 06 00 00

Access failure because of hardware error

0x06 07 00 10

Data type not coordinated because service parameter length does not match

0x06 07 00 12

Data type not coordinated because service parameter length is too long

0x06 07 00 13

Data type not coordinated because service parameter length is too short

0x06 09 00 11

Sub-index does not exist

0x06 09 00 30

Exceeds the parameter value range (Exclusive for Write access)

0x06 09 00 31

Write parameter is too large

0x06 09 00 32

Write parameter is too small

0x06 09 00 36

The maximum value is smaller than the minimum value

0x08 00 00 00

General error

0x08 00 00 20

Cannot transfer or store data into an application

0x08 00 00 21

Cannot transfer or store data into an application because of local control

0x08 00 00 22

Cannot transfer or store data into an application under present device state

0x08 00 00 23

Object Dictionary does not exist
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B Emergency (EMCY)

Emergency object will be transferred by the master to the request command for mailbox input at the time
of error occurrence inside the device.
This object permits transfer only once to one error event.
In other words, an emergency object will not be transferred unless a new error occurs in the device.

Mbx Header

CANopen Header

Command specific data

2 Byte 2Byte 6bit 2bit 4bit 4 bit 9bit 3bit 4bit | 2Byte 1 Byte 5 Byte
oLen [16Ad |32Ch |38Pr [40Typ [44Ct [oNum |oR [12Type |0 Err Code |16 ErrReg | 24 Dataes
|7‘ 0x01:Emergency
0x03:CoE
n >= 0x0A:CANopen H. + Cmd Spec Data
2 Byte 1 Byte 4 Byte |
oError Code |16 Error Register | 24 Data 64
L Data
Error Register
Error Code
Diagram 8:EMCY Emergency
Error Code List
Error Code Explanation
0x0000 Error reset or No error
0x1001 SOE Invalid service
0x1002 SOE Unsupported
0x1101 SDO Invalid command
0x1102 SDO Invalid header
0x1103 SDO Unsupported
0xA000 SM Transfer Error: Transition from PRE-OP to SAFE-OP unsuccessful
0xA001 SM Transfer Error: Transition from SAFE-OP to OP unsuccessful
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B SDO Information
¢ Object List Request

Mast - | Mbx Header CANopen Header Command specific data | - S|
aster ; ; ; ave

. — e ———— e — —— — —

-

word 'Wé}d 6bit  2bit 4bit 4bit

— — — — — — — — — —— — —

9bit 3bit 4bit

Byte Byte word word

| oLen |16Ad |szCh |38 Pr |40Typ |44 Ct | yNum |9R |12Type 0SDO |s Res |1e FGL |32 List T
_____________ 1 6:08 500 Informaticn
R 0x03 :CoE

—1 0x08 :CANopen H.+Cmd Spec Data

bt 4bit Byt word 2Byte

|oOpcode |7Incomp |s Res |1e Fragments Left |32 List Type 47

0x00:0bject number requested on 5 different lists

0x01:Transfers entire object in Object Dictionary in Response

0x02:Transfers the object’s mappable R x PDO only

0x03:Transfers the object’s mappable T x PDO only

0x04:Transfers only the objects necessary for backup in Response
0x05:Transfers the object to be used for Startup Parameters only in Response

0x00:Zero
0x01:Get Object Dictionary Request

Diagram 9 : Get OD List Request (Object Dictionary Request)

¢ Object List Response (Object List Segment Response)

_ | Mbx Header

word ’Wé}d 6bit  2bit  4bit  4bit

CANopen Header | Command specific data |_
9bit  3bit  4bit |

byte byte word word (n-8) byte

|‘(’)Len |16Ad |32Ch |38Pr |40Typ |44Ct oNum |9R |12Type‘ | 0SDO |8ReS |16FGL |32ListT |48|dX LiS’E|

____________ 0x08 :SDO Information
A 0x03 :CoE
n>=0x08 :CANopen H. + Cmd Spec Data

- Tbit T 1 bit byte byte word (n-8) byte

Io Opcode |7 Incomp |s Res |1s Fragments Left | s2List Type |4s Index List |

Object List Index

0x00:0bject number requested on 5 different lists

0x01:Response transfer of entire object in Object Dictionary

0x02:Response transfer of only R x PDO of the mappable object

0x03:Response transfer of only T x PDO of the mappable object

0x04:Response transfers of the object necessary for backup for device
replacement only

0x05:Response transfer of the object to be used for Startup parameters only.

0x02:Contiguous Flag Number

0x00:Last SDO Information Flag
0x01:SDO information abuts

0x02:Get Object Dictionary Response

Diagram 10 : Get OD List Response (Object Dictionary Response)
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4 Object Dictionary Request

- Mbx Header CANopen Header Command specific data -

Master | ' f | Slave
- — e e o — — — o — — — —— — —

word “Word 6bit 2bit  4bit  4bit | Obit  3bit 4bit | byte  byte  word word |

[oLen [wAd [w2Ch JsoPr JaoTyp JseCt | oNum [oR |2Type | 08DO [sRes |io FGL [s2index |

____________ ’ 0x08 :SDO Information
A 0x03 :CoE
—1 0x08 :CANopen H. + Cmd Spec Data

.- Toit 7 1bit  Byte word word

|oOpcode |7Incomp |8Res |1eFragments Left | 32 Index 47

|— Index to request object description
0x00:Zero
0x03:Get Object Description Request

Diagram 11 : Get Object Description Request (Object Description Request)

€ Object Description Response

-| Mbx Header | CANopen Header | Command specific data |- Slave

word “word 6bit  2bit 4bit 4bit§ 9bit  3bit 4bit ' byte byte byte word word Dbyte byte \Char[n-10]

[oLen [16Ad [s2Ch JssPr JwTyp JseCt |oNum [oR |r2Type |.0SDO [4R |16FGL |52 1dx |seTyp [ssS-ldx |72 Ocde oo Name |

e 0x08 :SDO Information
= 0x03 :CoE
s n>=0x08 :CANopen H.+ Cmd Spec Data

_-- 7bit o 1bit  byte word word word byte byte Char[n-10]l,/"

|oOpcode |7Incomp|eR.|1eFragments Left |3z|ndex |4s Data Type (64 Max S-ldx |72 Object Code |so Name |

Object Name

Object Code
7:Variable
8:Array
9:Record

_| Object Sub-index Maximum Value
— Data Type List Standard Value

Object Description Index

Contiguous Flag Number
0x00:Last SDO Information Flag
0x04:Get Object Description Response

Diagram 12 : Get Object Description Response (Object Dictionary Response)
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€ Entry Description Request

e - | Mbx Header | CANopen Header | Command specific data | - Slave
- e — — — — .._ ————— , ————————— —'— — —
word WOrd/ 6bit  2bit 4bit 4bit : 9bit 3bit 4bit : byte  byte word word byte byte
| oLen |16Ad |32Ch |38 Pr |40Typ |44Ct | oNum |9R |12Type | 0SDO |8 Res |16FGL |32Index |4aS |dX|5eV|nfo|
S 0x08 :SDO Information
0x03 :CoE
e Ox0A CANopen H. + Cmd Spec Data
_Tbit - -== 9 bit byte word word byte byte
|0 Opcode |7 Incomp |s Res |1e Fragments Left |32 Index| 48 Sub-Index | 56 Valuelnfo e3 |
l l l | 0x00:Zero Object Description Sub-index
0x05: Get Entry Description Request Object Description Index '

Information Containing Elements
Bit0: Access right Bit1: Object category Bit2: Information possible at the time of PDO mapping
Bit3: Unit Type Bit4 : Default Value Bit5: minimum value
Bit6 : Maximum Value Bit7: Reserved

Diagram 13 : Get Entry Description Request (Object Description Request)

€ Entry Description Response (Entry Description Segment)

_| Mbx Header | CANopen Header | Command specific data | _

T : : T Byte
word _word 6bit  2bit  4bit 4bit  9bit  3bit  4bit | byte byte word word byte byte word word word - [n16]

oLen [16Ad |32Ch |38Pr |40Typ |44Ct | oNum |9R |12Type |oSDO |8R |16 FGL |3z Idx |4aSIdX |56|nf |64typ |30Len |96ACC|112Dar |
0x08 :SDO Information :
e 0x03 :CoE |
n>=0x10 :CANopen H. + Cmd Spec Data i

e 7hit 1bit Byte Byte word byte byte word word word :

|oOpcode |7Incomp|sR |1eFragments Left |3z|ndex |4sSub Idx|56VaIueInfo s4Data Type |80 Bit Length |960bjeCtACCGSS |112Data |

Object Bit Length
L_| Object Data Type
Information Element
Sub-index (Refers to Request Value Info)
A4
_| Index Object Access
—| Flag Number Bit0:Read access in Pre-OP
- Bit1:Read access in Safe-OP
0x00:Last SDO Information Flag Bit2:Read access in OP
0x01:SDO Information abuts Bit3:Write access in Pre-OP
0x06:Get Entry Description Response Bit4:Write access in Safe-OP
Bit5:Write access in OP
Data . . Bit6:Object is mappable in a RxPDO
Unit Type: Unit Type continues[Word] Bit7:Object is mappable in a TxPDO
Default Value:Default value of data type same as Object value continues Bit8:Object can be used for buck up
Minimum Value:Minimum value of data type same as Object value continues PP :
Maximum Value:Maximum value of data type same as Object value continues . Bltg'_ObJeCt can be used for seffings
Description:Description continued when length is shorter than response Bit10-15:Reserved
parameter description

Diagram 14 : Get Entry Description Response (Object Dictionary Response)
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4 SDO information Error Request

_| Mbx Header | CANopen Header | Command specific data | _

word -Word bt  2bit  4bit  4bit | Obit 3bit 4bit | byte byte  word Dword

|0Len |16Ad |32Ch |38Pr |40Typ |44Ct |oNum |9R. |12Type |oSDO |8 R. |16 FGL | 32 Abort Code 63 |

) | 0x08 :SDO Information

0x03 :CoE

0x0A :CANopen H. + Cmd Spec Data

7bit -~ 1 bit Byte word Dword

0Opcode |7 Incomplete |3 R. |1e Fragments Left | 32 Abort Code 63 |

Refer to Lists 1-14 SDO Abort Code
0x00:Zero
0x07:SDO Info Error Request

Diagram 15 : Error Request (SDO Information Error Request)
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5) Process Data Object(PDO)

B Overview

Real time data transfer of EtherCAT is performed with “Process Data Object” (PDO).

PDO transfer does not need protocol transfer processing overhead.

There are two (2) types of PDO transfers: R x PDO (Reception PDO) from master to slave and T x PDO
(Transmission PDO) from slave to master.

PDO mapping of the R-Advanced EtherCAT CoE amplifier can assign necessary PDO numbers and PDO
objects to applicable entries of the Object Dictionary using SDO service at the device setting stage.

PDO Setting
The user can optimize the “Message area with PDO mapping” and “Reception/Transmission form
(transmission type) and Trigger conditions” by setting the PDO.

PDO Mapping

PDO mapping of the R-ADVANCED EtherCAT is changeable.

Specifically, the EtherCAT CoE Network Manager can change the PDO transfer data freely during
operation.

Use “Reception PDO mapping parameters (0x1600 - 0x1603,0x1700 - 0x1703)” to change R x PDO
mapping and “Transmission PDO mapping parameters (0x1A00 - 0x1A03,0x1B00 - 0x1B03)” to change T
x DO mapping.

Index, Sub-index and Data length have to be set to each PDO to be transferred.

The data length must match the data length inside the Object Dictionary.

A mapping example of T x PDO is shown below

“0x1B0y” Transmit PDO Mapping (Example)

Sub-Index| Data (32bit) Name
0x00 5 Number of Entry
0x01 0x6064 0x00 0x20 Position actual value
0x02 0x6077 0x00 0x10 Torque actual value
0x03 0x6061 0x00 0x08 Operation Mode Display
0x04 0x0000 0x00 0x08 Reserved
0x05 0x6041 0x00 0x10 Status Word
Index Sub-Index Object Length
(2byte) (1Byte) (1byte)
Byte 0 1 2 3 4 5 6 7 8 9
PDO “0x1B0y” 0x6064:00 0x6077:00 0x6061:00| Reserved 0x6041:00

Use the following procedures for mapping:

1. Clear the object number (Sub-index 0) zero (0) once.
2. Write the settings from the object to be assigned beginning with the head (Sub-index 1).

PDO Mapping (example)

3. Write the assigned object number to the mapping object number (Sub-index 0).
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The relation between PDO and SM is defined as Sync Manager PDO Assign in Sync Manager Channel
(SM) for processing data objects.

The Sub-index:0x00 in the SM-PDO Assign table will be assigned a PDO number.

Index:0x1C12(SM Channel 2) becomes the Output PDO setting and Index:0x1C13(SM Channel 3
becomes the Input PDO Obiject Dictionary in the RS2-Advanced EtherCAT CoE amplifier.

Object Dictionary

Sync Manager Assign Object

Index Sub-index Object contents
0x1C1z 0x01 0x1B00
0x1C1z 0x02 0x1B01
0x1C1z 0x03 0x1B03 Sync Manager Entity z
0x1C1z 0x04 0x1B06 PDO A PDO B PDO D PDO G
Mapping Object
0x1B00 PDO A
0x1B01 PDO B
0x1B02 PDO C
0x1B03 PDO D
0x1B04 PDO E
0x1B05 PDO F
0x1B06 PDO G
Sync Manager PDO Assignment (example)
B Default PDO Mapping
Only the settings of Sub-Index : x01 for R x PDO:0x1600 and T x PDO:0x1A00 are established CoE
specifications.
The other Sub-Indices and Indices are available for free mapping.
Default PDO Mapping is shown in the following table.
Default PDO Mapping
Index, Sub-Index Object Index Object Name Explanation

0x1600.0x01:R x PDO
(Master => Slave)

0x6040 Control Word Controls State Machine

0x1A00.0x01:T x PDO
(Slave => Master)

0x6041 Control Word Displays Status

Besides Sub Index1 - 4 settings for, RxPDO Transmission Type:0x1400 — and TxPDO Transmission
Type:0x1800 — are required in CANopen. However, those will not be used in EtherCAT (Reserved).
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5.7 Distributed Clocks (DC)

EtherCAT is supported by the Distributed clock (DC) unit of the slave controller for synchronization between
slaves and master.
The DC functions provided with R-Advanced EtherCAT amplifier are described as follows:

Clock synchronization between slave-master

Accurate time recording for input events

Accurate synchronous processing by interruptions according to the DC settings
Synchronous digital input sampling

1) Clock Synchronization

DC synchronization is performed as having the same EtherCAT System Time as all EtherCAT devices in the
master as well as the slaves.

Since the EtherCAT devices can synchronize one another, local applications will, consequently, be synchronized.
Concerning the system synchronization, all slaves will be synchronized to one reference clock.

Generally, the first slave within one (1) segment of the master holds the “System Time” and this “System Time” is
used as a reference clock to synchronize the other slaves’ DC local clocks “System Time” with the master.

2) System Time

The System Time(0x0910 - 0x0918)of R-Advanced EtherCAT amplifier is 8 Byte in length, 1ns/Lsb and will easily
cover time up to 500years. Data "0x0” signifies 0:00Hour Osec 000ms 000ns 000ns on January 1, 2000.
Following are explanations of the terms used in synchronization:

B Reference clock
One EtherCAT device is used as a reference clock.
Generally, the reference clock is the first slave with DC function to synchronize between the master and all
slaves.
The reference clock supplies the System Time.
B Local Clock
Each of the slaves works with a local clock independently from the reference clock in the beginning.
The difference between the local clock and the reference clock can be corrected as can clock drift.
Offset will be accomplished by adding a local clock velocity measurement and the adjusted clock drift to
the local clock value.
Each DC slave maintains reference clock copies calculated from the local clock and local offset.
B Propagation Delay
The propagation delay between reference clock and slave clock must be acquired when System Time is
transferred to slaves.
B Offset
There are two reasons for offset between the local clock and the reference clock.
This offset is corrected by each slave respectively according to the propagation delay from the reference
clock hold to the local clock device with the initial difference of local time caused by the power input time
difference.
The slave that holds the reference clock will fins the System Time from local time by adding the local
offset.
This offset signifies the difference between local time (beginning with power input) and the master time.
Bl Drift
Reference clock and DC slave clock are not provided by the same clock source normally, so their clock
sources are affected by deviations between clocks. In line withi this, the sources of the clocks run faster
than the other clocks in no small measure, local clocks drift separately.

R-ADVANCED EtherCAT amplifier fully supports the Distributed Clock (DC) for the reception time stamp, the
System Time validity and synchronous signal generation.
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3) Clock Synchronization Process
The clock synchronization process consists of three (3) steps.

1) Propagation Delay Measurement
The master begins propagation delay measurement in each direction toward all slaves.
Each slave measures the received time of the measurement frame.
Then, the master calculates the propagation delay between the slaves by reading the time stamps.

2) Offset Correction to the Reference Clock (System Time)
Compares the local time of each of the slave’s clocks to System Time.
For the time difference, correct each respectively by Writing the value to each slave.
All slaves acquire the same absolute system.

3) Drift Correction to the Reference Clock
The drift between the reference clock and the local clock must be corrected regularly with a difference time
measurement and local clock readjustment.

Correction calculations in both cases, when the system is smaller or larger than the slaves’ local time, is
shown below.

t System Time t Local Time

A A

Drift compensation frame . RX System Time < Local Time
Transfers present system time

Propagation delay
Local Time

Offset correction

1 Drift correction
System Time

Offset correction

Propagation delay

Local Time

System Time > Local Time

Y

Reference Clock Slave Clock
Corrections for Propagation Delay, Offset and Drift

Please refer to Chapter 7: Distributed Clock (DC) for details of Clock Synchronization:
1) Propagation Delay Measurement 2) Reference Clock Offset Correction and 3) Reference Clock Drift Correction.
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4) Clock Synchronization Initialization Procedure (example)

Initialization procedure of clock synchronization including propagation delay measurement, offset correction and
drift correction is as follows:

1) The master discovers the network configuration by reading the DL status register of the slaves.

2) The master transmits a minimum of 1byte of data with broadcast Write to Read the receive time of port 0
register. All slaves match local time with all ports and the ECAT processing unit.

3) The master waits until the broadcast Write frame returns.

4) The master, depending on the network configuration, reads receive time ports 0 / 1 and ECAT processing unit
receive time register (0x0918:0x091F) in all slaves.

5) The master calculates respective propagation delays and writes the values to the system time delay register in
the slaves.

6) The master sets the reference clock (the first slave) in the system time offset register so the reference clock will
be equivalent to the master time. By subtracting the receive time of the ECAT processing unit of the reference
clock (local time) from the master time, it becomes the offset value for the reference clock.

7) The master calculates the system time offset of all DC slaves and writes it in the system time offset register. By
subtracting the ECAT processing unit receive time of each DC slave from the receive time ECAT processing
unit of the reference clock; it becomes the offset value for each slave (from the 2" axis onward).

8) For static drift correction, the master transmits the command “ARMW” or “FRMW” to all DC slaves at the
beginning and any number of times separately (example:15,000 frames)

9) For dynamic drift correction, the master transmits the command “ARMW” or “FRMW” to all DC slaves
periodically.

The command proportion for drift correction depends on an acceptable maximum deviation.

5) SYNCO / 1 Signal Output Initialization Procedure (example)

Synchronous signal output is initialized according to the following procedure:

1) Enables DC SYNC Out Unit bit in PDI control register (0x0140.10=1)

2) Set SYNCO0/1 output in SYNC/Latch PDI Configuration register so the output driver setting conforms to the
circuit configuration inside the slave ¥¥or 0x0151,EEPROM value is set at the time of initialization.

3) Set SYNC signal pulse width in Pulse Length register (must be SYNCO Cycle Time> 0)
Note) 0x0982: 0x0983 set from EEPROM at initialization.

4) Assign the synchronizing unit in the ECAT or the device description PDI to 0x0980.

5) Set SYNC 0 signal cycle time to(0x09A0:0x09A3)and SYNC1 signal cycle time to (0x09A4:0x09A7).

6) Set a later time than the time cycle permits in the start cycle time operation to (0x0990:0x0997).
(example: Add system Read time + start time and permission Write time)

7) Permits the active cycle operation bit (0x0981.0=1) as a synchronous signal to SYNCO / SYNC1 active bit

(0x0981[2:1]=0x3).

Synchronizing unit stands by until the first SYNC 0 pulse is output.
Cycle motion start time register and the next SYNC 1 pulse register can be read to acquire the next output event
time.
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5.8 Communication Timing

EtherCAT synchronous handling works independently from the EtherCAT device inside the master and slaves.
The following three (3) communication methods are standard for synchronous modes:

1) Free-run Mode

The slave application does not synchronize with the EtherCAT synchronous signal (non-synchronous mode).
2) SM Event Synchronous Mode

The slave application synchronizes with an SM2 event when cycle output is transmitted. Also, the application

synchronizes with an SM3 event  (Note) only when cycle input is transmitted.

Note) Synchronizing with an SM3 event is not supported in this amplifier.
3) SYNC Event Synchronous Mode

The slave application synchronizes with a SYNC 0 or SYNC 1 event.

The differences between the synchronous type modes can be identified by the Sub-index combination sin the CoE
Object Dictionary 0x1C32 and 0x1033.
An example of communication timing with DC is shown below.

Master Application Master Application
I | O} Processing I | O | Processing
rame Delay
ommunication Jitter — Fixed Shift by precalcurate
Master Master Shift
Frame | D Frame | D ﬁ
Slave Shift
Slave 250us 1 Slave Processing
I | O S|1 (O
I\ L Output
Input
SYNCO SYNCO
or or
SYNC1 SYNCA1
Communication with DC Timing

B Frame

Communication frame and frame transfer time (80ns / Byte+5us)
B Frame Delay (Communication Delay)

Delay time of the EtherCAT slaves for data transfer (approx. 5ns/m cable delay,approx. 1us 100BASE-TX)
B Jitter (Communication Jitter)

Frame transmission start jitter (Cycle Time Jitter) is generally influenced by the master’s efficiency.
B Cycle Time Jitter

Cycle time jitter, an application specification, depends on the slave and master system hardware. In this
example, 10% of the cycle time is reserved for jitter
Master Shift (Communication Master)
Adjusting shift time inside the master also adjusts the necessary processing time in the mater.
B Slave Shift

Delay time at the start of processing in the EtherCAT slaves (= 0 in R-ADVANCED EtherCAT amplifier).
B Input or Output of the Slave

Input is for R x PDO import and processing. Output is for T x PDO output.

(The input / output processing time of R-ADVANCED EtherCAT amplifier is 250us fixed.)
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5.9 EtherCAT State Machine (ESM)

ESM contains states defined by EtherCAT.

Init

Pre —Operational
Safe—Operational
Operational
Bootstrap

1) ESM

ESM change is requested from the master.
The master requests the change by writing the ESM with the request to be changed in the AL control register of

the slave(s). The slave confirms the result of the state change as either successful or failed and then responds to
the master with the local AL status.

If the requested state change fails, the slave responds with an error flag.

Init

(P

A l A A
(IP) (1B) (B v

Pre-Operational Bootstrap

A A
(PS) l (SP) (sh

Safe-Operational

A

(an (OP) (80) (0S)
Operational
ESM Diagram
State Transition and Local Management Service
Transition Direction Local Management Service
Symbol =>
IP INIT TO PREOP Start Mailbox Communication
Pl PREOP TO INIT Stop Mailbox Communication
PS PREOP TO SAFEOP | Start Input Update
SP SAFEOP TO PREOP | Stop Input Update
SO SAFEOP TO OP Start Output Update
OS OP TO SAFEOP Stop Output Update
OP OP TO PREOP Stop Input Update, Stop Output Update
Sl SAFEOP TO INIT Stop Input Update, Stop Mailbox Communication
Ol OP TO INIT Stop Input Update, Stop Output Update, Stop Mailbox Communication
=] INIT TO BOOT Start Firmware Update (FoE), Start Bootstrap Mode
Bl BOOT TO INIT Start Firmware Update (FoE), Restart Device
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2) State

B Init State
“Init” state defines basic communication relations between the master and slaves in the application layer.
Direct communication between the master and slaves is not possible in the application layer.
The master uses the “Init” state to initialize the setting for the configuration of the slaves.
When the slaves support the mailbox service, the corresponding SM settings will also be executed in “Init”
state.

B Pre - Operational State
The mailbox communication can be performed in the “Pre - Operational” state when the slaves support the
optional mailbox.
Both master and slaves can use the mailbox to initialize application specifications and to change
parameters.
Process data communication cannot be executed in this state.

B Safe - Operational State
In “Safe - Operational” state, slave applications transfer the actual input data, but not the output data that
may not be available for processing. The output must be set in Safe state.

B Operational State
In “Operational” state slave applications transfer the actual input data and the master application transfers
the actual output data.

B Bootstrap State
In the "Bootstrap” state, slave applications can receive new firmware downloaded to the FoE (File access
Over EtherCAT) protocol.
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5.10 Bootstrap state

In the Bootstrap state, servo amplifier firmware can be downloaded to servo amplifier by using FoE (File access over
EtherCAT) protocol.Re-wrinting of servoamplifier firmware is perfomed by changing “Bootstrap state” to “Init state” in
the consideration that firmware re-writing has no risks, after the firmware downloaded completely. In line with this, the
downloaded firmware is written in CPU flash. The time to write is several seconds.

The conditions consided firmware re-writing has no risks are shown below:
Firmware to be written into servo amplifier has been completely downloaded.
The result of downloaded firmware checksum is normal.

No control power voltage drop alarm activated.
Main circuit power supply is not applied.

1) Mailbox protocol of FoE (File access over EtherCAT)

The following shows mailbox interface protocol and the structure when using FoE.

6 byte 2 byte
Mailbox Header Cmd specific data
16b't‘r6bn --------- 6 bit 2 bit 4 bit 4 bit 8bit 8bit Max. 504 byte
oLength 16Address 32Channel 3sPrio  40Type 44Cnt Cmd specific data

Mailbox interface

Mailbox Header configuration

Code (Abbrev.) Data Description
length

Length(Len) 2 Byte Successive data length
Address (Ad) 2 Byte Station address of originator
Channel(Ch) 6 bit Reserved (0x00)

Priority (Pr) 2 bit Reserved

Priority (0x00 to 0x03)
Type (Typ) 4 bit Protocol identifier of mailbox type, successive data

0 : Mailbox Error

3 : CoE(CAN open over EtherCAT)
4 : FoE(File access over EtherCAT)
Counter(Ct) 4 bit Sequence number

Incremented every mailbox service as duplicate detention.
(Only 1 to 7 are usable as they have compatibility with old versions.)
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2) FoE Header protocol

“FoE Header” is 2-byte identifier, and comprised of 1-byte “OpCode” and 1-byte “Reserve” area.
The following shows “FoE Header” configuration.

FoE Header configuration

Code (Abbrev.) Data length Description

Opcode 8 bit FoE commnad

0x01 : Reserved (Read request)

0x02 : Write request

0x03 : Data request

0x04 : Ack request

0x05 : Error request

0x06 : Reserved (Busy request)
Reserved 8 bit 0x00

3) FoE command

Firmware downloading is started by sending “Write request” from Master to compare password ' with file name.
Slave returns “Ack request” to Master only when Slave received data normally and verified file name and password
are matched. Then Master sends “Data request” to send firmware data. Slave returns “Ack request” to Master only
when the request from Master normally recived. “Data request” and “Ack request” are repeatedly tramsmitted and
received until the firmware data sent from Master runs out.
When Slave does not judge the firmware data is valid, Slave returns “Error request,” an error meddage to Master.
(Refer to FoE error code.)

Note) Password *1: Password identification function for R-ADVANCED EtherCAT amplifier is disabled.

B Write request

—} [ Wi reacer_|[N FoE Header ]
Master ;

word -’Word 6bit  2bit

4bit 4bit

|’c’)Len |16Ad |32Ch |38Pr |4oTyp |44Ct |

Command specific data | -
! Slave
— — — — — :— — — — — — — — — * — —
8bit 8bit ! 4 byte 1~500byte |
8 Reserved|o Password 32 File Name |

I

ASCII character string:Fille name [P0002794*****]

0x0 :Password (Unused)

0x02 :Write request

0x04 :FoE(File Access over EtherCAT)

Write request
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Bl Data request

- Mbx Header _ Command specific data -
Master | f P | Slave

<——J"——————'-—————'——————————I-——

word --word 6bit  2bit  4bit  4bit |  8bit 8bit ! 4 byte 1 to 500byte

|’o Len |16Ad |32Ch |38 Pr |4o Typ |44 Ct 8 Reserved|0 Packet Number |32 File Data |
|

ASCII character string: Downloaded data

0x1 to OxFFFFFFFF : Packet number

0x03 :Data request

0x04 :FoE(File Access over EtherCAT)
0x07 to Ox1FA:FoE.H + Cmd Spec Data

Data request

¥ For File Data, use firmware data in Intel Hex format provided by SANYO DENKI.
The following shows the structure of Intel Hex format.

Structure of Intel Hex format [1-record (1-line) structure]
1byte 2byte 1byte 1byte
Data Length Offset Adress Record Type Data Checksum

Two's complement in the byte sum of
DatalLength+OffsetAdress+RecordType+Data

Data of bytes specified by Data Length

0x00: Data Record

0x01:End Record

0x02: Segment Adress Record

0x03: Start Segment Adress Record
Address of head byte at Data Record

The number of bytes in Data

Bl Ack request

_ | Mbx Header _ Command specific data | _ slave

word -word 6bit  2bit  4bit  4bit |  8bit 8bit ! 4 byte

|‘c’)rLen |16Ad |32Ch |38Pr |4oTyp |44Ct 3Reserved|o Packet Number |

0x0:Response to Write request
0x1 to OXFFFFFFFF :Response to Data request

0x04 : Ack request

0x04 : FoE (File Access over EtherCAT)

0x0A:FoE.H + Cmd Spec Data

Ack request
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Bl Error request

ey _ | Mbx Header _ Command specific data | _ slave

word -word 6bit 2bit  4bit  4bit |  8bit 8bit | 4 byte 0 to 32 bvte

|’0Len |16Ad |32Ch |38Pr |40Typ |44Ct

8 Reserved |0 Error Code 32 ErrorText |

ASCII character string: Option error description

Ox1 to OxFFFFFFFF :Error code

0x05:Error request

0x04: FoE (File Access over EtherCAT)

0x06 to 0x26:FoE.H + Cmd Spec Data

Error request

FoE error code list

Error Code Error Text Description
0x0000 DATA CHECKSUM ERROR Undefined error code.

1 record checksum in the data being downloaded has an

abnormality.
0x0000 HEX CHECKSUM ERROR Undefined error code.

Checksum of firmware downloaded has an abnormality.
0x0000 MAIN POWER ON ERROR Undefined error code. Main circuit power is applied.
0x0000 CONTROL POWER DOWN ERROR Undefined error code. Control power voltage has

decreased.
0x0001 - File not found. Because READ command is not supported.
0x0004 - Disabled to respond to operation.
0x0005 - Incorrect packet number.
0x0008 - Not in Bootstrap state.
0x0009 - Incorrect file name to be downloaded.
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6. Data Link Layer

6.1 Device Addressing

1) Address Space Overview

The device can be addressed via Device Position Address (Auto Increment address), by Node Address
(Configured Station Address/Configured Station Alias), or by a Broadcast.

B Position Address / Auto Increment Address:

The datagram holds the position address of the addressed slave as a negative value. Each slave
increments the address. The slave which reads the address equal zero is addressed and will execute the
appropriate command at receives.

Position Addressing should only be used during start up of the EtherCAT system to scan the fieldbus and
later only occasionally to detect newly attached slaves.

B Node Address / Configured Station Address and Configured Station Alias:
The configured Station Address is assigned by the master during start up and cannot be changed by the
EtherCAT slave. The Configured Station Alias address is stored in the ESI EEPROM and can be changed
by the EtherCAT slave. The Configured Station Alias has to be enabled by the master. The appropriate
command action will be executed if Node Address matches with either Configured Station Address or
Configured Station Alias.

Each ESC device of the RS2 EhterCAT slave amplifier has a 14 bit local address space. The address range
0x0000:0x0FFF is dedicated to EtherCAT registers and address range 0x1000:0x2FFF is used as process memory,
which is addressed via a 16 bit Offset address field belonging to the EtherCAT datagram.

The process memory space is used communication applications such as PDO interface and SDO (mailbox) interface.

2) Shadow Buffer for Register Write Operations

The ESCs have shadow buffers for write operations to registers (0x0000 to 0xOF7F). During a frame, write
data is stored in the shadow buffers. If the frame is received correctly, the values of the shadow buffers are
transferred into the effective registers. Otherwise, the values of the shadow buffers are not taken over. As a
consequence of this behavior, registers take their new value shortly after the FCS of an EtherCAT frame is
received. SyncManagers also change the buffers after the frame was received correctly.

User and Process Memory do not have shadow buffers. Accesses to these areas are taking effect directly. If a
SyncManager is configured to User Memory or Process Memory, write data will be placed in the memory, but
the buffer will not change in case of an error.

3) EtherCAT Slave Controller Function Blocks
B EtherCAT Interface (Ethernet/EBUS)

The EtherCAT interfaces or ports connect the ESC to other EtherCAT slaves and the master. The MAC layer
is integral part of the ESC. The physical layer may be Ethernet or EBUS. The physical layer for EBUS is fully
integrated into the ASICs. For Ethernet ports, external Ethernet PHYs connect to the MII/RMII ports of the
ESC. Transmission speed for EtherCAT is fixed to 100 Mbit/s with Full Duplex communication. Link state and
communication status are reported to the Monitoring device.

RS2 EtherCAT slave amplifier supports 2 ports and the logical ports are numbered 0 and 1.

B EtherCAT Processing unit
The EtherCAT Processing Unit (EPU) receives, analyses and processes the EtherCAT data stream. It is

logically located between port 0 and port 1. The EtherCAT Processing Units contains the main function blocks
of EtherCAT slaves besides Auto-Forwarding, Loop-back function, and PDI.
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6.2

Address Space

RS2 EtherCAT servo amplifier has an address space of 12kByte. The lower block of 4kByte (0x0000 - 0x1000) is dedicated for

configuration registers common to all EtherCAT products.

RS2 EtherCAT amplifier has 8kByte of process data RAM space beginning at 0x1000to Ox2FFF

The address space list is shown below.

Table 1: ESC address space

Address L(eB';?(:)h Description Address L(eBr;g:)h Description

ESC Information Watchdogs

0x0000 1 Type 0x0400:0x0401 2 Watchdog Divider
0x0001 1 Revision 0x0410:0x0411 2 Watchdog Time PDI
0x0002:0x0003 2 Build 0x0420:0x0421 2 Watchdog Time Process Data
0x0004 1 FMMUs supported 0x0440:0x0441 2 Watchdog Status Process Data
0x0005 1 SyncManagers supported 0x0442 1 Watchdog Counter Process Data
0x0006 1 RAM Size 0x0443 1 Watchdog Counter PDI
0x0007 1 Port Descriptor ESI EEPROM Interface (ESI)
0x0008:0x0009 2 ESC Features supported 0x0500 1 EEPROM Configuration

Station Address 0x0501 1 EEPROM PDI Access State
0x0010:0x0011 2 Configured Station Address 0x0502:0x0503 2 EEPROM Control/Status
0x0012:0x0013 2 Configured Station Alias 0x0504:0x0507 4 EEPROM Address

Write Protection 0x0508:0x050F 4/8 EEPROM Data

0x0020 1 Write Register Enable MIl Management Interface (ESI)
0x0021 1 Write Register Protection 0x0510:0x0511 2 MIlI Management Control/Status
0x0030 1 ESC Write Enable 0x0512 1 PHY Address
0x0031 1 ESC Write Protection 0x0513 1 PHY Register Address
Data Link Layer 0x0514:0x0515 2 PHY Data
0x0040 1 ESC Reset ECAT FMMU (Fieldbus Memory Management Unit)
0x0100:0x0103 4 ESC DL Control 0x0600:0x06FF | 8x16 | FMMU[7:0]
0x0108:0x0109 2 Physical Read/Write Offset +0x0:0x3 4 Logical Start Address
0x0110:0x0111 2 ESC DL Status +0x4:0x5 2 Length

Application Layer +0x6 1 Logical Start bit
0x0120:0x0121 2 AL Control +0x7 1 Logical Stop bit
0x0130:0x0131 2 AL Status +0x8:0x9 2 Physical Start Address
0x0134:0x0135 2 AL Status Code +0xA 1 Physical Start bit

PDI +0xB 1 Type
0x0140:0x0141 2 PDI Control +0xC 1 Activate

0x0150 1 SYNC/LATCH PDI Configuration +0xD:0xF 3 Reserved
0x0151:0x0153 3 Extended PDI Configuration SyncManager (SM)

Interrupts 0x0800:0x087F 8x8 SyncManager [7:0]
0x0200:0x0201 2 ECAT Event Mask +0x0:0x1 2 Physical Start Address
0x0204:0x0207 4 AL Event Mask +0x2:0x3 2 Length
0x0210:0x0211 2 ECAT Event Request +0x4 1 Control Register
0x0220:0x0223 4 AL Event Request +0x5 1 Status Register

Error Counters +0x6 1 Activate
0x0300:0x0307 | 4x2 Rx Error Counter [3:0] +0x7 1 PDI Control
0x0308:0x030B | 4x1 Forwarded Rx Error counter [3:0]

0x030C 1 ECAT Processing Unit Error Counter
0x030D 1 PDI Error Counter
0x0310:0x0313 4x1 Lost Link Counter [3:0]

*

Address areas not listed here are reserved. They are not writable. A read access to reserved
addresses will typically return 0.
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Table 2: ESC address space

Address L(gr;?et)h Description Address L(eBr;?et)h Description
Distributed Clocks (DC) DC — Latch In Unit
0x0900:0x09FF - Distributed Clocks (DC) 0x09A8 1 Latch0 Control
0x0900:0x0903 4 Receive Time Port 0 0x09A9 1 Latch1 Control
0x0904:0x0907 4 Receive Time Port 1 0x09AE 1 LatchO Status
0x0908:0x090B 4 Receive Time Port 2 0x09AF 1 Latch1 Status
0x090C:0x090F 4 Receive Time Port 3 0x09B0:0x09B7 4/8 LatchO Time Positive Edge
DC — Time Loop Control Unit 0x09B8:0x09BF 4/8 LatchO Time Negative Edge
0x0910:0x0917 4/8 System Time 0x09C0:0x09C7 4/8 Latch1 Time Positive Edge
0x0918:0x091F 8 Receive Time ECAT Processing Unit 0x09C8:0x09CF 4/8 Latch1 Time Negative Edge
0x0920:0x0927 4/8 System Time Offset DC — SyncManager Event Times
0x0928:0x092B 4 System Time Delay 0x09F0:0x09F 3 4 EtherCAT Buffer Change Event Time
0x092C:0x092F 4 System Time Difference 0x09F8:0x09FB 4 PDI Buffer Start Event Time
0x0930:0x0931 2 Speed Counter Start 0x09FC:0x09FF 4 PDI Buffer Change Event Time
0x0932:0x0933 2 Speed Counter Diff ESC specific
0x0934 1 System Time Difference Filter OxOEO0OQ:0xOEFF | 256 | ESC specific registers
Depth (e.g., Power-On Values /
Product and Vendor ID)
0x0935 1 Speed Counter Filter Depth Digital Input/Output
DC — Cyclic Unit Control 0x0F00:0x0F03 4 Digital 1/0 Output Data
0x0980 | 1 | Cyclic Unit Control 0x0F10:0x0F 11 2 General Purpose Outputs
DC — SYNC Out Unit 0x0F18:0x0F19 2 General Purpose Inputs
0x0981 1 Activation User RAM
0x0982:0x0983 2 Pulse Length of Sync Signals 0xOF80:0x0FA1 33 Extended ESC features
0x098E 1 SYNCO Status 0xOFCO0:0x0FFF 64 User RAM
0x098F 1 SYNC1 Status Process Data RAM
0x0990:0x0997 4/8 Start Time Cyclic Operation/ 0x1000:0x2FFF | 8192 | Process Data RAM
Next SYNCO Pulse
0x0998:0x099F | 4/8 Next SYNC1 Pulse
0x09A0:0x09A3 4 SYNCO Cycle Time
0x09A4:0x09A7 4 SYNC1 Cycle Time

For Registers longer than one byte, the LSB has the lowest and MSB the highest address.
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Register description

1) ESC Information

Type
Address bit Description Master Slave Length Rest Value
0x0000 7:0 Type of EtherCAT controller R/- R/- 1Byte 0x11
Revision
Address bit Description Master Slave Length Rest Value
0x0001 7:0 Revision of EtherCAT controller R/- R/- 1Byte 0x00
Build
Address bit Description Master Slave Length Rest Value
0x0002
- 15:0 Actual build of EtherCAT controller R/- R/- 2Byte 0x0000
0x0003
FMMUs supported
Address bit Description Master Slave Length Rest Value
Number of supported FMMU channels (or entities) of the
0x0004 7.0 EtherCAT S|a52 Controller ( : R/- R/- 1Byte 0x08
SyncManagers supported
Address bit Description Master Slave Length Rest Value
Number of supported SyncManager channels
0x0005 7.0 (or entities) ofpt%e Ether%)AT Sla\?e Controller R/- R/- 1Byte 0x08
RAM Size
Address bit Description Master Slave Length Rest Value
0 70 Process Data RAM size supported by the EtherCAT Slave R/- R/- 1Byte 0x08
x0006 .
Controller in KByte
Port Descriptor
Address bit Description Master Slave Length Rest Value
0x0007 1:0 Port 0 Port configuration: R/- R/- 1Byte O0xOF
3:2 Port 1 00:Not implemented,
7:4 Reserved 10:EBUS, 11:Mll
ESC Features supported
Address bit Description Master Slave Length Rest Value
0x0008 0 FMMU Operation 0:Bit oriented, 1:Byte oriented R/- R/- 2Byte 0x00FC
- 1 Reserved
0x0009 2 Distributed Clocks 0:Not available, 1:Available
3 Distributed  Clocks | 0:32 bit, 1:64 bit
(width)
4 Low Jitter BUS 0:Not available, standard jitter
1:Available, jitter minimized
5 Enhanced Link 0:Not available
Detection EBUS 1:Available
6 Enhanced Link | O:Not available
Detection MII 1:Available
7 Separate Handling | 0:Not supported
of FCS Errors 1:Supported, frames with wrong FCS and additional nibble will be counted separately in
Forwarded RX Error Counter
15:8 | Reserved | | | |
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2) Station Address

Configured Station Address

Address bit Description Master Slave Length \2 Tj;

0x0010 15:0 Address used for node addressing R/W R/- 2 0x0000
- (FPxx commands) Byte

0x0011 Sets node address.

Configured Station Alias
Address bit Description Master Slave Length \Z euix
15:0 Alias Address used for node addressing R/- R/W 2 0x0000

0x0012 (FPxx commands) Byte Note)
- The use of this alias is activated by Register

0x0013 DL Control Bit 24 (0x0100.24/0x0103.0)

Note) EEPROM load from 0x0004

3) Write Protection

ESC contained in this amplifier handles all ESC protection (or write protection register).
Registers used for write protection are described

Registers for Write Protection

Register Address Name Description
0x0020 Write Register Enable Temporarily release register write protection
0x0021 Write Register Protection Activate register write protection
0x0030 ESC Write Enable Temporarily release ESC write protection
0x0031 ESC Write Protection Activate ESC write protection

B Register Write Protection

With register write protection, only the register area (0x0000 to OxOFFF) is write protected

(except for registers 0x0020 and 0x0030).

If register write protection is enabled (register 0x0021.0=1), the Register Write Enable bit (0x0020.0)
has to be set in the same frame before any register write operations. This is also true

for disabling the register write protection. Otherwise, write operation to registers are discarded.

B ESC Write Protection

ESC write protection disables write operations to any memory location

(except for registers 0x0020 and 0x0030).

If ESC write protection is enabled (register 0x0031.0=1), the ESC Write Enable bit (0x0030.0) has to
be set in the same frame before any write operations.

This is also true for disabling the ESC write protection as well as the register write protection.
Otherwise, write operations are discarded.

NOTE: If both register write protection and ESC write protection are enabled (not recommended),
both enable bits have to be set before the write operations are allowed.
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Write Register Enable

Address bit Description Master Slave Length \Z ?j(te
0x0020 0 If write register protection is enabled, this register has to be -/W -/- 1 0x00
written in the same Ethernet frame (value does not care) Byte
before other writes to this station are allowed. Write
protection is still active after this frame (if Write Register
Protection register is not changed).
71 Reserved, write 0 -/-
Write Register Protection
Address bit Description Master Slave Length \Z eljte
0x0021 0 Write register protection | 0:Protection disabled R/W R/- 1 0x00
1:Protection enabled Byte
71 Reserved, write 0 R/-
ESC Write Enable
Address bit Description Master Slave Length \Z e|jte
0x0030 0 If ESC write protection is enabled, this register has to be -lw -/- 1 0x00
written in the same Ethernet frame (value does not care) Byte
before other writes to this station are allowed. ESC write
protection is still active after this frame (if ESC Write
Protection register is not changed).
71 Reserved, write 0 -/-
ESC Write Protection
Address bit Description Master Slave Length \Z Tj;
0x0031 0 Write protect 0: Protection disabled R/W R/- 1 0x00
1: Protection enabled Byte
71 Reserved, write 0 R/-

4) ESC Data Link Layer
B ESC Reset

ESC loaded RS2 EtherCAT slave amplifier is capable of issuing a hardware reset from the EtherCAT master. A special
sequence of three independent and consecutive frames/commands has to be sent do the slave (Reset register ECAT
0x0040 or PDI 0x0041). Afterwards, the slave is reset.

It is likely that some transmitting sequence frames will not return to the master because the links will go down with the
reset after the normal reception of data.

ESC Reset
. o Rest
Address bit Description Master Slave Length Value
0x0040 7:0 | A reset is asserted after writing 0x52 ('R’), 0x45 (‘E’) and | R/W RI- 1 0x00

0x53 (‘S’) in this register with 3 consecutive frames. Byte

1:0 Progress of the reset procedure: 01: after writing 0x52 10:
after writing 0x45 (if 0x52 was written before) 00: else
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ESC DL Control

Address| bit Description Master| Slave |Length \Z euite
0x0100 0 Forwarding rule: R/W R/- 4 0x01
- 0:EtherCAT frames are processed, Non-EtherCAT frames are Byte
0x0103 forwarded without processing
1:EtherCAT frames are processed, Source MAC Address is changed
(SOURCE_MAC [1] is set to 1 - locally administered address),
Non-EtherCAT frames are destroyed
1 Temporary use of settings in Register 0x101:
0:permanent use
1:use for about 1 second, then revert to previous settings
7:2 Reserved, write 0 R/-
Loop Port 0: R/W R/-
00:Auto => closed at “link down”, opened with “link up”
98 01:Auto close => closed at “link down”, opened with writing 01 after “link
up”
10:Always open, regardless of link state
11:Always closed, regardless of link state
Loop Port 1: 0x00
00:Auto => closed at “link down”, opened with “link up”
11:10 01:Auto close => closed at “link down”, opened with writing 01 after “link
up”
10:Always open, regardless of link state
11:Always closed, regardless of link state
15:12 | Reserved, write 0 R/-
RX FIFO Size: R/W R/-
(ESC delays start of forwarding until FIFO is at least half full).
RX FIFO Size/RX delay reduction
0: EBUS:-50ns , MIl:-40ns
1: EBUS:-40ns , MIl:-40ns
2: EBUS:-30ns , MIl:-40ns
3: EBUS:-20ns , MIl:-40ns
18:16 4: EBUS:-10ns , MIl:No change
’ 5: EBUS:Nochange , MIl:No change
6: EBUS:No change ,  MIl:No change 0x07
7: EBUS:defaul , Mil:default
The possibility of RX FIFO Size reduction depends on the clock source
accuracy of the ESC and of every connected EtherCAT/Ethernet
devices (master, slave, etc.). RX FIFO Size of 7 is sufficient for
100ppm accuracy, FIFO Size 0 is possible with 25ppm accuracy (frame
size of 1518/1522 Byte).
EBUS Low Jitter:
19 0:Normal jitter
1:Reduced jitter
23:20 | Reserved, write 0 R/-
24 | Station alias: R/W R/-
0:Ignore Station Alias
1:Alias can be used for all configured address command types (FPRD, 0x00
FPWR, ...)
31:25 | Reserved, write 0 R/-
Physical Read/Write Offset
Address| Dbit Description Master| Slave |Length \IZ Tjte
0x0108 | 15:0 | Offset of R/'W Commands (FPRW, APRW) between Read address and R/W R/- 2 0x0000
- Write address. Byte
0x0109 RD_ADR=ADR and WR_ADR=ADR+R/W-Offset
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ESC DL Status

Address| bit Description Master| Slave |Length \Z ?j(te
0x0110 0 PDI operational/EEPROM loaded correctly: R/- R/- 2 -

- 0:EEPROM not loaded, PDI not operational Byte
0x0111 (no access to Process Data RAM)

1:EEPROM loaded correctly, PDI operational
(access to Process Data RAM)

1 PDI Watchdog Status:
0:Watchdog expired  1:Watchdog reloaded

Enhanced Link detection: Note) EEPROM ADRO0x0000.9
0:Deactivated for all ports  1:Activated for at least one port

2 NOTE: EEPROM value is only taken over at first EEPROM load after
power-on or reset
Reserved
Physical link on Port 0:
0: Nolink  1:Link detected
5 Physical link on Port 1:
0: Nolink  1: Link detected
7:6 | Reserved
8 Loop Port 0: R/- R/-

0: Open 1: Closed

9 Communication on Port 0:

0: No stable communication 1: Communication established
10 | Loop Port 1:

0: Open  1: Closed

11 Communication on Port 1:

0: No stable communication 1: Communication established
12 | Reserved (Loop Port 2:)

1: Closed (Fixed)

13 | Reserved (Communication on Port 2: )

0: No stable communication (Fixed)

14 | Reserved (Loop Port 3:)

1: Closed (Fixed)

15 | Reserved (Communication on Port 3:)

0: No stable communication (Fixed)

5) Application layer
B EtherCAT State Machine (ESM) Registers

The state machine is controlled and monitored via registers within the ESC. The master requests state changes by writing
to the AL Control register. The slave indicates its state in the AL Status register and puts error codes into the AL Status
Code register.

Registers for the EtherCAT State Machine (ESM)

Register Address Name Description
0x0120:0x0121 AL Control Requested state by the master
0x0130:0x0131 AL Status AL Status of the slave application
0x0134:0x0135 AL Status Code Error codes from the slave application
0x0140.8 PDI Control Device emulation configuration

*  PDI control register is set via powered up EEPROM (12C).
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H AL Control and AL Status Register

Writing the AL Control register (0x0120:0x0121) initiates a state transition of the device state machine.
The AL Status register (0x0130:0x0131) reflects the current state of the slave.

H Device Emulation

Simple devices (without microcontroller) have the device emulation enabled (0x0140.8=1). The AL Control register is
directly copied into the AL Status register by the ESC. The master should not set the Error Indication Acknowledge bit for
such slaves at all, because setting this bit would result in setting the Error Indication bit — although no error occurred.

The device emulation is :0x0140.8=0 in the RS2 EtherCAT slave amplifier.

AL Control
. _ Rest
Address| bit Description Master | Slave |Length Value
3:0 | Initiate State 1: Request Init State R/(W) R/- 2 0x0001
Transition of the 2: Request Pre-Operational State Byte
0x0120 Device State 3: Request Bootstrap State
Machine: 4: Request Safe-Operational State
0x0-121 8: Request Operational State
4 Error Ind Ack: 0: No Ack of Error Ind in AL status register
1: Ack of Error Ind in AL status register
15:5 | Reserved, write 0
* AL Control register behaves like a mailbox if Device Emulation is off (0x0140.8=0): The PDI has to read the AL
Control register after ECAT has written it. Otherwise ECAT can not write again to the AL Control register.
*  If Device Emulation is on (0x0140.8=1), the AL Control register can always be written, its content is copied to the
AL Status register.
AL Status
. o Rest
Address| Dbit Description Master | Slave |Length Value
0x0130 | 3:0 | Actual State of | 1:Init State R/- | R/(W) 2 0x0001
- the Device 2:Pre-Operational State Byte
0x0131 State 3:Request Bootstrap State
Machine: 4:Safe-Operational State
8:0perational State
4 Error Ind: 0:Device is in State as requested or cleared by bit 4, an
error indicator Ack=1 of AL controller.
1:Device has not entered requested State or
changed State as result of a local action
15:5 | Reserved, wite 0

* AL Status register is only writable if Device Emulation is off (0x0140.8=0), otherwise AL Status register will reflect
AL Control register values.

B Error Indication and AL Status Code Register
The slave indicates errors during a state transition by setting the Error Indication flag (0x0130.4=1) and
writing an error description into the AL Status Code register (0x0134:0x0135).

The master acknowledges the Error Indication flag of the slave by setting the Error Ind Ack flag (0x0120.4).
AL status codes are listed below.
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AL Status Code
Address bit Description Master Slave Length | Rest Value
0x0134 15:0 AL Status Code: The slave indicates errors during a state R/- R/W 2 0x0000
- transition by setting the Error Indication flag (0x0130.4=1) Byte
0x0135 and writing an error description into the AL Status Code
register (0x0134:0x0135). The master acknowledges the
Error Indication flag of the slave by setting the Error Ind Ack
flag (0x0120.4).

Code Overview Current ESM Resulting ESM
0x0000 | No error Any ESM Current ESM
0x0001 | Unspecified error Any ESM Any ESM
0x0002 | NO MEMORY Any ESM Current ESM
0x0011 Invalid requested EMS change (O->B, S->B, P->B) I->S, I->0, P->0 Current ESM + E
0x0012 | Unknown requested state Any ESM Current ESM + E
0x0013 | Bootstrap not supported I->B I+ E
0x0014 | No valid firmware I->P I+ E
0x0015 | Invalid mailbox configuration I->B I+ E
0x0016 | Invalid mailbox configuration I->P I+E
0x0017 | Invalid sync manager configuration P->S, S->0 Current ESM + E
0x0018 | No valid inputs available 0O, S, P->S P+E
0x0019 | No valid outputs 0O, S->0 S+E
0x001A | Synchronization error 0, S->0 S+E
0x001B | Sync manager watchdog O S+E
0x001C | Invalid Sync Manager Types 0O, SP->§S S+EP+E
0x001D | Invalid Output Configuration O, SP->S S+EP+E
0x001E | Invalid Input Configuration 0O, S, P->S P+E
0x001F Invalid Watchdog Configuration O, S, P->S P+E
0x0020 | Slave needs cold start Any ESM Current ESM + E
0x0021 | Slave needs INIT B,P,S, 0 Current ESM + E
0x0022 | Slave needs PREOP S, 0 S+E,O+E
0x0023 | Slave needs SAFEOP (@) O+E
0x0024 | Invalid Input Mapping P->S P+ E
0x0025 | Invalid Output Mapping P->S P+ E
0x0026 | Unmatched setting P->S P+ E
0x0027 | Free-run mode unsupported P->S P+ E
0x0028 | SYNC mode unsupported P->S P+ E
0x0029 Free-run mode, 3 Buffer mode not set P->S P+ E
0x002A | BACK GROUND WATCH DOG P->S P+E
0x002B | NO VALID INPUTS SAND OUTPUTS P->8 P+ E
0x002C | FATAL SYNC ERROR P->S P+ E
0x002D | NO SYNC ERROR o] S+E
0x0030 | Invalid DC SYNCH Configuration 0,S S+E
0x0031 Invalid DC Latch Configuration O, S S+E
0x0032 | PLL Error (@) S+E
0x0033 | Invalid DC 10 Error O, S S+E
0x0034 | Invalid DC Timeout Error 0O,S S+E
0x0035 | DC Invalid SYNC CYCLE TIME P->S P+ E
0x0036 | DC SYNCO CYCLE TIME P->S P+ E
0x0037 | DC SYNC1 CYCLE TIME P->S P+ E
0x0042 | MBX EOE B,P,S,O Current ESM + E
0x0043 | MBX COE B,P,S, O Current ESM + E
0x0044 | MBX_FOE B,P,S,0O Current ESM + E
0x0045 | MBX_SOE B,P,S, 0O Current ESM + E
0x004F | MBX VOE B,P,S,O Current ESM + E
0x0050 | EE NO ACCSESS B,P,S,0 Current ESM + E
0x0050 | EE ERROR B,P,S, 0O Current ESM + E

*

“+E” in the resulting state column indicates setting of the Error Indication
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6. Data Link Layer

6) Process data interface(PDI)

PDI Control
Address| bit Description Master | Slave |Length| Rest Value
0x0140 | 7:0 | Process data interface: R/- R/- 2 0x08
- 8:16 Bit asynchronous microcontroller interface Byte Note)
0x0141 8 Device emulation (control of AL status): 0x0C
0:AL status register has to be set by slave Note)
1:AL status register will be set to value written to AL control register
9 Enhanced Link detection all ports:
O:disabled 1:enabled
"0” when using MII port.
10 | Distributed Clocks SYNC Out Unit:
0:disabled (power saving) 1:enabled
1 Distributed Clocks Latch In Unit:
0O:disabled (power saving) 1:enabled
15:12 | Reserved
Note) EEPROM ADR 0x0000
8/16Bit asynchronous microcontroller configuration
Address| bit Description Master | Slave |Length| Rest Value
0x0150 | 1:0 | BUSY output driver/polarity: R/- R/- 1 0x00
00:Push-Pull active low 01:Open Drain (active low) Byte Note)
10:Push-Pull active high11:0pen Source (active high)
3:2 | IRQ output driver/polarity:
00:Push-Pull active low 01:Open Drain (active low)
10:Push-Pull active high 11:0pen Source (active high)
4 BHE polarity:
0:Active low 1:Active high
6:5 | Reserved, set EEPROM value 0
7 RD Polarity:
0:Active low 1:Active high
Note) EEPROM ADR 0x0001
Sync/Latch PDI Configuration
Address| bit Description Master | Slave |Length| Rest Value
0x0151 | 1:0 | SYNCO output driver/polarity: R/- R/- 1 0xCC
00:Push-Pull active low 01:Open Drain (active low) Byte Note)
10:Push-Pull active high 11:0pen Source (active high)
2 SYNCO/LATCHO configuration:
0:LATCHO Input 1:SYNCO Output
3 SYNCO mapped to AL Event Request register 0x0220.2:
0:Disabled 1:Enabled
5:4 | SYNC1 output driver/polarity:
00:Push-Pull active low 01:Open Drain (active low)
10:Push-Pull active high 11:0pen Source (active high)
6 SYNC1/LATCH1 configuration:
0:LATCH1 input 1:SYNC1 output
7 SYNC1 mapped to AL Event Request register 0x0220.3:
0:Disabled 1:Enabled
Note) EEPROM ADR 0x0001
Register Asynchronous microcontroller extended Configuration
Address| bit Description Master | Slave | Length \Z Tj;
0x0152 0 Read BUSY delay: R/- R/- 2 0x0000
- 0:Normal read BUSY output 1:Delayed read BUSY output Bytes Note)
0x0153 | 15:1 | Reserved, set EEPROM value 0

Note) Reset Value is “0”. After that, depends on configuration EEPROM ADR 0x0003.
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6. Data Link Layer

7) Interrupts

ESCs support two types of interrupts: AL Event Requests dedicated for a microcontroller, and ECAT event requests

dedicated for the EtherCAT master. Additionally, the Distributed Clocks Sync Signals can be used as interrupts for a
microcontroller as well.

Bl AL Event Request (PDI Interrupt)

AL Event Requests can be signaled to a microcontroller using the PDI Interrupt Request signal (IRQ/SPI_IRQ, etc.).
For IRQ generation, the AL Event Request register (0x0220:0x0223) is combined with the AL Event Mask register
(0x0204:0x0207) using a logical AND operation, then all resulting bits are combined (logical OR) into one interrupt
signal. The output driver characteristics of the IRQ signal are configurable using the SYNC/LATCH PDI configuration

register (0x0151). The AL Event Mask register allows for selecting the interrupts which are relevant for the
microcontroller and handled by the application.

ESC

AL control even_t 32bit wise AL Event

EEPROM Emulation Request

SM status0 Register

' 0x0220 | 32bit
SM status7 0x0223 32bit pController
Etc... AND >=1 H IrRa 4|>
AL Event (&) Select
Mask | 32pit
8bit wise Register
SYNC / Latch amnm
PDI Config 0x0204
Register bit7 _ ) IRQ
AND |bitZ 4| 050207
0x0151
(&)
L bit3
AND | bit3 / SYNC
SYNCO SYNCO >— ESYNC
SYNC1 SYNC1 ASIC
for Servo

PDI Interrupt Masking and interrupt signals

The DC Sync Signals can be used for interrupt generation in two ways:

+ The DC SYNC signals are mapped into the AL Event Request Register (configured with SYNC/LATCH PDI
Configuration register 0x0151.3/7). In this case, all interrupts from the ESC to the pController are combined into one IRQ
signal, and the Distributed Clocks LATCHO/1 inputs can still be used. The IRQ signal has a jitter of ~40 ns.

+ The DC Sync Signals are directly connected to microcontroller interrupt inputs. The pController can react on DC Sync

Signal interrupts faster (without reading AL Request register), but it needs more interrupt inputs. The jitter of the Sync

Signals is ~12 ns. The DC Latch functions are only available for one Latch input or not at all
(if both DC SYNC outputs are used).
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Registers used for AL event requests are described:

Registers for AL Event Requests

Register Address Name Description
0x0150 PDI Configuration IRQ driver characteristics, depending on PDI
0x0151 SYNC/LATCH PDI Configuration Mapping DC Sync Signals to Interrupts
0x0204:0x0207 AL Event Mask Mask register
0x0220:0x0223 AL Event Request Pending Interrupts
0x0804+N*8 Sync Manager Control Mapping Sync Manager Interrupts

*

Some registers are set by EEPROM at initialization.

B ECAT Event Request (ECAT Interrupt)

ECAT event requests are used to inform the EtherCAT master of slave events. ECAT events make use of the IRQ
field inside EtherCAT datagrams. The ECAT Event Request register (0x0210:0x0211) is combined with the ECAT

Event Mask register (0x0200:0x0201) using a logical AND operation.

The resulting interrupt bits are combined with the incoming ECAT IRQ field using a logical OR operation, and written
into the outgoing ECAT IRQ field. The ECAT Event Mask register allows for selecting the interrupts which are

relevant for the EtherCAT master and handled by the master application.

NOTE: The master can not distinguish which slave (or even more than one) was the origin of an interrupt.

ECAT
Interrupt .
Request 16 bit
Register
0x0210 - 0x0211
AND 16 bit
ECAT (&) 16 bit TraEgR_l]t_tEd
Interrupt Received >=1 |
Mask 16 bit ECT 16 bit nterrupt
Register Interrupt
(from Another Slave)
0x0200 - 0x0201
ECAT Interrupt Masking
Registers used for ECAT Interrupts are described:
Registers for ECAT Interrupts
Register Address Name Description

0x0200: 0x0201

ECAT Interrupt Mask

Mask register

0x0210: 0x0211

ECAT Interrupt Request

Pending Interrupts

0x0804 + N*8

SyncManager Control

Mapping SyncManager Interrupts
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ECAT Event Mask

Address| bit

Description

Master

Slave

Length | Rest Value

0x0201

0x0200

15:0 | ECAT Event masking of the ECAT Event Request Events for

mapping into ECAT event field of EtherCAT frames:
0:Corresponding ECAT Event Request register bit is not mapped
1:Corresponding ECAT Event Request register bit is mapped

R/W

R/-

Bytes

0x0000

AL Event Mask

Address| bit

Description

Master

Slave | Length

Rest Value

0x0204

0x0207

31:0 | AL Event masking of the AL Event Request register Events for

mapping to PDI IRQ signal:
0: Corresponding AL Event Request register bit is not mapped
1: Corresponding AL Event Request register bit is mapped

R/-

R/W

Bytes

0x000000FF

0x0000FFOF

ECAT Event Request

Address| bit

Description

Master

Slave

Length

Rest Value

0x0210

0x0211

0

DC Latch event (Bit is cleared by reading DC Latch event times
for ECAT controlled Latch Units, so that Latch 0/1 Status
0x09AE:0x09AF indicates no event):

0: No change on DC Latch Inputs

1: At least one change on DC Latch Inputs

N[—

Reserved

DL Status event (Bit is cleared by reading out DL Status):
0: No change in DL Status  1:DL Status change

AL Status event (Bit is cleared by reading out AL Status):
0: No change in AL Status 1:AL Status change

Mirrors values of each SyncManager Status
0: No Sync Channel 0 event
1: Sync Channel 0 event pending

11

Mirrors values of each SyncManager Status
0: No Sync Channel 7 event
1: Sync Channel 7 event pending

15:12 |Reserved

R/-

R/-

Bytes

0x0000

AL Event Request

Address

bit

Description

Master

Slave

Length

Rest Value

0x0220

0x0223

0

AL Control event:(Bit is cleared by reading AL Control register.)
0: No AL Control Register change

1: AL Control Register has been written3

DC Latch event:(Bit is cleared by reading DC Latch event times.)
0: No change on DC Latch Inputs

1: At least one change on DC Latch Inputs

SYNCO status when 0x0151.3=1
(Bit clear at SYNCO status red)

SYNC1 status when 0x0151.7=1
(Bit clear at SYNC1 status red)

SyncManager activation register (Offset:0x0806 + y x 8)
0: SMO - 7 No change

1: Some of SMO - 7 has changed

(SM) (Bit clear by read of SM activation register)

7:5

Reserved

SM status mirror
0: No SyncManager 0 interrupt
1: SyncManager 0 interrupt pending

15

SM status mirror
0: No SyncManager 7 interrupt
1: SyncManager 7 interrupt pending

31:16

Reserved

R/-

R/-

Bytes

0x00000000
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8) Error Counter

RX Error Counter
Errors are only counted if the corresponding port is enabled.

Address| bit Description Master| Slave |Length| Rest Value
0x0300 | 7:0 | Invalid frame counter of Port O (counting is stopped when OxFF is | R/W R/- 8 0x00

- reached). Note) (clr) Bytes
0x0307 | 15:8 | RX Error counter of Port 0 (counting is stopped when OxFF is 0x00

reached). Note)
This is coupled directly to RX ERR of Ml interface/EBUS interface.

23:16 | Invalid frame counter of Port 1 (counting is stopped when OxFF is 0x00
reached). Note)
31:24 | RX Error counter of Port 1 (counting is stopped when OxFF is 0x00

reached). Note)

This is coupled directly to RX ERR of Ml interface/EBUS interface.

63:32 | Reserved 0x00000000
*  Cleared if one of the RX Error counters 0x0300-0x030B is written.

The invalid frame counters are incremented if there is an error in the frame format (Preamble, SFD — Start of Frame Delimiter,
FCS — Checksum, invalid length). If the FCS is invalid and an additional nibble is appended,

the FCS error is not counted. This is why EtherCAT forwards frames with errors with an invalid FCS and an

additional nibble.

RX Errors may appear either inside or outside frames. RX Errors inside frames will lead to invalid frames.

Forwarded RX Error Counter

Address| bit Description Master| Slave |Length| Rest Value
0x0308 | 7:0 | Forwarded error counter of Port O (counting is stopped when OxFF is | R/W R/- 4 0x00
- reached). Note) (clr) Bytes
0x030B | 15:8 | Forwarded error counter of Port 1 (counting is stopped when OxFF is 0x00
reached). Note)
23:16 | Reserved 0x0000

Note) Cleared if one of the RX Error counters 0x0300-0x030B is written.

ECAT Processing Unit Error Counter

Address| bit Description Master| Slave |Length| Rest Value
0x030C| 7:0 | ECAT Processing Unit error counter (counting is stopped when OxFF R/W R/- 1 0x00
is reached). Note) (clr) Byte

Counts errors of frames passing the Processing Unit (e.g., FCS is
wrong or datagram structure is wrong).
*  Cleared if register is written.

PDI Error Counter

Address| bit Description Master| Slave |Length| Rest Value
0x030D | 7:0 | PDI Error counter (counting is stopped when OxFF is reached). R/W R/- 1 0x00
Note) (clr) Byte

Counts if a PDI access has an interface error.
*  Cleared if register is written.

Lost Link Counter

Address| bit Description Master| Slave |Length| Rest Value
0x0310 | 7:0 | Lost Link counter of Port 0 (counting is stopped when 0xff is reached). | R/W R/- 4 0x00
- Note) (clr) Bytes
0x0313 | 15:8 | Lost Link counter of Port 1 (counting is stopped when 0xff is reached). 0x00
Note)
31:16 | Reserved 0x0000

Cleared if one of the Lost Link counter registers is written.
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9) Watchdog

Watchdog Divider

Watchdog is disabled if Watchdog time is set to 0x0420=0.

B Watchdog Status PDI

Address| bit Description Master| Slave |Length| Rest Value
0x0400 | 15:0 | Watchdog divider: Number of 25 MHz tics (minus 2) that represents | R/W R/- 2 0x09C2
- the basic watchdog increment. (Default value is 100us = 2,500-2 = Bytes
0x0401 2498)
Watchdog Time PDI
Address| bit Description Master| Slave |Length| Rest Value
0x0410 | 15:0 | Watchdog Time PDI: number or basic watchdog increments R/W R/- 2 0x03E8
- (Default value with Watchdog divider 100pus means 100ms Watchdog Bytes
0x0411 at 0x0400=0x09C2)
Watchdog Time Process Data
Address| bit Description Master| Slave |Length| Rest Value
0x0420 | 15:0 | Watchdog Time Process Data: number of basic watchdog increments | R/W R/- 2 0x03E8
- (Default value with Watchdog divider 100us means 100ms Watchdog) Bytes
0x0421 There is one Watchdog for all SyncManagers.
*  Watchdog is restarted with every write access to SyncManagers with Watchdog Trigger Enable Bit set.

The Watchdog Status for the PDI can be read in the DL Status register 0x0110.1.

Watchdog Status Process Data

Address| bit Description Master| Slave |Length| Rest Value
0x0440 0 Watchdog Status of 0: Watchdog Process Data expired R/- R/- 2 0x0000
- Process Data (triggered | 1: Watchdog Process Data is active or Bytes
0x0441 by SyncManagers) disabled
15:1 | Reserved
Watchdog Counter Process Data
Address| bit Description Master| Slave |Length| Rest Value
0x0442 | 7:0 | Watchdog Counter Process Data (counting is stopped when OxFF is R/W R/- 1 0x00
reached). (clr) Byte
Counts if Process Data Watchdog expires.
*  Cleared if one of the Watchdog counters 0x0442:0x0443 is written.
Watchdog Counter PDI
Address| bit Description Master| Slave |Length| Rest Value
0x0443 | 7:0 | Watchdog PDI counter (counting is stopped when OxFF is reached). R/W R/- 1 0x00
Counts if PDI Watchdog expires. (clr) Byte
*  Cleared if one of the Watchdog counters 0x0442:0x0443 is written.
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10) ESI EEPROM Interface (Slave Information Interface)

EtherCAT controls the ESI EEPROM interface if EEPROM configuration register 0x0500.0=0 and
EEPROM PDI Access register 0x0501.0=0, otherwise PDI controls the EEPROM interface.

EEPROM Configuration

Address| bit Description Master| Slave |Length| Rest Value
0x0500 0 EEPROM control is | 0: EtherCAT (Master) R/W R/- 1 0x00
offered to PDI 1: PDI (Slave) Byte
1 Force ECAT access 0: Do not change Bit 501.0
1: Reset Bit 501.0to 0
7:2 | Reserved, write 0 R/- R/-
EEPROM PDI Access State
Address| bit Description Master| Slave |Length| Rest Value
0x0501 0 Access to EEPROM 0: PDI releases EEPROM access R/- | R/(W) 1 0x00
Note) 1: PDI takes EEPROM access Byte
(PDI has EEPROM control)
7:1 Reserved, write 0 R/- R/-
Note) r/(w): write access is only possible if 0x0500.0=1 and 0x0500.1=0.
EEPROM Control/Status
Address| bit Description Master| Slave |Length| Rest Value
0x0502 0 ECAT write 0: Write requests are disabled R/(W)| R/- 2 0xCO
- enable Note1) 1: Write requests are enabled Bytes
0x0503 This bit is always 1 if PDI has EEPROM control.
4:1 Reserved, write 0 R/- R/-
5 EEPROM 0: Normal operation (I°C interface used)
emulation 1: PDI emulates EEPROM (I?C not used)
6 Supported numberof | 0: 4Byte
EEPROM read bytes 1: 8Byte
7 Selected EEPROM | 0: 1 address byte (1KBit — 16KBit EEPROMSs)
Algorithm 1: 2 address bytes (32KBit — 4 MBit EEPROMs)
8 EEPROM Read Write: 0:No Action 1: Begin read access R/(W) | R/(W) 0x00
Commands Read: 0:Noread 1: Read processing
Note1)
9 EEPROM Write Write: 0:No Action 1: Begin write access
Commands Read: 0:No write  1: Write processing
Note1)
10 | EEPROM Reload Write: 0:No Action 1: Begin reload
Commands Read: 0: No reload 1: Reloading
Note1)
1 Checksum Erroratin | 0: Checksum ok R/- R/-
ESC Configuration 1: Checksum error
Area
12 EEPROM loading | 0: EEPROM loaded, device information ok
status 1: EEPROM not loaded, device information not
available
13 | Error 0: No error
Acknowledge/ 1: Missing EEPROM acknowledge or invalid
Commands command
Note1)
14 | Error Write 0: No error
Enable Note2) | 1: Write Command without Write enable
15 | Busy 0: EEPROM Interface is idle
1: EEPROM Interface is busy
*  r/(W):write access depends upon the assignment of the EEPROM interface (ECAT/PDI).
*  Write access is generally blocked if EEPROM interface is busy (0x0502.15=1).
Note1) Write Enable bit 0 and Command bits [10:8] are self-clearing. Manually clearing the command register will also clear the

error bits [14:13]. Command bits [10:8] are ignored if Error Acknowledge/Command is pending (bit 13).
Note2) Error bits are cleared by writing “000” (or any valid command) to Command Register Bits [10:8].
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EEPROM Address

Address| bit Description Master | Slave | Length Rest Value

0x0504 | 15:0 | EEPROM Address, to be read or written R/(W) R/(W) 4 0x00000000
- Lower Word(=16bit) Bytes

0x0507 | 31:16 | Upper Word

r/(w): write access depends upon the assignment of the EEPROM interface (ECAT/PDI).
*  Write access is generally blocked if EEPROM interface is busy (0x0502.15=1).

EEPROM Data

Address| bit Description Master | Slave | Length Rest Value
0x0508 | 15:0 | EEPROM Write data / Read data (lower bytes : 2Byte) R/(W) R/(W) 8 0x0000

- Bytes
0x050F | 63:16 | EEPROM Write data / Read data (higher bytes : 6Byte) R/- R/- 0x000000000000

r/(w): write access depends upon the assignment of the EEPROM interface (ECAT/PDI).
*  Write access is generally blocked if EEPROM interface is busy (0x0502.15=1).

11) MIl Management Interface

MIl Management Control/Status

Address| bit Description Master| Slave |Length| Rest Value
0x0510 0 Write enable 0: Write disabled 1: Write enabled R/(W) | R/(W) 2 0x00
- Note) Bytes
0x0511 1 Management 0: Only ECAT control R/- R/-
Interface can be | 1: PDI control possible
controlled by PDI
(registers  0x0516-0
x0517)
2 MI link link configuration, link detection
detection(0x0518:0| 0: Not available 1: Ml link detection active
x051B)
7:3 | PHY addressoffset | 00000:0ffset "0”
9:8 | Command Write: Initiate command. R/(W) | R/(W) 0x00
register Read: Currently executed command Commands:
00: No command/MI idle (clear error bits)
01: Read 10: Write
Others: Reserved/invalid commands (do not issue)
12:10 | Reserved, write 0 R/- R/-
13 | Read error 0: No read error R/(W) | R/(W)

1: Read error occurred
(PHY or register not available)
Cleared by writing to this register.
14 | Command error | 0: Last Command was successful
1: Invalid command or write command without
Write Enable
Cleared with a valid command or by writing
“00” to Command register bits [9:8].
15 Busy 0: MI control state machine is idle
1: MI control state machine is active
r/ (w): write access depends on assignment of MI (ECAT/PDI).
*  Write access is generally blocked if Management interface is busy (0x0510.15=1).
Note) Write enable bit 0 and Command bits [9:8] are self-clearing. Manually clearing the command register will also clear
the status information. The Write enable bit is cleared at the SOF/at the end of the PDI access. The Command bits
are cleared after the command is executed.

*

PHY Address

Address| bit Description Master Slave Length |Rest Value

0x0512 | 4:0 | PHY Address R/(W) R/(W) 1 0x00
7:5 | Reserved, write 0 R/- R/- Byte

r/ (w): write access depends on assignment of MI (ECAT/PDI).
*  Write access is generally blocked if Management interface is busy (0x0510.15=1).
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PHY Register Address

Address| bit Description Master Slave Length | Rest Value
0x0513 | 4:0 | Address of PHY Register that shall be read/written R/(W) R/(W) 1 0x00
7:5 | Reserved, write 0 R/- R/- Byte
r/ (w): write access depends on assignment of MI (ECAT/PDI).
*  Write access is generally blocked if Management interface is busy (0x0510.15=1).
PHY Data
Address| bit Description Master Slave Length | Rest Value
0x0514 | 15:0 | PHY Read/Write Data R/(W) R/(W) 2 0x0000
- Bytes
0x0515
r/ (w): write access depends on assignment of MI (ECAT/PDI).
*  Access is generally blocked if Management interface is busy (0x0510.15=1).
Mil Management ECAT Access State
Address| bit Description Master | Slave | Length |Rest Value
0x0516 0 Access to Ml 0: ECAT enables PDI takeover of Ml R/(W) R/- 1 0x00
management management control Byte
1: ECAT claims exclusive access to MIl management
7:1 Reserved, write 0 R/- R/-
* r/ (w): write access is only possible if 0x0517.0=0.
MIl Management PDI Access State
Address| bit Description Master | Slave | Length |Rest Value
0x0517 0 Access to Ml 0: ECAT has access to MIl management R/- R/(W) 1 0x00
management 1: PDI has access to Mll management Byte
1 Force PDI 0: Do not change Bit 517.0 R/W R/-
Access State 1: Reset Bit 517.0 to 0
7:2 | Reserved, write 0 R/- R/-
* 1/ (w): write access to bit 0 is only possible if 0x0516.0=0 and 0x0517.1=0.
PHY Port 0,71 Status
Address| bit Description Master | Slave | Length |Rest Value
0x0518 0 Physical link 0: No physical link R/- R/- 2 0x00
- Port 0 status 1: Physical link detected Bytes
0x0519 (PHY status register 1.2)
1 Port 0 0: No link 1: Link detected
Link status (100 Mbit/s, Full Duplex, Auto negotiation)
2 Port 0 0: No error
Link status error 1: Link error, link inhibited
3 Port 0 0: No read error occurred R/(W) | R/(W)
Note) | Read error 1: A read error has occurred
4 Port 0 0: No error detected R/- R/-
Link partner error 1: Link partner error
7:5 | Reserved R/- R/-
8 Physical link 0: No physical link R/- R/- 0x00
Port 1 status 1: Physical link detected
(PHY status register 1.2)
9 Port 1 0: No link 1: Link detected
Link status (100 Mbit/s, Full Duplex, Auto negotiation)
10 Port 1 0: No error
Link status error 1: Link error, link inhibited
11 Port 1 0: No read error occurred R/(W) | R/(W)
Note) | Read error 1: A read error has occurred
12 | Port 1 0: No error detected R/- R/-
Link partner error 1: Link partner error
15:13 | Reserved R/- R/-
Note) Cleared by writing any value to at least one of the PHY Status Port 0 registers.

*

r/ (w): write access depends on assignment of MI (ECAT/PDI).
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12) FMMU [7:0] (Fieldbus Memory Management Units)

Each FMMU entry is described in 16 Bytes from 0x0600:0x060F to 0x0670:0x067F.
RS2 EtherCAT slave amplifier has 8 FMMUs from FMMUO - FMMU7.
y is the FMMU index (y=0 to 7).

B FMMU configuration register

FMMU entity configuration is shown below.

4 Byte 2 Byte 1 Byte 1 Byte 2 Byte 1Byte 1 Byte 1 Byte

3 Byte
o0 Glob.Start Addr. |s2Length |48 GSB |56 GEB |40 Phy.Start |s0 LSB

gg Dir |os Active | 104 Reserved 127

L FMMU Physical Start Address
- Link address to the process data RAM of the logical start address.
FMMU data length
Data length to be used for PDO access.
Logical start Address (EtherCAT Address Space)

-3bit  5bit  3bit 5bit .- 3bit 5bit Abit 1bit 6bit 1bit 7bit |

24 bits
oLogi.S | 4R | oL0gi.S | 4R || oLogi.E | 4R | oRD [{WR| 3R | oE | 1R

104 Reserved 127

|\ FMMU Activate
0:FMMU Stop 1:FMMU Start
FMMU Type (Write Access)
0: Ignore mapping 1: Write Mapping to write access
FMMU Type (Read Access)
0: Ignore mapping 1: Write Mapping to write access

Physical starting bit Setting Range:0 -7
Target Physical starting bit of Logical starting bit

Last logical stop bit Setting Range:0 - 7
Last logical bit to be transferred to Physical last Byte
Logical starting bit Setting Range:0 -7

Target Logical starting bits of Physical starting bit.

FMMU Configuration Register Formation

FMMU Characteristics and Remarks

* Each logical address byte can, at most, be mapped either by one FMMU (read) plus one FMMU (write) or by one FMMU
(read/write). If two or more FMMUs (with the same direction — read or write) are configured for the same logical byte, the
FMMU with the lower number (lower configuration address space) is used and the others are ignored.

* One or more FMMUs may point to the same physical memory-all are used. Collisions cannot occur.

* A read/write FMMU cannot be used together with SyncManagers since independent read and write SyncManagers cannot
be configured to use the same (or overlapping) physical address range.

* Bit-wise reading is supported with any address. Bits not mapped to logical addresses are not changed in the EtherCAT
datagram, (e.g., this allows mapping bits from several ESCs into the same logical byte).

* Reading an unconfigured logical address space will not change the data.
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Logical Start address FMMU y

Address| bit Description Master | Slave |Length Rest Value
0x06y0 | 31:0 | Logical start address within the EtherCAT Address Space. R/W R/- 4 0x00000000
- Bytes
0x06y3
Length FMMU y
Address| bit Description Master | Slave |Length Rest Value
0x06y4 | 15:0 | Offset from the first logical FMMU Byte to the last FMMU R/W R/- 2 0x0000
- Byte + 1 (e.g., if two bytes are used then this parameter Bytes
0x06y5 shall contain 2)
Start bit FMMU y in logical address space
Address| bit Description Master | Slave |Length Rest Value
0x06y6 | 2:0 | Logical starting bit that shall be mapped (bits are counted R/W R/- 1 0x00
from least significant bit (=0) to most significant bit(=7) Byte
7:3 | Reserved, write 0 R/- R/-
Stop bit FMMU y in logical address space
Address| bit Description Master | Slave |Length Rest Value
0x06y7 | 2:0 | Last logical bit that shall be mapped (bits are counted from R/W R/- 1 0x00
least significant bit (=0) to most significant bit(=7) Byte
7:3 | Reserved, write 0 R/- R/-
Physical Start address FMMU y
Address| bit Description Master | Slave |Length Rest Value
0x06y8 | 15:0 | Physical Start Address R/W R/- 2 0x0000
- (mapped to logical Start address) Byte
0x06y9
Physical Start bit FMMU y
Address| bit Description Master | Slave |Length Rest Value
0x06yA | 2:0 | Physical starting bit as target of logical start bit mapping R/W R/- 1 0x00
(bits are counted from least significant bit (=0) to most Byte
significant bit(=7)
7:3 Reserved, write 0
Type FMMU y
Address| bit Description Master Slave |Length Rest Value
0x06yB 0 0:1gnore mapping for read accesses R/W R/- 1 0x00
1:Use mapping for read accesses Byte
1 0:Ignore mapping for write accesses
1:Use mapping for write accesses
7:2 | Reserved, write 0 R/- R/-
Activate FMMU
Address| bit Description Master Slave |Length Rest Value
0x06yC 0 0:FMMU deactivated R/W R/- 4 0x00000000
- 1:FMMU activated. FMMU checks logical addressed blocks Bytes
0x06yF to be mapped according to mapping configured
31:1 | Reserved, write 0 R/- R/-
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13) SyncManager (sm [7:0])

SyncManager registers are mapped from 0x0800:0x0807 to 0x0838:0x083F.

The RS2 EtherCAT slave amplifier has eight SM from SMO to SM7.
y specifies SyncManager (y=0 to 7).

Bl Channel Configuration Register Formation.
SM Configuration Register Formation is shown below.

_ 2 bit 2bit  1bit 1bit 1bit 1 bit li'i)it 1 bit

2 Byte 2 Byte 1 Byte 1 Byte 1 Byte 1 Byte
o Start Address |16 Length 16 Control 40 Status 48 Request Master s6 Request Slave 63
e SM Length

Data length to be assigned in SM (Setting value>1)

SM Physical Start Address (SMO - 7)
Start address of the process data RAM mapping to RAM SM(0x1000 - 0x3FFF)

) 1bit 1bit 2bit 2 bit| 8 bit 8 bit
oBuffer [ 2R/W | 4lE | sIP | WD | 7R |olw [ 1IR | 2R [31P[43P| 6R | 48 Request Master s6 Request Slave 63
L Last write buffer mode (Reserved in Mailbox mode)
00:1 buffer 01:2 buffer 10:3buffer 11:No write
Mailbox mode status (Reserved at 3 Buffer mode)
0:Mailbox Empty  1:Mailbox Full
Interrupt read
0: First byte was read 1: Read completed
Interrupt write
0: First byte was read 1: write completed
Watchdog trigger enable
0:Disabled 1:Enabled
PDI Interrupt request register interruption
0:Disabled 1:Enabled
ECAT Interrupt request register interruption
0:Disabled 1:Enabled
Direction  00:Read (Master: Read, Slave:Write)
01:Write (Master: Write, Slave:Read)
Operation mode
00:3 Buffer Mode 10:Mailbox Mode
- 1bit 1bit 4 bit 1 bit 1 bit 1 bit 1bit 6 bit
oCha. E |1Rep R| 2R |6Lat.ECT | 7zLat.PDI | oCha. E |1Rep A[2R 7
Repeat ACK

1: Acknowledge repeat request

Deactivate SM
Read=> 0:SM Start 1:SM Stop
Write => 0:SM Start 1:SM Stop request

bit6Latch even master, bit7Latch even slave
RS2 EtherCAT slave amplifier Reserved

Repeat Request
0/1:Use only to read Mailbox (Reserved in other operations)

SyncManager Enable/Disable
0:Disable 1:Enable

SMConfiguration Register Formation
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Physical Start Address SyncManager y

Address bit Description Master | Slave |Length \Z ?j(te
0x0800+y*® | 15:0 | Specifies first byte that will be handled by SyncManager R/(W) R/- 2 0x0000
- r/(w): Register can only be written if SyncManager is disabled Bytes
0x0801+y*® (+0x6.0 = 0).
Length SyncManager y
Address bit Description Master | Slave |Length \Z Tj;
0x0802+y*® | 15:0 | Number of bytes assigned to SyncManager (shall be greater 1, R/(W) R/- 2 0x0000
- otherwise SyncManager is not activated. If set to 1, only Bytes
0x0803+y*® Watchdog Trigger is generated if configured)
r/(w): Register can only be written if SyncManager is disabled
(+0x6.0 = 0).

Setting range is 0x0080(128Byte) - 0x0400(1024Byte) with even numbered settings.
* AL status code [0x0016: Invalid Mailbox Setting] will responded to at Pre-Operation request when value is written
out of setting range.

Control Register SyncManager y

Address| bit Description Master | Slave |Length \Z ?jte
0x0804 | 1:0 | Operation 00: Buffered (3 buffer mode) R/W R/- 1 0x00
+y8 Mode 01: Reserved Byte
10: Mailbox (Single buffer mode)
11: Reserved
3:2 | Direction 00: Read: ECAT read access, PDI write access.
SMO 01: Write: ECAT write access, PDI read access.
0x0804 10: Reserved
11: Reserved
SM1 4 | Interrupt in ECAT Event 0: Disabled
0x080C Request Register 1: Enabled
5 | Interrupt in PDI Event 0: Disabled
SM2 Request Register 1: Enabled
0x0814 [ 6 | Watchdog Trigger Enable 0: Disabled
Note) 1: Enabled
SM3 7 Reserved, write 0 R/- R/-
0x081C

*  rl/(w): Register can only be written if SyncManager is disabled (+0x6.0 = 0).
*  The SyncManager Watchdog function will be disabled by setting 0x0400:Watchdog Divider zero when Watchdog
Trigger enable bit6=0:Disable is set. It can also be disabled by setting 0x0420: Watchdog Time Process Data to

Zero.
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Status Register SyncManager y

Address| bit Description Master | Slave |Length| Rest Value
0x0805| O | Interrupt Write 1: Interrupt after buffer was completely and R/- R/- 1 0x00
+y*8 successfully written (0x0804+y*8) Byte
0: Interrupt cleared after first byte of buffer was read
1 Interrupt Read: | 1: Interrupt after buffer was completely and
successful read (0x0804+y*®)
0: Interrupt cleared after first byte of buffer was
written
2 Reserved
SMO 3 | Mailbox mode: | 0: Mailbox empty
0x0805 mailbox status 1: Mailbox full
Note) 3 Buffered mode: reserved
SM1 ["5:4 | Buffered mode: | 00: 1buffer01: 2buffer
0x080D buffer status 10: 3buffer
(last written 11: (no buffer written)
SM2 buffer) Note) Mailbox mode: reserved
0x0815 ['7:6 | Reserved
SM3
0x081D
Activate SyncManager y
Address| bit Description Master | Slave |Length| Rest Value
0x0806 0 SyncManager | O: Disable: Access to Memory without SyncManager R/W R/- 1 0x00
+y*8 Enable/ control Byte
Disable 1: Enable: SyncManager is active and controls
Memory area set in configuration
1 Repeat 0/1: A toggle of Repeat Request means that a
Request mailbox retry is needed (primarily used in conjunction
SMO with ECAT Read Mailbox)
0x0806 | 5:2 | Reserved, R/- R/-
write 0
SM1 6 | Latch Event | 0:No R/W R/-
0x080E ECAT 1: Generate Latch event if EtherCAT master issues a
buffer exchange
SM2 7 | Latch Event 0: No
0x0816 PDI 1: Generate Latch events if PDI issues a buffer
SM3 exchange or if PDI accesses buffer start address
0x081E
PDI Control SyncManager y
Address| bit Description Master | Slave |Length| Rest Value
0x0807 0 Deactivate Read: R/- R/W 1 0x00
+y8 SyncManager 0: Normal operation, SyncManager activated. Byte
1: SyncManager deactivated and reset
SMO SyncManager locks access to Memory area.
0x0807 Write:
0: Activate SyncManager
SM1 1: Request SyncManager deactivation
0x080F Writing 1 is delayed until the end of a frame which
is currently processed.
SM2 1 Repeat Ack If this is set to the same value as set by Repeat
0x0817 Request, the PDI acknowledges the execution of a
previous set Repeat request.
SM3 7:2 | Reserved, write R/- R/-
0x081F 0
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14) Distributed Clocks (DC)

Propagation delay measurement, Offset compensation and Drift compensation to Reference Clock are
required to perform clock synchronization.
Each method is described below.

B Propagation Delay Measurement
Since each slave introduces a small processing/forwarding delay in each direction (within the device and also in the
physical layer), as well as the cable between the ESCs has a delay, the propagation delay between Reference Clock
and the respective slave clock has to be considered for the synchronization of the slave clocks.

1. For measuring the propagation delay, the master sends a broadcast write to register DC Receive Time Port 0 (at least first

byte).

2. Each slave device stores the time of its local clock when the first bit of the Ethernet preamble of the frame was received,
separately for each port (Receive Time Port 0-1 registers).

3. The master reads all time stamps and calculates the delay times with respect to the topology. The delay time between
Reference Clock and the individual slave is written to slave’s System Time Delay register (0x0928:0x092B).

The receive time registers are used to sample the receive time of a specific frame (a broadcast write to Receive Time Port 0

register).

The clocks must not be synchronized for the delay measurement, only local clock values are used.
Since the local clocks of the slaves are not synchronized, there is no relation between the Receive Times of different slaves.
So the propagation delay calculation has to be based on receive time differences between the ports of a slave.

Registers for Propagation Delay Measurement

Register Address Name Description
0x0900:0x903 Receive Time Port 0 Local time when receiving frame on Port 0
0x0904:0x907 Receive Time Port 1 Local time when receiving frame on Port 1
0x0908:0x90B - Reserved
0x090C:0x90F - Reserved
0x0918:0x91F Receive Time ECAT Processing Unit Local time when receiving frame at the ECAT Processing Unit

B Propagation Delay Measurement Example
The propagation delay between the local device and the Reference Clock device is calculated for the network example
shown in Figure below. The example assumes that slave A is the Reference Clock.
The loops of slave C are closed internally. The wire delays are assumed to be symmetrical.

tao tco
fref C
_________________________________________ ’
tso
trRef B
____________________ ’
taB tec tce
tra ! twas tr : twsc trc
EtherCAT EtherCAT EtherCAT
- Processing > Processing >- Processing
Master Unit Unit Unit
Port0 Port1 Port0 Port1 Port0
. Slave A ) Slave B . Slave C
twaB ! tr twec !
Reference < it < i
Clock « b < |
ta1 tB1

Propagation Delay Calculation
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Parameters for Propagation Delay Calculation

Parameter Description
tPA, tPB, tPC Processing delay of slave (EtherCAT Processing Delay)
tFB Forwarding delay of slave (EtherCAT FoR/Warding Delay)

tAB, tBC, tCB, tBA

Propagation delay from slave to slave

tWAB, tWBC, tWCB, tWBA

Wire propagation delay between slaves (assumed to be symmetrical in both directions)

tAO, tBO, tCO, tA1, tB1

Receive Time Port 0/1 values of slave (time when first preamble bit is detected)

tP Processing delay (through EtherCAT Processing Unit) if all slaves are identical
tF Forwarding delay (alongside EtherCAT Processing Unit) if all slaves are identical
Difference between Processing delay and forwarding delay tDiff = tP - tF if all slaves are identical.
tDiff Note)TDiff of the RS2 EtherCAT slave amplifier is 40ns at MIl(Ethernet). When one or more Port

is EBUS (LVDS), it is 20ns.

tRef B,tRef C

Propagation delay from Reference Clock (slave A) to slave

B Propagation delay between Slave B and C
The propagation delays between slave B and C (tBC and tCB) are calculated as follows:

tBC =tPB+tWBC , tCB=tPC+tWBC

assuming the processing delays are equal in slave bands B-C (tP = tPB = tPC)

tBC =tCB =tP + tWBC

The Receive Times (port 0 and 1) of slave B have the following relation:

tB1 =tB0 + tBC + tCD + tDC + tCB

So the propagation delay between slave B and C is

TBC = tCB = (tB1-tB0) / 2

B Propagation delay between Slave A and B
The propagation delays between slave A and B (tAB+tBA) are calculated as follows:

tAB=tPA+tWAB, tBA=tFB+tWAB

Assuming that the processing delays of all slaves are identical (tP = tPA = tPB = tPC), and the difference between
forwarding and processing delay of (FoR/Warding Delay) these slaves is tDiff = tPB - tFB :

TAB = tP + tWAB, tBA = tAB - tDiff

The Receive Times of slave A (port 0 and 1) have the following relation:

tA1 =tAO + tAB + tBC + tCB + tBA

So the propagation delay between slave A and B is

2 x tAB-tDiff = (tA1-tA0) - (tB1-tBO)
tAB = ((tA1-tAO) - (tB1-tBO) + tDiff) / 2

And for the other direction:

tBA = ((tA1 - tA0) - (tB1-tBO) - tDiff) / 2

B Summary of Propagation Delay Calculation between Slaves

tAB = ((tA1-tAO) - (tB1-tBO) + tDiff) / 2
tBA = ((tA1-tAD) - (tB1-tBO) - tDiff) / 2
tBC = (tB1-tB0) / 2
{CB = (tB1-tB0) / 2

B Propagation Delays between Reference Clock and Slave Clocks
The System Time Delay register of each slave clock takes the propagation delay from the Reference
Clock to the slave. This delay is calculated like this:

tRef B = tAB

tRef_C =tAB + tBC
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Bl Offset Compensation

The local time of each device is a free running clock which typically will not have the same time as the Reference
Clock. To achieve the same absolute System Time in all devices, the offset between the Reference Clock and every
slave device’s clock is calculated by the master. The offset time is written to register System Time Offset to adjust the
local time for every individual device. Small offset errors are eliminated by the drift compensation after some time, but
this time might become extremely high for large offset errors.

Each slave calculates its local copy of the System time using its local time and the local offset value:

tLocal copy of System Time = tLocal time + tOffset

This time is used in synchronous signal output (SyncSignal) inside the slave amplifier.

The reference clock system time works as a master clock using and compensating for the calculated difference and

reference clock system time offset.
Registers for offset compensation are shown below.

Registers for Offset Compensation

Register Address

Name

Description

0x0910:0x0917

System Time

Local copy of System Time (read from PDI)

0x0920:0x0927

System Time Offset

Difference between local time and System Time

B Drift Compensation

After the delay time between the Reference Clock and the slave clocks has been measured, and the offset between
both clocks has been compensated, the natural drift of every local clock (emerging from quartz variations between
Reference Clock’s quarts and local quarts) is compensated by the time control loop which is integrated within each
ESC.

For drift compensation, the master distributes the System Time from the Reference Clock to all slave clocks
periodically. The ARMW or FRMW commands can be used for this purpose. The time control loop of each slave
takes the lower 32 bit of the System Time received from the Reference Clock and compares it to its local copy of the
System Time. For this difference, the propagation delay has to be taken into account:

At = (tLocal time + tOffset-tPropagation delay) - tReceived System Time

If At is positive, the local time is running faster than the System time, and has to be slowed down. If At is negative, the
local time is running slower than the System time, and has to be sped up. The time control loop adjusts the speed of
the local clock.

For a fast compensation of the static deviations of the clock speeds, the master should initially send
many ARMW/FRMW commands (e.g. 15,000) for drift compensation in separate frames after
initialization of the propagation delays and offsets. The control loops compensate the static deviations
and the distributed clocks are synchronized. Afterwards, the drift compensation frames are send
periodically for compensation of dynamic clock drifts.
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Receive Time Port 0

Address| bit Description Master Slave |Length| Rest Value
0x0900 | 31:0 | [Write access] R/W R/- 4 |Undefined
- A write access to register 0x0900 with BWR, APWR (any (special Bytes
0x0903 address) or FPWR (configured address) latches the local time | function)
of the beginning of the receive frame (start first bit of preamble)
at each port
[Read access]
Local time of the beginning of the last receive frame containing
a write access to this register.
Note) The time stamps cannot be read in the same frame in
which this register was written.
Receive Time Port 1
Address| bit Description Master Slave |Length| Rest Value
0x0904 | 31:0 | Local time of the beginning of a frame (start first bit of preamble) R/- R/- 4 Undefined
- received at port 1 containing a BWR/APWR or FPWR to Register Bytes
0x0907 0x0900.
Receive Time Port 2/3
Address| bit Description Master Slave |Length| Rest Value
0x0908 | 64:0 | Reserved R/- R/- 8 Undefined
- Bytes
0x090F
Receive Time ECAT Processing Unit
Address| bit Description Master Slave |Length| Rest Value
0x0918 | 64:0 | Local time of the beginning of a frame (start first bit of preamble) R/- R/- 8 Undefined
- received at the ECAT Processing Unit containing a BWR or Bytes
0x091F

FPWR (configured address) to Register 0x0900

6-28




6. Data Link Layer

15) DC-Time Loop Control Unit

Time loop control unit is defined by master, and the write operation from slave to time loop control register is not
performed.

Bl Time control loop settings and status

Time control loop consists of the following five (5) registers:
The System Time Difference register (0x092C:0x092F) corresponds to the mean value of the difference between local
copy of the System Time and the System Time (At). This value converges to zero when both times are identical.
The Speed Counter Start register (0x0930:0x0931) represents the bandwidth of the drift compensation.
The value of the Speed Counter Difference register (0x0932:0x0933) represents the deviation between the clock periods
of the Reference Clock and the local ESC.
The System Time Difference Filter Depth register (0x0934) and the Speed Counter Filter Depth register (0x0935) set filter
depths for mean value calculation of the received System Times and of the calculated clock period deviations.
In addition, the control loop capability improves by setting the Speed Counter Filter Depth at “0”.

Registers for Drift Compensation

Register Address Name Description

0x0900:0x090F Receive Time Port n

Local time when receiving frame on Port n

0x0910:0x0917 System Time

(Local time if System Time Offset=0)

Local copy of System Time (read from PDI)

0x0920:0x0927 System Time Offset

Time difference between System Time and local time

0x0928:0x092B System Time Delay

Delay between Reference Clock and the ESC

0x092C:0x092F | System Time Difference

received System Time values

Mean difference between local copy of System Time and

0x0930:0x0931 Speed Counter Start

Bandwidth for adjustment of local copy of System Time

0x0932:0x0933 Speed Counter Difference

Deviation between local clock period and Reference Clock’s

clock period
0x0934 System Time Difference Filter Depth | Filter depth for averaging the received System Time deviation
0x0935 Speed Counter Filter Depth Filter depth for averaging the clock period deviation

System Time

Address

bit

Description Master

Slave

Length

Rest Value

0x0910

0x0917

63:0

[ead access]

Local copy of the System
Master : Latch at the first Ethernet SOF DMZ frame.
Slave : Latch at the last byte read of 0x0910

31:0

[Write access]

Written value will be compared with local copy of System
Time. The compensated result will be input to the time control
unit and denoted as System Time difference (0x092C).

Master : written value will be compared at the end of the frame
with the latched (SOF) local copy of the System time if at least
the first byte (0x0910) was written.

Note) Usable when 0x0140.10=1

Slave : Reserved

Written value will be compared at the end of the access with
LatchO Time Positive Edge (0x09B0:0x09B3) if at least the last
byte (0x0913) was written.

Note) Usable when 0x0140.11=1(Reserved)

R/(W)
(special
function)

8
Bytes

0x0

System Time Offset

Address

bit

Description Master

Slave

Length

Rest Value

0x0920

0x0927

63:0

Difference between local time and System Time. Offset is added R/(W)
to the local time.
Note)  Usable when 0140.10=1 or 0x0140.11=1

RI(W)

8
Bytes

0x0
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System Time Delay

Address| bit Description Master Slave |Length| Rest Value
0x0928 | 31:0 | Delay between Reference Clock and the ESC R/(W) R/(W) 4 0x0
- *  Write access to this register depends on the Bytes
0x092B setting.
Usable when 0140.10=1 or 0x0140.11=1
System Time Difference
Address| bit Description Master Slave |Length| Rest Value
0x092C | 30:0 | Actual time difference between received local time value and R/- R/- 4 0x0
- local copy of system time. Bytes
0x092F | 31 0:Local copy of System Time greater than or equal received
System Time
1:Local copy of System Time smaller than received System Time
*  Usable when 0x0140.10=1 or 0x0140.11=1
Speed Counter Start
Address| bit Description Master Slave |Length| Rest Value
0x0930 | 14:0 | Bandwidth for adjustment of local copy of System Time (larger R/(W) R/(W) 2 0x1000
- values -> smaller bandwidth and smoother adjustment) A write Bytes
0x0931 access resets System Time Difference (0x092C:0x092F) and
Speed Counter Diff  (0x0932:0x0933). Minimum value: 0x0080
15 Reserved, write 0 R/- R/-
*  Write access to this register depends on the setting. Usable when 0x0140.10=1 or 0x0140.11=1.
Speed Counter Diff
Address| bit Description Master Slave |Length| Rest Value
0x0932 | 15:0 | Representation of the deviation between local clock period and R/- R/- 2 0x0000
- Reference Clock’s clock period Bytes
0x0933
*  Usable when 0x0140.10=1 or 0x0140.11=1
Deviation— Speed Counter Diff
5(Speed Counter Start + Speed Counter Diff+2)(Speed Counter Start - Speed Counter Diff+2)
System Time Difference Filter Depth
Address| bit Description Master Slave |Length| Rest Value
0x0934 | 3:0 | Filter depth for averaging the received System Time deviation R/(W) R/(W) 1 0x0C
7:4 | Reserved, write 0 R/- R/- Byte
*  Usable when 0x0140.10=1 or 0x0140.11=1. Reset control loop by writing the speed counter start
(0x0930:0x0931) after this value has been changed.
Speed Counter Filter Depth
Address| bit Description Master Slave |Length| Rest Value
0x0935| 3:0 | Filter depth for averaging the clock period deviation R/(W) R/(W) 1 0x0C
7:4 | Reserved, write 0 R/- R/- Byte

*

Usable when 0x0140.10=1 or 0x0140.11=1. Reset control loop by writing the speed counter start

(0x0930:0x0931) after this value has been changed.

H DC-Cycle Unit Control

1. Synchronize Signal
RS2 EtherCAT amplifier supports Distribution Clock (DC) function and Synchronize Signal is used for the Interrupt signal
generation of process start timing inside the amplifier.
Synchronizing to either signal, SYNCO orSYNCH1, is decided by the setting of the CoE Object SM
Synchronization :0x1C32 - 0x1C33 in the amplifier.

Either ECAT (Master) or PDI (Slave side microcontroller) controls SyncSignals (SYNCO / 1) output and can be set at the
Cycle unit control register (0x0980).
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SYNCO —— Slave SYNC signals—> ASIC

EtherCAT /\/_ (For Servo control)

Device IRQ ,

/( <— Select SYNCO1
° p Controller

RS2 Distributed Clocks signals

2. Configuration

The mapping of Distributed Clocks SyncSignals driver characteristics and SyncSignals to the AL Event Request register
is controlled by the setting of the Sync/Latch PDI Configuration register 0x0151.

The length of a SyncSignal pulse is defined in the DC Pulse Length of SYNC Signals register (0x0982:0x0983). A value of
0 selects acknowledged modes.

SYNC Signals cannot be output if ESI EEPROM was loaded incorrectly at time of power up.

3. SyncSignal Generation
ESC has two synchronizing signals: SYNCO and SYNC1 and supports four types of synchronous output: [Cyclic
generation], [Single shot], [Cyclic Acknowledge], [Single shot Acknowledge].
However, use [Cyclic generation] in the RS2 EtherCAT slave amplifier (the other synchronous outputs are unsupported).
The Sync Signal mode is selected by Pulse length and SYNCO cycle time.

SyncSignal Generation Mode Selection

Pulse Length of SYNC Signals SYNCO Cycle Time(0x09A0:0x09A3)
(0x0982:0x0983) >0 =0
>0 Cyclic Generation Single Shot
=0 Cyclic Acknowledge Single Shot Acknowledge

The cycle time of the SYNCO signal is configured in the SYNCO Cycle Time register (0x09A0:0x09A3), the start time is set
in the Start Time Cyclic Operation register (0x0990:0x0997). After the Sync Unit is activated and the output of the
SYNCO0/1 signals is enabled (DC Activation register 0x0981), the Sync Unit waits until the start time is reached and
generates the first SYNCO pulse.

Internally, the SyncSignals are generated with an update rate of 100 MHz (10 ns update cycle). The jitter of the internal
SyncSignal generation in comparison to the System Time is 12 ns.

Registers for SyncSignal Generation

Register Address Name Description
0x0140[11:10] PDI Control Enable/Disable DC Units (power saving)
0x0151 Sync/Latch PDI Configuration Configuration of SYNC/LATCH [1:0] pins
0x0980.0 Unit Cycle Control Assignment of cyclic function to EtherCAT or PDI
0x0981 Activation Activation of cyclic function and SYNC pins
0x0982:0x0983 Pulse Length of SYNC Signal Length of SYNC impulse length
0x098E SYNCO Status Status of SYNCO signal
0x098F SYNC1 Status Status of SYNC1 signal
0x0990:0x0997 SYNCO Start Time Start System time of cyclic operation
0x0998:0x099F Next SYNC1 Pulse System Time of next Sync1 Pulse
0x09A:0x09A3 SYNCO Cycle Time Cycle Time of SYNCO
0x09A4:0x09A7 SYNC1Cycle Time Cycle Time of SYNC1

*  Some of these registers are set via EEPROM at the time of power ON.
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Cyclic Generation (Cyclic Generation)

If the SYNC1 Cycle Time is larger than the SYNCO Cycle Time, it will be generated as follows: when the Start Time Cyclic
Operation is reached, a SYNCO pulse is generated. The SYNC1 pulse is generated after the SYNCO pulse with a delay of
SYNC1 Cycle Time. The next SYNC1 pulse is generated when the next SYNCO pulse was generated, plus the SYNC1

Cycle Time.

SYNC1 Generation

SYNCO

SYNCA1

SYNCO

SYNC1

SYNCO

SYNC1

SYNCO

SYNCA1

The second SyncSignal (SYNC1) depends on SYNCQO, it can be generated with a predefined delay after SYNCO pulses.
The delay is configured in the SYNC1 Cycle Time register (0x09A4:0x09A7).
The following shows the output waveform by setting SYNC1 cycle time.

Activation Start Time

SYNC1 Cycle Time < SYNCO Cycle Time

.
— —
:

Pulse Length of Sync Signal

SYNCO Cycle Time

I

.

]

SYNC1 Cycle Time

>

i

SYNC1 Cycle Time = SYNCO Cycle Time

+ SYNCO Cycle Time

i
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—>

SYNC1 Cycle Time

SYNC1 Cycle Time = 2xSYNCO Cycle Time

e——! SYNCO Cycle Time

i
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U

L

SYNC1 Cycle Time —

| SYNCO Cycle Time

SYNC1 Cycle Time —

SYNC1 Cycle Time > SYNCO Cycle Time or, SYNC1 Cycle Time < 2 x SYNCO Cycle Time

i

J !

L

U

e e e e - e e e e ] = —

J

SYNC1 Cycle Time

|

SYNC1 Cycle Time

SYNCO0/1 Cycle Time Examples

If the SYNC1 cycle time is greater than the SYNCO cycle time, the SYNC1pulse will be output with the timing shown in the

lower of the two.
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Cyclic Unit Control

Address| bit Description Master| Slave |Length |Rest Value
0x0980 0 SYNC out unit 0: Master controlled (ECAT) R/W R/- 1 0x00
control 1: Slave controlled (PDI) Byte
3:1 | Reserved R/-
4 Latch In Unit0 Reserved (The Latch function is uncorrespondence.) R/W
(0:Master controlled 1:Slave controlled)
5 Latch In Unit1 Reserved (The Latch function is uncorrespondence.)
(0:Master controlled 1:Slave controlled)
7:6 | Reserved R/-
*  Usable when 0x0140.10=1 or 0x0140.11=1
DC-SYNC Out Unit
SYNC OUT Unit Activation register
Address| bit Description Master| Slave |Length [Rest Value
0x0981 0 Active 0:Disable 1:Enable R/(W) | R/(W) 1 0x00
Cycle Note) When the SYNCO cycle time is 0, the SYNCO Byte
Operation pulse is output only once.
1 SYNCO Active 0:Disable 1:SYNCO pulse is generated
SYNC1 Active 0:Disable 1:SYNCO pulse is generated
7:3 | Reserved R/- R/-
*  Write to this register depends upon setting of 0x0980.0. Usable when 0x0140.10=1.
Pulse Length of SyncSignals
Address| bit Description Master| Slave |Length |Rest Value
0x0982 | 15:0 | Pulse length of SyncSignals (in Units of 10ns) R/- R/- 2 0x0064
- 0:Acknowledge mode: SyncSignal will be cleared by reading Bytes Note)
0x0983 SYNCO/SYNC1 Status register
Note) Load from EEPROM address0x0002
*  Usable when 0x0140.10=1
SYNCO Status
Address| bit Description Master| Slave |Length [Rest Value
0x098E| O SYNCO state for Acknowledge mode. R/- R/- 1 0x00
SYNCO in Acknowledge mode is cleared by reading this register from Byte
PDI, use only in Acknowledge mode
Usable when 0x0140.10=1
7:1 | Reserved
SYNC1 Status
Address| bit Description Master| Slave |Length |Rest Value
0x098F| O SYNC1 state for Acknowledge mode. R/- R/- 1 0x00
SYNC1 in Acknowledge mode is cleared by reading this register from Byte
PDI, use only in Acknowledge mode
Usable when 0x0140.10=1
7:1 | Reserved
Start Time Cyclic Operation
Address| bit Description Master| Slave |Length |Rest Value
0x0990 | 63:0 | Write: Start time (System time) of cyclic operation in ns R/(W) | R/(W) 8 0x0
- Write to this register depends upon setting of 0x0980.0. Bytes
0x0997 Read: System time of next SYNCO pulse in ns
(Unit: 1ns), Usable when 0x0140.10=1
Next SYNC1 Pulse
Address| bit Description Master| Slave |Length [Rest Value
0x0998 | 63:0 | Read: System time of next SYNC1 pulse in ns R/- R/- 8 0x0
- (Unit: 1ns), Usable when 0x0140.10=1 Bytes
0x099F
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SYNCO Cycle Time
Address| bit Description Master| Slave |Length |Rest Value
0x09A0 | 31:0 | Time between two consecutive SYNCO pulses in ns. R/(W) | R/(W) 4 0x0
- Write to this register depends upon setting of 0x0980.0. Bytes
0x09A3 0:Single shot mode, generate only one SYNCO pulse.
(Unit: 1ns), Usable when 0x0140.10=1
SYNC1 Cycle Time
Address| bit Description Master| Slave |Length |Rest Value
0x09A4 | 31:0 | Time between SYNC1 pulses and SYNCO pulse in ns R/(W) | R/(W) 4 0x0
- Write to this register depends upon setting of 0x0980.0. Bytes
0x09A7 (Unit: 1ns) Usable when 0x0140.10=1
DC-Latch input unit
Latch function is not supported in RS2 EtherCAT slave ampilifier.
Sets the Latch 0 / 1 control and the status registers shown below at “0”.
Latch 0 Control : 0x09A8 Latch 1 Control : 0x09A9
Latch O Status : 0x09AE Latch 1 Status : OX09AF
Latch O Time Positive Edge : 0x09B0 - 0x09B7  Latch O Time Negative Edge  : 0x09B8- 0x09BF
Latch 1 Time Positive Edge : 0x09CO - 0x09C7  Latch 1 Time Negative Edge  : 0x09C8 - 0x09CF
Latch0 Control
Address| bit Description Master| Slave |Length [Rest Value
0x09A8| O Latch O 0: Continuous Latch active R/W R/- 1 0x00
positive edge 1: Single event (only first event active) Byte
1 Latch 0 0: Continuous Latch active
negative edge 1: Single event (only first event active)
7:2 | Reserved, write 0 R/-
Note) Write access depends upon setting of 0x0980.4. Usable when 0x0140.11=1
Latch1 Control
Address| bit Description Master| Slave |Length |Rest Value
0x09A9| O Latch 1 0: Continuous Latch active R/W R/- 1 0x00
positive edge 1: Single event (only first event active) Byte
1 Latch 1 0: Continuous Latch active
negative edge 1: Single event (only first event active)
7:2 | Reserved R/-
*  Write access depends upon setting of 0x0980.5. Usable when 0x0140.11=1
Latch0 Status
Address| bit Description Master| Slave |Length|Rest Value
Ox09AE| O Event LatchO positive edge,”’0” other than for single event R/W R/- 1 0x00
Flag is cleared by reading LatchO time positive edge Byte
1 Event LatchO negative edge,”0” other than for single event
Flag is cleared by reading LatchQ time negative edge
7:2 | Reserved R/-
*  Usable when 0x0140.11=1
Latch1 Status
Address| bit Description Master| Slave |Length |Rest Value
Ox09AF| O Event Latch1 positive edge,”0” other than for single event R/W R/- 1 0x00
Flag is cleared by reading Latch1 time positive edge Byte
1 Event Latch1 negative edge,”0” other than for single event
Flag is cleared by reading Latch1 time negative edge
7:2 | Reserved R/-

Usable when 0x0140.11=1
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LatchO Time Positive Edge

Address| bit Description Master| Slave |Length |Rest Value
0x09B0 | 63:0 | Register captures System time at the positive edge of the LatchO signal. R/- R/- 8 0x0

- (Usable when 0x0140.11=1) Bytes
0x09B7
LatchO Time Negative Edge
Address| bit Description Master| Slave |Length [Rest Value
0x09B8 | 63:0 | Register captures System time at the negative edge of the LatchO signal. R/- R/- 8 0x0

- (Usable when 0x0140.11=1) Bytes
0x09BF
Latch1 Time Positive Edge
Address| bit Description Master| Slave |Length|Rest Value
0x09CO0 | 63:0 | Register captures System time at the positive edge of the Latch1 signal. R/- R/- 8 0x0

- (Usable when 0x0140.11=1) Bytes
0x09C7
Latch1 Time Negative Edge
Address| bit Description Master| Slave |Length |Rest Value
0x09C8 | 63:0 | Register captures System time at the negative edge of the Latch1 signal. R/- R/- 8 0x0

- (Usable when 0x0140.11=1) Bytes
0x09CF

B DC-SyncManager Event Times

EtherCAT Buffer Change Event Time
Address| bit Description Master| Slave |Length |Rest Value
O0x09F0 | 31:0 | Register captures local time of the beginning of the frame which causes at | R/- R/- 4 0x0

- least one SyncManager to assert an ECAT event Bytes
0x09F3 (Usable when 0x0140.10=1 or 0x0140.11=1)
PDI Buffer Start Event Time
Address| bit Description Master| Slave |Length|Rest Value
O0x09F8 | 31:0 | Register captures local time when at least one SyncManager asserts an R/- R/- 4 0x0

- PDI buffer start event Bytes
0x09FB (Usable when 0x0140.10=1 or 0x0140.11=1)
PDI Buffer Change Event Time
Address| bit Description Master| Slave |Length |Rest Value
O0x09FC | 31:0 | Register captures local time when at least one SyncManager asserts an R/- R/- 4 0x0

- PDI buffer change event Bytes
0x09FF (Usable when 0x0140.10=1 or 0x0140.11=1)

6-35




6. Data Link Layer

16) ESC specific registers

Power-On Values

Address| bit Description Master| Slave |Length \Z Tj;
O0xO0E00| 1:0 | Port mode (P_MODE) 00: Logical ports 0 and 1 available R/- R/- 2 0x8C
- 01: Logical ports 0, 1 and 2 available Bytes
O0x0EO01 10: Logical ports 0, 1 and 3 available
11: Logical ports 0, 1, 2 and 3 available
2 Physical layer of logical port 0 0: EBUS 1: Ml
3 available ports logical port 1 0: EBUS 1: Ml
4 (P_CONF) logical port 2 0: EBUS 1: Ml
5 logical port 3 0: EBUS 1: Ml
7:6 | CPU clock output 00: OFF 01: 25MHz
(CLK_MODE) 10: 20MHz 11: 10MHz
9:8 | MIl TX signal shift 00: MIl TX signals shifted by 0° R/- R/- 0x84
(C25_SHI) 01: MIl TX signals shifted by 90°

10: Ml TX signals shifted by 180°
11: Ml TX signals shifted by 270°

10 | CLK25 Output Enable

0:

Disabled — PDI [31] available as PDI port

(C25_ENA) 1: Enabled — PDI [31] = 25MHz (OSC)
1 Transparent Mode Mil| 0: Disabled
(Trans_Mode_Ena) 1: Enabled — ERR is input (0: TX signals are

tristated, 1: ESC is driving TX signals)

12 | Digital Control/State
Move
(Ctrl_Status_Move)

0:

1:

Control/Status signals are mapped to PDI
[39:32] - if available

Control/Status signals are remapped to the
highest available PDI Byte.

13 | PHY Address Offset 0: No PHY address offset
(PHYAD_OFF) 1: PHY address offset is 16
14 | PHY Link Polarity 0: LINK_MII is active low
(LINKPOL) 1: LINK_MII is active high
15 | Reserved Always "1”
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H Digital I/O Output Data

Digital /O Output Data

Address| bit Description Master| Slave |Length|Rest Value
0xO0F00 | 31:0 | Output Data R/W R/- 4 0x0
- Note) Register size depends on PDI setting and/or device configuration. Bytes
0x0F03
General Purpose Outputs
Address| bit Description Master| Slave |Length |Rest Value
0x0F10 | 15:0 | General Purpose Output Data RW | RIW 2 0x0
- Note) Register size depends on PDI setting and/or device configuration Bytes
0x0F11
General Purpose Inputs
Address| bit Description Master| Slave |Length |Rest Value
0x0F18 | 15:0 | General Purpose Input Data R/- R/- 2 0x0
- Note) Register size depends on PDI setting and/or device configuration Bytes
0x0F19
17) User RAM
Extended ESC Features (Reset values of User RAM)
Address|  bit Description Master| Slave |Length \Z ?j;
OxOF80| 7:0 Number of extended feature bits R/W | R/W 33 OxFF
- 8 0x0102:0x0103 | DL Control Register 0:Not available 1:Available Bytes -
OXOFAO| 9 0x0134:0x0135 | AL Status Code Register O:Not available 1:Available
10 0x0200:0x0201 | ECAT Event Mask 0:Not available 1:Available
11 0x0012:0x0013 | Configured Station Alias 0:Not available 1:Available
12 0x0F18:0x0F1F | General Purpose Inputs 0:Not available 1:Available
13 0x0F10:0x0F17 | General Purpose Outputs 0:Not available 1:Available
14 0x0204:0x0207 | AL Event Mask 0:Not available 1:Available
15 0x0108:0x0109 | Physical Read/Write Offset 0:Not available 1:Available
16 0x0400:0x0401 | Watchdog divider writeable 0:Not available 1:Available -
0x0410:0x0411 | and Watchdog PDI
17 0x0442:0x0443 | Watchdog counters 0:Not available 1:Available
18 0x0020:0x0031 | Write Protection 0:Not available 1:Available
20:19 Reserved 0:Not available 1:Available
21 0x09F0:0x09F0 | DC SyncManager Event Times 0:Not available 1:Available
22 0x030C:0x030D | ECAT Processing Unit/PDI Error | O:Not available 1:Available
Counter
23 0x0502.7 EEPROM Size configurable 0: EEPROM Size fixed to
sizes up to 16 Kbit
1: EEPROM Size configurable
26:24 Reserved _
27 0x0300:0x0313 | Lost Link Counter 0:Not available 1:Available
28 0x0510:0x0515 | MIl Management Interface 0:Not available 1:Available
29 Enhanced Link Detection Ml 0:Not available 1:Available
30 Enhanced Link Detection EBUS 0:Not available 1:Available
31 Run LED (DEV_STATE LED) 0:Not available ~1:Available
32 Link Activity LED 0:Not available 1:Available -
37:33 | Reserved
38 DC Time loop control assigned to PDI 0:Not available 1:Available
39 Link detection and configuration by MI 0:Not available 1:Available
40 MI control by PDI possible 0:Not available 1:Available -
41 Automatic TX shift 0:Not available 1:Available
42 EEPROM emulation by yController 0:Not available 1:Available
47:43 | Reserved
263:48 | Reserved 0x0
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User-RAM
Address| Byte Description Master| Slave |Length| Rest Value
O0xOFA1 | Ox1F | Application specification information R/W | RIW 31 Undefined
- Bytes
0xOFBF
Slave Response (User-RAM)
Address| bit Description Master| Slave |Length| Rest Value
0xOFCO Use for response check of slaves. R/W | R/(W)| 64 Undefined
- Acknowledge nonresponsive slaves with broadcast reading (BRD) of this Bytes
OxOFFF address after corresponding axis bit is set.
0 1.1 slave
1 1:2" slave
2 1:3" slave
510 | 1:511" slave
511 | 1:512% slave
18) Process Data RAM
Address for Process Data RAM is from 0x1000 to Ox2FFF.
Process Data RAM
Address| Byte Description Master| Slave |Length| Rest Value
0x1000 | 0x2000 | Process Data RAM (R/W) | (R/W) | 8,192 | Undefined
Note) (r/w): Process Data RAM is only accessible if EEPROM was Bytes

O0x2FFF

correctly loaded (register 0x0110.0 = 1).
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6.3

EEPROM Mapping

1) Address Space Overview

64kbit 1°C (Inter-Integrated Circuit) Interface EEPROM (Electrically Erasable Programmable Read Only Memory) is

loaded in the slave controller of the RS2 EtherCAT slave amplifier for device configuration and for various parameters.

It can be used with word addressing for device configuration up to 1kbit, for servo amplifier information from 1kbit - 32kbit

and for various parameters from 32kbit - 64kbit.
EEPROM layout is shown below.

Word 0 1 2 3 4 5 6 7
0x000 PDI Control PDI Config. SYE;::#S‘; Ex. PDI|Config.| Station Alias Reserved Reserved Checksum
0x008 Vender ID Product Code Revision Number Serial Number.
0x010 Ex. Delay Port 0 Delay Port 1 Delay Reserved Maﬁt?:; l:f):s.et M:&?XRS)?ze Mai?t?:): R‘(fset MaBil‘I);:)th;(ize
0x018 Stfmdard RX Sta\'ndard RX St?ndard X Sta'ndard TX Mailbox Reserved
Mailbox offset | Mailbox Size | Mailbox offset | Mailbox Size Protocol
0x020
0x028 Reserved
0x030
0x038 Reserved EEPROM Size Version
0x0_40 5 CT‘;',t:g“y 13§,§f'(§e§1;’2’ 1%t Category DATA ...
2 ?r?,g?ow zugﬂes%:;y 2" Category DATA ...
0x7F8
0x800 Parameter (Future use)
] Reserved
Reserved
OxFF8 Reserved

EEPROM layout

2) Address Space Definition

The data descriptions stored in the configuration address (Word:0x000 - 0x03F) and device configuration address
(Word:0x040 - Ox7FF) are explained below.
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B Slave Information Interface Area

PDI Control
Address | The initial value of PDI Control Register (0x0140:0x0141) bit: 9 will be copied in DL Status Register| Length
0x0000 | 0x110.2 (EX Link Detection) and enabled/disabled by this bit. 1 word
bit Description Value | Register
7:0 Process data interface 8:16 Bit asynchronous microcomputer interface 0x08 0x0140
8 Device emulation 0:AL status register has to be set by slave 0x0C 0x0141
(control of AL status) 1:AL status register will be set to value written to AL
control register
9 Enhanced Link detection all 0O:disabled 1:enabled
ports "0" when MII port is used.
10 DC SYNC Out Unit 0:disabled (power saving) 1:enabled
11 DC Latch In Unit 0:disabled (power saving) 1:enabled
15:12 Reserved
PDI Configuration
fadtess | PDI Configuration Register (0x0150:0x0151) Initial value ength
bit Description Value | Register
1:0 BUSY output driver BUSY output polarity 0x00 0x0150
00:Push-Pull active low 01:Open Drain (active low)
10:Push-Pull active high 11:Open Source (active high)
3:2 IRQ output driver IRQ output polarity
00:Push-Pull active low 01:Open Drain (active low)
10:Push-Pull active high 11:Open Source (active high)
4 BHE polarity 0:Active low 1:Active high
6:5 Reserved
7 RD Polarity 0:Active low 1:Active high
9:8 SYNCO output driver/polarity 0xCC | 0x0151
00:Push-Pull active low 01:Open Drain (active low)
10:Push-Pull active high 11:Open Source (active high)
10 SYNCO/LATCHO configuration
0:LATCHO Input 1:SYNCO Output
11 SYNCO mapped to AL Event Request register 0x0220.2
0:Disabled 1:Enabled
13:12 | SYNC1 output driver/polarity
00:Push-Pull active low 01:Open Drain (active low)
10:Push-Pull active high 11:Open Source (active high)
14 SYNC1/LATCH1 configuration
0:LATCH1 Input 1:SYNC1 Output
15 SYNC1 mapped to AL Event Request register 0x0220.3:
0:Disabled 1:Enabled
Pulse Length of SyncSignals
%ig[)eoszs SYNC impulse with multiples of 10ns I1_evrv1§rt_2
bit Description \Z Tj; Register
15:0 Pulse length of SyncSignals (in Units of 10ns) 0x0064 | 0x0982
0: Acknowledge mode: SyncSignal will be cleared by reading SYNCO/SYNC1 Status register | (1us) -
Note) Usable when 0x0140.10=1 0x0983

Extended PDI Configuration

Address Extended PDI configuration area. Length

0x0003 1 word
. L Rest .

bit Description Value Register

0 Read BUSY delay 0x0000 | 0x0152
0:Normal read BUSY output 1:Delayed read BUSY output -

15:1 Reserved 0x0153
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Configured Station Alias

%igz)eosf Alias Address used for node addressing I{evcg:g
bit Description Rest Value | Register
15:0 The use of this alias is activated by Register 0x0000 0X0_012
DL Control Bit 24 (0x0100.24) 0x0013
Checksum
Address | For debug. Length
0x0007 | Can be disabled by checking the checksum with a value of 0x88A4 1 word
bit Description Rest Value | Register
15:0 low byte contains remainder of division of word 0 to word 6 as unsigned number 0x0000
divided by the polynomial x"8+x"2+x+1(initial value OxFF) -
Vender ID
Address | Vendor ID for our EtherCAT products registered in ETG. Length
0x0008 | CoE Object Index:0x1018 Sub index:0x01 2 word
bit Description Value Register
31:0 Manufacturer’s proper ID: 0x000001B9
Vendor ID for Sanyo Denki is 0x000001B9, the same as our CAN open amplifier. )
Product Code
Address | Product code for our EtherCAT products: Length
0x000A | CoE Object Index:0x1018 Sub index:0x02 2 word
bit Description Value Register
31:0 Product code is “2” for EtherCAT amplifier. 0x00000002 -
Revision Number
Address | Revision number for the servo amplifier: Length
0x000C | CoE Object Index:0x1018 Sub index:0x03 2 word
bit Description Value Register
31:0 Revision number to identify the revised contents in both the hardware and the software | Depends on
of the servo amplifier. product
It is the same as the alphabet character followed by the serial number on the main revision
nameplate. )
These values:0x1->Main nameplate :A,0x2->B- - -0x1A->Y,0x1B->Z(0x9->1,0xF->0O are
not used)
Serial Number
Address | Serial number for servo amplifier: Length
0x000E | CoE Object Index:0x1018 Sub index:0x04 2 word
bit Description Value Register
31:0 Serial number noting the manufacturing date of the product. Create decimal data from | Depends on
hexadecimal data using 10 digits as shown below and this will be the same as the serial respective
number on the amplifier main nameplate. product -
Month (2 digits)+Last 2 digits of the Year (2 digits)+Date (2 digits)+ Manufacturer’s serial
number (4 digits)
Execution Delay
Address Correction factor for line Delay in 100ps to be added if this is the last station Length
0x0010 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps 0x0000 -
Port0 Delay
Address C . . . . . . Length
0x0011 orrection factor for line Delay in 100ps to be added if Master is behind Port 0 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps / LSB, Integer 0x0000 -
Port1 Delay
Address Correction factor for line Delay in 100ps to be added if Master is behind Port 1 Length
0x0012 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps / LSB, Integer 0x0000 -
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Bootstrap Receive Mailbox Offset
Address Mailbox offset for forwarding from master to the slave to be used in Bootstrap mode. Length
0x0014 1 word
bit Description Rest Value | Register
15:0 Use from register address 0x1800. 0x1800 -
Bootstrap Receive Mailbox Size
Address Mailbox size for forwarding from master to the slave to be used in Bootstrap mode. Length
0x0015 1 word
bit Description Rest Value | Register
15:0 Size of 0x0200(512byte). 0x0200 -
Bootstrap Send Mailbox Offset
Address Mailbox offset for forwarding from slave to the master to be used in Bootstrap mode. Length
0x0016 1 word
bit Description Rest Value | Register
15:0 Use from register address 0x1C00. 0x1C00 -
Bootstrap Send Mailbox Size
Address Mailbox size for forwarding from slave to the master to be used in Bootstrap mode. Length
0x0017 1 word
bit Description Rest Value | Register
15:0 Size of 0x0200(512byte). 0x0200 -
Standard Receive Mailbox Offset
Address Mailbox offset for forwarding from master to the slave to be used mainly in SMO. Length
0x0018 1 word
bit Description Rest Value | Register
15:0 Use from register address 0x1800 0x1800 -
Standard Receive Mailbox Size
Address . . . Lo Length
0x0019 Mailbox size for forwarding from master to the slave to be used mainly in SMO. 1 word
bit Description Rest Value | Register
15:0 0x0200(512Byte) in size. 0x0200 -
Standard Send Mailbox Offset
Address . . A Length
OX001A Mailbox offset for forwarding from slave to the master to be used mainly in SM1. 1 word
bit Description Rest Value | Register
15:0 Use from register address 0x1C00 0x1C00 -
Standard Send Mailbox Size
Address . . . A Length
0x001B Mailbox size for forwarding from slave to the master to be used mainly in SM1. 1 word
bit Description Rest Value | Register
15:0 0x0200(512Byte) in size, 0x0200 -
Mailbox Protocol
Address . Length
0x001C Mailbox Protocols Supported 1 word
bit Description Rest Value | Register
0 AoE: ADS over EtherCAT (available at www.beckhoff.com) 0x0004
1 EoE: Ethernet over EtherCAT (tunnelling of Data Link services)
2 CoE: CANopen over EtherCAT (access to SDO)
3 FoE: File Service over EtherCAT -
4 SoE: Servo Profile over EtherCAT
5 VoE: Vender specific protocol
15:6 Reserved
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Port0 Tx Delay
Address . . s Length
0x0020 Correction factor for line delay of Port 0 transmission time. 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps / LSB, Unsigned16 0x0000 -
Port1 Tx Delay
Address . . s Length
0x0021 Correction factor for line delay of Port 1 transmission time 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps / LSB, Unsigned16 0x0000 -
Port0 Rx Delay
Address . . L Length
0x0024 Correction factor for line delay of Port 0 receiving time 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps/ LSB, Unsigned16 0x0000 -
Port1 Rx Delay
Address . . L Length
0x0025 Correction factor for line delay of Port 1 receiving time 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps / LSB, Unsigned16 0x0000 -
Port 0 transfer to the next port
Address Correction factor between PhL reception of Port and 0 PhL transmission to the next port Length
0x0028 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps / LSB, Unsigned16 0x0000 -
Transfer to the next port except Port 0
Address Correction factor between PhL reception of Port and 0 PhL transmission to the next port except Port 0 Length
0x0029 1 word
bit Description Rest Value | Register
15:0 Unit: 100ps / LSB, Integer 0x0000 -
Closed port additional transfer time
Address o . Length
OX002A Additional correction factor between port and BAT WAN port 1 word
bit Description Rest Value | Register
15:0 Unit:100ps / LSB, Integer 0x0000 -
EEPROM Size
Address | _. . . Length
0x003E | SiZe of E2PROM in KBit-1 1 word
bit Description Rest Value | Register
15:0 The EEPROM capacity loaded on this amplifier is 32kbit [32kbit-1:0x1F] 0x001F -
Version
Address Version Length
0x003F 1 word
bit Description Rest Value | Register
15:0 This Version is 1 0x0001 -
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3) Slave information Interface Categories

1s'Category Header

Address Slave information category Length
0x0040 1 word
bit Description Rest Value | Register
15:0 00(0x00) : NOP No info 0x000A
10(0x0A) : STRING Character string frame for other category
20(0x14) : Data Types Reserved
30(0x1E) : General Summary
40(0x28) : FMMU For FMMU use
Category | 41(0x29) : SyncManager SyncManager setting
Type 42(0x2A) : - Reserved )
43(0x2B) : - Reserved
50(0x32) : TxPDO TxPDO Description
51(0x33) : RxPDO RxPDO Description
60(0x3C) : DC Distributed Clock Description
(OxFFFF) : End Vendor specification protocol

*  STRING category stores all character strings used in other categories. The other categories can be connected to
the index inside the STRING category.

1s!Category Word Size

Address 1 . . 1 Length
0x0041 15t Word data size following the address of the 15t category. 1 word
bit Description Rest Value | Register
15:0 Word size Depenfjs on )
setting
1s!Category Data
Address " Length
0x0042; | 1* Category Data 1 word
bit Description Rest Value | Register
15:0 o Depends on _
15t Category Data setting
The table below describes the description according to the category type of each category header.
Structure Category String
Parameter Address Data Type Value / Description
nStrings 0x0000 Byte Number of Strings
Str1_len 0x0001 Byte Length String1
Str_1 0x0002 Byte [Str1_Len] | String1 Data
Str2_len 0x0002+Str1_Len Byte Length String2
Str 2 0x0003+Str1 _Len Byte [Str2_Len] | String2 Data
Strn_len 0x000z Byte Length String n
Strn_2 0x000z+1 Byte [Strn_Len] | String n Data
PAD Byte 0x000y Byte Padding (0x00) if Category length is odd
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Category Summary Configuration

Parameter Address | Data Type Value / Description
Groupeldx 0x0000 Unsigned8 | (Vendor Specification) Group information: Shown with character strings
Imgldx 0x0001 Unsigned8 | (Vendor Specification) Image name: Shown with character strings
Oderldex 0x0002 | Unsigned8 | (Vendor Specification) Device request number: Shown with character strings
Nameldx 0x0003 Unsigned8 | (Vendor Specification) Device name information: Shown with character strings
Physical layer Port0 | 0x0004 Unsigned2 | 0:Ebus
Physical layer Port1 Unsigned2 | 1:100BASE-TX
Physical layer Port2 Unsigned2 | 2:100BASE-FX
Physical layer Port3 Unsigned?2
CoE Details 0x0005 Unsigned8 | bit0: Enable SDO bit3: Enable PDO Configuration
bit1: Enable PDO Information | bit4: Enable Start upload
bit2: Enable PDO Assign bit5: Enable SDO Access complete
FoE Details 0x0006 Unsigned8 | bit0: Enable FoE
EoE Details 0x0007 Unsigned8 | bit0: Enable EoE
SoE Details 0x0008 Unsigned8 | Reserved
DS402Channels 0x0009 Unsigned8 | Reserved
SysmanClass 0x000A | Unsigned8 | Reserved
Flags 0x000B Unsigned8 | bit0: Enable Safe-OP bit1: Enable without LR/W
CurrentOnEbus 0x000C | Unsigned16 | Ebus Actual current consumption (mA), Negative value is absorption
current
PAD_Byte 0x000B Byte [18] Reserved
FMMU Category Configuration
Parameter Address Data Type Value / Description
0x0000 Byte 1:FMMUO is for Output 2:FMMUQ is for Input
3:FMMUO is for SyncManagerStatus (Read Mailbox)
0x0001 Byte 1:FMMU1 Output 2:FMMU1 is for Input
3:FMMU1 is for SyncManagerStatus (Read Mailbox)
0x0007 Byte 1:FMMU7 Output 2:FMMUY is for Input
3:FMMUY is for SyncManagerStatus (Read Mailbox)

SyncManager Category Configuration (each element)

Parameter Address | Data Type Value / Description
Physical Start Address | 0x0000 Word Origin point of data (Refer to physical start address of SM)
Length 0x0002 Word
Control Register 0x0004 Byte Operation mode definition (Refer to control register of SM)
Status Register 0x0005 Byte Don’ care
Activate 0x0006 Byte Enable SyncManager
PDI CTRL 0x0007 Byte Don’ care
RXPDO & TXPDO Category Configuration (each element)
Parameter Address | Data Type Value / Description
PDO Index 0x0000 Word RxPDO :0x1600 - 0x1603,  0x1700 - 0x1703
TxPDO : 0x1A00 - 0x1A00, 0x1b00 - 0x1B03
nEntry 0x0002 Byte Entry number
SyncM 0x0003 Byte SyncManager Association
0x02 : Associate to SM2, 0x03 : Associate to SM3
OxFF : No association
Synchronization 0x0004 Byte Standard value for DC Synch
Nameldx 0x0005 Byte Object name: Character String Index
Flags 0x0006 Word Reserved
Entry Index 0x0008 Word Entry Index
Sublindex 0x000A Byte Sublndex
Entry Name Idx 0x000B Byte Entry name: Character String Index
Data Type 0x000C Byte Entry data type
bitLen 0x000D Byte Entry bit length
Flags 0x000E Word Reserved
Next Entry 0x0010 8Byte Next entry....continue to each element

6-45



v

7.

7.1
1)
2)
3)
4)

7.2
1)
2)
3)
4)
3)
6)
7)

7.3
1)
2)
3)
4)
3)

7.4
1)
2)
3)
4)
3)
6)
7)
8)
9)
10)
11)
12)
13)
14)

75
1)
2)
3)
4)
3)
6)
7)
8)
9)
10)
11)

Object Dictionary

Object Dictionary ........................................................................................................................... 7-1
Structure of Object DICtion@ary:««««-««xxrrrrrrrrrrsrrrr s 7-1
ObjeCt types ............................................................................................................................. 7-1
Access types ............................................................................................................................ 7-1
Data TYPE Ar@a ««vvrree s rre s 7-2

COE COmMMUNICAtION A@a = xr v rrrr s s ettt ettt r st a st 7-3
Parameter Details of ObJeCt Group from 0X1 OO0 s rrrrrr e e e e 7-5
PDO Mapplng .......................................................................................................................... 7-10
Communication Tlmlng .............................................................................................................. 7-17
Free Run Mode (Free RUn:ASynChrOnOUS Operation) ....................................................................... 7_18
SM2 Event Synchronization Mode (Synchronous with SM2 Event) «««-xxeorreeerresrermrreeen 7-19
DC Mode (SYNCO Event Synchronization) .................................................................................... 7-20
DC Mode (SYNC1 Event Synchronization) .................................................................................... 7_21

PDS FSA o rrrrrrrrr e 7-22
A DS C - w v r v r v r s 7-22
FSA (Flnlte States Automaton) .................................................................................................... 7-23
CONEOL VWOIG - rrverree s 7-26
SHATUS WV OId -5 v v rrrr s e e e e 7-27
Manufacture specific F@@ » v v e 7-28

PrOfIlE ATEA - v v v vt e e 7-29
Error Code and Error Operation ................................................................................................... 7-31
Operation (V16T = R R R T P 7-35
Function Group “PoSition” MO <+« -x«xsrerrsrrerssrrsssrss s 7-36
Profile POSItION IMOE - xxxrrrrrrr e 7-40
CyCle Synchronization POSItION MO =5 rrrr e 7-43
Function Group “Velocity”, "THOMING MOdE” «+««xrrrrrrrrrrrrssrrrssressssssessssesse s 7-45
Profile Veiocity 1V fo o [ R R PR PR PR 7-47
CyCliC Synchronous Veiocity 1V oo [= R R R PR PP PR 7-47
HOMING IMOGE - r v rree e 7-49
Function GrOUp “Torque (force)" .................................................................................................. 7-59
Profile torque (force) MO v r v v r e e e 7-60
Cyclic Synchronous torque (force) MOode = ««««xrwersrrrrrrrrrssres s 7-60
Function GrOUp TOUCKH ProbD@” v r v v s e e e e 7-62
Operation Mode Parameter (Profiie Area) ...................................................................................... 7-64

Manufacturer SPECIfic Ar@a-«««««« - rrrrrrrrrrrrr s 7-84
Object GrOUp (Oxzooo_) ............................................................................................................. 7-84
Control ComMMANd ParamEtar ==« -« xxerreerrem e 7-90
AULO-TUNING ParametEr ««««-rrersrrresrrssrrrsse s 7-92
BasiC CoNtrol Parameter -« - xxrerrrrr e 7-93
Feed Forward vibration suppressor control / Notch filter Parameter--------------orreeeeemreeeemmeenneen 7-100
High setting CoNtrol SEttings -« -«««xrrrrrrrrrrrrrrsrrr s 7-103
O DS IV ParAmeter - -« xr s s s r s s e et 7-104
Model FO”OWing Controi Settings Parameter - x s 7_106
Amplifier FUNCtion Parameter:««-«««-xxerrrersrrrsrrrsrrs s 7-109
System P Al A O - ww v r v r e e e 7-121
M ONIt O PGt - - r v v e v e e e e ettt e e e e 7-139



7. Object Dictionary

Object

7.1

Object Dictionary

1) Structure of Object Dictionary

Each object is addressed using a 16-bit index displaying 4 digits hexadecimal, assigned to each
group in the object dictionary. Structure of the Object Dictionary of CoE (CANopen over EtherCAT)
comply with CiA draft standard proposal 402 is shown as below.

Structure of Object Dictionary

Index (Hex) Meaning
0x0000-0x0FFF Data Types Description
0x1000-0x1FFF CoE Communication objects
0x2000-0x5FFF Manufacturer Specific
0x6000-0x9FFF Profile specific
0xA000-OxFFFF Reserved
2) Object types
Object code definition entries are organized as follows.
Object Dictionary Object Definitions
Object Code | Object Name Comments
0x0000 NULL A dictionary entry with no data fields
0x0002 DOMAIN Large variable amount of data e.g. executable program code.
0x0005 DEFTYPE Denotes a type definition such as Boolean, Unsigned16, float and so on.
0x0006 DEFSTRUCT | Defines a new record type e.g. the PDO mapping structure at 21st.
0x0007 VARIABLE A single value such as Unsigned8,Boolean,float,Integer16,and visible
string etc.
0x0008 ARRAY A multiple data field object where each data field is a simple variable of
the SAME basic data type e.g. array of UNSIGNED16 etc. Sub-index 0O is
of UNSIGNEDS8 and therefore not part of the ARRAY data.
0x0009 RECORD A multiple data field object where each data fields may be any
combination of simple variables. Sub-index 0 is of UNSIGNEDS8 and
therefore not part of the RECORD data.

3) Access types

The Attribute column defines the access rights for a particular object.
Means of access are access to attribute data objects, and also direction of access is indicated from
Master to Slave.

Access Attributes for Data Objects

Attribute Description

Rw, RW, rw, Read and write access

Wo, WO, wo Write only access

Ro, RO, Ro Read only access

Const, CONST Read only access, value is constant
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4) Data Type Area
Data type Indicates the data type index of the object contained in Object Dictionary.
Standard data type is assigned to the index:0x0001-0x001F, and the data type of the special
definition is to the index:0x0020 - Ox07FF. Object Dictionary area indicates the data type.
Object Dictionary of Data Type
Index Object Name Index Object Name
0x0001 DEFTYPE BOOLEAN 0x0026 - Reserved
0x0002 DEFTYPE INTEGERS8 0x0027 DEFTYPE PDOCOMPAR
0x0003 DEFTYPE INTEGER16 0x0028 DEFTYPE ENUM
0x0004 DEFTYPE INTEGER32 0x0029 DEFSTRUCT | SYNC_PAR
0x0005 DEFTYPE UNSIGNEDS8 0x002A DEFTYPE RECORD
0x0006 DEFTYPE UNSIGNED16 0x002B DEFTYPE BACKUP
0x0007 DEFTYPE UNSIGNED32 0x002C DEFTYPE MDP
0x0008 DEFTYPE REAL32 0x002D-02F - Reserved
0x0009 DEFTYPE VISIBLE_STRING 0x0030 DEFTYPE BIT1
0x000A DEFTYPE OCTET_STRING 0x0031 DEFTYPE BIT2
0x000B DEFTYPE UNICODE_STRING 0x0032 DEFTYPE BIT3
0x000C DEFTYPE TIME_OF DAY 0x0033 DEFTYPE BIT4
0x000D DEFTYPE TIME_DIFFERENCE 0x0034 DEFTYPE BIT5
0x000E - Reserved 0x0035 DEFTYPE BIT6
0x000F DEFTYPE DOMAIN 0x0036 DEFTYPE BIT7
0x0010 DEFTYPE INTEGER24 0x0037 DEFTYPE BIT8
0x0011 DEFTYPE REAL64 0x0038-03F - Reserved
0x0012 DEFTYPE INTEGER40 0x0040-05F DEFSTRUCT | Manufacturer Specific Complex Data Type
0x0013 DEFTYPE INTEGER48 0x0060-07F DEFTYPE Device Profile 0 Specific Standard Data Types
0x0014 DEFTYPE INTEGER56 0x0080-09F DEFSTRUCT | Device Profile 0 Specific Complex Data Types
0x0015 DEFTYPE INTEGER64 0x00A0-0BF DEFTYPE Device Profile 1 Specific Standard Data Types
0x0016 DEFTYPE UNSIGNED24 0x00C0-O0DF | DEFSTRUCT | Device Profile 1 Specific Complex Data Types
0x0017 - Reserved 0x00EO0-OFF DEFTYPE Device Profile 2 Specific Standard Data Types
0x0018 DEFTYPE UNSIGNED40 0x0100-11F DEFSTRUCT | Device Profile 2 Specific Complex Data Types
0x0019 DEFTYPE UNSIGNED48 0x0120-13F DEFTYPE Device Profile 3 Specific Standard Data Types
0x001A DEFTYPE UNSIGNED56 0x0140-15F DEFSTRUCT | Device Profile 3 Specific Complex Data Types
0x001B DEFTYPE UNSIGNED64 0x0160-17F DEFTYPE Device Profile 4 Specific Standard Data Types
0x001C DEFTYPE SAFETY 0x0180-19F DEFSTRUCT | Device Profile 4 Specific Complex Data Types
0x001D-1F - Reserved 0x01A0-1BF DEFTYPE Device Profile 5 Specific Standard Data Types
0x0020 - Reserved 0x01C0-1DF | DEFSTRUCT | Device Profile 5 Specific Complex Data Types
0x0021 DEFSTRUCT | PDO_MAPPING 0x01EO-1FF | DEFSTRUCT | Device Profile 6 Specific Standard Data Types
0x0022 - Reserved 0x0200-21F DEFSTRUCT | Device Profile 6 Specific Complex Data Types
0x0023 DEFSTRUCT | IDENTITY 0x0320-23F DEFTYPE Device Profile 7 Specific Standard Data Types
0x0024 - Reserved 0x0440-25F DEFSTRUCT | Device Profile 7 Specific Complex Data Types
0x0025 DEFSTRUCT | COMMAND_PAR 0x0260-7FF - Reserved
Also, the Enumerated data type areas are assigned to reserved Index 0x0800 - OxOFFF.
Each of objects is defined as one of two types of data:
Designates number of bits reserved exclusively (BIT3 or UNSIGNED 16) and integer values
(UNSIGNED 32), they are shown strings.
Definition of the Enumerated data type
Sub-Index Description Data type Access PDQ Values
type mapping
0x00 Number of UNSIGNEDS RO No ‘t‘h% number of the enumerated data type
entry N
. 0: Even number data
- Padding SNSIGNEDS - - (adding byte allocated for 8 bit)
0x01 Enum 1 OCTET STRING RO No VISIBLE STRING of the enumerated data
type
0xN Enum N OCTET STRING RO No Integer values of UNSIGNED 32
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Object

7.2  CoE Communication Area
The followings are shown in Table 3-6; CoE communication object list, Object type, Data length,
Access (Dir), PDO Mapping, and parameter effective timing (updating). The shapes in the Update
column stand for effective timing; #=immediately, $=ESM (EtherCAT State Machine) change required,
&=control-power-source re-input.
Communication Area (No.1)

Index |§32; Ql.t;]sgt Name Data length Dir Mzgpci)ng (:;F;
0x1000 0x00 VAR Device Type Unsigned32 RO No -
0x1001 0x00 VAR Error Resistor Unsigned8 RO No -
0x1008 0x00 VAR Device Name of Manufacture VisibleString RO No -
0x1009 0x00 VAR Hardware Version of Manufacture VisibleString RO No -
0x100A 0x00 VAR Software Version of Manufacture VisibleString RO No -
0x1010 - ARRAY | Store Parameters - - - .

0x00 - Number of entry Unsigned8 RO No -
0x01 - Save all parameters Unsigned32 RW No #
0x1018 - RECORD | Identity Object - - - -
0x00 - Number of Entry Unsigned8 RO No -
0x01 - Vender ID Unsigned32 RO No -
0x02 - Product Code Unsigned32 RO No -
0x03 - Revision Number Unsigned32 RO No -
0x04 - Serial Number Unsigned32 RO No -
0x1400 - RECORD | RxPDO Parameter - - - -
- 0x00 - Number of Entry Unsigned8 RO No -
0x1403 0x01 - Reserved Unsigned32
0x1500 | .05 RW No $
0x1-503 0x06 - RxPDO exception PDO Octet-String RW No $
0x07 - RxPDO State BOOLEAN RO Possible -
0x08 - RxPDO Control BOOLEAN RwW Possible #
0x09 - RxPDO Toggle BOOLEAN RW Possible #
0x1600 - RECORD | 1%t to 4™",257" to 260" Reception PDO | PDO Mapping - - -
- 0x00 - Number of Entry to RxPDO Unsigned8 RW No $
0x1603 001 -
- Object mapped in the 1st
0x1700 n Unsigned32 RW No $
- Object mapped in the n-th
0x1703
0x1800 - RECORD | TxPDO Parameter - - - -
- 0x00 - Number of Entry Unsigned8 RO No -
0x1803 0x01 - Reserved Unsigned32
0x1900 | o0 RW No $
Ox1-903 0x06 - TxPDO exception PDO Octet-String RW No $
0x07 - TxPDO State BOOLEAN RO Possible -
0x08 - Reserved BOOLEAN - - -
0x09 - TxPDO Toggle BOOLEAN RO Possible -
0x1A00 - RECORD | 1stto 512" Reception PDO Mapping PDO Mapping - - -
- 0x00 - Number of Entry to TXPDO Unsigned8 RW No $
Ox1BFF 0x01 - Object mapped in the 1st
- Unsigned32 RwW No $
n Object mapped in the n-th
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Communication Area (No.2)
Sub- Object Acces PDO U
Index Index Tpre Name Data Length S Mapping -dar:e
0x1C00 - ARRAY | SM(Sync Manager) Communication Type - - - -
0x00 - Number of Entry Unsigned8 RO No -
0x01 - Communication Type of SMO
- Unsigned32 RO No $
0x07 Communication Type of SM7
0x1C10 - ARRAY | PDO Assignment of SM 0 to SM3 - - - -
ox1Cc13 | 0x00 - Number of Objects PDO assigned Unsigned8 (EVOV) No $
0x1C32 - RECORD | SM 0 to SM7 Synchronization - - - -
B 0x00 - Number of Synchronous Parameter Unsigned8 RO No -
0x1C33 . RW
0x01 - Synchronous Type Unsigned32 (RO) No $
0x02 ; Cycle Time Unsigneds2 | RW No ;
(RO)
0x03 - Shift Time Unsigned32 RO No -
0x04 - Synchronous Type Support Unsigned16 RO No -
0x05 - Minimum Cycle Time Unsigned32 RO No -
0x06 - Calculate and Copy Time Unsigned32 RO No -
0x07 - Reserved - - - -
0x08 ; Get Cycle Time Unsigned16 | RW No -
(RO)
0x09 - Delay Time Unsigned32 RO No -
0x0A - Sync0 Cycle Time Unsigned32 (E\g) No -
0x0B - Cycle Time Too Small Unsigned32 RO No -
0x0C - SM-Event Missed Unsigned32 RO No -
0x0D - Shift Time Too Short Unsigned32 RO No -
0x0E - RxPDO Toggle Failed Unsigned32 RO No -
OxOF
- Reserved - - - -
Ox1F
0x20 - Sync Error BOOL RO No -

* The index which does not appear in the list among 0x1000 to Ox1FFF is Reserved.
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1) Parameter Details of Object Group from 0x1000

0x1000:Device Type

Index 0x1000 | Indicates type and profile function of device Object Code VAR
Sub-Idx Name Data Type Access PDO Value
0x00 Device Type [DEVICE] Unsigned32 RO No 0x00020192
Displays device type for EtherCAT servo drive.
MSB LSB
| ModeBit |  Type | Number of Device Profile |
31 24 23 16 15 0
L [ 0x0192 Device Profile(DS402d)
0x02 Servo Drive
0x00 Manufacture Definition

(Standard Specification)

0x1001:Error Resistor

Indicates error state of slave. .
Index 0x1001 Refer to (Error Field Definition) for the details of error. Object Code VAR
Sub-ldx Name/Description Data Type Access PDO Initial Value

0x00 Error Resistor [ERRREG] Unsigned8 RO Possible 0x00

Bit7:Maker Definition Error Bit3: Temperature Error

Bit6:Reserved Bit2:Voltage Error

Bit5:Device Profile Definition Error Bit1:Current Error

Bit4:Communication Error Bit0:Generic error

0x1008:Device Name

Index 0x1008 | Indicates product device name. Object Code VAR
Sub-ldx Name/Description Data Type Access PDO Value
0x00 Device Name [DEVICE] Visible String RO No Character
Product Device Name (ASCII Code) (Unsigned32) String
)

RS2 A 0o 1 A O K A 4

v Refer to secton 1.4, Servo amplifier model number, for model number structure details.

0x1009:Hardware Version

Index 0x1009 | Indicates product hardware version. Object Code VAR
Sub-ldx Name/Description Data Type Access PDO Value
0x00 Hardware Version[HARDVER] Visible String RO No Character
Hardware Version of Device (Unsigned32) String
(-)

RS2 A 0 1 A 0 K A 4

v’ Refer to section1.4, Servo molifier model numer for the details of model number.
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0x100A:Software Version
Index 0x100A | Indicates product software version. Object Code VAR
Sub-ldx Name/Description Data Type Access PDO Value
0x00 Software Version [SOFTVER] Visible String RO No Character
Software Version of Device (Unsigned32) String
(-)
8 0 o 2 . 0 . _0 7 2 0

L

Byte10, 11: Date of firmware compiled
1:1st, 2:2nd --+ 30: 30th, 31: 31th

Byte 9:Month of firmware compiled
1:Jan., 2: Feb. -+- A: Oct., B: Nov,, C: Dec.

Byte 8: Year of firmware compiled
0:in2010 =++ A:in2020 -++ F:in 2025 ---

Byte 6: Manufacturer specific profile revision
SANYO DENKI-conroled number: “0,1--+9, A---Y, Z”

Byte 3, 4: Amplifier revision
2: Revision “B” 3: Revision "C”+ -+

Byte1,2: Series name
80: EtherCAT-interafced
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0x1010:Store Parameters

Index 0x1010 | Store current amplifier parameters to non-volatile memory Object Code ARRAY
Sub-ldx Name/Description Data Type Access PDO Initial value
0x00 Number of Entry Unsigned8 RO No 0x01
0x01 Store all parameters [PARASAVE] Unsigned32 RO No 0x0000 0001
Store all reservable parameters in a lump
In order to avoid storage of parameters by misstate, storage is only executed when a specific signature is
written to the “sub-index 1”. The signature is “save”
HESequence
W Write-access
1) Master writes "0x65 76 61 73” (ASCIl:s:73, a:61, v:76, e:65) in “Sub-index 01.”
1
2) Slave stores storable parameters in EEPROM" of CPU performing servo control when received correct
signs.
* Slave information connected to ASIC is not the stored EEPROM.
1
3) Slave responds by SDO sending (download-initiating response) after normal storage completion.
If failed to store, slave responds via SDO abort transfer servis (abort code: 0606 0000h).
If incorrect sign was written, slave responds via SDO abort transfer servis (abort code: 0800 0020h).
B Read-access
Slave provides information on parameter storing function in the following formats.
Bit Value Description
31-2: Reserved 0 Reserved
1: Auto 0 | Slave does not store parameters on an autonomous basis.
0:Cmd 1 Slave stores parameters when commanded via the above write
-access.
The objects can be stored as shown in the following table.
# The following is the table of objects saved in 0x1010:Store Parameters.
Profile / Communication Area
Index S-ldx Name Index S-ldx Name
0x1C32 0x01 Synchronization Type (SM2) 0x607E 0x00 | Polarity
0x1C32 0x02 Cycle Time (SM2) 0x607F 0x00 Max profile velocity
0x1C33 0x01 Synchronization Type (SM3) 0x6081 0x00 | Profile velocity
0x605A 0x00 Quick stop option code 0x6083 0x00 Profile acceleration
0x605C 0x00 Disable operation option code 0x6084 0x00 Profile deceleration
0x605D 0x00 Halt option code 0x6085 0x00 | Quick stop deceleration
0x6060 0x00 Modes of operation 0x6087 0x00 | Torque (force) slope
0x6065 0x00 Following error window 0x6098 0x00 Homing method
0x6067 0x00 Position window 0x6099 0x01 Speed during search for switch
0x606D 0x00 Velocity window n 0x02 | Speed during search for zero
0x6072 0x00 Max torque (force) 0x609A 0x00 Homing acceleration
0x607B 0x01 Home offset 0x60E0 0x00 | Positive direction torque (force) limit
™ 0x02 Min position range limit 0x60E1 0x00 Negative direction torque(force) limit
0x607C 0x00 Max position range limit 0x60E6 0x00 | Actual position calculation method
0x607D 0x01 Synchronization Type (SM2) - - -
A 0x02 | Cycle Time (SM2) - - -
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Manufacturer Specific Profile Area

Index S-ldx Name Index S-ldx Name
0x2002 0x01 Auto Tuning Mode 0x2029 0x00 Overload Warning Level
N 0x02 Auto Tuning Characteristic 0x202A 0x00 Velocity Window (Speed Matching Width)
™ 0x03 Auto Tuning Response 0x202B 0x00 Torque (force) Command Filter
0x2003 0x00 Position Command Smoothing Constant 0x202C 0x00 Fged Forward_V|brat|on Suppressor ,
epth Selection
0x2004 |  0x00 | Position Command Filter 0x202D | oxo1 | Joraue (force) Command Notch Filter (A) Low
Frequency Phase Delay Improvement
Torque (force) Command Notch Filter (B) -
0x2005 [0x01 to Ox04 | Position Loop Proportional Gain 1-4 N 0x02 to 0x04 | (D)
Selection Depth Selection
0x2006 [0x01 to 0x04| Position Loop Integral Time Constant 1-4 0x202E 0x00 Torque (force) attainment selection
Higher Tracking Control Position Amplifier temperature warnin
0x2007 0x00 Cgompensaﬁor? Gam 0x203D 0x01 . gi?level obe ; 9
0x2008 0x01 Feed Forward Gain 0 0x02 Amplifier temperature warning low level setting
4N 0x02 Feed Forward Filter 0x20F0 0x01 Limit Action
0x2009 0x00 Velocity Command Filter M 0x02 Positioning Methods
0x200A 0x00 Velocity Feedback Filter n 0x03 In-Position Signal / Position Deviation Monitor
0x200B |0x01 to 0x04| Velocity Loop Proportional Gain 1-4 'I‘ 0x04 Speed Matching Unit Selection
0x200C |0x01 to 0x04 | Velocity Loop Integral Time Constant 1-4 0 0x05 Deviation Clear Selection
0x200D |0x01 to 0x04| Load Inertia Moment Ratio 1-4 ™ 0x06 Torque (force) attainment selection
0x200E 0x00 nghe_r Tracking C°f?”°' . 0x20F1 0x01 Encoder Clear Function Selection
Velocity Compensation Gain
0x200F 0x01 Acceleration feedback gain ™ 0x02 Motor Pulse Encoder Digital Filter
™ 0x02 Acceleration feedback filter n 0x03 External Pulse Encoder Digital Filter
0x2011 [0x01 to 0x04 | Torque (force) Command Filter 1-4 ™ 0x04 External Pulse Encoder Polarity Selection
0x2012 [0x01 to 0x04| FF Vibration Suppressor Frequency 1-4 0 0x05 CS offset onlinear encoder
0x2013 0x00 Velocity Command Notch Filter N 0x06 Cs _normalization offset of phase Z
on linear encoder
0x2014 |0x01 to 0x04| Torque (force) Command Notch Filter A-D n 0x07 Polarity selection on linear encoder
0x2015 0x01 Acceleration Compensation n 0x08 Egi?t?oenncy for detecting magnetic pole
* 0x02 Deceleration Compensation 0x20F2 0x01 g::gctioglrcwt Under-voltage  (ALM_62)
0 0x03 Command Velocity, Low Pass Filter 0 0x02 Velocity Control Alarm (ALM_C2) Detection
n 0x04 Command Velocity, Threshold n 0x03 \éelocn_y Feedback  Alarm  (ALM_C3)
etection
0x2016 0x01 Observer Characteristic 0 0x04 Communication Frame Error Detection
n 0x02 Observer Compensation Gain n 0x05 Communication Timeout Detection
0 0x03 Observer Output, Low Pass Filter 0x20F3 0x01 Control Mode Selection
0 0x04 Observer Output, Notch Filter N 0x02 Position Loop Control Encoder Selection
M 0x05 Observer Load Inertia Moment Ratio 0x20F4 0x00 Servo Loop Delay Time
N 0x06 Observer Proportional Gain OX20F5 0x00 \S/election of Torque (force) Limit Input Under
oltage Sag
T 0x07 '('fg‘;‘gep)ass filter for the estimated load torque | o, 50rg | oot Positive Limit Switch Function
0x2017 [0x01 to 0x04| Model Control Gain 1-4 T 0x02 Negative Limit Switch Function
0x2018 0x00 Overshoot Suppressor Filter 0 0x03 External Trip Input Function
0x2019 0x01~0x04 |1Vlzdel Control Antiresonance  Frequency T 0x04 Main Power Discharge Function
0x201A | 0x01~0x04 | Model Control Resonance Frequency 1-4 ™ 0x05 Emergency Stop function
0x201B 0x00 Gain Switch Filter n 0x06 Detection function of magnetic pole position
0x201C 0x00 Speed limit 0x20F9 0x01 General Purpose Output 1
0x201D 0x00 Position Command Error 1 setting N 0x02 General Purpose Output 2
0x201E 0x00 Torque (force) Limit at Sequence Operation | 0x20FA 0x01 Extended unit address
0x201F 0x00 In-position Near Range 0 0x02 Extend Station Alias Number
0x2020 0x00 Speed Zero Range 0x20FB 0x00 Torque command addition during servo-on
0x2021 0x00 Low Speed Range 0x20FD 0x01 Main Power, Input Type
0x2022 0x00 Speed Attainment Setting n 0x02 Regenerative Resistor Selection
0x2023 [0x01 to 0x02| Analog Monitor1, 2 Output Signal Selection ™ 0x03 Setup Software Communication Baud Rate
0 0x03 Analog Monitor QOutput Polarity 0x20FE 0x00 Motor Code
0x2024 0x00 Operating delay time of holding brake 0x20FF 0x01 Encoder Resolution Setting Code
0x2025 0x00 Operating delay time of holding brake ™ 0x02 Motor Encoder Type
0x2026 0x00 Operating delay time of holding brake n 0x03 External Pulse Encoder Resolution
0x2027 0x00 Power Failure Detection Delay Time 0x2103 0x02 Warning Mask
0x2028 0x00 Following Error Warning Level
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0x1018:Identity Object

Index 0x1018 | Indicates information of salve device. Object Code RECORD
Sub-ldx Name/Description Data Type Access PDO Value

0x00 Number of Entry Unsigned8 RO No 0x04

0x01 Vender ID [VENDOR] Unsigned32 RO No 0x0000 01B9
Vender ID registered in ETG

0x02 Product Code [PRODUCT] Unsigned32 RO No 0x00000002
Product Code of Production

0x03 Revision No. [AMPREV] Unsigned32 RO No (-)
Revision Number of Product

0x04 Serial No. [SERIAL] Unsigned32 RO No (-)
Serial Number of Product

1) Synchronous Setup
The features of time and diagnostic function are described by object 0x1C32, 0x1C33, 0x1C02, 0x1400-0x15FF, and
0x1800-0x19FF in the supported synchronous mode.
The supported synchronous mode is described by the portion in OP mode of device description.

The PDO parameter includes the information on PDO and a PDO mapping object (0x1600-Ox17FF and
0x1A00-0x1BFF) is related with PDO parameter object (0x1400-0x15FF, 0x1800-0x19FF), respectively.
Sub-Index 1 to 5 of the PDO parameter object is reserved in order to maintain compatibility with CANopen.

0x1400-0x1403,1500-1503:RxPDO Parameter 1 to 4,257 - 260 (rxpdo)

0x1400-0x1403 The receiving PDO parameters 1 to 4, 257 to 260 show
Index rxpdo setup and state of rxpdo 1 to 4, 257 to 260 |Object Code| RECORD
0x1500-0x1503
corresponded.
. Range
Sub-ldx Name/Description Data Type | Access PDO (Initial Value)

0x00 Number of Entry Unsigned8 Ro No 0x09
0x01 Not supported COB-ID RxPDO1(-512) Unsigned32 RW No -
0x02 Not supported Transmission Type Unsigned8 RW No -
0x03 Not supported Inhibit Time Unsigned16 RW No -
0x04 Reserved Unsigned8 RO No -
0x05 Not supported Event Timer Unsigned16 RW No -
0x06 Not supported RxPDO Exclude PDO Octet-String RW No -

Includes the index of object mapping RxPDO which was not able to assign in this RxPDO.
0x07 Not supported RxPDO State BOOLEAN RO Possible -

When output data of this RxPDO were not arranged to hardware, slave sets it to TRUE =1.
0x08 | Not supported RxPDO Control | BOOLEAN | RW | Possible | -

When output of this RxPDO does not have an effective value, master sets it to TRUE =1.
0x09 Not supported RxPDO Toggle | BOOLEAN | RW | Possible | -

Toggles every update of supporting RxPDO to be written by master.
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2) PDO Mapping

Can always optimize because PDO setting is able to change transfer data between the master and
slave freely in the EtheCAT CoE profile.

The change of the RxPDO mapping uses reception of PDO mapping parameter (0x1600 - 0x1603,
0x1700 - 0x1703) with the R-ADVANCED EtherCAT amplifier, and the TxPDO mapping parameter
uses transmission of PDO mapping parameter (0x1A00 - 0x1A03, 0x1B00 - 0x1B03).

For mapping, set Index of PDO, Sub-Index, and data length (bit length) to transmit.

Data length must agree with the one in the object dictionary.

Perform mapping in the following procedures.

1.

Once clear the number of the objects (Set the sub-index to 0.) for mapping to zero.

2. Write in setup sequentially from the object (sub-index 1) assigned to the head.
3. Write in the number of objects assigned to the number of the objects to map (sub-index 0).
Restrictions on PDO-mapping

BOOLEAN-type object can be mapped within 16-bit range continued from 16-bit boundary.

Byte-type object can be mapped at the boundary of 8-bit, and allocated in both odd and even address.
Map the items below surely from the boundary of 8-bit or 16-bit.

[The case byte-type object is mapped in the next to BOOLEAN-type]

Allocate objects after padding out “Padding object (OD:0x0000 SI:0)” for the amount of bit that are
reached at the boundary of 8-bit and 16-bit.

Objects more than half-word can be mapped at the boundary of 16-bit, and allocated in even address.
Make sure to peform mapping for the following cases only after allocating them in even address.

[The case object more than half-word is mapped in the next to BOOLEAN-type]

Allocate objects after padding out for the amount of bit that are reached at the boundary of the next 16-bit.
[The case object more than half-waord is mapped from odd address]

Allocate objects after padding out for the amount of 8-bit.

0x1600 - 0x1603 and 0x1700 - 0x1703 are entry of the RxPDO mapping object dictionary.

0x1600:Reception PDO Mapping 1

Index 0x1600 | Reception PDO Mapping 1 Object Code RECORD
_ Range
Sub-ldx Name/Description Data Type Access PDO (Initial Value)
0x00 Number of Entry : Number of RxPDO1 Object Unsigned8 RW No 0x00 to Ox1F
0x01 Entry 1 Unsigned32 RW No 0x60400010
Object Mapped in the 1st - RxPDO1
0x02 Entry 2 Unsigned32 RwW No 0x00000000
- Object Mapped in the 2nd - RxPDO1 -
n OxFFFFFFFF
Entry-n
Object Mapped in the n-th - RxPDO1
* “n” is up to Ox1F in maximum.
0x1601 - 0x1603,0x1700 - 0x1703:RxPDO Mapping 2 - 4,257 - 260(RxPDO x)
0x1601-0x1603 . . .
Index 0x1700-0x1703 Reception PDO Mapping 2 - 4,257 - 260 Object Code RECORD
L Range
Sub-ldx Name/Description Data Type Access PDO (Initial Value)
0x00 Number of Entry : “n” Number of RxPDOx Object Unsigned8 RW No 0x00 to Ox1F
0x01 Entry 1 Unsigned32 RW No 0x00000000
- Object Mapped in the 1st - RxPDOx -
n
Entry n OxFFFFFFFF
Object Mapped in the n-th - RxPDOx
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0x1800-0x1803,0x1900-0x1903:TxPDO Parameter 1 - 4,257 - 260(TxPDO)

0x1800-0x1803 The transmitting PDO parameters 1 - 4 and 257 - 260
Index show TxPDO setup and state of RxPDO 1 — 4 and 257 - | Object Code RECORD
0x1900-0x1903
260 corresponded.
Sub-ldx Name/Description Data Type Access PDO Range
(Initial Value)
0x00 Number of Entry Unsigned8 RO No 0x09
0x01 Not supported COB-ID RxPDO1(-512) Unsigned32 RW No 0x0000 0000
0x02 Not supported Transmission Type Unsigned8 RwW No -
0x03 Reserved Unsigned16 RW No -
0x04 Reserved Unsigned8 RO No -
0x05 Reserved Unsigned16 RW No -
0x06 Not supported TxPDO exception PDO Octet-String RW No
Includes the index of object mapping TxPDO which was not able to assign in this RxPDO.
0x07 Not supported TxPDO State BOOLEAN RO Possible -
When output data of this TXPDO were not arranged to hardware, slave sets it to TRUE =1.
0x08 Reserved BOOLEAN RO No -
0x09 Not supported TxPDO Toggle BOOLEAN RO Possible -
Toggles every update of supporting TxPDO to be written by master.
0x1A00 - 0x1A03 and 0x1B00 - 0x1B03 are entry of the TxPDO mapping object dictionary.
0x1A00: TXPDO Mapping 1(TxPDO 1)
Index  0x1A00 | Transmission PDO Mapping 1 Object Code RECORD
_ Range
Sub-ldx Name/Description Data Type Access PDO (Initial Value)
0x00 Number of Entry : Number of TxPDO1 Object Unsigned8 RW No 0x00 - Ox1F
0x01 Entry 1 Unsigned32 RW No 0x60410010
Object Mapped in the 1st to TxPDO1
0x02 Entry 2 Unsigned32 RW No 0x00000000
- Object Mapped in the 2nd to TxPDO2 -
n OXFFFFFFFF
Entry n
Object Mapped in the n-th to TxPDO1
*“n” is up to Ox1F in maximum.
0x1A01-0x1A03,0x1B00-0x1B03: TXPDO Mapping 2-4,257-260(TxPDO x)
Index OX1A0T-0x1A03 | ) mission PDO Mapping 4,257 - 260 Object Code RECORD
0x1B00-0x1B03 ’
_ Range
Sub-ldx Name/Description Data Type Access PDO (Initial Value)
0x00 Number of Entry : “n” Number of TXPDOx Object Unsigned8 RW No 0x00 - Ox1F
0x01 Entry 1 Unsigned32 RW No 0x00000000
- Object Mapped in the 1st to TxPDO1 -
n OxFFFFFFFF
Entry n
Object Mapped in the n-th to TXPDOXx
*“n” is to Ox1F in maximum.
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0x1C00:SM (Sync Manager) Communication Type

Ox

Ox

Index 0x1C00 | Indicates Sync Manager communication type. Object Code ARRAY
" Range
Sub-ldx Name Description Data Type | Access | PDO (Initial Value)
0x00 Number of Entry :SM number of channels to be used Unsigned8 RO No 0x08
0x01 Communication 1:Mailbox Reception(from master to| Unsigned8 RO No 0x01
Type SMO slave)
0x02 Communication 2:Mailbox Transmission(from slave to| Unsigned8 RO No 0x02
Type SM1 master)
0x03 Communication  3:PD Output (from master to slave) Unsigned8 RO No 0x03
Type SM2
0x04 Communication 4:PD Input (from slave to master) Unsigned8 RO No 0x04
Type SM3
0x05 Communication 0:Not used Unsigned8 RO No 0x00
- Type SM4 1:Mailbox Reception
0x08 2:Mailbox Transmission
Communication 3:PD Output
Type SM7 4:PD Input
SM (Sync Manager) PDO Assignment
0x1C10:SM Channel 0(Mailbox Receive)
Index 0x1C10 | Indicates the number of the object assigned to SM0 as PDO. Object Code ARRAY
Sub-ldx Description Data Type Access PDO Value
0x00 Number assigned by PDO Unsigned8 RO No 0x00
1C11:SM Channel 1(Mailbox Send)
Index 0x1C11 | Indicates the number of the object assigned to SM1 as PDO. Object Code ARRAY
Sub-ldx Description Data Type | Access PDO Value
0x00 Number assigned by PDO Unsigned8 RO No 0x00
0x1C12:SM Channel 2(Process Data Output)
Index 0x1C12 | Indicates the object assigned to SM2 as PDO. Object Code | ARRAY
Sub-ldx Description Data Type Access PDO Range
0x00 n [ several ] number of object assigned to| Unsigned8 RW No 0x00 to 0x04
RxPDO
0x01 Index of the PDO object assigned to RxPDO | Unsigned16 RW No 0x1600:RxPDO 1
n 0x1603:RxPDO 4
0x1700:RxPD0O257
0x1703:RxPDO260
1C13:SM Channel 3(Process Data Input)
Index 0x1C13 | Indicates the object assigned to SM3 as PDO. Object Code | ARRAY
Sub-ldx Description Data Type Access PDO Range
0x00 n [ several ] number of object assigned to| Unsigned8 RW No 0x00 to 0x04
TxPDO
0x01 Index of the PDO object assigned to TxPDO | Unsigned16 RW No 0x1A00:TxPDO 1
n O0x1A03:TxPDO 4

0x1B00:TxPDO257

0x1B03:TxPDO260
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0x1C32:SM2 Synchronization (Output Sync Manager Parameter)

Index 0x1C32 | SM2 synchronization setup Object Code RECORD
Sub-Idx Name/Description Data Type Access PDO Range
0x00 Number of synchronization parameter Unsigned8 RO No 0x20
0x01 Synchronization Type [SM2TYP] Unsigned16 RW No 0x0002
Sets up synchronous mode. Setting Range 0x0000-0x0003

0x00:Not Synchronized (Free Run)

0x01:Synchron SM2 Event Synchronization (AL Event Synchronization of SM2)

0x02:DC SyncO0 SYNCO0 Event Synchronization (Synchronized with SYNCO Hardware Signal)
0x03:DC Sync1 SYNC1 Event Synchronization (Synchronized with SYNC1 Hardware Signal)

0x02 Cycle Time : Unit(ns) [SM2SYC] Unsigned32 RW No 0x0007A120
Sets up communication cycle between master and (500us)
slave. Setting Range 0x0007A120 - 0x03D09000
Set Value: When T (ns) =500000x2" (ns),it is in the (0.5 - 64ms)
range of Y=1t0 7
Free Run (Synchronization Type=0x0)  : Local Timer Event Cycle of Slave
SM2 Synchron  (Synchronization Type=0x01) : SM2 Event Cycle (Minimum Time)
DC SYNCO (Synchronization Type=0x02) : SYNCO Cycle Time (0x09A0 - 0x09A3)
DC SYNC1 (Synchronization Type=0x03) : SYNCO Cycle Time (0x09A0 - 0x09A3)
Possible Setting Value:T(ns)
0.5ms:0x0007A120 1ms:0x000F4240 2ms:0x001E8480
4ms:0x003D0900 8ms:0x007A1200 16ms:0x00F42400
32ms:0x01E84800 64ms:0x03D09000
* Error is returned when the value is set except the value that can be set as above.
0x03 Shift Time : Unit (ns) Unsigned32 RO No 0x0
Time between Hardware Output Effective Operation and Related Event
0x04 Synchronization Type Supported Unsigned16 RO No 0x4007
MSB LSB
[ Res. [Dyna| Res. | Shift | DC | Sync | Free |
15 14 13-7 6 5 4 3 2 1 0]

L Bit0 : FreeRun Mode Support
0:Un-supported 1:FreeRun Mode Support

Bit1 : SyncManager Synchronous Support
0:Un-supported 1:SyncManager 2 Event Sync Support

Bit4-2 : DC Type Support
000 : Un-supported
001 :DC SYNCO Event Sync Support
010 :DC SYNCO Event Sync Support
100 : Synchronization by Slave Application Cycle

Bit6-5 : Output Shift Support
00 : Un-supported
01 : Shift Support to Local Timer
11 : Shift Support to SYNC1

bit13-7 : Reserved

bit14 : Not supported : Dinamic Cycle Time

The time displayed on 0x1C32 is variable since it depends on the system structure. Therefore, in order to make a
precise measurement, to read the online value of 0x1C32 instead of the device description value measured by the
master will be more accurate than that. Therefore, the slave supports measuring Cycle time in OP state. Writing "1" in
0x1C32:08 makes Cycle time measuring start. At the time of setting this bit, the default value during the time
measured in "Minimum Cycle Time", "Calc and Copy Time" and "Delay Time" will be "0" . And also, the default value
is set in "INIT" and "Pre-OP" state.

bit15 : Reserved
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Sub-ldx Name/Description Data Type | Access | PDO Range
L ) i . . 0x0007A120
0x05 Minimum Cycle Time : Unit(ns) Unsigned32 RO No (500 16)
The minimum cycle time is supported by slave. (Maximum time of local cycle)
Copy and Operation Time (Calc and Copy Time) Unit (ns) | Unsigned32 RO No 0)((%029(5)'::)24
0x06 Time required of micro controller in order to copy process data to local memory from SyncManager.
Operation is processed, if required before data's transmitting to process.
0x07 Reserved Unsigned32 - - -
0x08 Get Cycle Time Unsigned16 RW No -
0:Stops local cycle time measurement.
1:Starts local cycle time measurement.
*Measurement value is reset when written into again.
Delay Time Unsigned32 RO No OXOE)?E)(())Z:))SO
0x09 It is time during trigger reception of SYNCO or SYNC1 event to be effective in order to do output drive of
X the value by the hardware delay time of slave,
*Only the synchronous type 0x02, or DC SYNCO0/1 of 0x03
0x0A Not supported SyncO Cycle Time | Unsigned32 | RW | No | -
When SYNCO fixed cycle time is required of application, it is the time between two SyncO signals.
*Synchronous Time = Only DC SYNCO of 0x03, and local cycle control
0x0B Cycle Time Too Small ‘ Unsigned16 | RO | No ‘ -
This error counter is incremented when cycle time is too short as local cycle cannot be completed or
input data cannot prepare by the next SM event.
0x0C SM-Event Missed | Unsignedi6| RO | No | -
This error counter is incremented when application demands SM event and cannot receive it. As a result,
data may be unable to be copied any more.
0x0D Shift Time Too Short | Unsigned16 [ RO | No | -
This error counter is incremented when the time interval of SYNCO trigger and an output is too short, by
the fact that shift time or SYNC1 cycle time is too short.
0xO0E RxPDO Toggle Failed [Unsignedi6] RO | No | -
This error counter is incremented when slave supports a RxPDO toggle and then new RxPDO data
cannot be received from a master. (When RxPDO toggle is set to TRUE.)
OxOF:0x1F |Reserved - - - -
0x20 Not supported Sync Error BOOL RO
TxPDO mapping is possible at the time of SM-Event Missed or Shift Time Too Short Counter support.
0: Not Sync. Error or unsupported Sync.Error
1: Sync. Error
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0x1C33:SM3 Synchronization (Input SyncManager Parameter)
Index 0x1C33 | SM3 Synchronization Object Code RECORD
Sub-ldx Name/Description Data Type Access PDO Initial Value
0x00 Number of Synchronization Parameter Unsigned8 RW No 0x20
0x01 Synchronization Type [SM3TYP] Unsigned16 RW No 0x0002
Setting Range 0x00, 0x02, 0x03, 0x22
0x00:Not synchronized (Free Run)
0x01:Reserved
0x02:DC SyncO SYNCO Event Synchronization (Synchronized with SYNCO Hardware Signal)
0x03:DC Sync1 SYNC1 Event Synchronization (Synchronized with SYNC1 Hardware Signal)
0x04 - 0x21:Reserved
0x22:Synchron  SM2 Event Synchronization (When Qutput is transmitted by Safe-Ope and OP)
0x02 Cycle Time : Unit (ns) [SM3CYC] Unsigned32 RO No 0x0007A120
(500 1s)
Free Run (Synchronous Type=0x00) : Local Timer Event Cycle of Slave
SM2 Sync _ (Synchronous Type=0x01) : SM2 Event Cycle (Minimum Time)
DC SYNCOQ (Synchronous Type=0x02) : SYNCO Cycle Time (0x09A0 - 0x09A3)
DC SYNC1 (Synchronous Type=0x03) : SYNCO Cycle Time (0x09A0 - 0x09A3)
v’ The value shall be the same as Index:0x1C32,Sub-index2.
0x03 Shift Time : Unit(ns) | Unsigned32 | RO | No 0x0-
Time between Input Latch Operation from Hardware and Related Operation
v The value shall be the same as Index:0x1C32,Sub-index2.
0x04 Synchronous Type Support ‘ Unsigned16 ‘ Ro ‘ No 0x4007
MSB LSB
[ Res. [Dyna| Res. [ Shit | DC [ Sync | Free |
15 14 13..7 6 5 4 3 2 1 0
L Bit0 : FreeRun Mode Support
0:Un-supported 1:FreeRun Mode Support
Bit1 : SyncManager Sync. Support
0:Un-supported 1:SyncManager 2 Event Sync. Support
Bit4-2 : DC Type Support
000 : Un-supported
001 :DC SYNCO Event Sync Support
010 : DC SYNCO Event Sync Support
100 : Synchronization by Slave Application Cycle
Bit6-5 : Output Shift Support
00 : Un-supported
01 : Shift Support to Local Timer
11 : Shift Support to SYNC1
Bit13-7 : Reserved
Bit14  : Dinamic Cycle Time(Refer to 0x1C32,0x08)
Bit15 : Reserved
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Sub-ldx Name/Description Data Type |Access|PDO Range
0x05 Minimum Cycle Time : Unit (ns) Unsigned32 | RO | No | 0x0007A120
(500 s)
The minimum cycle time is supported by slave. (Maximum time of local cycle)
v The value shall be the same as Index:0x1C32,Sub-index5.
0x06 Copy and Operation Time (Calc and Copy Time) Unit| Unsigned32 | RO | No | 0x00065518
(ns) (4158)
Time required from Input Latch through minimum cycle time.
0x07 Reserved - - - -
0x08 Get Cycle Time Unsigned16 | RW | No -
0:Stops local cycle time measurement.
1:Starts local cycle time measurement.
*Measurement value is reset when written into again.
0x09 Delay Time Unsigned32 | RO | No -
It is time during trigger reception of SYNCO or SYNC1 event to be effective in order to do output
drive of the value by the hardware delay time of slave,
*Only the synchronous type 0x02, or DC SYNCO0/1 of 0x03
0x0A Not supported SyncO Cycle Time | Unsigned32 | RW | No | -
When SYNCO fixed cycle time is required of application, it is the time between two SyncO0 signals.
*Synchronous Time = Only DC SYNCO of 0x03, and local cycle control
0x0B Cycle Time Too Small ‘ Unsigned16 | RO ‘ No | -
This error counter is incremented when cycle time is too short as local cycle cannot be completed
or input data cannot prepare by the next SM event.
0x0C SM-Event Missed ’ Unsigned16 No -
RO
This error counter is incremented when application demands SM event and cannot receive it. As a
result, data may be unable to be copied any more.
0x0D Shift Time Too Short | Unsigned16 | RO | No | -
This error counter is incremented when the time interval of SYNCO trigger and an output is too
short, by the fact that shift time or SYNC1 cycle time is too short.
0xO0E Not supported RxPDO Toggle Failed | Unsigned16 | RO | No | -
This error counter is incremented when slave supports a RxPDO toggle and then new RxPDO
data cannot be received from a master. (When RxPDO toggle is set to TRUE.)
O0xOF:0x1F |Reserved - - - -
0x20 Reserved (Sync Error) BOOL RO
TxPDO mapping is possible at the time of SM-Event Missed or Shift Time Too Short Counter
support.
0: Not Sync. Error or unsupported Sync-Error
1: Sync. Error
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3) Communication Timing

Since application is synchronized with master and slave, data handling of EtherCAT makes a peculiar
motion.

As for synchronization type, synchronization mode discernment is possible by the combination of
0x1C32 and 0x1C33 of sub index in Object Dictionary. Terms used to Communication Timing are
explained below.

Copy and Prepare Outputs
Output data in trigger events, such as local timer event and SM2/3 event and SYNCO/1 event, are read from
SyncManager output area. Then, slave operates process using output data, and is outputted to motor.
The overview of "Copy and Prepare Output" time is the hardware delay depending on the time and software
operating time for copying process data to a local memory from SyncManager, when accurate operation move is
required. They follow the value described by SyncManager Object: 0x1C32,0x1C33.

Index Sub-Index Time Definition
0x1C32 0x06 Process data copy from SyncManager and accurate operation
0x1C32 0x09 Hardware Delay Time

Get and Copy Inputs
The abstract of "Get and Copy Inputs" time is the delay for copying input process data to hardware reading of a
sensor signal and SyncManager 3 area, when accurate operation move is required. They follow the value
described by SyncManager Object: 0x1C33.
Input can be used in SyncManager 3 area after 0x1C32 and 0x05 "Minimum Cycle Time".

Index Sub-Index Time Definition
0x1C33 0x06 Data copy from accurate operation and local memory to SyncManager
0x1C33 0x09 Hardware delay time for input latch preparation

Outputs Valid
"Outputs Valid" in RS2-EtherCAT slave amplifier indicates the time, which added together the following three kinds
of time.
1) Time until copies process data to local memory from SyncManager by trigger event
2) Time until servo loop operation process and the current command to ASIC for servo are written in
3) Hardware delay to current loop operation process within ASIC and IGBT gate output

Start Driving Outputs
"Start Driving Outputs" is the timing to write current command in ASIC for servo by micro controller.
0x1C32 and 0x09 "Hardware Delay Time" indicate between "Start Driving Outputs" and "Outputs Valid".

Start Latch
"Start Latch" is start signal to input latch process.
Between "Start Latch" and "Input Latch", defines as 0x1C33 and 0x09:"Delay Time" in consideration of hardware
delay time and the software operating time mounted in slave.

Input Latch
"Input Latch" in RS2-EtherCAT slave amplifier indicates the real position acquisition timing of motor sensor.
However, when position cannot be received more correctly than sensor (serial sensor), data is not copied to
SyncManager area.

User Shift Time
"User Shift Time" is value in consideration to the jitter of the master.

SYNC1 Cycle Time
"SYNC1 Cycle Time" may be used for the shift of "Start Input Latch" or "Start Driving Output". "SYNC1 Cycle Time"
is defined as a register 0x984 - 0x987 as a shift time between SYNCO and SYNC1, as long as SYNCO is a
standard signal.

Shift Time
"Shift Time" defines time between the synchronous event such as SM2 event, SYNCO, and SYNC1, and also
"Outputs Valid" and "Input Latch". Possible to write if its specifications can shift "Outputs Valid" or "Input Latch".
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4)

The synchronous mode supported to RS2-EtherCAT amplifier is shown the following.

Free Run Mode (Free Run:Asynchronous Operation)

In free run mode, starts by the local timer interrupt of an application controller.

Local cycle moves independently of communication cycle or master cycle.

As an optional feature, slave supports 0x02 of 0x1C32 "Cycle Time". In this case, 0x05 of 0x1C32
"Minimum Cycle Time" is also supported with slave.

Free run mode is set as 0x1C32:0x01=0x00 and 0x1C33:0x00=0x00.

Parameter of Free Run Mode List

Index | Sub-Index Dir Name Remarks
0x1C32 0x01 RW | Synchronization Type 0x00:Free Run Support
0x02 RO | Cycle Time Control Cycle Time of Slave
0x04 RO | Synchronization Type Supported | Bit0=1:FreeRun Support
0x05 RO | Minimum Cycle Time RS2-EtherCAT(s) are the same setup to 0x1C32:0x02.
0x1C33 0x01 RW | Synchronization Type 0x00:Free Run Support
0x02 RO Cycle Time Same setup to 0x1C32:0x02
0x04 RO | Synchronization Type Supported | Same setup to 0x1C32:0x04
0x05 RO | Minimum Cycle Time Same setup to 0x1C32:0x05

Local Cycle Time Event

Local Cycle Time Event

0x1C32,0x02:Cycle Time

0x1C32,0x05:Minimum Cycle Time

<

Copy and Prepare Outputs J

Output Valid

A 4

I Get and Copy Input

= unun O
a

Input Latch

Communication Timing of Free Run Mode
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5) SM2 Event Synchronization Mode (Synchronous with SM2 Event)

Since slave process is started to SM2 event cycle, always synchronizes with SM2 event.
Operated in local cycle time until receiving SM2 event.
With RS2-EtherCAT amplifier, since Output is always effective, SM3 event synchronization cannot be

performed.
SM2 Set Parameter of Event Synchronization Mode
Index Sub-Index Dir Name Remarks
0x1C32 0x01 RW Synchronization Type Synchronized with 0x01:SM2 Event
0x02 RW Cycle Time Communication Cycle
0x04 RO Synchronization Type Supported Bit1=1:Synchronization Supported
0x05 RO Minimum Cycle Time
0x08 RW Cycle Time Acquisition
0x0B RO Cycle Time Short
0x0C RO SM Event Missed (Event Omission)
0xO0E RO RxPDO Toggle Failed
0x20 RO Synchronization Error
0x1C33 0x01 RW Synchronization Type Synchronized with 0x22:SM2
0x02 RO Cycle Time Same set to 0x1C32:0x02
0x04 RO Synchronization Type Supported Same set to 0x1C32:0x04
0x05 RO Minimum Cycle Time Same set to 0x1C32:0x05
0x08 RW Cycle Time Acquisition Same set to 0x1C32:0x08
0x0B RO Cycle Time Short Same set to 0x1C32:0x0B
0x0C RO SM Event Missed (Event Omission)| Same set to 0x1C32:0x0C
0x0E RO RxPDO Toggle Failed Same set to 0x1C32:0x0E
0x20 RO Synchronization Error Same set to 0x1C32:0x20
SM2 Event SM2 Event

0x1C32,0x02:Cycle Time

0x1C32,0x05:Minimum Cycle Time

A

»

Copy and Prepare Outp:>

Output Valid Input Latch

d

Get and Copy Input

Communication Timing of SM2 Synchronization Mode
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6) DC Mode (SYNCO Event Synchronization)

Local cycle of slave is started to SYNCO event reception.

Process data frame must complete data reception within slave before the next SYNCO interruption
generating.

"Calc and Copy Time" contains the minimum time lag between frame reception and SYNCO event.

Parameter of DC Mode (SYNCO Event Synchronization)

Index | Sub-Index Dir Name Remarks
0x1C32 0x01 RW | Synchronization Type Synchronized with 0x02:DC SYNCO
0x02 RO | Cycle Time SYNCO Cycle Time
0x04 RO | Synchronization Type Supported Bit4:2=001:DC SYNCO
0x05 RO | Minimum Cycle Time
0x06 RO | Calc and Copy Time Minimum Time between Frame and SYNCO
0x08 RW | Cycle Time Acquisition
0x09 RO | Delay Time
0x0B RO | Cycle Time Short
0x0C RO | SM Event Missed(Event Omission)
Ox0E RO RxPDO Toggle Failed
0x20 RO | Synchronization Error
0x1C33 0x01 RW | Synchronization Type Synchronized with 0x02:DC SYNCO
0x02 RO | Cycle Time Same set to 0x1C32:0x02
0x04 RO | Synchronization Type Support Same set to 0x1C32:0x04
0x05 RO | Minimum Cycle Time Same set to 0x1C32:0x05
0x06 RO | Calc and Copy Time Time between Input Latch and Minimum Cycle Time
0x08 RW | Cycle Time Acquisition Same set to 0x1C32:0x08
0x0B RO Cycle Time Short Same set to 0x1C32:0x0B
0x0C RO | SM Event Missed(Event Omission) Same set to 0x1C32:0x0C
Ox0E RO RxPDO Toggle Failed Same set to 0x1C32:0x0E
0x20 RO | Synchronization Error Same set to 0x1C32:0x20
SM2 Event  SYNCO Event SM2 Event SYNCO Event

0x1C32,0x02:Cycle Time

0x1C32,0x05:Minimum Cycle Time

0x1C32, 0x06 Output Valid Input Latch

Calc and Copy Time 0x1C32,0x09 0x1C33,0x06
DelayTime(Hardware Delay) Calc and Copy Time

Communication Timing of DC Synchronization Mode (SYNCO0)
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7) DC Mode (SYNC1 Event Synchronization)

Local cycle of slave is started to SYNCO event reception.

Should receive process data frame before the next SYNCO interruption generating.

Since SYNC1 is used for "Output Valid", SYNC1 cycle time defines the time lag between SYNCO

and "Start Driving Output".

0x1C32 and 0x06 (Calc and Copy Time) indicate the allowance time for SYNC1 cycle time, and

0x1C32 and 0x09 (Delay Time) define the hardware delay for driving an output.

Parameter of DC Mode (SYNC1 Event Synchronization)
Index | Sub-Index Dir Name Remarks
0x1C32 0x01 RW Synchronization Type Synchronized with 0x03:DC SYNCO
0x02 RO Cycle Time SYNCO Cycle Time
0x04 RO Synchronization Type Supported Bit4:2=010:DC SYNC1
0x05 RO Minimum Cycle Time
0x06 RO Calc and Copy Time Value between SYNCO and Minimum SYNC1 Cycle Time
0x08 RW Cycle Time Acquisition
0x09 RO Delay Time
0x0B RO Cycle Time Short
0x0C RO SM Event Missed(Event Omission)
O0x0E RO RxPDO Toggle Failed
0x20 RO Synchronization Error
0x1C33 0x01 RW Synchronization Type Synchronized with 0x03:DC SYNC1

0x02 RO Cycle Time Same set to 0x1C32:0x02
0x04 RO Synchronization Type Supported Same set to 0x1C32:0x04
0x05 RO Minimum Cycle Time Same set to 0x1C32:0x05
0x06 RO Calc and Copy Time Time between Input Latch and Minimum Cycle Time
0x08 RW Cycle Time Acquisition Same set to 0x1C32:0x08
0x0B RO Cycle Time Short Same set to 0x1C32:0x0B
0x0C RO SM Event Missed(Event Omission) | Same set to 0x1C32:0x0C
Ox0E RO RxPDO Toggle Failed Same set to 0x1C32:0x0E
0x20 RO Synchronization Error Same set to 0x1C32:0x20

SYNCO Event

SYNC1 Event

0x1C32,0x02:Cycle Time

SYNCO Event

Frame

4

0x1C32, 0x05:Minimum Cycle Time

I SYNC1 Cycle Time

A

0x1C32, 0x06

Calc and Copy Time

SYNC1 Event

< W )l
€ g

. =
. =
=

.

Output Valid
— 0x1C32, 0x09

DelayTime(Hardware Delay)
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7.3 PDSFSA

(Power Device System Finite State Automaton)

1) Abstract

PDS (Power System Device) FSA (Finite States Automaton)of the EtherCAT slave amplifier is an
abstract concept which defines the state of the control device stays or passes, operation with the

Black Box. It defines the slave's application operating. Slave controls State Device, Mode, and State
Change with Object "Control Word (0x6040)" sent via the network.

By "Status word (0x6041)" generated with slave device, the State returns the present state. Besides,
PDS and FSA are controlled also by Error Detection Signal.
The slave local and network shows you how to be driving.

Control Word Local Signal
(0x6040)

Logic Operation _ Local/Remote Switch

PDS FSA

Device Control/Function Block

Error Detection Signal

Operation Mode State Machine
(State Change)

Status within Slave

i

Status Word
(0x6041)

Control Word / Status Word Concept of Slave
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2) FSA (Finite States Automaton)
FSA of RS2 EtherCAT slave amplifier determines the sequence of device state and drive control,
and operation peculiar to each state is shown.
With this State Machine, what kind of command slave amplifier receives is changed.

Power Off or Reset

0

Low Level power

A | Notready to Power or control unit enabled

Switch on High level power can be enabled
s
B Sv‘wtch on H | Fault
Disabled 15
/\ /\ /\ ZAN
2 7
C] Readyto 10
Switch on 14

Switched on

Fault reaction
active

Operation i Error
enabled active Occurs

FSA of RS2 EtherCAT Amplifier

Low Level power Area
The control source is established and the state can switch on main circuit power supply.

High Level Power Area

Main circuit power supply is in SwithOn state. However, motor is in servo-off (torque(force)-off) state, and

when the main circuit is not established, Shift 3 is canceled by slave. Target and set point value are invalid.
Torque Area

After slave completes servo-on (torque (force)-on) preparation, excited by motor with SwithOn.
Motor is operated by target or set point value.
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FSA and FSA state describes the state transitions.

FSA State Definition

No.

State

Description

[A]

Not Ready to Switch on

The control source is provided to the slave and established.
Slave is performing initialization or self-test.

(B]

Switch on Disabled

Initialization is completed, and slave is in condition to be able to set
parameter.

However, main circuit power supply is not in the state should be
supplied.

[C]

Ready to Switch on

In input permission state about main circuit power supply.
Although parameter can be set, function is in invalid state.

(D]

Switch on

Main circuit power supply is provided and in the completion state of
switch-on preparation.
Parameter to slave can be set.

(E]

Operation Enabled

Fault (alarm) is not generated, where drive function is effective and
motor is excited.
Parameter to slave can be set.

[F]

Quick Stop Active

In the state where the Quick stop (scram) function is performed.
In the state where drive function is effective and motor is excited.

[G]

Fault Reaction Active

In the state where Fault (alarm) occurs with slave and the Quick stop
(scram) function is performed. Also, in the state that motor is excited by
the drive function effective.

(H]

Fault

In the state which the fault (alarm) generated with the slave and Fault
reaction completed.

Drive function is invalid, and main circuit power supply is turned on or
off by application.
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State Shift of FSA

No. [Before Shift]->[After] Event / Action
0 [S’fi‘rt] Event : After control power supply ON or reset application, shifts automatically.
[Not ready to Switch on] Action : Slave performs initialization and self-test.
1 [Not ready $ Switch on] Event : Shifts automatically.
[Switch on Disabled] Action : Communication is permitted.
2 [Switch oriDlsabIed] Event : [Shut down] command (Bit2, 1, 0=1, 1, 0) is received from master.
[Ready to Switch on] Action - None
3 [Ready tofwﬁch on] Event : [Switch On] command (Bit3, 2, 1, 0=0, 1, 1, 1) is received from master.
[Switch on] Action  : Since in main circuit power supply permission state, provide main circuit power supply.
4 [Swnih on] Event : [Enable operation] command (Bit3, 2, 1, 0=1, 1, 1, 1) is received from master.
[Operation enabled] Action : Slave is Servo-ON and all the internal preset values are cleared.
5 [Operatloi enabled|] Event : [Disabled operation] command (Bit3, 2, 1, 0=0, 1, 1, 1) is received from master.
[Switch on] Action : Slave is Servo-OFF.
6 [SW'tih on] Event : [Shut down] command (Bit2, 1, 0=1, 1, 0) is received from master.
[Ready to Switch on] Action : Master should intercept main circuit power supply.
[Ready to Switch on] Event : [Quick Stop] command (Bit2, 1=0, 1) or
7 N2 [Disable voltage] command (Bit1=0) is received from master.
[Switch on Disabled] Action : None
8 [Operatloi enabled] Event : [Shut down] command (Bit2, 1, 0=1, 1, 0) is received from master.
[Ready to Switch on] Action : Slave is Servo-Off. Master should intercept main circuit power supply.
9 [Operatlo\T’ enabled] Event : [Disable voltage] command (Bit1=0) is received from master.
[Switch on Disabled] Action : Slave is Servo-Off. Master should intercept main circuit power supply.
[Switch on] Event : [Quick Stop] command (Bit2, 1=0, 1) or
10 N2 [Disable voltage] command (Bit1=0) is received from master.
[Switch on Disabled] Action : Master should intercept main circuit power supply.
1 [Operation enabled] Event : [Quick Stop] command (Bit2, 1=0, 1) is received from master.
[Quick stop active] Action : Quick Stop function is performed.
[Quick stop active] Event : Shifts automatically when Quick Stop operation is completed or when the "Disable voltage”
12 N2 command (Bit1=0) is received at Quick Stop option code 1-3.
[Switch on Disabled] Action : Slave is Servo-Off. Master should intercept main circuit power supply.
13 Error occurs Event : Fault (Alarm) occurs at slave.
[Fault reaction active] Action : Set-up Fault operation function is performed.
14 [Fault reaction active] Event : Shifts automatically.
[Faul] Action : Slave is Servo-Off. Master should intercept main circuit power supply.
[Fault] Event : [Fault reset] command (Bit7=0 -> 1) is received from master.
15 % Action : Without slave's Fault factor, Fault reset is performed.
[Switch on Disabled] Master should clear the "Fault reset" bit (Bit7=1->0) after normal state check.
[Quick stop active] Event : [Enable operation] command (Bit3, 2, 1, 0=1, 1, 1, 1) is received by Quick Stop option
16 N2 code5to 7.
[Operation enabled] Action : Slave function is permitted.
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3) Control Word

Control Word (Object: 0x6040) indicates the command for controlling the FSA state of slave.
Control Word consists of "FSA Control Bit", "Operation Mode spec. Control Bit", and "Maker Option
Control Bit." All the operation mode common "FSA Control Bit" allotment and command coding are
described below.

Allotment for Each Bit of Control Word

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 Bit10 Bit9 Bit8
o Operation
Manufacturer Sp.e.c'f'(.; Reserved mode Halt
(Manufacture Specification) Specifi
pecific

Bit7 Bit6 | Bit5 | Bit4 Bit3 Bit2 Bit1 Bit0
Fault Operation mode Specific Enable Quick Enable Switch

Reset (Operation Mode Specification) Operation Stop Voltage On

Bit9, 6, 5,and 4 are Operation Mode Specification. Halt functional operation of Bit8 is also Operation Mode
Specification.

Motion under command is interrupted when Bit8 =1. Slave is defined by Halt option code and operated.

Since Bit10 is Reserved, set to "0."

Bit15 to 11 are Manufacturer Specification.

0x6040:Control Word (Intersection)

Index 0x6040 Indicates regeptlon command of FSA (State Machine) that PDS| Object Code Variable
(Power Device System) is controlled.
Sub-ldx Description Data Type Access PDO Initial Value
0x00 Control Word [CWORD] Unsigned16 RW Possible 0x0000
Bit pattern (Bit 7, 3, 2, 1, 0) of Control Word Display Range 0x0000 - OxFFFF
The composition is as follows.
MSB LSB
Manufacturer Operation mode Fault | Operation mode | Enable Quick | Enable | Switch
o Reserved i Halt e .
Specific Specific reset pacific operation| stop voltage on
15... 11 10 9 8 7 6..4 3 2 1 0

Control word bit pattern command
Command Control Word bit Transition
bit7 bit3 bit2 bit1 bit0 No.
Shut down 0 X 1 1 0 2,6,8
Switch On 0 0 1 1 1 3
Switch On+Enable operation 0 1 1 1 1 3+4 *1
Disable voltage 0 X X 0 X 7,9,10,12
Quick Stop 0 X 0 1 X 7,10,11
Disabled operation 0 0 1 1 1 5
Enable operation 0 1 1 1 1 4,16
Fault reset 0->1 X X X X 15

*1) When Switch On and Enable operation are simultaneously received from master, after performing
the "Switch On" function, shifts to "Enable operation" automatically.
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4)

Status Word

Status Word (Object: 0x6041) provides the status of slave FSA.
Status Word consists of a "Slave FSA Status Bit", "Operation Mode spec. Status Bit", and "Maker
Option Status Bit." "FSA State Bit of Slave" allotment of servo amplifier common portion and

command coding are described below.
Allotment for Bit of Status Word

Bit15 | Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Reserved Target Internal Reserved
Reserved (Operation Val Limit Target Remote (Maker
(Manufacture Specification) Mode | aue . Reached IR
Specification gnored Active Specification)
peci )
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Warning Switch On Quick Voltage Fault Operation Switched Ready to
Disabled Stop Enabled Enabled On Switch on
Each state will be displayed in the status word bit pattern that indicates the current state.
0x6041:Status Word (Intersection)
Index  Ox6041 Isndicates. status of FSA (State Machine) that PDS (Power Device Object Code Variable
ystem) is controlled.
Sub-ldx Description Data Type Access PDO Initial Value
0x00 | Status Word [STSWORD] Unsigned16 RO Possible 0x0000
Bit pattern (Bit 6, 5, 3, 2, 1, 0) of Status Word Display Range 0x0000 - OXFFFF
The composition is as follows.
MSB LSB
Manufac | Operation | Target | Internal Manufac Switch . . .
-ture_r Fr)nod_e_ VaI%e Limit rg:g%zt d Remote -ture_r_ Warning ~on c;?:p:)k I;/r?gsﬁa% Fault Oer;zr;téc()’n SV;';Ch Eﬁ?gg ;?]
Specific | Specific | Ignored | Active Specific disabled
15,14 13 12 n 10 9 8 A 6 5 4 3 2 1
[ =
Status Word List Bit Pattern(Bit 6,5,3,2,1,0)
Bit of Status Word
No. FSA State bitb | bitb | bit3 | bitz | bit1 | bit0
[A] Not ready to Switch on 0 X 0 0 0 0
[B] Switch on Disabled 1 X 0 0 0 0
[C] Ready to Switch on 0 1 0 0 0 1
[D] Switch on 0 1 0 0 1 1
[E] Operation enabled 0 1 0 1 1 1
[F] Quick stop active 0 0 0 1 1 1
[G] Fault reaction active 0 X 1 1 1 1
[H] Fault 0 X 1 0 0 0

Bit4 :Voltage Enabled (Main Circuit Bit 14 : Voltage Enabled (Main Circuit Establishment Status)
Means that main circuit power supply is impressed at the time of "1."

Bit5 :Quick Stop (Quick Stop)
Shows that it is under operation by Quick Stop Request at the time of "0"

Bit7 :Warning(Warning Status)
Itis set to "1" when warning is occurring in slave. This bit is not cleared even if warning factor is lost.

Bit9 :Remote(Control Word Remote)

Operating according to control word at the time of "1." Means that control word cannot be disposed at the time of "0."

Bit10:Target reached
Itis set to "1" when an operation mode is changed.
Itis set to "1" when Quick stop operation is finished and motor stops with Quick stop Option Code;-2,5 to7
Besides, when Bit10 (Target reached) of status word is "1", Indicates that the motor reached the preset value.
Then cleared to "0" when target position is changed. (Only Profile Position (pp):Reserved)

Bit11:Internal Limit Active
When target position is outside of range, and at invalid, soft limit, and forward/backward side limit, it is set to "1".
Setting range is based on specification.

Bit12:Target value ignored Inposition(csp),Velocity Attainment(csv), Torque (force) Limit(cst)
When Target value ignored bit is in Position (csp), Velocity (csv), and Torque (force) (cst) mode, the update of the
command becomes permission "0" with command update permission monitor within servo amplifier. Other than this
(when command is prohibited), is set to "1."
* At SOFF -> SON, holding brake operation open time after motor excitation is set up, and it becomes "0"after
BOFDRY passes.

Bit13 and 8 are based on operation mode specifications, and Bit15 and 14 are maker specifications.
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5) Manufacture specific area
Shared parts with the entire operating mode in manufacture specific area for control words are described
below.
Allocation for control words (manufacture specific area)
bit15 bit14 bit13 bit12 bit11
Cseten Reserved Reserved Eclr Reserved
0x6040 : Control words (shared parts with manufacture specific area)
Index 0x6040 Indlgates status pf FSA (State Machine) that PDS (Power Object code Variable
Device System) is controlled.
Sub-ldx Description Data Type Access PDO Initial value
0x00 Control words [CWORD] Unsigned16 RW Possible 0x0000
*For bit 7, 3, 2, 1, and 0, please refer to the list Setting 0x0000 - OxFFFF
of commands for control word patterns. range
MSB LSB
Operation Operation
Cseten | Resrved | Eclr | Reserved | Reserved mode Halt Fr¥ mode Hs* | qgs* ev* so*
specific specific
15 14 12 " 10 9 8 7 6:--4 3 2 1 0
bit12: Encoder clear enable [ECLRI]

Clear absolute sensor battery malfunction or multiple rotating positions.
Clear in case state “1” lasted for 112ms.
“0”: Encoder clear disable “1”: Encoder clear enable

bit15: Magnetic pole position estimation

without hall effect sensor input.

enabled

Magnetic pole position estimation command when using linear motor

“0”: Magnetic pole position estimation disabled
“1”: Magnetic pole position estimation enabled

[CSET]

Shared parts with the entire operating mode in manufacture specific area for status words are described below.

Layout for control words (manufacture specific area)

bit15

bit14

bit8

Csetfix

Csetpro

Reserved

These words are displayed in the status word bit patterns indicating current state in each state.

0x6041 : Status words (Cycle Synchronous Velocity mode:csv, Profile Velocity: pv)

Index 0x6041 Indigates status pf FSA (State Machine) that PDS (Power Object code Variable
Device System) is controlled.
Sub-ldx Description Data Type Access PDO Initial value
0x00 Status words [STSWORD] Unsigned16 RO Possible 0x0000
*For bit 6, 5, 3, 2, 1, and 0, please refer to the list Display 0x0000 - OxFFFF
for status word bit pattern states. range
MSB LSB
Operation | Target | Internal
Csetfix | Csetpro mode Value Limit | Tr | Rm |Reserved | W |Sod*| Qs* | Ve | F* | Oe* | So* | Rtso*
Specific | Ignored | active
15 14 13 12 n 10 9 8 7 6 5 4 3 2 1 0
bit15-14 : Magnetic pole position estimation status
[CSETSTS]
The following are linear motor magnetic pole position estimation status.
Bit15 14
0 0 :Magnetic pole position estimation disabled
0 1 :Magnetic pole position estimation in process
1 1 :Magnetic pole position estimation completed
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7.4  Profile Area
The followings are shown in Table ; profile area of CoE (CANopen over EtherCAT) object list,
RS2-EtherCAT Supported / Un-supported, Data length, Access (Dir), PDO Mapping, and parameter
effective timing (updating).
#=immediately, $=ESM change required, and &=control-power-source re-input.
Profile Area (No.1)
O:Support, x:Not Supported, O:Support (Not changeable :Fixed Value), -:None
Index | S-ldx | FP |FV | FT | FH Name Data Type | Dir | PDO_M | Update
0x6007 | 0x00 | O | O | O | O | Abort Connection Option Code Integer16 | RW No -
0x603F | 0x00 | O | O | O | O | Error Code Unsigned16 | RO | Possible -
0x6040 | 0x00 | © | O | O | O | Control Word Unsigned16 | RW | Possible #
0x6041 | 0x00 | O | O | O | O | Status Word Unsigned16 | RO | Possible -
0x605A | 0x00 | O | O | O | O | Quick Stop Option Code Integer16 RW No #
0x605B | 0x00 | O | O | O | O | Shutdown Option Code Integer16 | RW No -
0x605C | 0x00 | O | O | O | x | Disable Operation Option Code Integer16 RW No #
0x605D | 0x00 | © | O | O | O | Halt Option Code Integer16 | RW No #
0x605E | 0x00 | O | O | O | O | Fault Reaction Option Code Integer16 RW No -
0x6060 | 0x00 | © | O | O | O | Operation Mode Integer8 RW | Possible #
0x6061 | 0x00 | O | O | O | O | Operation Display Integer8 RO | Possible -
0x6062 | 0x00 | x | x | x | x | Position Demand Value - - - -
0x6063 | 0x00 | O | O | O | O | Internal Actual Position Integer32 RO | Possible -
0x6064 | 0x00 | © | O | O | O | Real Position Integer32 RO | Possible -
0x6065 | 0x00 | O | x x | x | Excessive Position Deviation Value Unsigned32 | RW | Possible -
0x6066 | 0x00 | O | x x | x | Excessive Position Deviation Time-out Unsigned16 | RW No -
0x6067 | 0x00 | O | x | x | x | Position Window Unsigned32 | RW |  No #
(Positioning complete range)
0x6068 | Ox00 | O | x x | x | Position Window Time Unsigned16 | RW No -
0x6069 | Ox00 | x | X% x | x | Real Velocity Sensor Value - - - -
0x606A | 0x00 | O | O | O | O | Sensor Selection Code Integer16 | RW No -
0x606B | 0x00 | x X X x | Velocity Demand Value - - - -
0x606C | 0x00 | © | O | O | O | Real Velocity Value (Velocity Monitor) Integer32 RO | Possible -
0x606D | 0x00 olololo X;I;)S)ty Window (Velocity coincidence Unsigned16 | RW No #
0x606E | 0x00 | O | O | O | O | Velocity Window Time Unsigned16 | RW No -
0x606F | Ox00 | x | x x | x | Velocity Threshold - - - -
0x6070 | Ox00 | x X X x | Velocity Threshold Time - - - -
0x6071 | 0x00 x| x| ol x Target Torque (force) Integer16 RW Possible #
(Torque (force) Command)
0x6072 | 0x00 olololo Maximum Torqug (force) Unsigned16 | RW Possible #
(Torque (force) Limit)
0x6073 | 0x00 | x | x | x | x | Maximum Current - - - -
0x6074 | 0x00 | x | x | x | x | Torque (force) Demand - - - -
0x6075 | Ox00 | x | x x | x | Motor Rating Current - - - -
0x6076 | 0x00 | x | x | x | x | Motor Rating Torque (force) - - - -
0x6077 | 0x00 Real Torque (force Possible

O 10|09 10 vaue (Tgrqufa (forc)e) Monitor) Integer16 | RO )
0x6078 | 0x00 | x | x | x | x | Real Current Value - - - -
0x6079 | Ox00 | x | x x | x | DC Link Circuit Voltage - - - -
0x607A | 0x00 | O | x | x | x | Target Position (Position Command) Integer32 | RW | Possible #
0x607B | 0x00 | - - - - | Position Range Limit Unsigned8 | RO No -

1 0x01 | O | x | x | x | Mimi nun Position Limit Integer32 | RW | Possible $

1 0x02 | O | x | x | x | Maximum Position Limit Integer32 | RW | Possible $
0x607C | 0x00 | O | O | O | O | Coordinates Offset (Homing Offset) Integer32 RW | Possible #
0x607D | 0x00 | - - - - | Software Position Limit Unsigned8 | RO No -

1 0x01 | O | x x | x | Software Mimi nun Position Limit Integer32 RW No #

1 0x02 | O | x X x | Software Maximum Position Limit Integer32 RW No #
0x607E | 0x00 | O | O | O | O | Polarity Unsigned8 | RW No $
0x607F | 0x00 Max. Profile Velocit .

O x| x| x (Velocity Control Coymmand) Unsigned32 | RW No #
0x6080 | 0x00 | x X X x| Maximum Motor Speed - - - -
0x6081 | 0x00 | O | O | x | x | Profile Velocity Unsigned32 | RW No
0x6082 | 0x00 | x | x | x | x | End Velocity - - - -
0x6083 | 0x00 ol ol x x grofile Acceleration (Accelerating Unsigned32 | RW No #

onstant)
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7. Object Dictionary Object
Profile Area (No.2)

Index | S-ldx | FP | FV | FT | FH Name Data Type | Dir | PDO_M |Update
0x6084 | 0x00 | O | O | x x | Profile Deceleration (Decelerating Constant) | Unsigned32 | RW No #
0x6085 | 0x00 | O | O | O | O | Quick Stop Deceleration Unsigned32 | RW No #
0x6086 | 0x00 | O | O | O | O | Motion Profile Type Integer16 | RW No -
0x6087 | 0x00 | x x | O | x | Torque (force) Slope Unsigned32 | RW No #
0x6088 | 0x00 | x | x | x | x | Torque (force) Profile Type - - - -
0x608F | 0x00 | x < N « | Position Encode_r Resolution ) ) } )

(Sensor Resolution)
0x6090 | 0x00 | x | x | x | x | Velocity Encoder Resolution - - -
0x6091 | 0x00 | x | x | x | x | Gear Ratio - - - -
0x6092 | 0x00 | x X x | x | Feed Constant - - - -
0x6098 | 0x00 | x X x | O | Homing Method Integer8 RW No #
0x6099 | 0x00 | - - - - | Homing Speed - - - -
1 0x01 | x X x | O | Speed during search for switch Unsigned32 | RW | Possible #
1 0x02 | x | x | x | O | Speed during search for Zero Unsigned32 | RW | Possible #
0x609A | 0x00 | x | x | x | O | Homing Acceleration Unsigned32 | RW No #
0x60A3 | Ox00 | x X x | x | Profile Jerk Use - - - -
0x60A4 | O0x00 | x X x x | Profile Jerk - - - -
0x60B0 | 0x00 | O | x X x | Position Offset (Position Addition) Integer32 RW | Possible #
0x60B1 | O0x00 | O | O | - x | Speed Offset (Speed Addition) Integer32 RW | Possible #
0x60B2 | 0x00 Torque (force) Offset Possible
OO0 0|~ (To(rqque((force)) Addition) Integer16 RW