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Overview

The SV660N series high-performance AC servo drive covers a power range from 50 W
to 7.5 kW. It supports EtherCAT communication protocol and carries Ethernet
communication interfaces to work with the host controller for a networked operation
of multiple servo drives.

The SV660N series servo drive supports stiffness level setting, inertia auto-tuning and
vibration suppression to simplify the operation process. It allows a quiet and stable
operation together with an MS1 series high-response servo motor with low or
medium inertia and a 23-bit single-turn or multi-turn absolute encoder.

The SV660N series servo drive aims to implement fast and accurate control in
automation equipment such as semi-conductor manufacturing equipment, chip
mounters, PCB punching machines, handling machineries, food processing
machineries, machine tools, and transmission machineries.

This guide presents commissioning process, parameters, and solutions to faults and
warnings, including the keypad, software tool, and commissioning procedure.
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Fundamental Safety Instructions

Fundamental Safety Instructions

Safety Precautions

1. This chapter presents essential safety instructions for a proper use of the
equipment. Before operating the equipment, read through the guide and
comprehend all the safety instructions. Failure to comply with the safety
instructions may result in death, severe personal injuries, or equipment damage.

2. "CAUTION", "WARNING", and "DANGER" items in the guide only indicate some of
the precautions that need to be followed; they just supplement the safety
precautions.

3. Use this equipment according to the designated environment requirements.
Damage caused by improper use is not covered by warranty.

4. Inovance shall take no responsibility for any personal injuries or property damage
caused by improper use.

Safety Levels and Definitions

Indicates that failure to comply with the notice will result in death
A DANGER or severe personal injuries.

Indicates that failure to comply with the notice may result in death
A WARNING or severe personal injuries.

Indicates that failure to comply with the notice may result in minor
or moderate personal injuries or equipment damage.

CAUTION

General Safety Instructions

e Drawings in the guide are sometimes shown without covers or protective guards.
Remember to install the covers or protective guards as specified first, and then
perform operations in accordance with the instructions.

e Thedrawings in the guide are shown for illustration only and may be different
from the product you purchased.

Unpacking

/A\ WARNING

« Do not install the equipment if you find damage, rust, or signs of use on the equipment
or accessories upon unpacking.

« Do not install the equipment if you find water seepage or missing or damaged
components upon unpacking.

« Do not install the equipment if you find the packing list does not conform to the
equipment you received.
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/A cAUTION

« Check whether the packing is intact and whether there is damage, water seepage,
dampness, and deformation before unpacking.

« Unpack the package by following the unpacking sequence. Do not strike the package
violently.

o Check whether there is damage, rust, or injuries on the surface of the equipment and
equipment accessories before unpacking.

o Check whether the package contents are consistent with the packing list before
unpacking.

Storage and Transportation

/A WARNING

o Large-scale or heavy equipment must be transported by qualified professionals using
specialized hoisting equipment. Failure to comply may result in personal injuries or
equipment damage.

« Before hoisting the equipment, ensure the equipment components such as the front
cover and terminal blocks are secured firmly with screws. Loosely-connected
components may fall off and result in personal injuries or equipment damage.

o Never stand or stay below the equipment when the equipment is being hoisted by the
hoisting equipment.

« When hoisting the equipment with a steel rope, ensure the equipment is hoisted at a
constant speed without suffering from vibration or shock. Do not turn the equipment
over or let the equipment stay hanging in the air. Failure to comply may result in
personal injuries or equipment damage.

/A CAUTION

« Handle the equipment with care during transportation and mind your steps to prevent
personal injuries or equipment damage.

o When carrying the equipment with bare hands, hold the equipment casing firmly with
care to prevent parts from falling. Failure to comply may result in personal injuries.

 Store and transport the equipment based on the storage and transportation
requirements. Failure to comply will result in equipment damage.

« Avoid storing or transporting the equipment in environments with water splash, rain,
direct sunlight, strong electric field, strong magnetic field, and strong vibration.

« Avoid storing the equipment for more than three months. Long-term storage requires
stricter protection and necessary inspections.

o Pack the equipment strictly before transportation. Use a sealed box for long-distance
transportation.

« Never transport the equipment with other equipment or materials that may harm or
have negative impacts on this equipment.

Installation

/\ DANGER

« The equipment must be operated only by professionals with electrical knowledge.
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/A WARNING

« Read through the guide and safety instructions before installation.

« Do not install this equipment in places with strong electric or magnetic fields.

« Before installation, check that the mechanical strength of the installation site can bear
the weight of the equipment. Failure to comply will result in mechanical hazards.

« Do not wear loose clothes or accessories during installation. Failure to comply may
result in an electric shock.

« When installing the equipment in a closed environment (such as a cabinet or casing),
use a cooling device (such as a fan or air conditioner) to cool the environment down to
the required temperature. Failure to comply may result in equipment over-temperature
or a fire.

« Do not retrofit the equipment.

« Do not fiddle with the bolts used to fix equipment components or the bolts marked in
red.

« When the equipment is installed in a cabinet or final assembly, a fireproof enclosure
providing both electrical and mechanical protections must be provided. The IP rating
must meet I[EC standards and local laws and regulations.

« Before installing devices with strong electromagnetic interference, such as a
transformer, install a shielding device for the equipment to prevent malfunction.

o Install the equipment onto an incombustible object such as a metal. Keep the
equipment away from combustible objects. Failure to comply will result in a fire.

/A CAUTION

« Cover the top of the equipment with a piece of cloth or paper during installation. This is
to prevent unwanted objects such as metal chippings, oil, and water from falling into the
equipment and causing faults. After installation, remove the cloth or paper on the top of
the equipment to prevent over-temperature caused by poor ventilation due to blocked
ventilation holes.

« Resonance may occur when the equipment operating at a constant speed executes
variable speed operations. In this case, install the vibration-proof rubber under the
motor frame or use the vibration suppression function to reduce resonance.

Wiring

/A\ DANGER

« Equipment installation, wiring, maintenance, inspection, or parts replacement must be
performed only by professionals.

« Before wiring, cut off all the power supplies of the equipment, and wait for at least the
time designated on the equipment warning label before further operations because
residual voltage still exists after power-off. After waiting for the designated time,
measure the DC voltage in the main circuit to ensure the DC voltage is within the safe
voltage range. Failure to comply will result in an electric shock.

« Do not perform wiring, remove the equipment cover, or touch the circuit board with
power ON. Failure to comply will result in an electric shock.

o Check that the equipment is grounded properly. Failure to comply will result in an
electric shock.
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/A WARNING

« Do not connect the input power supply to the output end of the equipment. Failure to
comply will result in equipment damage or even a fire.

« When connecting a drive to the motor, check that the phase sequences of the drive and
motor terminals are consistent to prevent reverse motor rotation.

« Cables used for wiring must meet cross sectional area and shielding requirements. The
shield of the cable must be reliably grounded at one end.

o Fix the terminal screws with the tightening torque specified in the user guide. Improper
tightening torque may overheat or damage the connecting part, resulting in a fire.

o After wiring is done, check that all cables are connected properly and no screws,
washers or exposed cables are left inside the equipment. Failure to comply may result in
an electric shock or equipment damage.

/A CcAUTION

« During wiring, follow the proper electrostatic discharge (ESD) procedure, and wear an
antistatic wrist strap. Failure to comply will damage the equipment or the internal
circuits of the equipment.

« Use shielded twisted pairs for the control circuit. Connect the shield to the grounding
terminal of the equipment for grounding purpose. Failure to comply will result in
equipment malfunction.

Power-on

/A DANGER

« Before power-on, check that the equipment is installed properly with reliable wiring and
the motor can be restarted.

o Check that the power supply meets equipment requirements before power-on to
prevent equipment damage or a fire.

« After power-on, do not open the cabinet door or protective cover of the equipment,
touch any terminal, or disassemble any unit or component of the equipment. Failure to
comply will result in an electric shock.

/A WARNING

o Perform a trial run after wiring and parameter setting to ensure the equipment operates
safely. Failure to comply may result in personal injuries or equipment damage.

« Before power-on, check that the rated voltage of the equipment is consistent with that
of the power supply. Failure to comply may result in a fire.

« Before power-on, check that no one is near the equipment, motor, or machine. Failure
to comply may result in death or personal injuries.

Operation
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/A DANGER

o The equipment must be operated only by professionals. Failure to comply will result in
death or personal injuries.

« Do not touch any connecting terminals or disassemble any unit or component of the
equipment during operation. Failure to comply will result in an electric shock.

/A WARNING

« Do not touch the equipment casing, fan, or resistor with bare hands to feel the
temperature. Failure to comply may result in personal injuries.

« Prevent metal or other objects from falling into the equipment during operation. Failure
to comply may result in a fire or equipment damage.

Maintenance

/I DANGER

« Equipment installation, wiring, maintenance, inspection, or parts replacement must be
performed only by professionals.

« Do not maintain the equipment with power ON. Failure to comply will result in an
electric shock.

« Before maintenance, cut off all the power supplies of the equipment and wait for at least
the time designated on the equipment warning label.

o In case of a permanent magnet motor, do not touch the motor terminals immediately
after power-off because the motor terminals will generate induced voltage during
rotation even after the equipment power supply is off. Failure to comply will result in an
electric shock.

/A WARNING

« Perform routine and periodic inspection and maintenance on the equipment according
to maintenance requirements and keep a maintenance record.

Repair

/A\ DANGER

« Equipment installation, wiring, maintenance, inspection, or parts replacement must be
performed only by professionals.

« Do not repair the equipment with power ON. Failure to comply will result in an electric
shock.

« Before inspection and repair, cut off all the power supplies of the equipment and wait
for at least the time designated on the equipment warning label.

-10-
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/A WARNING

o When the fuse is blown or the circuit breaker or earth leakage current breaker (ELCB)
trips, wait for at least the time designated on the equipment warning label before
power-on or further operations. Failure to comply may result in death, personal injuries
or equipment damage.

« When the equipment is faulty or damaged, the troubleshooting and repair work must be
performed by professionals that follow the repair instructions, with repair records kept
properly.

« Replace quick-wear parts of the equipment according to the replacement instructions.

« Do not use damaged equipment. Failure to comply may result in death, personal
injuries, or severe equipment damage.

o After the equipment is replaced, check the wiring and set parameters again.

/A WARNING

 Dispose of retired equipment in accordance with local regulations and standards.
Failure to comply may result in property damage, personal injuries, or even death.

« Recycle retired equipment by observing industry waste disposal standards to avoid
environmental pollution.

Disposal

Safety Labels

For safe equipment operation and maintenance, comply with the safety labels on the
equipment. Do not damage or remove the safety labels. See the following table for
descriptions of the safety labels.

Safety Label Description

« Read through the safety instructions before operating the equipment.
Failure to comply may result in death, personal injuries, or equipment
. damage.

A(memin « Do not touch the terminals or remove the cover with power ON or
within 10 min after power-off. Failure to comply will result in an
electric shock.

-11-
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1

Function Overview

Basic functions of the servo drive are listed in the following table. See function details
in corresponding chapters/sections.

Function

Description

Cyclic synchronous
position mode

The host controller generates position references and sends
references cyclically through the bus. The servo drive
performs positioning control.

Cyclic synchronous velocity
mode

The host controller generates speed references and sends
references cyclically through the bus. The servo drive
performs speed control.

Cyclic synchronous torque
mode

The host controller generates torque references and sends
references cyclically through the bus. The servo drive
performs torque control.

Profile position mode

The host controller sets parameters through the bus. The
servo drive generates position references and performs
positioning control.

Profile velocity mode

The host controller sets parameters through the bus. The
servo drive generates speed references and performs speed
control.

Profile torque mode

The host controller sets parameters through the bus. The
servo drive generates torque references and performs
torque control.

Homing mode

The host controller selects the homing mode through
parameters. The servo drive performs homing, with the
position feedback set to the preset value.

Touch probe function

The servo drive latches the position information when an
external DI signal or motor Z signal changes.

High-resolution encoder

Mechanical characteristics
analysis

The servo drive is equipped with a high-performance
encoder with resolution up to 8388608 PPR.

The servo drive analyzes the resonance frequency and
characteristics of the mechanical system through a PC
installed with Inovance software tool.

Gain auto-tuning

The servo drive generates gain parameters automatically to
match the actual operating conditions through just one
parameter.

Gain switchover

Different gains can be applied to different status (running or
stop) of the motor. Gains can also be switched by external
terminals during operation.

Torque disturbance
observer

The servo drive estimates the disturbance torque suffered
by the system to suppress vibration through compensation.

Resonance suppression

The servo drive sets filter characteristics automatically to
suppress mechanical system vibration after detecting the
resonance point.

-12-
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Function

Description

Torque reference filter

The servo drive suppresses the mechanical resonance
generated when the response speed is excessively high.

Position first-order low-
pass filter

The servo drive enables smooth acceleration and
deceleration through the first-order low-pass filter.

Torque limit

The servo drive limits the output torque of the servo motor.

Speed limit

The servo drive limits the servo motor speed.

External regenerative
resistor

The external regenerative resistor comes into rescue when
the braking capacity of the built-in regenerative resistor is
insufficient.

DI signal assignment

DI functions such as emergency stop can be assigned to
corresponding pins.

Fault log

The servo drive records the latest ten faults/warnings, which
can also be cleared.

Status display

The servo drive displays servo drive status through the LEDs
on the keypad.

External I/O display

The servo drive displays ON/OFF status of external I/0
signals.

Forced signal output

The servo drive outputs signals unrelated to the servo status
forcibly, which can be used to check the wiring of output
signals.

Trial run mode

The servo drive enables the motor through the keypad
without a start signal.

Inovance software tool

Warning code output

The servo drive allows you to set parameters, perform trial
run, and check status through a PC.

The servo drive outputs a four-bit warning code when a
warning occurs.

Position comparison

The servo drive outputs a DO signal with designated width
after reaching the preset target position.

Black box

The servo drive captures the data before and after the
designated condition and works with the software tool to
read the data for further analysis.

-13-



Basic Functions of the Servo Drive

2 Basic Functions of the Servo Drive

The servo system consists of three critical parts, the servo drive, servo motor, and
feedback encoder.

_| input +

Servo drive

Reference Motor
Position loop Speed loop his Current loop M
control control control

Position
feedback

Current
feedback feedback

calculation

Feedback
encoder

Figure 2-1 Structure of a basic servo system

As the control core of the servo system, the servo drive serves to perform accurate
position control, speed control, and torque control on the servo motor through four
control modes, which are position control, speed control, torque control, and
compound control modes. Among the four control modes, position control is the
most important and common control mode of the servo system.

Descriptions of the control modes are as follows:

Position control

In the position control mode, the target position of the motor is determined by the
sum of position references, and the motor speed is determined by the position
reference frequency. The servo drive performs quick and accurate position control
and speed control through the feedback encoder installed on the motor or an
external encoder (fully closed-loop control). The position control mode mainly
applies to applications requiring positioning control, such as manipulators, SMT
machines, engraving and milling machines, and CNC machine tools.

Speed control

In the speed control mode, the servo drive performs quick and accurate speed
control with speed references set through communication. The speed control
mode mainly applies to applications (such as engraving and milling machines)
requiring speed control or where a host controller is used for position control or
the commands sent from the host controller are used as speed references.
Torque control

In the torque control mode, the motor current is in linear relationship with the
torque. Therefore, torque control can be implemented through current control.
The output torque of the motor is controlled by torque references. The torque
reference can be set through communication. The torque control mode mainly
applies to applications requiring strict tension control. For example, in winding/

-14-
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unwinding devices, torque references are used to prevent the material from being
affected by changes in the winding radius.

2.1 Conversion Factor Setting

Gear ratio refers to the motor displacement (encoder unit) corresponding to the load
shaft displacement of one reference unit.

The gear ratio is comprised of the numerator (6091-01h) and denominator (6091-02h).
It determines the proportional relation between the load shaft displacement
(reference unit) and the motor displacement (encoder unit), as shown below.

Motor displacement = Load shaft displacement x Gear ratio

The motor is connected to the load through the reducer and other mechanical
transmission mechanisms. Therefore, the gear ratio is related to the mechanical
reduction ratio, mechanical dimensions and encoder resolution.

The calculation formula is as follows.

Encoder resolution

Gearratio= ———
Load shaft resolution
i Setting Condition & Data Data .
Name Gear ratio . . - ARR Uint32
Effective Time Structure Type
Index
6091h X Data OD Data ob
Access - | Mapping | Yes Related Mode All Default | Default
Range Range Val
alue

Defines the proportional relation between the load shaft displacement designated by the user and the motor shaft
displacement.

The relation between motor position feedback (encoder unit) and load shaft position feedback (reference unit) is as
follows.

Motor position feedback = Load shaft position feedback x Gear ratio

The relation between the motor speed (RPM) and the load shaft speed (reference unit/s) is as follows.

Load shaft speed x Gear ratio (6091h) .

Motor speed (RPM) =
Motor revolutions

60

The relation between the motor acceleration (RPM/ms) and the load shaft acceleration (reference unit/sz) is as follows.

. Load shaft acceleration x Gear ratio (6091h) 1000
Motor acceleration = - X
Motor revolutions 60

Sub- Highest sub-index Set.tl‘ng Data .
Name Condition & - | Data Structure - Uint8
index supported L Type
3 Effective Time
00 X
Access RO Mapping No Related Mode - Data Range - Default 2

-15-
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Setting During
Data Data
Sub- | Name Motor revolutions Condition & running - Uint32
. Structure Type
index Effective Time | & Atonce
01lh A rw | Mappin rP0O |F Relstedlvad Data 1to (232 Default Encoder
ceess P elated ode ) Range -1) elau dependent
Setting During e
ata
Sub- | Name Shaft revolutions Condition & running S - Data Type | Uint32
index Effective Time & At once
02h ) Data 1to (2%2-
Access | RW | Mapping | RPDO | Related Mode - Default 1
Range 1)

Taking the ball screw as an example:

Minimum reference unit (fc) =1 mm

Lead (PB) =10 mm/r

Reduction ratio (n) =5:1

Resolution of Inovance motor with 23-bit serial-type encoder (P) = 8388608 PPR
The position factor is calculated as follows:

Position factor:
Motor resolution P x n
PB

Position factor =

8388608 x 5
10

41943040
10

4194304

Therefore, 6091-01h = 4194304, 6091-02h = 1, which means when the load shaft
displacement is 1 mm, the motor displacement is 4194304.

Reduce the values of 6091-01h and 6091-02h to a point where there is no common
divisor, and take the final value.

2.2 Servo Status Setting

To make the servo drive operate in the designated status, observe the process
stipulated in the CiA402 protocol.
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Start i 13
0 Stop at fault
Initialization l &
Fault
1
i 15
No fault
A A A
2 7

Servo ready

A
12 10 3 6
Waiting for the S-ON signal 8 9
A
Quick sto
P 4 5
16 11
v

Servo running

Figure 2-2 Status switchover of CiA402 state machine

See the following table for descriptions of different status.

Initialization of the servo drive and internal self-inspection are
Initialization done.
Parameters cannot be set. Drive functions cannot be
executed.
No fault exists in the servo drive or the fault has been cleared.
No fault
Parameters can be set.
Servo ready The servo drive is ready to run.
Parameters can be set.
Waiting for the S-ON The servo drive is waiting for the S-ON signal.
signal Parameters can be set.
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Servo running

The servo drive is running properly and a certain operation
mode has been enabled. The motor is energized and starts
rotating when the speed reference value inputted is not 0.
Only parameters whose "Setting Condition" is "During
running" can be set.

Quick stop

quick stop.

Quick stop is activated and the servo drive is in the process of

Only parameters whose "Setting Condition" is "During
running" can be set.

Stop at fault

A fault occurs and the servo drive is in the process of stop.
Only parameters whose "Setting Condition" is "During
running" can be set.

Fault

purpose.

The stop process is done and all the drive functions are
disabled. Parameters can be modified for troubleshooting

The following table describes the control commands and status switchover.

Bit0 to Bit9™ of Status

signal = No fault

CiA402 Status Switchover Control Word 6040h
Word 6041h
p 5 Natural transition,
0 ower-on control command not 0x0000
Initialization .
required
Natural transition,
control command not
required
1 Initialization — No fault | If an error occurs during 0x0250/0x270
initialization, the servo
drive directly enters
status 13.
2 No fault — Servo ready | 0x0006 0x0231
Servo ready—Waiting
3 for the S-ON signal 0x0007 0x0233
Waiting for the S-ON
4 signal—Servo running 0x000F 0x0237
5 Servo running—Waiting 0x0007 0x0233
for the S-ON signal X X
Waiting for the S-ON
6 signal—Servo ready 0x0006 0x0231
7 Servo ready — No fault | 0x0000 0x0250
8 Servo running — Servo 0X0006 0x0231
ready X X
9 Servorunning =>No 14,4409 0x0250
fault
10 Waiting for the S-ON 0x0000 0x0250
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CiA402 Status Switchover

Control Word 6040h

Bit0 to Bit9™ of Status
Word 6041h

Servo running = Quick

1 stop

0x0002

0x0217

12 Quick stop — No fault

Set 605A to a value
between 0 and 3.
Natural transition
applies after stop and
no control command is
required.

0x0250

13 — Stop at fault

If a fault occurs in any
status other than
"fault", the servo drive
automatically switches
to the stop-at-fault
state, without the need
for a control command.

0x021F

14 Stop at fault—>Fault

Natural transition
applies after stop and
no control command is
required.

0x0218

15 Fault—No fault

0x80

Bit7 is rising edge-
triggered.

If bit7 is kept to 1, other
control commands are
invalid.

0x0250

Quick stop — Servo

16 running

Set 605A to a value
between 5 and 7. 0xOF
will be sent after stop.

0x0237

Note

[1]: bit10 to bit15 of 6041h are related to the operating state of the servo drive, and their
values are represented as "0" in the preceding table. For details on the status of these bits,
check the operation mode of the servo drive.
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2.2.1 Control Word 6040h

Setting During
Data Data
i Name Control word Condition & running S VAR T Uint16
ructure
naex Effective Time | &Atonce
6040h
. Oto
Access | RW | Mapping | RPDO | Related Mode All Data Range 65535 Default 0
Defines the control command.

bit Name Description

0 Switch on 1: Active, 0: Inactive

1 Enable voltage 1: Active, 0: Inactive

2 Quick stop 0: Active, 1: Inactive

3 Enable operation 1: Active, 0: Inactive

4106 Operation mode specific Related to the operation mode of the servo drive.

0: Inactive
0—1: Fault reset is available only for faults and warnings that can be

7 Fault reset reset.
1: Other control commands are invalid.
1—0: Inactive

8 Halt 1: Active, 0: Inactive

9 Operation mode specific Related to the operation mode of the servo drive.

10 Reserved Undefined

11to 15 Manufacturer-specific Manufacturer-specific

Note:

corresponds to a

certain status.

o All bits in the control word constitute a control command.
o The meanings of bit0...bit3 and bit7 are the same in each mode. The servo drive switches to the preset status according
to the CiA402 state machine switchover process only when commands are sent in sequence. Each command

o bit4...bit6 are related to each mode (see the control commands in different modes for details).
o bit9 is not defined.

2.2.2 Status Word 6041h

Setting .
Index | Name Status word Condition & - R VAR Data Type Uint16
6041h Effective Time
Access | RO ‘ Mapping ’ TPDO | Related Mode All Data Range - Default 0
Indicates the servo drive status.
15 14 13 12 11 10 9 8 T 6 5 4 3 2 1 0
[ ms | oms Jila]tr[rm] ms [ w [sod] gs [ ve] f [oe] so]rtso]

MSB

Note: ms=manufacturer-specific; oms=operation mode specific; ila =internal limit active;
tr=target reached; rm=remote; w=warning; sod=switch on disabled; gs=quick stop; ve=voltage
enabled; f=fault; oe=operation enabled; so=switch on; rtso=ready to switch on

LSB
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Table 2-1 Description of each bit of 6041h

bit Name Description

0 Ready to switch on 1: Active, 0: Inactive

1 Switch on 1: Active, 0: Inactive

2 Operation enabled 1: Active, 0: Inactive

3 Fault 1: Active, 0: Inactive

4 Voltage enabled 1: Active, 0: Inactive

5 Quick stop 0: Active, 1: Inactive

6 Switch on disabled 1: Active, 0: Inactive

7 Warning 1: Active, 0: Inactive

8 Manufacturer-specific Undefined

9 Remote 1: Activa_a, control word activated
0: Inactive

10 Target reached 1: Active, 0: Inactive

11 Internal limit active 1: Active, 0: Inactive

12to 13 | Operation mode specific ;egztd to the servo drive operation
14 Manufacturer-specific Undefined
15 Home found 1: Active, 0: Inactive

Table 2-2 Descriptions of 6041h setpoints

Binary Value

Description

XXXX XXXX X0xx 0000
XXXX XXXX X1xx 0000

Not ready to switch on
Switch on disabled

XXXX Xxxx X01x 0001

Ready to switch on

XXXX XXxx X01x 0011

Switched on

XXXX XXXX X01x 0111

XXXX XXXx X00x 0111

Operation enabled

Quick stop active

XXXX XXXX XOxx 1111

Fault reaction active

XXXX XXXX XOxx 1000

Fault

Note

o Meanings of bit0 to bit9 are the same in each mode of operation. After commands
are sent in sequence by the control word 6040h, the servo drive feeds back the

acknowledged status.

« Meanings of bit12 and bit13 vary with the mode of operation. For details, see
parameters related to each mode.

o Meanings of bit10, bitl1, and bit15 are the same in each mode of operation and
indicate the servo drive status after a certain mode of operation is implemented.
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2.3 Setting and Display of the Operation Modes

Introduction to the operation modes

The SV660N series servo drive supports seven operation modes, as defined in 6502h.

. Setting
Supported drive . Data i
Index | Name Condition & - VAR Data Type Uint32
modes i . Structure
6502h Effective Time
Access | RO ‘ Mapping ‘ No Related Mode - Data Range - Default 0

Indicates the operation modes supported by the servo drive.

Supported or Not
bit Description 0: No
1:Yes
0 Profile position (PP) mode 1
1 Velocity (VL) mode
2 Profile velocity (PV) mode 1
3 Profile torque (PT) mode 1
4 N/A 0
5 Homing (HM) mode 1
6 Interpolation (IP) mode 0
7 Cyclic synchronous position (CSP) mode 1
8 Cyclic synchronous velocity (CSV) mode 1
9 Cyclic synchronous torque (CST) mode 1
10to 31 Manufacturer-specific Reserved and undefined

If 6502h is supported, you can get the supported drive modes through 6502h.

The pre-operational mode of the servo drive can be set in 6060h. The present
operation mode of the servo drive can be viewed in 6061h.
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‘ Setting Data Data
Index | Name Modes of operation Condition & At once VAR Int8
L Structure Type
6060h Effective Time
Access | RW | Mapping ‘ RPDO Related Mode All Data Range | 0to 10 | Default -
Defines the servo drive operation mode.
Setpoint Modes of Operation
0 N/A Reserved
1 Profile position (PP) mode See " Profile Position (PP) Mode" on page 42.
2 N/A Reserved
3 Profile velocity (PV) mode See " Profile Velocity (PV) mode" on page 53.
4 Profile torque (PT) mode See " Profile Torque (PT) Mode" on page 61.
5 N/A Reserved
6 Homing (HM) mode See "Homing Mode (HM)" on page 70.
7 Interpolation (IP) mode Not supported
. . See " Cyclic Synchronous Position (CSP) Mode" on
8 Cyclic synchronous position (CSP) mode
page 24.
See " Cyclic Synchronous Velocity (CSV) Mode" on
9 Cyclic synchronous velocity (CSV) mode J 4 y (€SV)
page 30.
. See " Cyclic Synchronous Torque (CST) Mode" on
10 Cyclic synchronous torque (CST) mode 25
page 35.

If an unsupported operation mode is set through SDO, a SDO error will be returned. For details, see "8.5 SDO Transfer
Abort Code" on page 500.
If an operation mode not supported is set through PDO, this operation mode is invalid.
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. Setting
Modes of operation
Index | Name display Condition & - Data Structure VAR Data Type Int8
6061h Effective Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode | All Data Range 0to 10 Default 0

Displays the current operation mode of the servo drive.

Setpoint Modes of Operation

0 N/A Reserved

1 Profile position (PP) mode See " Profile Position (PP) Mode" on page 42.

2 N/A Reserved

3 Profile velocity (PV) mode See " Profile Velocity (PV) mode" on page 53.

4 Profile torque (PT) mode See " Profile Torque (PT) Mode" on page 61.

5 N/A Reserved

6 Homing (HM) mode See "Homing Mode (HM)" on page 70.

7 Interpolation (IP) mode Not supported

8 Cyc(ljlc synchronous position (CSP) See " Cyclic Synchronous Position (CSP) Mode" on page 24.
mode

i h i V

9 CyC;IC synchronous velocity (CSV) See " Cyclic Synchronous Velocity (CSV) Mode" on page 30.
mode

10 Cyc(ljm synchronous torque (CST) See " Cyclic Synchronous Torque (CST) Mode" on page 35.
mode

Communication Cycles

The SV660N series servo drive supports a synchronization cycle of 125 ps or an integer
multiple of 125 ps.

2.4 Cyclic Synchronous Position (CSP) Mode

In CSP mode, the host controller generates gposition references and sends the target
position to the servo drive cyclically. The servo drive executes position control, speed
control, and torque control.
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2.4.1 Configuration Block Diagram

CSP mode (0x6060 = 8)

Position offset (0x60B0)

+
Target position (0x607A) + ‘

Position actual value
(0x6064)

\A

>

Following error actual value

Velocity offset (0x60B1) | servo control (0x60F4)
Velocity actual value
Torque offset (0x60B2) - (0X606C)
Torque actual value
(0x6077)
Figure 2-3 Cyclic synchronous position mode
2.4.2 Recommended Configuration
RPDO TPDO Remarks
6040: Control word 6041: Status word Mandatory
607A: Target position 6064: Position actual value Mandatory
6060: Modes of operation 6061: Modes of operation display Optional

2.4.3 Function Block Diagram

Position

Velocity
offset
(60B1h)

Polarity
(607Eh)

A

+

offset
Target (60BOh) +
position + Gear ratio + Position I
607Ah i ¢ regulator
(607AN) :’g’;:gﬁ{ (6091-01h, 8 Speed limit

2008-03h
6091-02h) A Position actual|  (H08-02)
— value (6063h)

Torque
offset
(6082h)

Polarity
(607€Eh)

n
+ Speed regulator +
HO—» 2008-01h (H08-00)

2008-02h (H08-01)

Speed
calculation

Filter Torque | Torque
2007-06h limit regulator
(H07-05)

Torque actual
value (6077h)
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2.4.4 Related Parameters

List of related parameters

Sub-index ;
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
6040 00 Control word RW Uintl6 - 0 to 65535 0
6041 00 Status word RO Uintl6 - - -
Modes of
6060 00 . RW Int8 - 0to 10 0
operation
Modes of
6061 00 operation RO Int8 - - -
display
Position Reference
6064 00 RO Int32 i - -
actual value unit
Following Reference 7
6065 00 . RW Int32 ) 0to (2°4-1) 3145728
error window unit
Following
6066 00 error time RW Uintl6 ms 0 to 65535 0
out
Velocity Reference
606C 00 RO Int32 . - -
actual value unit/s
Torque
6077 00 RO Int16 0.1% - -
actual value
Target Reference
607A 00 & RW Int32 ) 2o+ -1) 0
position unit
607E 00 Polarity RW Uint8 - 0 to 255 0
Position Reference
6080 00 RW Int32 ) 2o+ -1) 0
offset unit
Velocit Reference
6081 00 y RW Int32 4 2o +(23-1) 0
offset unit/s
60B2 00 Torque offset RW Int16 0.1% -4000 to +4000 0
Following
Reference
60F4 00 error actual RO Int32 nit - -
uni

value
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Description of related parameters

Setting puri
urin
Condition & ) & Data Data .
Name Control word ) running VAR Uintl6
Index Effective Structure Type
. & At once
6040h Time
. Related
Access | RW | Mapping | RPDO —_ All Data Range | 0to 65535 | Default 0
ode
Defines the control command.
bit Name Description
0 Switch on 1: Active, 0: Inactive
1 Enable voltage 1: Active, 0: Inactive
2 Quick stop 0: Active, 1: Inactive
3 Enable operation 1: Active, 0: Inactive
The CSP mode only supports absolute position references.
Setting
. Data .
Index | Name Status word Condition & - S VAR Data Type | Uintl6
ructure
6041h Effective Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode | All | Data Range - Default 0
Indicates the servo drive status.
bit Name Description
0 Ready to switch on 1: Active, 0: Inactive
1 Switch on 1: Active, O: Inactive
2 Operation enabled 1: Active, 0: Inactive
3 Fault 1: Active, 0: Inactive
4 Voltage enabled 1: Active, 0: Inactive
5 Quick stop 0: Active, 1: Inactive
6 Switch on disabled 1: Active, O: Inactive
7 Warning 1: Active, 0: Inactive
8 Manufacturer-specific Undefined
1: Active, control word activated
9 Remote

0: Inactive

10 Target reached

Not supported, always being 1

0: Position reference within the limit

1: Home found

H Internal limit active 1: Position reference beyond the limit
12 Drive follow the command value Not supported, always being 1
X 0: EB00.0 (Excessive position deviation) not reported
13 Following error . - .
1: EB00.0 (Excessive position deviation) reported
14 Manufacturer-specific Undefined
0: Home not found
15 Home found
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Setting )
. During
- Condition & X Data Data
Name Target position . running VAR Int32
Effective Structure Type
Index . & At once
607Ah Time
230 (231-
) Related Data
Access | RW | Mapping | RPDO PP/CSP 1) (reference | Default 0
Mode Range R
unit)
Defines the target position in PP mode and CSP mode.
In CSP mode, 607Ah indicates the absolute target position.
In PP mode, 607Ah indicates either the incremental position or absolute position as defined by the control word.
Setting buri
urin
. Condition & X g Data Data
Name Position offset X running VAR Int32
Effective Structure Type
Index . & Atonce
60BOh Time
23lio (231-
. Related
Access | RW | Mapping | RPDO o CSP Data Range | 1) (reference | Default 0
ode unit)
Defines the position reference offset in CSP mode.
The sum of 607Ah and 60BOh determines the target position of the servo drive.
Target position = 607Ah + 60BOh
Setting .
. During
. Condition & X Data Data
Name Velocity offset ) running VAR Int32
Effective Structure Type
Index ) & At once
h Time
60B1!
2310 (231-
. Related Data
Access | RW | Mapping | RPDO CSP/CSV 1) (reference | Default 0
lloce Range unit/s)

Defines the external speed feedforward signal of EtherCAT in CSP mode (activated when 2005-14h is set to 2). 60B1h can
be used to reduce the position deviation during positioning. After positioning is done, set the velocity offset to 0. Failure to
comply will result in deviation between the target position and the position feedback.

60B1h also defines the speed reference offset in CSV mode.

Setting buri
urin
Condition . & Data Data
Name Torque offset ) running VAR Int16
& Effective Structure Type
Index . & At once
Time
60B2h
Related | CSP/CSV/ Data 4000t
’ elate
Access | RW | Mapping | RPDO +4000 Default 0
Mode CST Range (0.1%)
. 0,

You can also set the torque reference offset in CST mode through 60B2h.

Defines the external torque feedforward signal of EtherCAT in CSP and CSV modes (activated when 2006-0Ch is set to 2).
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Cond

Name
Index
T

Setting

Position actual value i
Effective

Data
Structure

ition &

ime

VAR Data Type Int32

Default

6064h
. Related

RO | Mapping | TPDO All | DataRange

Mode

Access

nit).

Indicates the absolute position feedback (reference u

In case of an absolute encoder in rotary mode, 6064h indicates the single-turn position feedback (reference unit) of the

mechanical load.
Setting
Name Velocity actual value Cond|t|f>n - pats VAR Data Type Int32
Index & Effective Structure
606Ch Time
. Related
Access | RO | Mapping | TPDO All Data Range - Default -
Mode
Indicates the speed actual value (reference unit/s).
Setting
Condition & Data Data
Name Torque actual value - VAR Intl6
Index Effective Structure Type
6077h Time
. Related
Access | RO | Mapping | TPDO All Data Range - Default -
Mode
Indicates the internal torque feedback of the servo drive (unit: 0.1%).
The value 100.0% corresponds to the rated torque of the motor.
Setting
Following error actual Condition & Data Data
Name ) - VAR Int32
Index value Effective Structure Type
60F4h Time
X Related PP/HM
Access | RO | Mapping | TPDO HM Data Range - Default -
Mode CSP

Indicates the position deviation (reference unit).

2.4.5 Related Function Settings

Position deviation monitoring
Y Related parameters:

function
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Setting .
. During
. . Condition . Data Data .
Name Following error window . running VAR Uint32
& Effective Structure Type
Index . & At once
" Time
6065
Related pata | °% (%) 314572
) elate
Access | RW | Mapping | RPDO PP/HM/CSP (reference | Default
Mode Range unit 8

Defines the threshold of excessive position deviation (reference unit).
If 6065h is set to an excessively high value, the threshold of excessive position deviation will be 2147483647 in encoder

unit.
Setting X
. During
. . Condition . Data Data .

Name Following error time out . running VAR Uint16

Index & Effective Structure Type
. & At once
6066h Time
. Related Data 0to 65535
Access | RW | Mapping | RPDO PP/HM/CSP Default 0
Mode Range (ms)

Defines the time lapse to trigger excessive position deviation (EB00.0).
If the position deviation exceeds the threshold of excessive position deviation and such status persists after the time

defined by 6066h elapses, EB00.0 (Excessive position deviation) will occur.

Position reference polarity
You can change the position reference direction through setting the position

reference polarity.
Y¢ Related parameter:

Setting Duri
urin,
. Condition ) & Data Data .
Name Polarity ) running VAR Uint8
Index & Effective Structure Type
. & At once
607Eh Time
. Related
Access | RW | Mapping | RPDO e All DataRange | 0to255 | Default 0
Defines the polarity of position, speed, and torque references.
bit Description
Position reference polarity
0: Multiply by 1
7 1: Multiply by -1
PP: Inverts the target position (607Ah)
CSP: Inverts the position reference (607Ah + 60BOh)

2.5 Cyclic Synchronous Velocity (CSV) Mode

In CSV mode, the host controller sends the target speed to the servo drive
synchronously and cyclically, and the servo drive executes speed control and torque

control.
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2.5.1 Configuration Block Diagram
CSV mode (0x6060=9)

Velocity offset (0x60B1)
+
Target velocity (0X60FF) + Position actual value (0x6064)
=U >
Servo control
Torque offset (0x60B2) Velocity actual value (0x606C)
Torque actual value(0x6077)

Figure 2-4 CSV mode

2.5.2 Recommended Configuration

The basic configuration for CSV mode is shown in the following table.

RPDO TPDO Remarks
6040: Control word 6041: Status word Mandatory
60FF: Target velocity - Mandatory
- 6064: Position actual value Optional
- 606C: Velocity actual value Optional
6060: Modes of operation 6061: Modes of operation display Optional

2.5.3 Function Block Diagram

Torque
offset
(60B2h)

607Eh

Velocity offset
(60B1h)
rr +
Target + + Speed regulator| | Filter T
velocity —»O—» 607€h  |—» Speed limit — 2008-01h (H08-00) 2007-06h | Torquelimit [ [oNe
(60FFh) (HOT-05) regulator

2008-02h (H08-01)

Torque actual
value (6077h)

Speed
calculation

A
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2.5.4 Related Parameters

List of related parameters

Sub-index :
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
6040 00 Control word RW Uint16 - 0to 65535 0
6041 00 Status word RO Uint16 - - -
Modes of
6060 00 . RW Int8 - 0to 10 0
operation
Modes of
6061 00 operation RO Int8 - - -
display
Position .
6064 00 RO Int32 Reference unit - -
actual value
Velocity Reference
606C 00 RO Int32 X - -
actual value unit/s
Torque actual
6077 00 RO Int16 0.1% - 0
value
607E 00 Polarity RW Uint8 - 0to 255 0
Reference
60B1 00 Velocity offset RW Int32 ) 2lio+231-1) 0
unit/s
60B2 00 Torque offset RW Int16 0.1% -4000 to +4000 0
Target Reference
60FF 00 & RW Int32 ) 2% to+(23-1) 0
velocity unit/s
Description of related parameters
: Duri
Setting uring Data Data
- Name Control word Condition & running S VAR Ty Uintl6
ructure
naex Effective Time | &Atonce
6040h
. Oto
Access | RW | Mapping | RPDO | Related Mode Data Range 65535 Default 0
Defines the control command.
bit Name Description
0 Switch on 1: Active, 0: Inactive
1 Enable voltage 1: Active, 0: Inactive
2 Quick stop 0: Active, 1: Inactive
3 Enable operation 1: Active, 0: Inactive
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Setting Bz
Index | Name Status word Condition & - VAR Data Type Uintl6
. ) Structure
6041h Effective Time
Access | RO ‘ Mapping ‘ TPDO | RelatedMode | All | DataRange - Default -
Indicates the servo drive status.
bit Name Description
0 Ready to switch on 1: Active, 0: Inactive
1 Switch on 1: Active, 0: Inactive
2 Operation enabled 1: Active, 0: Inactive
3 Fault 1: Active, O: Inactive
4 Voltage enabled 1: Active, 0: Inactive
5 Quick stop 0: Active, 1: Inactive
6 Switch on disabled 1: Active, 0: Inactive
7 Warning 1: Active, 0: Inactive
8 Manufacturer-specific Undefined
1: Active, control word activated
9 Remote .
0: Inactive
10 Target reached Not supported, always being 1
I | Llimi . 0: Position reference within the limit
nternal limit active 1: Position reference beyond the limit
12 Drive follow the command value Not supported, always being 1
13 - N/A
14 Manufacturer-specific Undefined
0: Home not found
15 Home found
1: Home found
Setting X
. During
. Condition & X Data Data
Name Velocity offset ) running VAR Int32
Effective Structure Type
Index ) & At once
60B1h Time
2310 (231-
. Related Data
Access | RW | Mapping | RPDO CSP/CsV 1) (reference | Default | 0
Mode Range .
unit/s)
Defines the speed reference offset in CSV mode. After setting, the following formula applies:
Target speed = 60FFh + 60B1h
Setting .
. During
Condition & X Data Data
Name Torque offset ) running VAR Int16
Effective Structure Type
Index i & At once
Time
60B2h
Related | CSP/CSV/ Data 4000t
’ elate
Access | RW | Mapping | RPDO +4000 Default 0
Mode CST Range (0.1%)
.170,

Defines the external torque feedforward signal of EtherCAT in CSV mode (active when 2006-0Ch is set to 2).
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Setting
. Condition & Data
Index | Name Position actual value . - VAR Data Type Int32
Effective Structure
6064h .
Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode |  All Data Range - Default -

Indicates the absolute position feedback (reference unit).
In case of an absolute encoder in rotary mode, 6064h indicates the single-turn position feedback (reference unit) of the

mechanical load.
Setting
- D
Index | Name Velocity actual value Condition & - ata VAR Data Type Int32
Effective Structure
606Ch .
Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode |  All Data Range - Default -
Indicates the speed feedback value (reference unit/s).
Setting
Index Name Torque actual value Condmf)n & - BELE VAR Data Type Int16
Effective Structure
6077h .
Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode | All | Data Range - Default -
Indicates the internal torque feedback of the servo drive (unit: 0.1%).
The value 100.0% corresponds to the rated torque of the motor.
Setting X
. During
. Condition & X Data Data
Name Target velocity X running VAR Int32
Index Effective Structure Type
) & At once
60FFh Time
) Related Data 230 +(23!
Access | RPDO | Mapping | Yes PV/CSV Default 0
Mode Range -1)

Defines the target velocity in PV and CSV modes.
The maximum operating speed of the motor in CSV mode is determined by the maximum motor speed

2.5.5 Related Function Settings

Velocity reference polarity
You can change the speed reference direction through setting the speed reference

polarity.
Y¢ Related parameter:
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Setting A
. During
} Condition & . Data Data .
Name Polarity ) running VAR Uint8
Index Effective Structure Type
) & At once
607Eh Time
X Related
Access | RW | Mapping | RPDO _— All Data Range | 0to255 | Default 0
Defines the polarity of position, speed, and torque references.
bit Description
Speed reference polarity
0: Multiply by 1
1: Multiply by -1

PT: Inverts the target torque (6071h).
CSP: Inverts the velocity offset (60B1h)
CSV: Inverts the speed reference (60FFh + 60B1h).

2.6 Cyclic Synchronous Torque (CST) Mode
In CST mode, the host controller sends the target torque to the servo drive
synchronously and cyclically, and the servo drive executes torque control.
2.6.1 Configuration Block Diagram
CST mode (0x6060 = 10)

Torque offset (0x60B2)

+ Position actual value
Target torque (0x6071) + (0x6064)

\
\

Max. profile velocity (0x607F) _ | Servo control

Velocity actual value
Positive torque limit value (0x60EQ) (0x606C)

\

Torque actual value

Negative torque limit value (Ox60E1) | (0x6077)

! o

Figure 2-5 CST mode

2.6.2 Recommended Configuration

The basic configuration of CST mode is shown in the following table.

RPDO TPDO Remarks
6040: Control word 6041: Status word Mandatory
6071: Target torque - Mandatory
- 6064: Position actual value Optional
- 606C: Velocity actual value Optional
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RPDO TPDO Remarks
- 6077: Torque actual value Optional
6060: Modes of operation 6061: Modes of operation display Optional

2.6.3 Function Block Diagram

Torque offset

(60B2h)
+
Target +
torque 607Eh
(6071h)

Filter

Torque Torque
Speed regulator 2(2{?7%?)1 limit regulator
Speed + 2008-01h (H08-00) |y
limit B 2008-02h (H08-01) ‘\Torque actual
value (6077h)
Speed | _g
calculation [
2.6.4 Related Parameters
List of related parameters
Sub-index X
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
6040 00 Control word RW Uintl6 - 0to 65535 0
6041 00 Status word RO Uintl6 - - -
Modes of
6060 00 . RW Int8 - 0to 10 0
operation
Modes of
6061 00 operation RO Int8 - - -
display
6071 00 Target torque RW Int16 0.1% -4000 to +4000 0
6072 00 Max. torque RW Uint1l6 0.1% 0 to 4000 3500
Torque
6074 00 RO Int16 0.1% - 0
demand value
Torque actual
6077 00 RO Int16 0.1% - 0
value
607E 00 Polarity RW Int8 - 0to 255 0
Max. profile Reference unit,
607F 00 Pr RW Int32 T 0to@2-1) 104857600
velocity s
60B2 00 Torque offset RW Int16 0.1% -4000 to +4000 0
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Sub-index .
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
Positive
60E0 00 torque limit RW Uintl6 0.1% 0 to 4000 3500
value
Negative
60E1 00 torque limit RW Uintl6 0.1% 0 to 4000 3500
value
Description of related parameters
Setting Durin
Condition & X s Data Data X
Name Control word i running VAR Uintl6
Index Effective Structure Type
. & At once
6040h Time
. Related
Access | RW | Mapping | RPDO Y All Data Range | 0 to 65535 | Default 0
ode

Defines the control command.

bit Name Description

0 Switch on 1: Active, 0: Inactive

1 Enable voltage 1: Active, 0: Inactive

2 Quick stop 0: Active, 1: Inactive

3 Enable operation 1: Active, 0: Inactive
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Setting Data
Index Name Status word Condition & - S VAR Data Type | Uintl6
ructure
6041h Effective Time
Access | RO ‘ Mapping ‘ TPDO Related Mode All | Data Range - Default 0
Indicates the servo drive status.
bit Name Description
0 Ready to switch on 1: Active, 0: Inactive
1 Switch on 1: Active, 0: Inactive
2 Operation enabled 1: Active, 0: Inactive
3 Fault 1: Active, 0: Inactive
4 Voltage enabled 1: Active, 0: Inactive
5 Quick stop 0: Active, 1: Inactive
6 Switch on disabled 1: Active, 0: Inactive
7 Warning 1: Active, 0: Inactive
8 Manufacturer-specific Undefined
1: Active, control word activated
9 Remote .
0: Inactive
10 Target reached Not supported, always being 1
I | Llimi . 0: Position reference within the limit
nternal limit active 1: Position reference beyond the limit
12 Drive follow the command value Not supported, always being 1
13 N/A N/A
14 Manufacturer-specific Undefined
0: Home not found
15 Home found
1: Home found
Setting X
. During
Condition & X Data Data
Name Target torque . running VAR Int16
Effective Structure Type
Index . & At once
Time
6071h
-4000 to
Access RW | Mapping | RPDO | Related Mode PT/CST Data Range | +4000 | Default 0
(0.1%)
Defines the target torque in PT and CST modes.
The value 100.0% corresponds to the rated torque of the motor.
Setting
iti D
Index | Name Torque demand value Condm?n & - ata VAR Data Type | Int16
Effective Structure
6074h .
Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode |  All Data Range | -(0.1%) Default -

Indicates the torque reference output value during operation.
The value 100.0% corresponds to the rated torque of the motor.
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Setting -
Index | Name Torque actual value Condition & - SETE VAR Data Type | Intl6
6077h Effective Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode | All Data Range | -(0.1%) Default -

Indicates the actual torque output of the servo drive.
The value 100.0% corresponds to the rated torque of the motor.

Setting .
. During
Condition & X Data
Name Torque offset ) running VAR Data Type | Intl6
Effective Structure
Index i & At once
Time
60B2h
Csp/CSV/ - -4000 to
Access | RW | Mapping | RPDO | Related Mode +4000 Default 0
CST Range (0.1%)
. 0,

Defines the torque reference offset in CST, CSV, and CSP modes. After offset, the following formula applies:

Target torque = 6071h + 60B2h

2.6.5 Related Function Settings

Speed limit in the torque control mode
In the torque mode, 607Fh can be used to limit the maximum speed in forward/

reverse operation. Note that the maximum operating speed allowed by the motor

cannot be exceeded.
A

Speed (V)

+max. motor speed

+max. profile velocity (607Fh)

. 4

—-max. profile velocity (607Fh)

—max. motor speed

Yt Related parameter:
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Setting

Durin
X . Condition Y I_ g Data Data .
Name Max. profile velocity X running VAR Uint32
& Effective Structure Type
. & At once

Index Time
607Fh 0to (232-

A _W Manpin RPDO Related PP/PV/PT/ Data 1) Default 1048576

ceess A Mode HM/CST Range (reference etau 00

unit/s)

Defines the speed limit in PP, PV, PT, CST, and HM modes.

Torque limit

To protect the mechanical devices, you can limit the torque references of the servo
drive in the position control, speed control, and torque control modes by setting
6072h (Max torque), 60EOh (Positive torque limit value), and 60E1h (Negative torque
limit value). Note that the maximum torque allowed by the servo drive cannot be

exceeded.

+drive max. torque

+motor max. torque

+max. torque (6072h)

Torque (T) 4

positive torque limit value (60EOh)

i

—1 negative torque limit value (60E1h)

Y Related parameters:
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Setting .
. During
Condition & X Data Data .
Name Max. torque i running VAR Uint16
Index Effective Structure Type
) & At once
6072h Time
A RW | Mapping | Rpo | eated Al pata | 0104000 |y e | 3500
|
ccess pping Mode R (0.1%) efault
Defines the maximum torque limit of the servo drive in the forward/reverse direction.
Setting .
. During
L o Condition & ) Data Data .
Name | Positive torque limit value X running VAR Uintl6
Index Effective Structure Type
) & At once
60EOh Time
A RW | Mapping | RppO | ciated Al Data | 0104000 |\ cte | 3500
ceess P Mode Range (0.1%) etau
Defines the maximum torque limit of the servo drive in the forward direction.
Setting .
" During
. . Condition ) Data Data .
Name | Negative torque limit value ) running VAR Uintl6
Index & Effective Structure Type
. & At once
60E1h Time
A RW | Mapping | Rppo | "clted Al pata - | 004000 o e e | 3500
ccess pping Yol e (0.1%) efau

Defines the maximum torque limit of the servo drive in the reverse direction.

Torque reference polarity

You can change the torque reference direction through setting the torque reference

polarity.
Setting buri
urin
. Condition ) & Data Data .
Name Polarity ) running VAR Uint8
Index & Effective Structure Type
. & At once
607Eh Time
. Related
Access | RW | Mapping | RPDO _— All DataRange | 0t0255 | Default 0
Defines the polarity of position, speed, and torque references.
bit Description
Torque reference polarity
0: Multiply by 1
1: Multiply by -1

PT: Inverts the target torque (6071h).
CSP/CSV: Inverts the torque offset (60B2h)
CST: Inverts the torque reference (6071h + 60B2h).
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2.7 Profile Position (PP) Mode

The PP mode mainly applies to point-to-point positioning. In PP mode, the host
controller sets the target position, operating speed, acceleration rate, and
deceleration rate. The position profile generator inside the servo drive generates
position profiles based on preceding settings, and the servo drive executes position
control, speed control, and torque control.

2.7.1 Configuration Block Diagram
PP mode (0x6060 = 1)

Target position (0x607A) _ | Position .
T limit Position actual value
(0x6064)
Profile velocity (0x6081) _ | Speed
> imit ™ Following error actual value
(0x60F4)
] . ) Servo control Velocity actual value
Profile acceleration (0x6083 Accelerat Y
( ) g SR (0x606C)
Torque actual value
Profile deceleration (0x6084) BreedEman (0x6077) >
> limit

Figure 2-6 PP mode

In PP mode, the target position is triggered and activated based on the sequence of
bit4 (New set-point) of the control word and bit12 (Set-point acknowledge) of the
status word .

The controller sets the New set-point bit (bit4 of the control word) to 1 to inform the
servo drive of the new target position. The servo drive, after receiving the new target
position, sets the Set-point acknowledge bit (bit12 of the status word) to 1. After the
controller sets bit4 (New set-point) to 0, if the servo drive can receive the new target
position, bit12 (Set-point acknowledge) bit will be set to 0. Otherwise, it is kept to 1.
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Actual
speed

Target
position
(bit4)

Target
position
(setpoint) \ t

Target position
update (bit12)

Target reached
(bit10) t

Figure 2-7 Sequence in sequential mode

The linkage mode of position references is determined by bit5 (Change set
immediately) of the control word. When bit5 is set to 1 (Sequential mode), sequential
linkage applies to position references, which is called sequential mode. When bit5 is
set to 0 (Single-point mode), zero-cross linkage applies to position references, which
is called single-point mode.

Sequential mode:

The target position of present segment is in the process of positioning. After the new
target position is generated, the controller sets the New set-point bit to 1, and the
servo drive performs positioning towards the new target position.

In sequential mode, the sequence diagram of bit4 (New set-point) of the control word

and bit12 (Set-point acknowledge) of the status word is shown in the following figure.
Single-point mode:

The target position of current segment is in the process of positioning. After the new

target position is generated, the controller sets the New set-point bit to 1, and the

servo drive performs positioning towards the new target position after the position
reference of current segment is done transmitting.

The sequence diagram of bit4 (New set-point) of the control word and bit12 (Set-
point acknowledge) of the status word is shown in the following figure.
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Target position
reference (setpoint)
6040 bit4 J

6040 bit5 N L l
6041 bit12 | ‘ ‘
Position ! !
reference | |
| | ®
| @ :
6041 bit10: Target reached ’>

Note: To modify the target position reference (setpoint), the new target position bit (bit4)
must be sent again.

Figure 2-8 Sequence in the single-point mode

In the single-point mode, the servo drive caches one target position, which is to cache
a new segment of target position when current target position is under execution. The
sequence diagram is as follows.
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New setpoint ﬁ

Change set ! :
immediately 1 1

(bit5) | t
Set position \ \ \ \‘ \ ‘

Cache position

H-fhe

Position
during operation

Setpoint ¢
acknowledge
(bit12)

Target reached
(bit10)

o (@ If the cache position is empty, the set position will be executed immediately.

e @O If a position reference is under execution currently, the new position setpoint
will be saved in the cache. After current position reference is done transmitting,
the cached setpoint will be executed, after which a new setpoint can be received.

e @® The new setpoint cannot be received if the cache is full. In this case, you can
set the attribute bit (Change set immediately) of the setpoint to 1 to activate the
setpoint.

]

2.7.2 Recommended Configuration

The basic configuration for PP mode is shown in the following table.

RPDO TPDO Remarks
6040h: Control word 6041h: Status word Mandatory
607Ah: Target position 6064h: Position actual value Mandatory
6081h: Profile velocity - Mandatory
6083h: Profile acceleration - Optional
6084h: Profile deceleration - Optional
6060h: Modes of operation 6061h: Modes of operation display Optional
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2.7.3 Function Block Diagram

Speed Speed
feedforward gain | feedforward filter
Target position (607Ah) 2008-14h 2008-13h
Profile velocity (6081h) (H08-19) (H08-18)
Profile acceleration (6083h)
Profile deceleration (6084h)
Polarity (607Eh) X
Electronic gear Position loop
Profile ratio + gain +
R | — >
generator (6091-01h, 2008-03h
6091-02h) _ & Position actual (H08-02)
value (6063h)
Torque feedforward Torque
filter feedforward gain |
2008-15h 2008-16h b
(HO08-20) (H08-21)
A J
+
+ Speed regulator + Maximum
P 2008-01h (H08-00) motor speed
2008-02h (H08-01) limit

Speed feedback
200B-01h [RPM]

(H0B-00) peed reference

200B-02h [RPM]
(HOB-01)

| Torquefilter - Torque
| 2007-06h Torque limit regulator
(H07-05)
2.7.4 Related Parameters
List of related parameters
Sub-index X
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
6040 00 Control word RW Uintl6 - 0 to 65535 0
6041 00 Status word RO Uintl6 - - -
Modes of
6060 00 . RW Int8 - 0to 10 0
operation
Modes of
6061 00 operation RO Int8 - - -
display
Position Reference
6064 00 RO Int32 i - -
actual value unit
Following . Reference e
6065 00 ) RW Uint32 ) 0to(2>°-1) 3145728
error window unit
Following
6066 00 error time RW Uintl6 ms 0 to 65535 0
out
Position Reference
6067 00 i RW uint32 ) 0to (2%2-1) 734
window unit
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Sub-index X
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
Position .
6068 00 . . RW Uintl6 ms 0 to 65535 0
window time
Target Reference
607A 00 & RW Int32 , 2to (23-1) 0
position unit
607E 00 Polarity RW Uint8 - 0to 255 0
Max. profile Reference )
607F 00 . RW Uint32 . 0to (2°4-1) 104857600
velocity unit/s
Profile Reference 0
6081 00 . RW Uint32 2 0to (2°°-1) 1747627
velocity unit/s
Profile Reference
6083 00 ) RW uint32 e 0to (2%2-1) 1747626667
acceleration unit/s
Profile Reference
6084 00 ) RW uint32 e 0to (2%2-1) 1747626667
deceleration unit/s
Description of related parameters
Set.tllng Dunﬁg Data Data A
Name Control word Condition & running U VAR e Uintl6
uctu
Index Effective Time | & At once
6040h
. Data 0to
Access | RW | Mapping | RPDO | Related Mode All Default 0
Range 65535
Defines the control command.
bit Name Description
0 Switch on 1: Active, 0: Inactive
1 Enable voltage 1: Active, 0: Inactive
2 Quick stop 0: Active, 1: Inactive
3 Enable operation 1: Active, 0: Inactive
4 New set-point 0->1: Trigger new target position
1->0: Clear bit12 of the status word
0: Target set-point cannot be updated
5 Change set immediately immediately
1: Target set-point can be updated immediately
0: Target position being absolute
6 abs/rel , . .
1: Target position being relative
0: Keep present operating state
T Halt PP P J
1: Halt
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Setting Data
Index | Name Status word Condition & - S VAR Data Type | Uintl6
6041h Effective Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode | All Data Range - Default -
Indicates the servo drive status.
bit Name Description
0 Ready to switch on 1: Active, 0: Inactive
1 Switch on 1: Active, O: Inactive
2 Operation enabled 1: Active, 0: Inactive
3 Fault 1: Active, 0: Inactive
4 Voltage enabled 1: Active, 0: Inactive
5 Quick stop 0: Active, 1: Inactive
6 Switch on disabled 1: Active, 0: Inactive
7 Warning 1: Active, 0: Inactive
8 Manufacturer-specific Undefined
9 Remote 1 Activt_e, control word activated
0: Inactive
10 Target reached Not supported, always being 1
L . 0: Position reference within the limit
1 Internal limit active 1: Position reference beyond the limit
i sponsinousis e
0: EB00.0 (Excessive position deviation) not
13 Following error reported
1: EB00.0 (Excessive position deviation) reported
14 Manufacturer-specific Undefined
15 Home found 0: Home not found
1: Home found
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Setting .
. During
. Condition & X Data Data
Name Target position . running VAR Int32
Effective Structure Type
Index ) & At once
607Ah Time
230 (231-
’ Related Data
Access | RW | Mapping | RPDO PP/CSP 1) (reference Default 0
Mode Range R
unit)
Defines the target position of the servo drive in PP and CSP modes.
The target position type (absolute or relative) can be designated through bit6 of 6040h in PP mode.
A A
Absolute position Absolute position
Target position 2
Target position2y | . ¥
Target position 1 Target position 1
Absolute position type Relative position type
Setting .
. During .
y . Condition & ) Data Data Uin
Name Profile velocity ) running VAR
Effective Structure Type t32
Index . & At once
6081h Time
0to (232-1)
. Related 17476
Access | RW | Mapping | RPDO PP Data Range | (reference | Default
Mode . 2
unit/s)
Defines the constant operating speed towards the target position in PP mode.
6081h x 6091h (Gear ratio)
Motor speed (RPM) = - x 60
Encoder resolution
Setting .
. During
X i Condition & X Data Data X
Name Profile acceleration i running VAR Uint32
Effective Structure Type
Index i & At once
6083h Time
Related 0to (232-1) 17476
Access | RW Mapping | RPDO b PP/PV Data Range | (reference | Default | 26666
oae unit/sz) 7
Defines the position reference acceleration in PP and PV modes.
In PP mode, if the value of 6083h exceeds that of 60C5h, the value of 60C5h will be used.
For 6083h, the setpoint 0 will be forcibly changed to 1.
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Setting .
. During
§ X Condition & . Data Data .
Name Profile deceleration i running VAR Uint32
Effective Structure Type
Index ) & At once
" Time
6084
Related pata | °'° @21 174762
. elate
Access | RW | Mapping | RPDO PP/PV (reference | Default
Mode Range unit/s2) 66667

Defines the position reference deceleration in PP and PV modes.
In PP mode, if the value of 6084h exceeds that of 60C6h, the value of 60C6h will be used.

For 6084h, the setpoint 0 will be forcibly changed to 1.

2.7.5 Related Function Settings

Monitoring on positioning completed
When position deviation fulfills the set condition, the positioning process is done. In
this case, the servo drive sets bit10 of the status word, and the host controller, once

receives the signal, acknowledges that positioning is done.

Y Related parameter:
SetAtlAng During -
. . Condition & . Data Data Uin
Name Position window i running VAR
Effective Structure Type | t32
Index ) & At stop
. Time
6067
0to (232-1)
. Related Data
Access | RW Mapping | RPDO PP (reference | Default | 734
Mode Range unit)

Defines the threshold for position reach.
When the position deviation is within £6067h and the time reaches the value defined by 6068h, the position is reached

and bit10 of 6041h is set to 1.
This flag bit is valid only when the S-ON signal is active in the PP mode.

Setting .
. During
. , ) Condition & . Data Data .
Name Position window time ) running VAR Uintl6
Effective Structure Type
Index ) & At stop
Time
6068h
Related Dat ot
. elate ata
Access | RW | Mapping | RPDO PP 65535 Default 0
Mode Range (ms)

Defines the time window for position reach.

Note

6067h only reflects the threshold of absolute position deviation when positioning is done. It
is not related to the positioning accuracy.
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Monitoring on position deviation

Y¢ Related parameter:
Setting .
. During
. . Condition & ) Data Data .
Name | Following error window i running VAR Uint32
Effective Structure Type
Index i & At once
h Time
6065
0to(232-1)
X Data 31457
Access | RW | Mapping | RPDO | Related Mode | PP/HM/CSP Range (reference | Default 28
unit)

Defines the threshold of excessive position deviation (reference unit).

If 6065h is set to an excessively high value, the threshold of excessive position deviation will be forcibly set to 2147483647

(encoder unit).

Setting .
. During
. . Condition & X Data Data .
Name Following error time out ) running VAR Uintl6
Effective Structure Type
Index ) & At once
Time
6066h
Oto
. Related Data
Access | RW | Mapping | RPDO PP/HM/CSP 65535 Default 0
Mode Range (ms)

Defines the time (ms) lapse to trigger excessive position deviation (EB00.0).
If the position deviation exceeds the threshold of excessive position deviation and such status persists after the time

defined by 6066h elapses, EB00.0 (Excessive position deviation) will be reported.

Speed limit

In PP mode, 607Fh can be used to limit the maximum speed in forward/reverse

operation. Note that the maximum operating speed of the motor cannot be

exceeded.
A
Speed (V)

+max. motor speed |- -

+ max. profile velocity (607Fh)
+ profile velocity (6081h)
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Y Related parameter:

Setting .
. During )
. . Condition & i Data Data Uin
Name Max. profile velocity ) running VAR
Effective Structure Type t32
Index . & At once
607Fh Time
0to (231-1)
A RW | Mapping | RPDO Related PP/PV/PT/ Data (reference | Default 10485
ccess efau
Mode HM/CST Range i 7600
unit/s)
Defines the speed limit in PP, PV, PT, CST, and HM modes.
Acceleration and deceleration limits
In PP mode, the change rate of position references can be limited through the
acceleration and deceleration limits.
Y Related parameters:
Setting .
. During
) Condition & ) Data Data .
Name Max. acceleration ) running VAR Uint32
Effective Structure Type
Index i & At once
) Time
60C5
vata | 0 2%2-1)
Access | RW | Mapping | RPDO | Related Mode All R (reference | Default | 23-1
g unit/sz)
Defines the maximum limit of acceleration.
In PP mode, if the value of 6083h exceeds that of 60C5h, the value of 60C5h will be used.
For 60C5h, the setpoint 0 will be forcibly changed to 1.
Setting i
", During
. Condition & . Data Data .
Name Max. deceleration i running VAR Uint32
Effective Structure Type
Index i & At once
T Time
60
0to (2%2-1)
. Related Data 31
Access | RW | Mapping | RPDO All (reference | Default | 2°*-1
Mode Range 2
unit/s?)
Defines the maximum limit of deceleration.
In PP mode, if the value of 6084h exceeds that of 60C6h, the value of 60C6h will be used.
For 60C6h, the setpoint 0 will be forcibly changed to 1.

Polarity

reference polarity.
Y Related parameter:
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Setting .
. During
. Condition & . Data Data .
Name Polarity i running VAR Uint8
Index Effective Structure Type
) & At once
607Eh Time
) Related Data
Access | RW | Mapping | RPDO All 0to 255 Default 0
Mode Range
Defines the polarity of position, speed, and torque references.
bit Description
Position reference polarity
0: Multiply by 1
7 1: Multiply by -1

PP: Inverts the target position (607Ah)

2.8 Profile Velocity (PV) Mode

In PV mode, the host controller sends the target speed, acceleration rate, and
deceleration rate to the servo drive. The servo drive generates speed reference
profiles and executes speed control and torque control.

2.8.1 Configuration Block Diagram

PV mode (0x6060 = 3) Position actual value
(6064h)

Target velocity (60FFh) Speed
> limit [

i i Accelerati Velocity actual value

Profile acceleration (6083h) _ CCTirenriat jon| | Servo control (eoach)
Torque actual value

) . (6077h)
Profile d )

ile deceleration (6084h) » | Deceleration

limit
Figure 2-9 PV mode
2.8.2 Recommended Configuration

The basic configuration for PV mode is shown in the following table.

RPDO TPDO Remarks
6040h: Control word 6041h: Status word Mandatory
60FFh: Target velocity - Mandatory
- 6064h: Position actual value Optional
- 606Ch: Velocity actual value Optional
6083h: Profile acceleration - Optional
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RPDO TPDO Remarks
6084h: Profile deceleration - Optional
6060h: Modes of operation 6061h: Modes of operation display Optional

2.8.3 Function Block Diagram

Torque
feedforward || feedforward
ain ilter
200816h || 200815h !
(Ho8-21) H08-20) Torque actual value
{ ) 6077h

welosty Profle +
G| oy | ) g | vapere || 4 oo + pive [
607Eh e S " 2005021 (H08.01) woroe | e | eer
2.8.4 Related Parameters
List of related parameters
Sub-index
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
6040 00 Control word RW Uintl6 - 0 to 65535 0
6041 00 Status word RO Uintl6 - - -
Modes of
6060 00 . RW Int8 - 0to 10 0
operation
Modes of
6061 00 operation RO Int8 - - -
display
Velocity Reference
606C 00 RO Int32 . - -
actual value unit/s
Velocity .
606D 00 i RW Uintl6 RPM 0 to 65535 10
window
Velocity .
606E 00 X K RW Uintl6 ms 0 to 65535 0
window time
Velocity .
606F 00 RW Uintl6 RPM 0 to 65535 10
threshold
Velocity
6070 00 threshold RW Uintl6 ms 0to 65535 0
time
607E 00 Polarity RW Int8 - 0to 255 0
Max. profile Reference 3
607F 00 . RW Int32 . 0to (2°4-1) 104857600
velocity unit/s
Profile Reference
6083 00 : RW uint32 e 0to(2%2-1) | 1747626667
acceleration unit/s
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Sub-index .
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
Profile Reference
6084 00 e RW Uint32 e 0to (2%2-1) | 1747626667
deceleration unit/s
Target Reference | -231to +(231 -
60FF 00 . RW Int32 R 0
velocity unit/s 1)
Description of related parameters
Setting During Baiia Data
Name Control word Condition & running SEIIE VAR T uint16
Inite Effective Time & At once
6040h
. Data 0to
Access | RW | Mapping | RPDO | Related Mode All Default 0
Range 65535

Defines the control command.

bit Name Description
0 Switch on 1: Active, 0: Inactive
1 Enable voltage 1: Active, 0: Inactive
2 Quick stop 0: Active, 1: Inactive
3 Enable operation 1: Active, 0: Inactive
8 Halt (1) :Zip present operating state
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Setting Condition Data Data )
Name Status word i X - VAR Uint16
Index & Effective Time Structure Type
6041h . Data
Access | RO | Mapping | TPDO Related Mode All - Default 0
Range
Indicates the servo drive status.
bit Name Description
0 Ready to switch on 1: Active, 0: Inactive
1 Switch on 1: Active, 0: Inactive
2 Operation enabled 1: Active, 0: Inactive
3 Fault 1: Active, 0: Inactive
4 Voltage enabled 1: Active, 0: Inactive
5 Quick stop 0: Active, 1: Inactive
6 Switch on disabled 1: Active, 0: Inactive
7 Warning 1: Active, 0: Inactive
8 Manufacturer-specific Undefined
1: Active, control word activated
9 Remote )
0: Inactive
0: Target velocity not reached
10 Target reached .
1: Target velocity reached
I | Llimi . 0: Position feedback within the limit
nternal limit active 1: Position feedback beyond the limit
0: Speed not being 0
12 Speed .
1: Speed being 0
13 - N/A
14 Manufacturer-specific Undefined
0: Home not found
15 Home found
1: Home found
Setting i
. During
. Condition i Data Data
Name Target velocity i running VAR Int32
& Effective Structure Type
Index . & At once
60FFh Time
230 (231-
’ Related Data
Access | RW Mapping Yes PP/CSV 1) (reference | Default 0
Mode Range unit/s)

Defines the target velocity in PV and CSV modes.
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Setting .
. During
§ X Condition X Data Data .
Name Profile acceleration ) running VAR Uint32
& Effective Structure Type
. & At once
Index Time
6083h 0to (232-
) Related Data 1 17476266
Access | RW | Mapping | RPDO PP/PV : Default
Mode Range (reference 667
unit/sz)
Defines the speed reference acceleration in PV and PP modes.
For 6083h, the setpoint 0 will be forcibly changed to 1.
i Durin
‘ ‘ Set‘tllng : g i Data '
Name Profile deceleration Condition & running VAR Uint32
A Structure Type
Index Effective Time | &Atstop
6084h 0to(231-1)
. Data 174762
Access | RW | Mapping | RPDO | Related Mode PP/PV (reference | Default
Range 2 66667
unit/s?)
Defines the speed reference deceleration in PV and PP modes.

For 6084h, the setpoint 0 will be forcibly changed to 1.

2.8.5 Related Functions

Monitoring on speed reach
The servo drive checks whether the motor speed feedback is consistent with the

speed reference.

Y Related parameter:
Setting .
. During
L Condition & ) Data Data .
Name Velocity window X running VAR Uintl6
Index Effective Structure Type
) & At once
606Dh Time
A rw I RPDO Related Py Data Range 0 to 65535 E— 1
ccess efau
P Mode & (RPM)
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Index
606Eh

Setting .
. During
. . . Condition & . Data Data .
Name Velocity window time . running VAR Uint16
Effective Structure Type
) & At once
Time
. Related 0to 65535
Access | RW | Mapping | RPDO PV Data Range Default 0
Mode (ms)

606Dh is used to set the threshold for speed reach. 606Eh is used to set the window time for speed reach.

Servo

Speed V

6041 bit10

Speed
reference

Speed
feedback

Velocity window (606Dh)

OFF | |OFF

ON— Speed reach valid

OFF

—

t

OFF — Speed reach invalid

When the difference between the speed reference and speed feedback is within £606D and such status persists for the
time defined by 606E, the speed is reached. In this case, bit10 (Target reached) of 6041h is set to 1.
This flag bit is valid only when the S-ON signal is active in PV mode.

Monitoring on zero speed

The servo drive checks whether the absolute value of motor speed feedback is lower
than the set threshold. If yes, the motor is close to a standstill (zero speed) and bit12

of the status word is set to 1.

Y Related parameter:

Index
606Fh

Setting .
. During
. Condition & ) Data Data )
Name Velocity threshold i running VAR Uint16
Effective Structure Type
) & At once
Time
A RW | Mapping | Repo | oated PV Data | 01065535 |\ e | 10
ccess pping Mode Range (RPM) erau
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Setting X
" During
. . Condition & i Data Data .
Name Velocity threshold time ) running & VAR Uint16
Index Effective Structure Type
) At once
6070h Time
. Related Data 0 to 65535
Access | RW | Mapping | RPDO PV Default 0
Mode Range (ms)
Defines the threshold for zero speed.
A Speed
pee
Speed (V) Forward feedback
[ ‘
606Fh i
i
: >
! t
Reverse -606Fh !
1
_______________ !
! 1
! 1
! 1
! |
! I
! !
o | !
E
5 | OFF ON OFF
e L 5

t

ON — Zero speed signal active  OFF — Zero speed signal inactive

When the speed feedback is within 2606F and the time defined by 6070 elapses, the motor speed is acknowledged to be 0.
In this case, bit12 of 6041 is set to 1.
This flag bit is valid only in PV mode.

Speed limit
In PV mode, 607Fh can be used to limit the maximum speed in the forward/reverse

operation. Note that the maximum operating speed of the motor cannot be
exceeded.
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Speed (V) A
+max. motor speed |- --------c-o oo
+max. profile velocity (607Fh) —
»
t
— -max. profile velocity (607Fh)
”””””””””””””” —-max. motor speed
Y¢ Related parameter:
Setting .
. During
) ) Condition . Data Data .
Name Max. profile velocity i running VAR Uint32
& Effective Structure Type
. & At once
Index Time
607Fh 0to (232-
) Related | PP/PV/PT/ 1) 1048576
A RW | Mappin RPDO Data Range Default
ceess HEE Mode HM/CST 4 (reference erau 00
unit/s)
Defines the speed limit in PP, PV, PT, CST, and HM modes.

Acceleration and deceleration limi
In PV mode, the change rate of

ts
speed references can be limited through acceleration

and deceleration limits.
Setting .
. During
i Condition X Data Data X
Name Max. acceleration ) running VAR Uint32
& Effective Structure Type
Index § & At once
- Time
60C5
0to (232-1)
. Related Data 31

Access | RW | Mapping | RPDO All (reference | Default | 2°°-1

tlocs Range unit/sz)

Defines the maximum limit of acceleration.

In PV mode, if the value of 6083h exceeds that of 60C5h, the value of 60C5h will be used.
For 60C5h, the setpoint 0 will be forcibly changed to 1.

-60-




Basic Functions of the Servo Drive

Setting )
. During
. Condition X Data Data .
Name Max. deceleration ) running VAR Uintl6
& Effective Structure Type
Index . & At once
) Time
60C6
0to (232-1)
. Related Data 31
Access | RW | Mapping | RPDO All (reference Default | 2°°-1
Mode Range unit/s?)

Defines the maximum limit of deceleration.
In PV mode, if the value of 6084h exceeds that of 60C6h, the value of 60C6h will be used.

For 60C6h, the setpoint 0 will be forcibly changed to 1.

Reference polarity
You can change the speed reference direction through setting the speed reference

polarity.
Y Related parameter:
Setting i
" During
] Condition ) Data Data .
Name Polarity ) running VAR Uint8
Index & Effective Structure Type
. & At once
607Eh Time
. Related
Access | RW | Mapping | RPDO Yor All Data Range | 0to255 | Default 0
ode
Defines the polarity of position, speed, and torque references.
bit Description
Velocity reference polarity
6 0: Multiply by 1
1: Multiply by -1
PV: Inverts the target velocity (60FFh)

2.9 Profile Torque (PT) Mode

In PT mode, the host controller sends the target torque (6071h) and the torque slope
(6087h) to the servo drive. The servo drive generates torque reference profiles and

exec

utes torque control.
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2.9.1 Configuration Block Diagram

PT mode (0x6060 = 4)
Target torque (0x6071)

\

Target slope (0x6087) Position actual value (0x6064)

»
!

\

Max. profile velocity (0x607F) Speed actual value (OX6=06C)

»| Servo control

Positive torque limit value (0x60E0) Torque actual value (OXEOW)

\

Negative torque limit value (0x60E1)

Y

Figure 2-10 PT mode

2.9.2 Recommended Configuration

The basic configuration for the PT mode is described in the following table.

RPDO TPDO Remarks
6040: Control word 6041: Status word Mandatory
6071: Target torque - Mandatory
6087: Torque slope - Optional
- 6064: Position actual value Optional
- 606C: Velocity actual value Optional
- 6077: Torque actual value Optional
6060: Modes of operation 6061: Modes of operation display Optional

2.9.3 Function Block Diagram

Speed Max.
regulator speed
2008-01h (H08-00) limit
2008-02h (H08-01) 607Fh

Torque actual value

Target torque

6071h Selected during.

Torque slope speed limit Max
6087h Filter . Torque
607Eh torque
%a%?gg)h limit regulator
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2.9.4 Related Parameters

List of related parameters

Sub-index
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
6040h 00 Control word RW Uintl6 - 0to 65535 0
6041h 00 Status word RO vintl6 - - -
Modes of
6060h 00 . RW Int8 - 0to 10 0
operation
Modes of
6061h 00 operation RO Int8 - - -
display
Target
6071h 00 RW Int16 0.1% -4000 to +4000 0
torque
6072h 00 Max. torque RW Uintl6 0.1% 0 to 4000 3500
Torque
6074h 00 demand RO Int16 0.1% - -
value
6077h 00 Torque RO Int16 0.1% - -
actual value
6087h 00 Torque slope RW uint32 0.1%/s 0t02%-1 2.1
607Eh 00 Polarity RW Int8 - 0to 255 0
Max. profile Reference 0
607Fh 00 . RW Int32 . 0to (2°°-1) 104857600
velocity unit/s
Positive
60EOh 00 torque limit RW Uintl6 0.1% 0 to 4000 3500
value
Negative
60E1h 00 torque limit RW Uintl6 0.1% 0 to 4000 3500
value
Base value
2007h 16 for torque RW Uintl6 % 0 to 400.0 0
reach
Threshold of
2007h 17 valid torque RW Uintl6 % 0to0 400.0 20
reach
Threshold of
2007h 18 invalid RW Uintl6 % 0 to 400.0 10
torque reach
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Description of related parameters

Setting Duri
urin
Condition . & Data Data .
Name Control word i running VAR Uintl6
Index & Effective Structure Type
. & At once
6040h Time
. Related Data
Access | RW | Mapping | RPDO All 0t0 65535 | Default 0
Mode Range
Defines the control command.
bit Name Description
0 Switch on 1: Active, 0: Inactive
1 Enable voltage 1: Active, 0: Inactive
2 Quick stop 0: Active, 1: Inactive
3 Enable operation 1: Active, 0: Inactive
0: Keep present operating state
8 Halt PP P &
1: Halt
Setting
Condition & Data Data .
Name Status word i - VAR Uintl6
Index Effective Structure Type
6041h Time
) Related
Access RO Mapping | TPDO All Data Range - Default 0
Mode
Indicates the servo drive status.
bit Name Description
0 Servo ready 1: Active, 0: Inactive
1 Switch on 1: Active, 0: Inactive
2 Operation enabled 1: Active, 0: Inactive
3 Fault 1: Active, 0: Inactive
4 Voltage enabled 1: Active, 0: Inactive
5 Quick stop 0: Active, 1: Inactive
6 Switch on disabled 1: Active, 0: Inactive
7 Warning 1: Active, 0: Inactive
8 Manufacturer-specific Undefined
1: Active, control word activated
9 Remote )
0: Inactive
0: Target velocity not reached
10 Target reached g X Y
1: Target velocity reached
Llimit acti 0: Position feedback within the limit
1 Internal limit active 1: Position feedback beyond the limit
12to 14 N/A No assignment, always being 0
0: Home not found
15 Home found
1: Home found
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Setting .
. During
Condition & X Data Data
Name Target torque . running VAR Intl6
Effective Structure Type
Index ) & At once
Time
6071h
-4000 to
) Related
Access RW Mapping | RPDO PT/CST Data Range +4000 Default 0
Mode
(0.1%)
Defines the target torque in PT and CST modes.
The value 100.0% corresponds to the rated torque of the motor.
Setting
Name Torque demand value COndItIf)n & - BEE VAR Data Type Int16
Index Effective Structure
6074h Time
. Related -
Access | RO | Mappin TPDO All Data Range Default -
AL Mode 2 (0.1%)
Indicates the torque reference output value during operation.
The value 100.0% corresponds to the rated torque of the motor.
Setting
- D
Name Torque actual value Condmfm & - ata VAR Data Type Intl6
Index Effective Structure
6077h Time
Related -
Access | RO | Mappin TPDO All | DataRange Default -
pping Mode & (0.1%)
Indicates the actual torque output of the servo drive.
The value 100.0% corresponds to the rated torque of the motor.
Setting i
. During
Condition X Data Data i
Name Torque slope i running VAR Uint32
& Effective Structure Type
Index . & At once
6087h Time
Related 01027
’ elate
Access | RW | Mapping | RPDO PT/CST | DataRange 1 Default | 23%2-1
Mode
(0.1%/s)
Defines the acceleration rate (torque reference increment per second) of the torque reference in PT and CST modes.

For 6087h, the setpoint 0 will be forcibly changed to 1.

2.9.5 Related Function Settings

Speed limit in the torque control mode
In the torque control mode, 607Fh can be used to limit the maximum speed in

forward/reverse operation. Note that the maximum operating speed of the motor

cannot be exceeded.
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+max. profile velocity (607Fh)

+max. motor speed

Speed (V) A

»
t
— -max. profile velocity (607Fh)
”””””””””””””” —-max. motor speed
Y¢ Related parameter:
Setting .
. During
. . Condition X Data Data
Name Max. profile velocity X running VAR Int32
& Effective Structure Type
Index § & At once
607Fh Time
0to (232-1)
A ww | Mapping | reDO Related | PP/PV/PT/ | Data (reference | Default 10485760
coess pRIng Mode HM/CST | Range it etau 0
uni

Defines the speed limit in PP, PV, PT, CST, and HM modes.

Torque limit

To protect the mechanical devices, you can limit torque references of the servo drive
in the position control, speed control, and torque control modes by setting 6072h
(Max. torque), 60EOh (Positive torque limit value), and 60E1h (Negative torque limit

value). Note that the maximum torque allowed by the servo drive cannot be

exceeded.
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Torque (T) 4

+drive max. torque

+motor max. torque f------- -

+max. torque (6072h)

+positive torque limit value (60EOh) — —  — —

v

— 1 -negative torque limit value (60E1h)

-max. torque (6072h)

77777777777777777777 -motor max. torque

-drive max. torque

Y¢ Related parameter:

Setting Durin
Condition ) & Data Data .
Name Max. torque ) running VAR Uintl6
Index & Effective Structure Type
. & At once
6072h Time
A rw | Mappin RPDO Related Al Data 0 to 4000 Sl 3500
ceess pPing Mode Range (0.1%/s) etau

Defines the maximum torque limit of the servo drive in the forward/reverse direction.

Setting i
. During
. . Condition . Data Data .

Name | Positive torque limit value ) running VAR Uintl6

Index & Effective Structure Type
i & At once

60EOh Time

A rw | Mappin RPDO Related Al Data 0 to 4000 _— 3500

I
ceess pping Mode Range | (0.1%fs) | Do out

Defines the maximum torque limit of the servo drive in the forward direction.
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Setting .
. During
’ o Condition . Data Data .
Name | Negative torque limit value X running VAR Uint16
Index & Effective Structure Type
) & At once
60E1h Time
A RW | Mapping | RPDO | "Cored Al pata | 004000 | o ke | 3500
1
ceess pRing Mode Range | (0.1%fs) | Coroutt

Defines the maximum torque limit of the servo drive in the reverse direction.

Torque reference polarity

You can change the torque reference direction through setting the torque reference

polarity.
Y Related parameter:
Setting .
. During
. Condition & . Data Data
Name Polarity X running VAR Int8
Index Effective Structure Type
) & At once
607Eh Time
. Related Data
Access | RW Mapping | RPDO All 0to 255 Default 0
Mode Range
Defines the polarity of position, speed, and torque references.
bit Description
Torque reference polarity:
0: Multiply by 1
5 1: Multiply by -1

CSP/CSV: Inverts the torque offset (60B2h)
CST: Inverts the torque reference (6071h + 60B2h).

Monitoring on torque reach

The servo drive checks whether the torque reference reaches the base value. If yes, a
corresponding torque reach signal will be outputted to the host controller.
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E
81&
EXS] Torque reference
S
2%
+(2007-17h) -
+(2007-18h) - 4
! 2007-16h
-(2007-18h) | NG P
-(2007-17h) | NG,
e | B t
o I I I
©
o T | ;
g | |
o ON ! OFF ! ON
'9 7777777777777777777777 I [ *
ON — Torque reach valid OFF — Torque reach invalid t

If the absolute difference between the torque reference and 2007-16h (Base value for
torque reach) is higher than 2007-17h (Threshold of valid torque reach), the torque
reach signal is valid. Otherwise, the original status stays unchanged.

If the absolute difference between the torque reference and 2007-16h (Base value for
torque reach) is lower than 2007-18h (Threshold of invalid torque reach), the torque
reach signal is invalid. Otherwise, the original status stays unchanged.

Y Related parameters:

Setting .
. During
Base value for torque | Condition & X Data Data i
Sub- Name ) running - Uintl6
reach Effective Structure Type
index . & At once
Time
16h
A RW | Mappin Related PT Data Range 00t Default 0
ccess pping - Mode 3 400.0 (%) erau
Setting buri
N Threshold of valid Condition & url.ng Data Data Uint16
. ame runnin - in
Sub torque reach Effective & Structure Type
index ) & At once
Time
17h
A RW | Mappin Related PT pata 0010 | pofault | 200
e pping | - Mode Range | 400.0 (%) | o2 '
Setting Durin
Threshold of invalid | Condition & uring Data Data
Sub- Name . running - Uintl6
torque reach Effective Structure Type
index ) & At once
Time
18h
A RW | Mappin Related PT pata 0010 | oefautt | 100
RS PRINET) - Mode Range | 4000 (%) | o :
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2.10 Homing Mode (HM)
The homing mode is used to search for the mechanical home and determine the
position relation between the mechanical home and mechanical zero.

e Mechanical home: a fixed position on the machine, which corresponds to a certain
home switch or the motor Z signal.
e Mechanical zero: absolute zero point on the machine

After homing is done, the motor stops at the mechanical home. The relation between
the mechanical home and mechanical zero can be set in 607Ch.

Mechanical home = Mechanical zero + 607Ch (Home offset)

When 607Ch =0, the mechanical home coincide with the mechanical zero.

2.10.1Configuration Block Diagram

HM mode (0x6060 = 6)
Homing method (0x6098)

A4

Speed during search for switch Position actual value
(0x6099-01) _ | Speed _ (0x6064)
] limit o o
Speed during search for home Velocity ?&ggls\é?lue
(0x6099-02) Speed Servo control >
> limit > Torque actual value
: . (0x6077)
Homing acceleration
(0x609A) o Acc. o Following error actual value
limit | (0x60F4)

Figure 2-11 HM mode

2.10.2Recommended Configuration

The basic configuration for the homing mode is shown in the following table.

RPDO TPDO Remarks
6040: Control word 6041: Status word Mandatory
6098: Homing method - Optional
6099—91: Speed during search | Optional
for switch
6099-02: Speed during search | Optional
for zero
609A: Homing acceleration - Optional
- 6064: Position actual value Optional
6060: Modes of operation 6061: Modes of operation display Optional
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2.10.3Function Block Diagram

Speed Speed
o | feedforward gain | feedforward filter
2008-14h 2008-13h
(H08-19) (HO08-18)
Home method (6098h)
Homing speeds (6099h)
Homing acceleration (60Ah)
Homing timeout (2005-36h) +
Electronic gear Position loop
Profile ratio j gain +
— ™ T™ (6091-01h >
generator q 2008-03h
6091-02h) __® Position actual (H08-02)
value (6063h)
Torque feedforward Torque
filter feedforward gain |
2008-15h 2008-16h
(H08-20) (H08-21)
A
-+
+ Speed regulator + Maximum
/4 2008-01h (H08-00) < motor speed
2008-02h (H08-01) limit

Speed feedback
200B-01h [RPM]
(HOB-00)

Speed reference
200B-02h [RPM]
(HOB-01)

Torque filter
> 2(3%‘;%2;. Torque limit r;’;&?aﬂgr
2.10.4Related Parameters
List of related parameters
Sub-index
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
6040h 00 Control word RW Uintl6 - 0to 65535 0
6041h 00 Status word RO Uintl6 - - -
Modes of
6060h 00 . RW Int8 - 0to 10 0
operation
Modes of
6061h 00 operation RO Int8 - - -
display
Position Reference
6064h 00 RO Int32 i - -
actual value unit
Followin Reference
6065h 00 Ving RW Uint32 ) 0to(2¥2-1) | 3145728
error window unit
r ’
ollowing 0to 65535
6066h 00 error time RW Uintl6 ms 0
(ms)
out
Reference | 23! to +(231 -
607Ch 00 Home offset RW Int32 t 1 0
uni
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Sub-index .
Index (HEX) (HEX) Name Access Data Type Unit Value Range Default
Max. profile Reference 3
607Fh 00 . RW Int32 . Oto(2°°-1) 104857600
velocity unit/s
Homing
6098h 00 RW Int8 - 1to35 1
method
Speed duri
peed during ) Reference 3
01 search for RW Uint32 . O0to(2°°-1) 1747627
X unit/s
switch
6099h p—
peed during . Reference 0
02 search for RW Uint32 ) 10to (2°7-1) 174763
unit/s
zero
Homin Reference
609Ah 00 & RW uint32 o 0to (2%2-1) | 1747626667
acceleration unit/s
Actual
position .
60E6h 00 R RW Uint8 - Otol 0
calculation
method
Max. Reference
60C5h 00 ) RW Uint32 e 0to(2%2-1) 2%
acceleration unit/s
Homing time .
2005h 24 limit RW Uintl6 s 0 to 6553.5 5000.0
imi
List of related parameters
Setting .
. During
Condition & . Data .
Name Control word i running VAR Data Type | Uintl6
Index Effective Structure
i & At once
6040h Time
’ Related
Access | RW | Mapping | RPDO or All Data Range | 0to 65535 | Default 0
ode
Defines the control command.
bit Name Description
0 Switch on 1: Active, 0: Inactive
1 Enable voltage 1: Active, 0: Inactive
2 Quick stop 0: Active, 1: Inactive
3 Enable operation 1: Active, 0: Inactive
0: Keep present operating state
8 Halt PP P ne
1: Halt
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Setting B
ata
Index | Name Status word Condition & - St VAR Data Type | Uintl6
ructure
6041h Effective Time
Access | RO ‘ Mapping ‘ TPDO | Related Mode All Data Range - Default -
Indicates the servo drive status.
bit Name Description
0 Ready to switch on 1: Active, 0: Inactive
1 Switch on 1: Active, 0: Inactive
2 Operation enabled 1: Active, 0: Inactive
3 Fault 1: Active, 0: Inactive
4 Voltage enabled 1: Active, 0: Inactive
5 Quick stop 0: Active, 1: Inactive
6 Switch on disabled 1: Active, 0: Inactive
7 Warning 1: Active, 0: Inactive
8 Manufacturer-specific Undefined
1: Active, control word activated
9 Remote .
0: Inactive
10 Target reached 1: Home located or homing interrupted
i . 0: Home signal not found
12 Homing attained X
1: Home signal found
) 0: Homing error not occurred
13 Homing error .
1: Homing error occurred
0: Home not found
15 Home found
1: Home found
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Setting .
During
. Condition & . Data Data
Name Homing method Effect] running s VAR T Int8
e
Index (?