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1. Introduction
This document describes the functions of the servo driver MINAS-AGBL series(A6BL/AGBM).

<MINAS-AG6BL series

Functional comparison>

* In this software version, The functions of ““x” are not supported in the table below.

O:Usable x:Not usable

Product
Function

[A6BL]
Linear/DD drive
(Standard type)
Product number
ending with:L

[A6BM]
Linear/DD drive
(Multi-function type)
Product number
ending with:M

CPU1:Verl.12
CPU2:Verl.12

CPU1:Verl.12
CPU2:Verl.12

Control mode

Position control(pp)

O

o

Position control(csp)

Position control(ip)

Position control(hm)

Velocity control(pv)

Velocity control(csv)

Torque control(tq)

Torque control(cst)

Torque control(cstca)

Function

Two-degree-of-freedom control(Position)

Two-degree-of-freedom control(Velocity)

Two-degree-of-freedom control(Torque)

Safety function

Vibration control

Model type damping filter

Feed forward function

Load change suppression control

Third gain switching function

Friction torque compensation

Quadrant projection suppressionfunction

Torque limit switching function

Motor movable range setting function

Torque saturation protection function

Slow stop function

Deterioration diagnosis warning function

Retracting operation function

Position comparison output function

FoE(File Access over EtherCAT)

Jerk

Complete Access of SDO message

X|[X|X|O|O|O|O|O|O|O|O|O|O|O|O|O|O|X|O|O|O|X|O|O|O|O|O|X]|O

X|[X|X|O|O|O|O|O|O|O|O|O|O|O]|]O|O|O|O|O|O|O|X|O|O|O|O|O|X|O

- Some functions cannot be used in [A6BL].
Where applicable, these items are indicated with “Cannot be used in [A6BL]” in the descriptions contained in this
reference for your confirmation.

*1) It is not supported in two-degree-of-freedom control (synchronization type).
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<Supported motor types>
This series can drive a linear motor or a DD(direct drive) motor.

Motor type Linear motor DD (Direct drive) motor
Division in this .
reference Linear type Rotary type
Mass (Unit: kg) Inertia (Unit: kgm?)
Thrust (Unit: N Torque (Unit: Nm
Related terms ( ) que ( )
mm/s r/min
Operation Rotation

On this document, the description of terms are based on “Rotary type.”
In the case of using “Linear type,” please replace terms as the above table.

<Software version>

This technical reference applies to the servo drivers compatible with software of the following version:

* Check the software versions 1 and 2 by 3744h (Reference to section 5-2 of EtherCAT communication
specification) or setup support software PANATERM.

* Check the software version 3 by 100Ah(Reference to section 5-2 of EtherCAT communication
specification).

Software version Contents of function change Available
PANATERM

CPU1(Versionl) First edition 6.0.1.11

Verl.04 or later
CPU2(Version2)

Verl.04
Manufacture Software
(Version3)

Verl.00
CPU1(Versionl) Function extended edition 1 6.0.1.13

Verl.05 Additional capability Reference or later
CPU2(Version2) 1) Retracting operation This document

Verl.05 function 6-7,9
Manufacture Software Support for retracting

H operation
(\\//er8|on3) 2) Dzaling with EtherCAT This document
erl.00 . .
object extension 6-1,
- Extension of torque limit | EtherCAT Communication Specification
function 6-4,6-6,6-7,6-8,9

- Extension of velocity limit
function under torque

control
CPU1(Versionl) Function extended edition 2 6.0.1.15
Verl.06 Additional capability Reference or later
CPU2(Version2) 1)  Torque monitor value This document
Verl.06 accuracy improvement 9-1
Manufacture Software EtherCAT Communication Specification
(Version3) 9
Verl.00
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Software version Contents of function change Available
PANATERM
CPU1(Versionl) Function extended edition 3 6.0.1.15
Verl.07 Additional capability Reference or later
CPU2(Version2) 1)  EtherCAT communication | This document
Verl.07 cycle 8ms, 10ms extension 1
Manufacture Software EtherCAT Communication Specification
(Version3) 1,1-2,2-4,5-5,5-5-1,5-5-3,8-2
Verl.00
CPU1(Version 1) Function extended edition 4 6.0.1.15
Verl.08 Additional capability Reference or later
CPU2(Version 2) 1) Specification extension of over- | This document
Verl.08 travel inhibition input 6-3-1,7-1,7-2,7-3,9-1
Manufacture Software EtherCAT communication
(Version 3) specification 3-6-1,6-9-2,8-1,8-
Ver1.00 3,9
CPU1(Version 1) Function extended edition 5 6.0.1.21
Verl.09 Additional capability Reference or later
CPU2(Version 2) 1)Velocity limit priority function | This document
Verl.09 during torque control 4-4-19-1
Manufacture Software EtherCAT communication
(Version 3) specification
Verl.00 6-8-3
2) Specification extension of This document
Touch Probe function 9-1
EtherCAT communication
specification
6-9-1,8-1,9
3)Target posion echo function This document
No change
EtherCAT communication
specification
6-6-1,9
CPU1(Version 1) Function extended edition 6 6.0.3.0
Verl.10 Additional capability Reference or later
CPU2(Version 2) 1) Expansion of V frame supported This document
vVerl.10 1-1,2-4-2,3-1,3-2-1,3-2-2,
3-4,4-5,6-3-3,6-5,6-7,7-1,
Manufacture Software 9-1-1,9-1-5,9-1-6.9-1-8
(Version 3) EtherCAT communication
Verl.00 specification
3-8,3-8-1
CPU1(Versionl) Function extended edition 7 6.0.4.1
Verl.12 Additional capability Reference or later
CPU2(Version2) 1) Improved EtherCAT This document
Verl.12 communication compatibility 9-1
Manufacture Software EtherCAT communication
(Version3) specification
Ver1.00 No change

R8.1
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<Software Notice>
This product contains Open Source Software (OSS) and is used under the following license terms.
Your company may be obliged to use OSS, so please take appropriate measures.

Copyright (c) 2011, Texas Instruments Incorporated
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of Texas Instruments Incorporated nor the names of
its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO,

THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,

EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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< Related data>
SX-DSV03190 : Standard specifications(A6BL Series, other than V frame)
SX-DSV03510 : Standard specifications (A6BL series V frame)
(The specification about hardware, Safety Precautions,Warranty etc. is indicated.
Please be sure to read carefully, after understanding the contents, refer to this
specification.)
SX-DSV03307 : Technical Reference (EtherCAT communication specification)

<IMPORTANT>

(1) All rights reserved. No part of this publication may be reproduced or transmitted in any form without
prior permission.

(2) Motor Business Unit, Panasonic Corp. reserves the right to make modifications and
improvements to its products and/or documentation, including specifications and software, without
prior notice.

(3) For MINAS-AGBL series, the shipment setting value was changed from the previous series(MINAS-
AS5BL series, etc.) by enabling "2 degrees of freedom control mode", etc.
Note that the parameters need to be adjusted again if replacing with MINAS-AG6BL series from the
previous series.
See the Standard specifications for the shipment setting value of the MINAS-AGBL series.

(4) See Section 1-2 "Main differences from MINAS-A5BL series" in technical document - EtherCAT
communication specification (SX-DSV03307) for differences from the MINAS-ASBL series.

(5) MINAS-AG6BL series may not be fully compatible operation with the previous series(MINAS-A5BL
series).
In the case of replacing the previous series to MINAS-AG6BL series, be sure to evaluate.

(6) See the Standard specifications for the product number of servo driver that passed the EtherCAT
Conformance Test.

EtherCAT® is registered trademark and patented technology,

licensed by Beckhoff Automation GmbH, Germany.
—
EtherCAT.

Conformance tested

R8.1
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1-1 Basic Specification

Item

Contents

Control method

Other than V frame
V frame

IGBT PWM method, sinusoidal drive
MOSFET PWM method, sinusoidal drive

Control mode

Modes of operation
Profile position mode
(Profile position control mode)
Cyclic synchronous position mode
(Cyclic position control mode)
Homing mode
(Origin return position control mode)
Profile velocity mode
(Profile speed control mode)
Cyclic synchronous velocity mode
(Cyclic speed control mode)
Torque profile mode
(Profile torgue control mode)
Cyclic synchronous torque mode
(Cyclic torque control mode)

pp

Position csp

hm

pv

Speed
csv

tq

Torque
cst

Feedback scale

A/B phase/origin signal differential input type
Serial communications type ~ (Incremental specification, Absolute linear specification, and
Absolute rotary specification)*1

Pole detection signal

CS signal (CS1, CS2, CS3), or pole position estimation (CS signal unnecessary)
- Changeable with a parameter

Input

Each 8 input can be assigned by the parameter.

Control signal
Output

Other than V frame
V frame

Each 3 output can be assigned by the parameter.

Assignment possible at 2 points (function assignment by
parameter), alarm signal output 1 point.

Analogue signal | Output

2 outputs for analog monitors 1 and 2
Cannot be used with [V frame].

Pulse signal Output Feedback scale pulse is output to the line driver with the A/B phase signal.
Communication for transmission of a real-time operation command, the parameter
EtherCAT . Lo
. setting, or the status monitoring.
Communi- -
cation USB interface to connect to computers (setup support software PANATERM) for
USB parameter setting or status monitoring.

USB cable connection is possible.

Safety terminal

Terminal to support safety function. *2

Front panel

1. 7-segment LED (double digits) *3

2. Network status LED (LINK, COM)

3. Rotary switch for node address setting

4. Analog monitor output (Analog monitors 1 and 2) *3
5. ALM LED and SRVON LED *4

Regeneration

Frame size A and B: Without built-in regenerative resistor (use external resistor)
Frame size C—F: Built-in regenerative resistor (External regenerative resistor is also available)
V frame: No built-in regenerative resistor (external addition not possible)

Dynamic brake

For information on the built-in type, refer to the Standard specifications.

*1: Please contact us for a corresponding part number.

*2: Available for [A6BM] only. It cannot be used in [A6BL].
*3: Cannot be used with [V frame].

*4: Can be used only with [V frame].

R8.1
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1-2 Function (Position control)

Item Contents

Positive direction drive inhibit, negative direction drive inhibit, latch signal,
near home position, etc.

Control input

Control output Positioning completion etc.

Position Input mode Command type by EtherCAT command

command i i i i i

C Smoothing Filter Either a primary delay filter or a FIR type filter can be selected against
Input command input.

Available (Up to 3 frequency settings, out of 4 settings in total, can be
used simultaneously.)

Available (2 filters available)
[Requirement] 2 degrees of freedom control is enabled.

Damping control

Model type damping filter

Feed forward function Available (speed/torque)

2| Load variation suppression Available

§ function [Requirement] Servo-on. No hindrance for the motor’s normal run.
S| .. Lo . Available

o

E= (2l & B U e [Requirement] Servo-on. No hindrance for the motor’s normal run.
o

a Available

Friction tor mpensation . .
CRRIE R [Requirement] Servo-on. No hindrance for the motor’s normal run.

Quadrant projection suppression | Available

function [Requirement] Servo-on. No hindrance for the motor’s normal run.
Two-degree-of-freedom control | Available (standard)
mode [Requirement] Servo-on. No hindrance for the motor’s normal run.
Torque limit switching function Availgble .
[Requirement] Servo-on. No hindrance for the motor’s normal run.
Available

Mi(oiar erpETE ] S R e [Requirement] Servo-on. No hindrance for the motor’s normal run.

Torque saturation protection

. Auvailable
function

R8.1 Motion Control Business Unit, Panasonic Industry Co., Ltd.
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1-3 Function (Velocity control)

Item Contents
. Positive direction drive inhibit, negative direction drive inhibit, latch signal,
Control input ete
Control output At speed etc.
Velocity
command | Input mode Command type by EtherCAT command
input

0 —10 s/ 1000 r/min Acceleration and deceleration can be set separately.

Soft start/slowdown function . S :
S-curve acceleration/deceleration is also available.

Damping control Not available
Model type damping filter Not available
Tg Feed forward function Available (torque)
§ Load variation suppression Available
2 function [Requirement] Servo-on. No hindrance for the motor’s normal run.
E Gain 3 switching function Not available
> Available

Friction torque compensation [Requirement] Servo-on. No hindrance for the motor’s normal run.

Quadrant projection suppression

. Not available
function
Two-degree-of-freedom control | Available (standard)
mode [Requirement] Servo-on. No hindrance for the motor’s normal run.
Available

VeI (i S7 8 g e [Requirement] Servo-on. No hindrance for the motor’s normal run.

Motor operatable setup function [ Not available

Torque saturation protection
function

Available

R8.1 Motion Control Business Unit, Panasonic Industry Co., Ltd.
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1-4 Function (Torque control)

Item

Contents

Control input

Positive direction drive inhibit, negative direction drive inhibit, latch signal,

etc.

Control output

At speed etc.

Torque
command
input

Input mode

Command type by EtherCAT command

Speed limit function

Speed limit value cane be set by parameter.
(Switched by EtherCAT command.)

Torgue control

Damping control Not available
Model type damping filter Not available
Feed forward function Not available
Load.varlatlon suppression Not available
function

Gain 3 switching function Not available
Friction torque compensation Not available
Quadrant projection suppression Not available

function

Two-degree-of-freedom control
mode

Configurable

Torque limit switching function | Not available
Motor operatable setup function [ Not available
Torque saturation protection Not available

function

R8.1
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1-5 Function (Common)

Item

Contents

Common

Electronic gear ratio

Applicable scaling ratio: 1/1000-8000

Identifies the load inertia real-time and automatically sets up the gain that

Auto-tuning meets the stiffness setting when the motor is running with upper and internal
operation commands.

Notch filter Available (5 filters available)

Gain switching function Available
Available

2-step torque filter

[Requirement] Servo-on. No hindrance for the motor’s normal operation.

Position comparison output
function

Available

[Requirement] EtherCAT communication is established. No hindrance for the
motor’s normal run.
In the case of serial incremental feedback scale, home position
return must be completed.

Protective function

Overvoltage, undervoltage, overspeed, overload, overheat, overcurrent,
encoder failure, positional overdeviaition, EEPROM failure, etc.

Alarm data trace back

Tracing back of alarm data is available

Deterioration diagnosis function

Available

Retracting operation function

Auvailable

R8.1
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1-6 Combined motor specification (for reference)

Motor

Linear type

Rotary type

Magnetic pole

Pitch: 1t0 300 mm *4

Number of pole pairs per revolution: 1 to 64
*4

Max/rated current ratio

0 to 500%

M/F ratio (J/T ratio)

M/F ratio: 0.0005 to 0.3 [kg/N]

| JIT ratio: 0.000005 to 0.003 [kgm?/Nm]

Electrical time constant
(for reference) *1

Carrier 6 kHz: 1 ms or more, 8 kHz: 0.8 ms or more, 12 kHz: 0.5 ms or more

Acceptable speed

Electrical angle frequency: Up to 500 Hz

Feedback scale

Linear type

Rotary type

type
+ Serial communication type
(incremental specification and Absolute
linear specification)

Resolution 0.001 to 10 [um/pulse] *4 10000 to 22° [pulse/r] *4 *7
Maximum length Up to resolution x (2%°- 1) —
Scale type - A/B phase,differential origin signal input | + A/B phase, differential origin signal input

type
+ Serial communication type
(incremental specification and Absolute
rotary specification)

Acceptable scale speed
*2

AJB phase, differential origin signal
input type: Up to 4M [pulse/s]*6
- Serial communication type: Up to 4000 M
[pulse/s] *5

- A/B phase, differential origin signal input
type:

Up to 4M [pulse/s]*6

+ Serial communication type: Up to 1000 M
[pulse/s]

*1 These figures are for reference only. Decide whether to apply the data by evaluating actual combination. (Noise,
motor heating, etc.)

*2 This an available speed on the driver. For information on the supported speed on the scale side, refer to the scale
specifications separately.

*3 For more information on various specifications, also refer to “4-7 Linear motor/feedback scale setting”.

*4 The number of pulses should be 2048 or more per magnetic pole pitch (per electric angle cycle).

*5 In case of velocity control mode or torque control mode, it is up to 2100M [pulse/s].

*6 For information on acceptable scale speed over 4 Mpps, contact us.

*7 Regarding resolution of the serial communication type (absolute rotary specification), if it exceeds 2%*[pulse/r], only
2" (2%, 225, etc.) [pulse/r] are supported.
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1-7 Main differences from the MINAS-A5BL series

There are mainly the following differences in specifications when comparing the MINAS-A6BL series with the
MINAS-ASBL series.Please inquire about specification differences other than the below.

<SX-DSV03306 : Technical document (Basic function specifications)>

AS5BL specification A6B specification AB6BL specification(Linear/DD drive)
i . . A6BM] (Multi-function type
Chapter Function Contents VersoL . [AGBTF] (Munzl-éunmzlo_n type) , [ [AGI%I(_] i type))/p )
PUL: Verl12,CPU2 : VerL12 | = cpyy1 . ver1.12,CPU2 : Verl.12
2-1 Input signal | Retracting operation input (RET) Not supported Supported Not Supported
2-4-1
2-2 Output signal |Position comparison Not supported Supported Supported
funciton output “CMP-OUT”
Deterioration diagnosis velocity output |Not supported Supported Supported
“V-DIAG”
2-4-2 | Assignment of |Estimated pole position output (CS- 12h Not Supported 16h
output signal |CMP)
Setup value
3-2 | 7-segment LED (Station Alias display The setting value of RSW of the | The value to be displayed varies depending on the setting value of 3741h
3700h(Display on LED)=4 front panel is displayed regardless |(Station Alias selection).
(Station alias setting value) display of 3741h (Station Alias selection).
setting 3741h = 0: Value of RSW of the front panel
3741h = 1: Value of Low byte of SII area(0004h)
3-4 Monitor signal |Analog monitor Encoder unit Command unit
output function |Unit of command position deviation  |(No reflection of 607Eh (607Eh (Polarity) is reflected.)
(Polarity))
4-2-4 Positioning | Position setup unit select Not supported Supported Supported
complete output | 3520h(Position setup unit select) 3520h = 0 : command unit 3520h = 0 : command unit
(INP/INP2) 3520h = 1 fixed (encoder unit) 3520h = 1 : encoder unit(external 3520h = 1 : feedback scale unit
function scale)
4-2 Torque offset |1st delay filter for 60B2h (Torque Not supported Supoprted
4-3 filter offset)
4-4 (Pr7.113)
4-5
4-2-5 Pulse Function for transmitting the Not supported Supported
regeneration |movement amount to the host
function controller with AB pulse
4-4-1 Speed limit  |Addition of a velocity limit priority Not supported Supported
function function during torque control
- Full-closed  [Support for the full-closed system Not supported supported Not Supported
control with external scale
- External scale |Function that monitors external scale  [Not supported supported Not Supported
position position information via EtherCAT
information |communication even under semi-
monitor closed control
function under
semi-closed
control
5-2-9 | Load variation |Function for suppressing fluctuation of |Not supported Supported
suppression | motor speed caused by disturbance
function torque and load fluctuation and
improving stability
- Hybrid Function that suppresses the vibration |Not supported supported Not Supported
vibration resulting from the amount of torsion of
damping the motor and the load in the full-
function closed control mode
5-2-13 Quadrant Control configuration that suppresses |Not supported Supported
projection  [quadrant projection occurring during
suppression |arc interpolation of 2 or more axes
function
5-2-14 | Two-degree-of- |2 degrees of freedom control shipment |2 degrees of freedom control 2 degrees of freedom control  Enabled
5-2-15 |freedom control |setting condition Disabled (Shipment value 1)
5-2-16 mode Shipment value of 3647h (Function (Shipment value 0)
expansion setup 2)
Control mode in 2 degrees Position control mode + 2 degrees of freedom control + 2 degrees of freedom control
of freedom control (standard type) (standard type)
Position control mode, Position control mode,
Velocity control mode Velocity control mode
+ 2 degrees of freedom control Torque control mode
(synchronization type)
Position control mode
(To be continued)
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<SX-DSV03306 : Technical document (Basic function specifications)>

AS5BL specification A6B specification A6BL specification(Linear/DD drive)
Chapter | Function Contents [A6BF] (Multi-function type) [A6BM] (Multi-function type)
Vers.01 CPUL : Verl.12,CPU2 : Verl.12 [AGBL] (Standard type)
: T i ’ CPU1 : Verl.12,CPU2 : Verl.12
- High response |Function to improve the Not supported Supoprted
current control |responsiveness of the current control
part
6-3-6-2 | Fall prevention |Internal value state selection of 60B2h |Switching with 3724h bit10 Switching with 3724h bit7
function in the |(Torque offset) switching bit in servo-
event of Servo- |off (fall prevention function in the
ON event of Servo-ON)
6-5 Position Function that enables a general- Not supported Supported
comparison  |purpose output or encoder output
output function |terminal to output a pulse signal when
the actual position passes the position
set for the parameter
- Continuous  |Function that enables setting of the Not supported Supported Not Supported
rotating upper limit value for the absolute
absolute encoder multi-turn data arbitrarily
encoder
function
6-6 Deterioration |Function that checks the changes in Not supported Supported
diagnosis motor and connected equipment
warning characteristics to output deterioration
function diagnosis warning.
6-7 Retracting  |Function that performs an retracting Not supported Supported Supported
operation operation at the speed and movement
function amount set up by the relevant
parameters when one of the retracting
operation activation conditions is
established
- Backlash Function that backlash compensation  [Not supported Supported Not Supported
compensation |and the specification extension of
function backlash compensation
7-1 List of Errl6.1 Torque saturated is continued for the | Torque saturated is continued for the time set for Pr7.16 “Torque saturation error
protective  |(Torque saturation error protection) value set for Pr7.16 “Torque protection times™ or Pr6.57 “Torque saturation error protection time”.
function Occurrence factor saturation error protection times”.
Err27.4(Position command error Not clearable Clearable
7-2 Details of  |protection) clear attribute
Protective  [Err27.7 Not supported Supported
function  |(Position information initialization
error protection)
Err87.1 Not supported Supported
(Retracting operation completion
(10)
Err87.3(Retracting operation error) Not supported Supported
Err88.1 The mode other than position + 6060h (Modes of operation) 3(pv) | Alarm does not occur
(Control mode setting error protection) |control is set for 6060h (Modes of |  or 9(csv) is set up under 2 degrees
Occurrence factor operation) while in 2 degrees of freedom control mode
freedom control mode. (synchronization type).
* 2 degrees of freedom control
mode (synchronous type) was set
when under full-closed control.
Err88.2 When the ESM state received a + When the ESM state received a transition command to other ESM
(ESM requirements during operation |transition command to other ESM |  states with the PDS state at “Operation enabled” or “Quick stop active”.
error protection) Occurrence factor states with the PDS state at + When 3799 bit0=1 is set, the command for transiting from the current
“Operation enabled” or “Quick ESM to other ESM state is received during servo-on
stop active”. (while warning D2 is occurring) on PANATERM.
Err91.1 Control mode was switched at « Communication cycle was set to |Alarm does not occur.
(Command error protection) intervals shorter than 2ms. 0.250 ms or 0.125 ms under semi-
Occurrence factor closed control while the external
scale position information monitor
function is valid.
+ Communication cycle was set to
0.250 ms or 0.125 ms under full-
closed control and DC synchronous
mode or SM2 synchronous mode.
* A position where it cannot shift to
infinite turn absolute mode (outside
the range for Position range limit
(607Bh)) was set as the target
position.
Er935 Not supported Supported
(Parameter setting error protection 4)
Occurrence factor
(To be continued)
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<SX-DSV03306 : Technical document (Basic function specifications)>

AS5BL specification A6B specification A6BL specification(Linear/DD drive)
Chapter Function Contents \Vers ol [A6BF] (Multi-function type) [AG[IZlg/IéIEI]\/I(téltt;f;anrcdtltoyr;gpe)
CPUL : VerL12.CPU2 : VerL12 | cpyyp . ver1.12,CPU2 : Verl.12
7-3 Warning Warning latch state setup function Not supported Supported
function 3627h(Warning latch state setup) 3627h is fixed at 3.
(Both extended warning and
general warning are latched.)
Over-load warning detection level A5B:Not supported Supported
and Over-load warning release level ~ [A5BL:supported Over-load warning detection level(3695h)
Over-load warning detection Over-load warning release level (3696h)
level(3673h)
Over-load warning release
level (3674h)
D3h (Over-travel inhibition Not supported Supported
warning)
7-4 Excess « Position deviation excess Encoder unit It is possible to change to command | It is possible to change to command
positional setup unit or encoder unit(external scale unit or feedback unit by
deviation 3014h(Position unit) by  3520h(Position setup unit | 3520h(Position setup unit select).
protection deviation excess setup) select).
setting - Positioning complete range 3520h = 0 : command unit
unit 3520h = 0 : command unit 3520h = 1 : feedback scale unit
3431h(Positioning complete 3520h = 1 : encoder unit (external
(In-position) range) scale)
3442h(Positioning complete
(In-position) range 2)
8-1 safe torque off |The state when STO function is Alarm state Alarm does not occur.
(STO) function |activated. Occurrence of Err30.0 (safety Front panel display is “St”.
input protection)

<SX-DSV03307 : Technical document (EtherCAT Communication Specifications)>

Please refer to technical document EtherCAT communication specification (SX-DSV03307), Section 1-2 for details.
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2. Interface Specification
2-1 1/0 connector input signal

Title of signal

Symbol

Connector
pin No.
*2)

Contents

Related control mode *1)

EtherCAT
communi-
cations

Position

Velocity

Torque

monitor

command *3)

Input signal source

I-COM

Connect to the positive or negative terminal of
the external DC source (12-24 V).

Forced alarm input

E-STOP

Generates Err 87.0 “Forced alarm input error”.

Positive direction
over-travel inhibition
input

POT

(SI2)

Positive direction over-travel inhibit input.

The operation with this input turned ON is set up
in Pr 5.04 “Setup of over-travel inhibit input”.
When using Positive direction over-travel inhibit
input, connect the signal so that the input is
turned ON when the moving portion of the
machine travels in positive direction exceeding a
limit.

*If used as a home position reference trigger in a
home position return, this input signal can only
be assigned to SI6, respectively.

The signal width should be 1 ms or longer

then at the time of closing, and should be 2 ms
or longer then at the time of opening.

Please keep in mind that it cannot guarantee

this value.

Negative direction
over-travel inhibition
input

NOT

(S13)

Negative direction over-travel inhibit input.

The operation with this input turned ON is set up
in Pr 5.04 “Setup of over-travel inhibit input”.
When using Negative direction over-travel
inhibit input, connect the signal so that the input
is turned ON when the moving portion of the
machine travels in negative direction exceeding a
limit.

« If used as a home position reference trigger in a
home position return, this input signal can only
be assigned to SI7, respectively.

The signal width should be 1 ms or longer

then at the time of closing, and should be 2 ms
or longer then at the time of opening.

Please keep in mind that it cannot guarantee

this value.

Near home input

HOME

(Sl4)

When using the near home sensor during the
return to home position operation, input the
sensor signal.

If used as a home position reference trigger in a
home position return, the input can only be
assigned to SI5, respectively.

The signal width should be 1 ms or longer
then at the time of closing, and should be

2 ms or longer then at the time of opening.
Please keep in mind that it cannot guarantee
this value.

Retracting operation
input

RET

+ Activates a retracting operation
if conditions are satisfied according to
the setting for Pr6.85 “Retracting operation
condition setting”

R8.1
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EtherCAT
Related control mode *1) communi-
) . Connector cations
Title of signal Symbol | pin Zh)lo. Contents
Position Velocity Torque  |command m(igi)tor
0 |° These signals are used for touch-probe function
External latch input 1| EXT1 (SI5) or homing function. e @) @) - @)
« This input can only be set to a-contact.
* The signal width should be 1 ms or longer then at
the time of closing, and should be 2 ms or longer
. 11 then at the time of opening.
External latch input 2 | EXT2 (S6) It cannot guarantee this value. O O O - O
« EXT1 can only be assigned to S15.
» EXT2 can only be assigned to S16.
General purpose SI- -
monitor input 1 MON1 A A A ) ©
ﬁiﬂ?tr:: ?nurﬁfze M?)Il-\lz * « Used as the general purpose monitor input. A A A - o
General puprpose S o This input does not affect the operation, and can
ot - be used for monitoring through 4F21h(Logical -
monitor input 3 MON3 | (SI7) - - g rough (Log A A A ©
General purpose 3I- 3 input signal), 4F23h(Logical input
monitor input 4 MON4 | (SI8) signal(expansion portion)), 60FDh(Digital inputs). AN A A - ©)
General purpose Sl- 5 )
monitor input 5 MON5 | (SI1) A o o ©
External alarm clear + Dis arm inputs the alarm.
input A-CLR * « There are alarms that cannot be disarmed by this O O O - O
input.
* Switches the dynamic brake (DB) ON/OFF
Dynamic brake after stop (when the main power is off).
(DB) switching DB-SEL * * Switching is only possible when main power O O O - O
input supply off is detected.
» For details, refer to 6-3-3.

*1) The triangle in the table under [Control mode] indicates that the turning ON/OFF of the input signal does not affect
system operation.

*2) Except for I-COM, input signal pin assignment can be changed. The pins in “Connector pin No.” column in the table

denote factory default settings. The signal with a pin that is marked with “*” is not assigned by default. For more

information, refer to “2-4-1 Input signal allocation”.

*3) It is possible to monitor the condition of the signals where “o” is attached to the EtherCAT communication monitor on
the table with 4F21h(Logical input signal), 4F23h(Logical input signal(expansion portion)),
60FDh (Digital inputs).
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2-2 1/0 connector output signal

EtherCAT
Related control mode *1) | communi-
Title of signal i ool Conneetor Contents : cations
2) RO monitor
Position Velocity Torque |command| *3)
3
Servo-Alarm ALM+ (S03+) |+ This signal s_hows that the driver is in a!arm_status.
output « Output transistor turns ON when the driver is at O O O — | O
ALM- 4 normal status, and turns OFF at alarm status.
(Alarm) (S03-)
« This signal shows that the driver is ready to be
activated.
* The servo becomes ready when all the following
Servo-Ready S-RDY - conditions are satisfied, and the output transistor is o o o o
output (Servo_Ready) turned on.
(1) Control/Main power is established.
(2) Alarm does not occur.
(3) EtherCAT communication is established.
1 « Feeds out the timing signal which activates the
BRK-OFF+ (S01+) | electromagnetic brake of the motor.
External brake « Transistor is turned ON when electromagnetic o o o o)
release signal brake is released.
BRK-OFF— 1|+ This output needs to be assigned to every control
(S01-) | mode.
« Outputs the signal configured at 60FEh:Digital
output /bit 0.
set brake output set brake * * Transistor will be turned off at “1”. O O O O | —
(Brake will be activated.)
« See the notes *4) state the output transistor.
« Outputs the positioning complete signal/positioning
Positioning complete signal. . L
INP * « Turns ON the output transistor when positioning is O — — — | O
complete
completed.
« For details, refer to 4-2-4.
« Outputs the speed arrival signal.
Speed arrival AT-SPEED -  Turns on the output transistor when a velocity is - o o . o
output reached.
» For details, refer to 4-3-1.
« Outputs the torque in-limit signal.
T_orque in-limit TLC * . Tur_ns on the output transistor when torque is o o o o o
signal output limited.
- For details, refer to 6-4.
Zero-speed « Outputs the zero-speed detection signal.
detection output ZSP * « Turns on the output transistor when zero velocity is O O O — O
signal detected.
+ Outputs the speed matching signal.
Speed matching V-COIN - « Turns on the output transistor when velocity - o o . o
output matches.
« For details, refer to 4-3-2.
« Outputs the positioning complete signal/positioning
Positioning complete signal 2.
INP2 * | Turns on the output transistor upon positioning O — — — | O
complete 2 .
completion 2.
» For details, refer to 4-2-4.
« Outputs the warning output signal set to Pr 4.40
Warning - “Warning output select 1”
output 1 WARNL « Turns on the output transistor when a selected © © © T ©
alarm occurs.
+ Outputs the warning output signal set to Pr 4.41
Warning - “Warning output select 2”
output 2 WARN2 + Turns on the output transistor when a selected © O O o ©
alarm occurs.
R8.1 Motion Control Business Unit, Panasonic Industry Co., Ltd.
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EtherCAT
Related control mode *1) | communi-
Title of signal Sy:r;;)ol S Contents cations
monitor
Position Velocity Torque |command *3)
Positional * Ouputs the position command ON/OFF signal.
* « Turns on the output transistor when the positioning
command P-CMD - . - O — — — O
ONJ/OFF output conjn_wan_d (before filter) is other than 0 (with
positioning command).
« Outputs the speed limit signal during torque
Speed in-limit - command.
output V-LIMIT « Turns on the output transistor when velocity is o o © — | ©
limited.
* The signal is output if an alarm which can be
Alarm attribute - cleared, is input.
output ALM-ATB  Turns on the output transistor when an alarm © O O T ©
occurs.
 Turns on output transistor when the velocity
Velocity command is applied while the velocity is
command V-CMD * controlled. - . . — O — — O
ONJ/OFF output  Turns on the output. trans_lstor if the velocity _
command (before filter) is not less than 30r/min
(with velocity command).
25

General purpose
output 1

EX-OUTL+ (S02+) |* Output signal set by Bit16 of 60FEh(Digital outputs).
(ONat 1, OFF at 0)
For the state of the output transistor, refer to Note

26 *4.
EX-OUT1- | qny )
Servo on status SRV-ST * |+ Turns on the output transistor during servo on. O O O — | O

output

(Servo_Active)

Position » The output transistor is turned ON or OFF when
comparison CMP-OUT * the actual position passes the position set by the O O O — —
output parameter.
+ Output transistor turned ON when motor speed is
Deterioration within the range of Pr4.35 “Speed coincidence range”
diagnosis V-DIAG * of Pr5.75 “Deterioration diagnosis velocity setting”. O O O — O

velocity output

+ There is a hysteresis of 10r/min in the coincidence
judgment of deterioration diagnosis velocity.

Estimated pole
position output

When the pole position was estimated, the output
transistor is turned ON.

* For information on the output transistor, refer to
Note *6.

CS-CMP *

*1)

*2)

*3)

For the signal with “-” sign in the “Related control mode” column, the output transistor is always turned off in
that control mode.

Output pin assignment can be changed. The pins in “Connector pin No.” column in the table denote factory
default settings. The signal with a pin that is marked with “* is not assigned by default. For more information,
refer to “2-4-2 Assignment of output signal”.

[TP L)

It is possible to monitor the condition of the signals where “o0” is attached to the EtherCAT communication
monitor on the table with 4F22h(Logical output signal) or 60FDh (Digital inputs).

R8.1
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*4) The state of output transistor changes as follows in each communication state:

ST Ve LE 6 State of output transistor
Setting value COREY
Sign of P?? 24 01h 02h Communication | Communication | Communication
’ (Physical (Bit Reset established intercepterd re-established
outputs) | mask) *5) *5) *5)
0
0 set brake = 1 set brake = 1 set brake = 1 set brake = 1
1 (brake on) (brake on) (brake on) (brake on)
set brake -
0 set brake =0 set brake =0
1 set brake = 1 set brake = 1
! (brake on) set brake = 1 (brake on) set brake = 1
(brake on) (brake on)
0
0 EX-OUT1=0 EX-OUT1=0 EX-OUT1=0 EX-OUT1=0
1
hit0=0 _
(hold) 0 EX-OUT1 =0 Ex-gglg =0 | ExouTi=0
1 EX-OUT1=0 EX-OUTL= 1
1 EX-OUT1=1 ) - EX-OUT1=1
(hold)
EX-OUT1 0
0 EX-OUT1=0 EX-OUT1=0 EX-OUT1=0 EX-OUT1=0
1
bit0 =1
(initialization) 0 EX-OUT1=0 EX-OUT1=0
1 EX-OUT1=0 EX-OUT1=0
1 EX-OUT1=1 EX-OUT1=1
*5) “Communication established”, “Communication intercepted”, and “Communication re-established” refer to

the following cases.
Communication established

Communication intercepted

ESM state is PreOP or higher

PDO communication is disabled

(ESM state transitioned to other states than OP),
or

SDO communication is disabled

(ESM state transitioned to Init)

60FEN-01h or 60FENh-02h has been written
successfully

Communication re-established

Safety precautions:

When executing set brake signal control using 60FEh (Digital outputs), be sure to use it in PDO and
enable the PDO watch dog.

In SDO, the communication shutoff cannot be judged, the brake may be kept to be released and it is
unsafe.

Please ensure safety on the equipment side.

*6) The timing when the Estimated pole position output (CS-CMP) is turned ON may vary sccording to the conditions
below.

Timing when Estimated pole position

Pr9.20 (Pole detection method) output turns ON

0 (undefined) Does not turn ON.

After the initialization is completed durung the control
power-on

After the pole position is estimated
successfully

(does not turn ON on abort)

After the pole position is recovered
successfully

(does not turn ON on abort)

1 (CS signal)

2 (Pole position estimation)

3 Pole position recovery)
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2-3 1/0 connector other signal
2-3-1 Encoder output signal / Position comparison output signal

EtherCAT
Title of signal | Symbol | Connector pin No. Contents Control mode C‘if:tfigl:;"
Position [ Velocity [ Torque command| monitor
Frame ground O%I\A\/I-I;i + 17 « Outputs frequency-divided feedback scale
To be used by singnals (A/B phase) differentially (RS$422
the OA-/ 18 equivalent).
manufacturer. | OCMP1- « Ground for line driver of output circuit is
B-phase output /| OB+/ 20 connected to signal ground (GND) and is
Position OCMP2+ not insulated. o
comparison OB-/ + Max. output frequency is 4 Mpps (after
output 2 OCMP2- 19 quadrupled)
— » When Pr4.47 “Pulse output selection” is set
Ec?ri:ggrri]son OCMP3+ 21 to 1,can be used as position compare
- tput.
output 3 OCMP3 22 outpu
Signal ground GND 16 « Signal ground
2-3-2 Others
EtherCAT
Title of signal Symbol | connector pin No. Contents Control mode c%r;rirgtrjg-
Position | Velocity [ Torque command| monitor
« This output is connected to the ground

Frame ground FG shell | terminal inside of the driver.
To be used by
the — 23,24 |+ Keep these pins unconnected.
manufacturer.
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2-4

signal allocation function

Default I/O signal allocation can be changed.

2-4-1 Input signal allocation

Desired input signal can be allocated to any input pin of 1/0 connector. The logic can be changed.
Some allocation limit is applied to specific signals. Refer to “(2) Reallocation of input signal”.

(1) Using with the default setting

The table below shows default signal allocation.

Note: Default settings of certain model will differ from those shown below. If the default settings shown in Standard

specification are different from values shown below, the settings described in Standard specification are valid
default values.

Default Default setup
Pin Pin Applicable tsettmg Position control Velocity control Torque control

name | No. parameter (): decimal

notation Signal Logic *1) Signal Logic *1) Signal Logic *1)
00323232h

Si1 5 Pr4.00 (3289650) SI-MON5 | a-contact | SI-MON5 | a-contact | SI-MON5 | a-contact
00818181h

SI2 7 Pr4.01 (8487297) POT b-contact POT b-contact POT b-contact
00828282h

SI3 8 Pr4.02 (8553090) NOT b-contact NOT b-contact NOT b-contact
00222222h

Sl4 9 Pr4.03 (2236962) HOME a-contact HOME a-contact HOME a-contact
00202020h

SI5 10 Pr4.04 (2105376) EXT1 a-contact EXT1 a-contact EXT1 a-contact
00212121h

SI6 11 Pr4.05 (2171169) EXT2 a-contact EXT2 a-contact EXT2 a-contact
00303030h

SI7 12 Pr 4.06 (3158064) SI-MON3 | a-contact | SI-MON3 | a-contact | SI-MON3 | a-contact
00313131h

SI8 13 Pr4.07 (3223857) SI-MON4 | a-contact | SI-MON4 | a-contact | SI-MON4 | a-contact

*1) Operation of a-contact and b-contact:

a-contact: The current in the input circuit is shut down and the photocoupler is turned OFF.

— function disabled (OFF state)
The current flows through the input circuit and the photocoupler is turned ON.
— function enabled (ON state)

b-contact: The current in the input circuit is shut down and the photocoupler is turned OFF.

— function enabled (ON state)
The current flows through the input circuit and the photocoupler is turned ON.
— function disabled (OFF state)

For the purpose of this specification, the status of the input signal is defined as ON when the signal activates the
specified function and OFF when the signal deactivates the specified function.

And when the photocoupler is turned OFF, time to signal detection becomes long and Variation becomes large.

R8.1
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(2) Reallocation of input signal
To change the allocation of input signal, change the following parameters.

At-
trib- . : . Lateh
Class | No. ute Title Range Unit Function correc_tlon
*1) function
Assign functions to SI1 inputs.
These parameters are presented in hexadecimals.
Hexadecimal presentation is followed by a specific control mode
designation.
00— ———"**h: position control
00— —**——h: velocity control
00 **———— h: torque control
4 00 c SI1 input 0- __ |Replace * * with the function number. o
selection | 00FFFFFFh For the function number see the table below. Logical setup is also a
function number.
Example: To make this pin as SI-MONL_a-contact for position
control, and as SI-MON2_b-contact for velocity control, and as
disabled in torque control mode, set to 0000AF2Eh.
Position ... 2Eh  Velocity ... AFh  Torque ... 00h
SI2 input 0 Assign functions to SI2 inputs.
4 101} C selection | 0OFEFFEFh| —  |Setup procedure is the same as described for Pr 4.00. —
SI3 input 0 Assign functions to SI3 inputs.
4 102} C selection | 0OFEEEFER| — [Setup procedure is the same as described for Pr 4.00. -
SI4 input 0 Assign functions to S14 inputs.
4 10| C selection | 0OFEFFEFh| —  |Setup procedure is the same as described for Pr 4.00. —
SI5 input 0 Assign functions to SI5 inputs.
4 04 C : — |Setup procedure is the same as described for Pr 4.00. O
selection | 0OFFFFFFh * This pi - .
is pin has a latch correction function.
SI6 input 0 Assign functions_to SI6 inputs. _
4 05 C : — |Setup procedure is the same as described for Pr 4.00. O
selection | 0OFFFFFFh * This pi - .
is pin has a latch correction function.
SI7 input 0 Assign functions to SI7 inputs.
4 06 Cc : —  |Setup procedure is the same as described for Pr 4.00. O
selection | 0OFFFFFFh * This pi - .
is pin has a latch correction function.
SI8 input 0 Assign functions to SI8 inputs.
4 |07 C selection | 0OFEEEFER| — [Setup procedure is the same as described for Pr 4.00. -

*1) For parameter attribute. refer to Section 9-1.
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Function number table

. Setup value
Title Symbol a-contact b-contact
Invalid — 00h Can not configure
Positive direction over-travel inhibition input POT 01h 81h
Negative direction over-travel inhibition input NOT 02h 82h
External alarm clear input A-CLR 04h Can not configure
Forced alarm input E-STOP 14h 94h
Dynamic brake switching input DB-SEL 16h Can not configure
External latch input 1 EXT1 20h AOh
External latch input 2 EXT2 21h Alh
Near home input HOME 22h A2h
Retracting operation input RET 27h AT7h
General purpose monitor input 1 SI-MON1 2Eh AEh
General purpose monitor input 2 SI-MON2 2Fh AFh
General purpose monitor input 3 SI-MON3 30h BOh
General purpose monitor input 4 SI-MON4 31h Blh
General purpose monitor input 5 SI-MON5 32h B2h

R8.1
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W Precautions for input signal assignment
« Do not setup to a value other than that specified in the table.

 The same signal can’t be assigned to multiple pins. Otherwise, duplicated assignment will cause Err 33.0 “Input
multiple assignment error 1 protection” or Err 33.1 “Input multiple assignment error 2 protection”.

« Asignal used in multiple control modes should be assigned to the same pin and the logic should be matched. If not
assigned to the same pin, the Err33.0 “Input duplicate assignment error 1 protection” or Err33.1 “Input duplicate
assignment error 2 protection” occurs. In case that the logics do not match, Err33.2 “Input function number error 1
protection” or Err33.3 “Input function number error 2 protection” will occur.

« The duplicated assignment of SI-MON1 and EXT1, SI-MON2 and EXT2, and SI-MONS5 and E-STOP is not
allowed. Duplicate assignment will cause Err33.0 “Input duplicate assignment error 1 protection” or Err33.1
“Input duplicate assignment error 2 protection”.

» A-CLR can only be set at a-connect. If set at b-connect, then Err33.2 “Input function number assignment error 1
protection” or Err33.3 “Input function number assignment error 2 protection” will occur.

« The control mode is switched forcibly inside the driver depending on its operating status irrespective of the
command from the host device. This operation has an effect on input signal processing.
Basically, please allocate same function in one terminal in all modes.
[Conditions that the control mode is switched forcibly inside the driver]
+ When frequency characteristic is measured by Setup support software.
(Position loop characteristics is position control, the speed closed loop characteristic and torque speed
(vertical) are speed control, torque speed (normal) is torque control.)
« Test run of the setup support software (Forcibly controls the position).
+ During pole position estimation.
+ The states that are written ”Forcibly controls the position” in “Deceleration stop sequence” (Section 6-3).
+ “Retracting operation” in operation (Forcibly controls the position)

« Setting is required for all control modes after setting Pr6.36 “Dynamic brake operation input setup” to 1, in case of using
dynamic brake switching input (DB-SEL). In case only one or two control modes are set, either Err33.2 “Input function
number error 1” or Err33.3 “Input function number error 2” will occur. Please refer to 6-3-3 for details.
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<Precautions for latch correction pins (SI5/S16/S17)>
« EXT1 can be allocated only to S15, EXT2 only to SI6. Wrong allocation will cause
Err 33.8 “Latch input allocation error protection”.

* In the following cases, Err33.8 “Latch input allocation error protection” occurs
- HOME is assigned to SI6 or SI7
- POT is assigned to SI5 or SI7
- NOT is assigned to SI5 or S16

» When using POT/NOT as the home reference trigger in the return to home position operation, set Pr5.04to 1.
If Pr5.04 is not 1, Err38.2 “Over-travel inhibit input protection 3” occurs.

» When latch correction pins (SI5/SI6/S17) are used, set up is required for all the control modes.
If configuration is made only for 1 or 2 modes, the Err33.8 “Latch input allocation error protection” occurs.

Connections to use edge of the sensor signal as the home reference trigger.

Latch correction Logic
terminal

Internal
process

v

@)

v

> SI 6 a-contact

or
b-contact

o1 a-contact
—> SI5 or
b-contact
r @

a contact

SI7 or

b-contact

v

90
|

Safety precautions:

The over-travel inhibit input (POT, NOT) and forced alarm input (E-STOP) should normally be set to b-contact,
which stops when wire is broken.
If a-contact is specified, be sure that there is no safety hazard.

R8.1
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2-4-2 Assignment of output signal

For the output signals, any functions can be assigned to the output pins of the 1/O connector.

Some assignments may be restricted. Refer to (2) [Reallocation of output signal].

(1) Using the default setting
The table below shows default signal allocation.

Note: Default settings of certain model will differ from those shown below. If the default settings shown in Standard
specification are different from values shown below, the settings described in Standard specification become

valid standard default values.

Pin Pin Applicable Default setting Default Setup
name | No. parameter ( ): decimal notation Position control Velocity control Torque control
SO1 % Pr4.10 O€f9370§709?3h BRK-OFF BRK-OFF BRK-OFF
S0O2 gg Pr4.11 (zgég%gég? EX-OUT1 EX-OUT1 EX-OUT1
S03 2 Pr4.12 O?gégég)lh ALM ALM ALM

« For V frame, SO3 is fixed to ALM. Please do not change Pr4.12 from the shipment value setting.

R8.1
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(2) [Reallocation of output signal].
To change the allocation of output signal, change the following parameters.
At-
Class | No. | trib- Title Range Unit Function
ute *1)

Assign functions to SO1 outputs.
These parameters are presented in hexadecimals.
Hexadecimal presentation is followed by a specific control mode
designation.

4 10 C Sg%egﬁgpnm OOFFOI;FFFh — 00 ————**h: position control
00——**——h: velocity control
00 **————h: torque control
Replace * * with the function number.
For the function number see the table below.

4 11 c SO2 output 0- - Assign functions to SO2 outputs.

selection 00FFFFFFh Setup procedure is the same as described for Pr 4.10.
Assign functions to SO3 outputs.
SO3 output 0— Setup procedure is the same as described for Pr 4.10.

4 12 ¢ selection OOFFFFFFh o s¢Please do not change the shipment value setting with V

frame.

*1) For parameter attribute, refer to Section 9-1.

Function number table

. . Symbol
Title of signal External output Setup value
Invalid 00h
Alarm output ALM 01h
Servo-Ready output S-RDY 02h
External brake release signal BRK-OFF 03h
Positioning complete output INP 04h
At-velocity output AT-SPEED 05h
Torque in-limit signal output TLC 06h
Zero-speed detection output signal ZSP 07h
Speed matching output V-COIN 08h
Warning outputl WARN1 09
Warning output2 WARN?2 0Ah
Positional command ON/OFF output P-CMD 0Bh
Positioning complete 2 INP2 0Ch
Speed in-limit output V-LIMIT 0Dh
Alarm attribute output ALM-ATB OEh
Velocity command ON/OFF output V-CMD OFh
General purpose output 1 EX-OUT1 10h
set brake output *1) set brake 11h
Servo on status output SRV-ST 12h
Position comparison output CMP-OUT 14h
Deterioration diagnosis V-DIAG 15h
velocity output
Estimated pole position output CS-CMP 16h

*1) “set brake output” is reversal from logic of 60FEh(digital output).

When 60FEh is “1”, the output signal is “OFF” (brake is activate).
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B Precautions for output signal assignment

« For output signals, the same function can be assigned to multiple pins. However, the output logic setting must be the
same. In addition, when using the same function for multiple control modes, the same output logic must be set. If
different output logic was set, the output signal state will become unstable.

« For the output pins specified as disabled, output transistors are always turned off. However, EtherCAT
communication response is not affected.

+ Use only the values shown in the table above for setting.

» When using external brake release signal (BRK-OFF) or set brake output, the signal should be set in all control
modes. If not applied to all control modes, Err 33.4 “Output function number error 1 protection” or Err 33.5 “Output
function number error 2 protection” will occur.

« The output transistor is turned off, during a period from when the driver’s control power of a servo amplifier is turned
on to when initialization is completed. And while control power is turned off, during a reset, and while the display on
the front face indicates as follows:

14| |HH hh| [J4] U4 34

Design of system needs to consider the above fact so that any problem does not occur.

« The control mode is switched forcibly inside the dirver depending on its operating status irrespective of the command
from the host device. This operation has an effect on input signal processing.
Basically, please allocate same function in one terminal in all modes.
[Conditions for the control mode to be switched forcibly inside the driver]
+ When frequency characteristic is measured by Setup support software.
(Position loop characteristics is position control, the speed closed loop characteristic and torque speed
(vertical) are speed control, torque speed (normal) is torque control.)
« Test run of the setup support software (Forcibly controls the position).
+ During pole position estimation.
+ The states that are written “Forcibly controls the position” in “Deceleration stop sequence” (Section 6-3).
- “Retracting operation” in operation (Forcibly controls the position)
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3. Front panel display specification

3-1 Appearance of front panel

Other than V frame
EtherCAT Indicators
Panasomc EthercATe~ " |~ RUN:Green LIAIN: Green
e o ERR: Red L/A OUT: Green
N
PR AR
X7 |1| SEEE
Rotary switch for
- -digi station alias (ID) setu
7-segment LED (2-digit) Analog monitor pins (X7) (D) P
Pin No. Symbol Contents
1 AM1 Analog monitor 1
2 AM2 Analog monitor 2
3 GND Signal ground
Reserved
4.5 i (Do not use)
NOTE: Pin No.1 from the left, 2, 3 ... Order
V frame
TR T L/AOUT LED
S L/A IN LED
ERR RUN ~—- RUN LED
- ERR LED
of |@ - .
[} ALM  SRVON | c1 ~ SRVON LED
- ALM LED
L)
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3-2 7 Segment LED, ALM and SRVON LED

3-2-17 Segment LED

Cannot be used with [V frame].
Station alias value set with RSW will be displayed at control power-UP, after that, the setting contents of Pr 7.00
(LED display) will be displayed.
Upon occurrence of an alarm, set of alarm codes (main and sub, alternately) is displayed. Upon occurrence of
warning, the warning code will be displayed.

m Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
7 00 A Inforr[lgljon on 0-32767 — Selects the information displayed on 7-SEG LED display.
Sets Station alias(Lower) display (NOTE) time upon turning the
control power ON.
Address display When the setting value is 0 to 6, it is processed in 600ms.
! 01 R time upon power up 0-1000 100 ms (NOTE) In the case of Pr7.41(Station alias selection)=1, although
SllI's setting value is used to Station alias, even in this
case, display the setting value of the rotary switch.

*1) For parameter attribute, refer to Section 9-1.

Pr7.00 | Information on display Remarks

0 Normal display [--]: servo OFF, [00]: servo ON

Display range: 0 to FF hex.

0: the position where U phase induced voltage reaches the positive peak.
Data increments as motor turns CCW.

When the displayed value exceeds [FF], the count is reset to [0] and restarted.

2 Electrical angle

Lower 8bits of station alias value that set by rotary switch at power ON is displayed.
Station alias is 0 to F[hex], the display is one-digit. Station alias is upper than 10[hex], the display is
Station alias value two-digit. . . L .
4 (Rotary switch setting) Values to be read out vary depending on the setting values of Pr7.41 “Station alias selection”.
Pr7.41=0: Rotary switch of the front panel and the setting value of Pr7.40
However, if both are 0, then the Value of SII area (0004h).
Pr7.41=1: Value of Sl area (0004h)

Feedback scale Display range: 0 to FF hex.
Max. accumulated communication error counts: FFFF hex.
accumulated

6 communication error Only the least significant byte is displayed.
counts When the displayed value exceeds [FF], the count is reset to [00] and continue counting.
*Accumulated communication error counts will be cleared upon turning the control power OFF.

When the feedback scale is used in full closed control or in semi-closed control with the scale position

information monitor function enabled, displays the value of Z phase counter read from feedback scale:

0-F hex.

* This displayed value is not affected by the value of Pr 3.26 Reversal of direction of feedback scale.
This function is effective only in the case of the feedback scale and in the external scale of the A/B/Z
phase, “nA” (not Available) is indicated.

7 Z phase counter

The estimated accuracy is shown as 0 to B4 [hex] (electric angle: 0 to 180 [degree]) when
estimating a pole position.
Example: When the display is < A’
It means that the pole position estimated accuracy is up to +10 [degree] in electric
angle.
= The smaller this numeric value is, the better the accuracy is.
N = This accuracy is an estimated accuracy based on the pole position estimation method and
8 Po!e position will not guarantee a real accuracy. Use it only for reference.
estimated accuracy * When the pole position is not yet estimated, ‘b4’ is shown.
= When estimating the pole position, ‘b4’ is shown.
= When an error occurs in estimating the pole position, ‘b4’ is shown.
= If Pr9.20 “Pole detection method” # 2 (other than pole position estimation), * 0” is shown.
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Pr 7.00

Information on display

Remarks

CS signal,
operation direction

If Pr9.20 “Pole detection method” = 1 (CS signal), the CS signal status is shown at the

right and the operati

+ CS signal status

on direction is shown at the left.

CS1, 2, 3 are shown from the top downward, ‘-’ is shown for ON, and nothing is
shown for OFF.

Note that the CS signal is shown with Pr3.26 (signal (original signal) before the
inversion process).

Operation direction

For CS1=ON
For CS2=0ON

For CS3=ON

The upper left LED lights up when running (speed is 30 mm/s or more) in a positive

direction.

The lower left LED lights up when running (speed is -30 mm/s or less) in a negative

direction.

The center LED lights up when it stops (otherwise).

For a positive direction

h——'— For a syoppage

For a negative direction

When other than Pr9.20 = 1, ‘nA’ is shown.

10

Overload rate

Displayed by 0 to FF [hex]. Indicates the ratio [%] against rated load.
When the overload rate is 100%, “64” is displayed.

Will indicate “nA” (not

Available) in case the load ratio is larger than FF [hex].

Other

To be used by the
manufacturer but
not by the user.
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The following figure shows the state flow of 7-segment LED.

Control power on

All lights off

&
AU
E B All lights on
AU

< Station alias display >

[nA]
n H (Approx. 0.6s)

Rotary switch setting value

(MSD=0, LSD=3)
(Time set in Pr7.01 "Address display time
upon power up")

< Display of safety state>

1
! |
! |
1
H i ) | | | . :
! ! a)Main power is ON ! ! ! ! d) Main power is ! Available for [A6BM] only !
1, and ESM 1 -— - h || - —-— \ OFF or ESM 1 . 1
1! communicationis ! ! ' . ' communication is | It cannot be used in [A6BL] !
!'1 synchronized. 1 | 1 | not synchronized. 1 sSTO . 1
| AN - command [St] +Right do
'l (Right side dot is it) 1 : | ! (Rightside dotis | ° flashing k
v ! ! ! ! unlit.) ! input !
[ 1 \ 1 | 1 1
H 1 1 1
V! [ [ | D] - - | ! 5 ,’— : |
] 1 ' 1 . . ! 1 — O :
: 1 1 2 : 1 : 1 P |
' ! ! Pole position | ! ' STO q !
! ! b) Servo-ON : ! is estimated : : ¢) Servo-OFF ! comman :
1 ic [i - -
: 1 ([0l is lit) ! | (CS-CMP=ON} L (s lit) 1 canceled and servo-on :
¥ V1 I | command OFF. |
1 1 1
: : : Left side dot : : Left side dot : : |
" 1is unlit. | 1is lit ' 1 |
1 e e e e e e - - a e e e e e e - - 4 1 1
1 1 1
1

Latched: remove the cause and

Alarm occurred Alarm cleared Warning occurred clear alarm
Unlatched: remove the cause

< Alarm display > < Warning display>

Displays warning code (hexadecimal) and normal display!
alternately at a slow rate. Right dot blinks when warning
code (Example of overload in servo-ON state) is

1
1
|
1
Alternately blinks main and sub (with a dot at the left) of !
:
1
. displayed.
|
1
1
1
1
1
1
1
1
1
1

the alarm code in decimal number.
(e.g. overload)

N s L I T B4

IIE':> -

nnr

i

: =i i} UL
4 N “ Subcode e
) - Warning code (approx.2s)  Normal display
Main code (with left dot) | Right dot blinks. (approx. 4 s)
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3-2-2 ALM LED and SRVON LED

V frame, ALM LED and SRVON LED are equipped for simple status check.

Display Description Display color Status Description
ALM Alarm LED Red Lit Alarm occurred
Not lit Normal
SRVON Servo on LED Green Lit Motor servo ON status
Not lit Motor servo OFF status

R8.1
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3-3 EtherCAT Indicators

MINAS-ABBL series has 4 types of EtherCAT indicators (LED).
There are 4 patterns of LED indication in addition to “ON” and “OFF”

Flickering

Blinking

Single flash

Double flash

Approx.50ms
11
ON —>

s

OFEr—e—

Approx. 50ms

Approx. 200ms

Ilij

Ut

ON
OFF Approx. 200ms
ON

Approx. 1000ms
OFF Approx. 200ms
ON Approx. 200ms

Approx. 1000ms |

OFF Approx. 200ms Approx. 200ms
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Other than V frame

— — EtherCAT Indicators

H — RUN: Green  L/A IN: Green
Panasonic At
: ot L ERR: Red L/A OUT: Green

<FPRFIRFI >

o . o X
. &7 &7 =:RUN z:L/AIN
L A3 FF 0 rIERR  TL/AOUT

Y e Y S VN

o = - -
LY L ™™ LDY L™

X7|1|||nnr<
|

V frame

-\ L/AOUTLED
VAR DA Y L/A IN LED
ERR  RUN | +t RUN LED
ERR LED

SRVON LED
- ALM LED

ALM  SRVON |1 i+ —
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1) RUN

RUN indicator will show the status of ESM(EtherCAT State Machine).
Indication is lighted in green.

LED Content
OFF ESM:INIT
Flickering ESM:Bootstrap
Blinking ESM:Pre-Operational
Single flash ESM:Safe-Operational
ON ESM:Operational

2) ERR

ERR Indicator will show the state of the alarm defined by AL status code. *1)
Indication is lighted in red.

LED Content
OFF With no generating of the alarm defined by AL Status code *1)
Blinking Communication setting error
Single flash Syncronize event error
Double flash Application watch dog time out
Flickering Initialize error
ON PDI error *2)

*1) " The alarm defined by AL status code " is which indicate Err80.0-7 and Err81.0-7, Err85.0-7 in the
EtherCAT communication related error.
*2) MINAS-AGBBL series is not detected.

3) L/AIN
4) L/IAOUT

L/A IN, L/A OUT indicator will show the LINK status and operation status of
Each port’s physical layer.
Indication is lighted in green.

LED Content
OFF LINK not established

Flickering LINK established. There are data transmission and reception.
ON LINK established. There are no data transmission and reception.

If the period until LINK establishment is too long, this phenomenon may be improved by the following measures.
Changing bit11 (Link establishment mode selection) in Pr7.22 “Communication function extended setup
1”
Setting the Pr6.18 values of adjacent amplifiers to different values (example: 0.0 s and 0.1 s).

At-
trib- . . .
Class | No. ute Title Range Unit Function

*1)

Set up the standard initialization time approx.
1.5 s + a(setting valuex0.1s) after power-up.
For example, in the case of the preset value 10, it is set to
1.55+(10x0.1 s) = approx. 2.5s.
* |f the period until LINK establishment is too long, this
phenomenon may be improved by setting the Pr6.18 values
for adjacent amplifiers to different values (for example, 0.0 s and

6 18 | R [Power-up wait time 0-100 01s

0.15).
Communication bitl1 : Link establishment mode selection
7 22 | R function -32768— — 0 : mode0, 1 : model
32767 If link establishing is late, it might be improved by changing the
extended setup 1 setting .

*1) Refer to Section 9-1 for parameter attribute.

R8.1
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3-4 Monitor signal output function

Cannot be used with [V frame].

2 types of analog signals can be output for monitoring from the analog monitor connectors (X7) in the front panel.
Types of monitor and scaling (output gain setting) can be set by the parameters below.

m Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
4 16 A Type of analog 0-30 Select the type of monitor for analog monitor 1.
monitor 1 *2) o * See the next page.
[Monitor | Set up the output gain of analog monitor 1.
Analog monitor unitin |For Pr 4.16 = 0 Motor velocity,
4 17 A 1 output gain 0-214748364 Pr4.16]/ |1V is output at the motor velocity [r/min] = Pr 4.17 setup value.
\
4 18 A Type of analog 0-30 Select the type of monitor for analog monitor 2.
monitor 2 *2) o *See the next page.
[Monitor | Set up the output gain of analog monitor 2.
Analog monitor unitin |For Pr4.18 = 4 Torque command,
4 19 A 2 output gain 0-214748364 Pr4.18]/ |1V is output at the torque command [%] = Pr 4.19 setup value.
\
Select output format of the analog monitor.
4 21 A Analog monitor 0.2 - 0: Signed data output -10Vto10V
output setup 1: Absolute value data output 0V to 10 V
2: Data output with offset 0Vtol0V (5V at center)

*1) Refer to Section 9-1 for parameter attribute.

*2) In the enhanced version 4 and earlier, the setting range is 0 to 28.

(1) Pr4.21 Analog monitor output setup:
Figure below shows output specification when Pr 4.21is 0, 1 or 2.

Pr 4.21 =0, signed data output

(output range —10 to 10 V)

Output voltage [V]

Pr 4.21 =1, absolute value data output

Pr 4.21 = 2, data output with offset

(output range 0 to 10 V)

(output range 0 to 10 V)

Output voltage [V]

Output voltage [V]

10V oo Lo v e
1 : 1
: : 5V :
' - A--
i Motor i Motor ! Motor
ov 1 speed ' speed ! speed
1-5000 5000 [r/min] 5000 0V 5000 [r/min 3Y; [r/min]
E (min] 2500 2500
1
1
i
Y ___
-10V -10VvV 10V

« When monitor type is motor speed, and conversion gain is 500 (1 VV = 500 r/min).
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(2) The table below shows types of monitor set in Pr 4.16 “Type of analog monitor 1” and Pr 4.18 “Type of analog monitor
2”. Pr 4.17 “Analog monitor 1 output gain” and Pr 4.19 “Analog monitor 2 output gain” respectively set the conversion
gain in accordance to the unit suitable for the type. When the gain is set to 0, the gain shown at the right end column of
the table is automatically applied.

Pr 4.16/Pr 4.18 Type of monitor Unit Output gain for setting
Pr4.17/Pr4.19=0

0 Motor velocity r/min 500
1 Positional command velocity *2 r/min 500
2 Internal positional command velocity *2 r/min 500
3 Velocity control command r/min 500
4 Torque command % 33
5 Command positional deviation *3 pulse (Command unit) 3000
6 Feedback scale deviation *3 pulse (Feedback scale unit) 3000
7 Reserved — —
8 Reserved — —
9 Voltage across PN \Y 80
10 Regenerative load factor % 33
11 Overload factor % 33
12 Positive direction torque limit % 33
13 Negative direction torque limit % 33
14 Speed limit value r/min 500
15 Inertia ratio % 500
16 Reserved — —
17 Reserved — —
18 Reserved — =
19 Reserved — =
20 Driver temperature °C 10
21 Reserved — =
22 Reserved — —
23 Travel command status *4 — —
24 Gain selection status *4 — —
25 0: Positioning not

Positioning complete state *6 completed —

1: Positioning completed
26 . - 0: Alarm not triggered
Alarm triggered state *6 1: Alarm triggered —
27 Motor power consumption W 100
28 Amount of motor power consumption Wh 100
*5

29 For manufacturer's use - -
30 For manufacturer's use - -

*1 In principle, the positive/negative direction of the monitor data follows the Polarity setting.

R8.1
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*2  For the command pulse input, the speed before the command filter (smoothing, FIR filter) is defined as positional
command velocity and speed after filter is defined as internal command velocity.

Positional command Internal position command speed
speed [r/min] [r/min]
c q Electronic Positional + Position
) omtman —»| gear command control
inpu filter -

Feedback scale data

*3  The calculation methods (standard) of a position deviation differ by EtherCAT communication and analog monitor,
PANATERM.
EtherCAT communication serves as a deviation to the instruction input before a position instruction filter.
On the analog monitor and PANATERM, switchover is accomplished as follows according to the setting for the
command position deviation output switching (bit 14) of Pr7.23 "Communication function Extended setup 2".
Pr7.23 bit14=0: Deviation with respect to command input after positional command filter
Pr7.23 bitl4=1: Deviation with respect to command input before positional command filter

The figure below shows details.

Position deviation (Command unit) of analog monitor
and PANATERM (For Pr7.23 bit14=0) Feedback scale deviation

The position deviation(Command unit) of EtherCAT communication (Feedback scale unit)

4F01h(Following error actual value(after filtering))

Electronic gear Polarity
reverse reverse

conversion conversion

d Electronic gear —
Comman ® »| and Polarity | Positional + —
nput conversion »| command osition contro
filter A
+
) 4 Electronic gear
Oq; and Polarity ®
feverse Feedback scale date
conversion

Position deviation(Command unit) of analog monitor
and PANATERM (For Pr7.23 bitl4=1)

The position deviation(Command unit) of EtherCAT communication
60F4h(Following error actual value)

R8.1 Motion Control Business Unit, Panasonic Industry Co., Ltd.



No. SX-DSV03306 -40-

*4  For the monitor types No.23 and 24, digital signals are monitored using an analog monitor.
So, regardless the value of Pr4.17 “Analog monitor 1 output gain” and Pr4.19 “Analog monitor 2 output gain”,
the output gain is as follows:

Pr4.16 . Output voltage
/Pra.18 Monitor type 0V 5[V
Profile 250us interval 250us interval
Position control(pp) Travel command # 0 Travel command = 0
Travel Cyclic Communication Communication
23 command . cycle interval cycle interval
status Position control(csp) Travel command # 0 Travel command =0
Velocity control Velocity command = 0 Velocity command = 0
Torque control Torque command # 0 Torque command = 0
. . 2nd gain :
24 Gain selection status (Including 3rd gain) 1st gain

% The output of travel command status in position control(pp, csp) is different from those of the MINAS-AS5B series.
*5 The amount of motor power consumption per 30 minutes is output. The value is updated after the elapse of 30 minutes.
(Example) In the case of operation for 30 minutes with a motor power consumption of 10W
10[W] x 0.5[h] = 5[Wh]

*6 Regardless of the setting for Pr4.17 and Pr4.19, the output become 0V at Unit 0 and 5V at Unit 1.
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3-5 Station alias

Station alias can be set up by the following three methods.

1) Reading the value of SII from Configured Station Alias
Reading the value of 0004h(Configured Station Alias) in the SII from 0012h(Configured Station Alias)

of ESC register.

2) Reading the value of rotary switch from Configured Station Alias
$<Cannot be used in V frame

Reading the value made of object 3740h(Station alias setup(high)) and front panel rotary switch from
0012h(Configured Station Alias) of ESC register.

3) Reading the value of rotary switch from AL Status Code (Explicit Device ID)
$<Cannot be used in V frame
Reading the value made of object 3740h(Station alias setup(high)) and front panel rotary switch from AL
Status Code(0134h).

Please refer to 3-8-2 clause "Node addressing (Setting Station alias)" by technical document -EtherCAT
communication specification- (SX-DSV03307) for details.

« Selection of Station alias

Attrib Settin
Class | No. | ute Parameter g Unit Function
*1) range
7 40 R Station alias 0-255 — Set the upper 8 bits of station alias.
setting (upper)
Value Function
0 Setting by rotary switch on front panel, and by
. . Pr7.40 will be station alias.
Station alias
7 14 | R selection 0-2 - 1 Value of SlI area (0004h) will be station alias.
2 For manufacturer’s use
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4. Basic function
4-1 Rotational direction setup

Polarity (Rotational direction) can be set up to position command / velocity command / torque command,
and each offset.

In the MINAS-AG6BL series, the rotational direction cannot be set by Pr0.00 (Rotational direction setting),
but it can be set by the object 607Eh (Polarity) specified to CoE (CiA402).

Please refer to section 6-9-4 "3) Polarity(607Eh)" of Technical Document "EtherCAT Communication
Specifications" (SX-DSV03307) for details of object 607Eh (Polarity).

Setting value Contents
0 No reverse of sign of objects related to torque, velocity, and position
224 Reverse of sign of objects related to torque, velocity, and position
Other than above Not supported (Do not set)

In addition, object 607Eh (Polarity) is not what replaced parameter Pr0.00(Rotational direction setting) as it was,
it becomes effective when performing the following data transfer between a CoE (CiA402) process division and a motor
control process division.
< Instructions / setting > - 607Ah(Target position)
- 60B0Oh(Position offset)
- 60FFh(Target velocity)
- 60B1h(Velocity offset)
- 6071h(Target torque)
- 60B2h(Torque offset)
<Monitor > - 4F04h(Position command internal value(after filtering))
- 6062h(Position demand value)
- 6064h(Position actual value)
- 606Bh(Velocity demand value)
- 606Ch(Velacity actual value)
- 6074h(Torque demand)
- 6077h(Torque actual value)
- 6078h(Current actual value)
< External input > - 60FDh(Digital input) bit1(positive limit switch(POT))
- 60FDh(Digital input) bitO(negative limit switch(NOT))
- External input (POT/NOT)
The setting of 607Eh (Polarity) is reflected on data on the setup support tool PANATERM,
in addition to the above data.
And the settings of 607Eh (Polarity) is reflected on POT/NOT during execution by PANATERM
including test run function, frequency response analyzing function and Z phase search function.
Be careful that these operations are different from those of the MINAS-A5BL series.

PANATERM

ilr

v

v

External input (POT/NOT)

LoFDh(POTINOT) 607Eh-00h |« PIO.00 i«
Command / Setting objects y Polarity (Not supported) The direction of
such as 607Ah R ~ operation depends
Monitor objects 7 N > - on the settlng in
[ not reversed 607Eh(Polarity).

A

A

Command / Setting objects
other than 607Ah etc.

Monitor objects
_pther than 6062h etc.

\ 4
A 4

d
<«

N s

Motor control Processing

1
1
I
1
1
1
1
1
I
1
_such as 6062h | !
1
1
I
1
1
1
1
1
I
1
1
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4-2 Position control

Control the position based on the positional command of EtherCAT communication object from the host controller.
Below describes the basic settings necessary for position control.

The control mode is switched forcibly inside the driver depending on its operating status irrespective of the command
from the host controller.
[Conditions that the control mode is switched forcibly inside the driver]
+ When frequency characteristic is measured by Setup support software.
(Position loop characteristics is position control, the speed closed loop characteristic and torque speed (vertical)
are speed control, torque speed (normal) is torque control.)
+ Test run of the setup support software (Forcibly position control mode).
+ The states that are written "Forcibly controls the position™ in "Deceleration stop sequence” (Section 6-3).
+ “Retracting operation” in operation (Forcibly controls the position)

PANATERM(test run, frequency characteristic analysis)
: Position
- — command

M generation &
process
ection

Servo driver

HOSt ;'______________________EI_;______:| ______________________________ |
1 | EtherCAT Position ecypnic ) — !
Contl’0| |eI’ Position command 1 communication |} command N gzelx;rg : ! > Positional :
(EtherCAT 1| processing generation & v ) command !
1 . conversion ! filtering function !
communication) | section process : : . 1
1 section !
: 1! Motor control Position !
[ H 1

i - i Processin .
' Electronic |, 1 - g control section {| |
L1y gear & 1) unit i
(EtherCAT | < Polarity '
o h (reverse) : 1 1
communication) \ conversion , : :
1 . 1y 1
| CoE(CiA402) Processing unit | e !

< INRANP2 | L _ le—
. [ output function :
(External output signal) 1 1y '
L o e mmmmm 2 1

| |
1 1
1 1
- 1 1
-|— 1 1
L o o o o o e o e e e e e e e e e e e e e e 1

4-2-1 Process of command pulse input

Positional command is input based on the EtherCAT communication object.

As position control modes, Profile position control (pp), Cyclic position control (csp), Interpolated position (ip)
(Not supported), and Homing position (hm) are available.

For details, refer to Technical Reference, SX-DSV03307”Section 6-6”, EtherCAT communication specification.
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4-2-2 Electronic gear function

The electronic gear is a function which makes the value which multiplies by the electronic gear ratio defined by the
object to the position command from host controller as the position command to a position control section.
By using this function, the number of revolutions and travel of the motor per command can be set to the desired value.

In MINAS-AG6BL series, a setup of an electronic gear ratio with a parameter Pr0.08(Number of command pulses per
motor revolution), Pr0.09(Numerator of electronic gear) and Pr0.10(Denominator of electronic gear) has not
supported, an electronic gear ratio is set up by the object 608Fh(Position encoder resolution), 6091h(Gear ratio) and
6092h(Feed constant) specified to CoE(CiA402).

The equation below calculates the relationship between the unit (command) defined by the user and internal unit (pulse):

Position encoder resolution x Gear ratio

Electronic gear ratio =
Feed constant

Position demand value x Electronic gear ratio = Position demand internal value

(Note) - Electronic gear ratio is valid only within the range of 8000 times to 1/1000 times.

When the range is exceeded, the value is saturated in the range, and Err88.3 (Improper operation error
protection) occurs.

- When the denominator or numerator exceeds the unsigned 64-bit size in the calculation process of
electronic gear ratio, Err88.3 (Improper operation error protection) occurs.

- When the denominator or numerator exceeds the unsigned 32-bit size in the final calculation result of
electronic gear ratio, Err88.3 (Improper operation error protection) occurs.

- Set the electronic gear ratio with several objects.
An error may become large depending on the combination of settings.

- 608Fh-01h (Encoder increments) and 608Fh-02h (Motor revolutions) are automatically set up as
shown in the table below, depending on the feedback scale resolution.

Linear type (linear)

Rotary type (rotary)

(Motor revolutions)

608Fh-01h 1,000,000 (fixed) Resolution per rotation [p/r]
(Encoder increments) *1)
608Fh-02h Feedback scale resolution 1 (fixed)

[nm/p] *1)

*1) The setting value for Pr9.01 “Feedback scale resolution/scale pulse number per rotation” is
automatically specified. However, it may vary from the setting value in Pr9.01 in case Err60.0 “Motor
setup error protection” occurs.

In addition, the shipment value for 6092h-01h (Feed) is set so that the electronic gear ratio is 1:1 when
feedback scale is used with a linear type and resolution 1 nm/p (Pr9.01 = 1).
When using a rotary type or when using feedback scale with resolution value other than 1 nm/p with
a linear type, due caution is required in electronic gear ratio setting.
- The electronic gear ratio setting is reflected at the following timing.
Pay attention that the setting is not reflected to behavior just by only changing setting value of related
objects.
- At the time of the control power supply ON
- When establishing communication (when changing ESM state from Init to PreOP)
- When returning to origin is completed
- When clearing absolute multi-turn from PANATERM or EtherCAT communication
- When PANATERM operation(test run function, frequency response analyzing function,
Z phase search, fit gain) is completed.
- When execute pin assign by PANATERM.
- When Err27.4 (Command error protection) occurs
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- In the position information initialization when Init to PreOp in the absolute mode, make a setting so
that the value of "Absolute feedback scale position [pulse/unit]/Electronic gear ratio" is in the range
from
-231 (-2147483648) to +23%1-1 (2147483647).

If the value is exceeded this range, Err29.1(Counter overflow protection 1) will occur.
Check the operation range of the absolute feedback scale position and the electronic gear ratio.

- The unit of the movement amount setting of the test run function by the setup support tool
PANATERM is [command unit].

Pay attention that this is different from those of the MINAS-A5BL series.

- Communication cycle 125us is supported only if the electronic gear ratio is 1:1.

Operations when the electronic gear ratio is other than 1:1 are not guaranteed.

For details, refer to Technical Reference, SX-DSV03307”Section 6-9-4”, EtherCAT communication specification.
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<Electronic gear setting example>

In MINAS-AGBL series, it is impossible to set the electronic gear using the “number of command pulses per motor

revolution (Pr0.08)” and “electronic gear numerator (Pr0.09)/denominator
series.

(Pr0.10)” in contrast to MINAS-A6NL

When setting the electronic gear like the MINAS-AG6NL, refer to the following.

_______________________

Encoder increments (608Fh-01h) 1

_______________________

(
1

Motor shaft revolutions (6091h-01h)

. . |\ Motor revolutions (608Fh-02h) ‘: X DriVing shaft revolutions (6091h-02h)
Electronic gearratio= —————--—-- -~ - """ F "
Feed (6092h-01h)
(T - TTTTTTTTT T TS T TS T TS T TSI T TS )
\ _ Driving shaft revolutions (6092h-02h) _ _ _ _ _ )

When setting the electronic gear ratio, 6091 h - 01 h (Motor shaft revolutions) and 6091 h - 02 h (Driving shaft

revolutions) can set as the electronic gear numerator and electronic gear denominator

with reference to the following table.

by setting each object

Object name Linear

Roatry

Enoder increments
(608Fh-01h)

The value is automatically set to 1000000.

The value is automatically set in
accordance with Pr9.01 (Pulse
number per rotation).

The value is automatically set in
accordance with the feedback scale
resolution.

Motor revolutions
(608Fh-02h)

The value is automatically set to
1.

Set to the same value as the encoder

Feed (6092h-01h) :
incremeets (608Fh-01h).

Set to the same value as the
encoder incremeets (608Fh-01h).

Set to the same value as the motor

Driving shaft !
revolutions (608Fh-02h).

revolutions (6092h-02h)

Set to the same value as the motor
revolutions (608Fh-02h).

e e e e = = = = =

It can be set as the electronic gear
numerator.

Electronic gear ratio =

It can be set as the electronic gear
denominator.
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<Backup of electronic gear set value>

The electronic-gear-related objects (6091h-01h, 6091h-02h, 6092h-01h and 6092h-02h) are backup target
objects.

It is recommended to execute a backup (writing into EEPROM) after a change.

By executing a backup, it will be unnecessary to change setting each time when the control power is turned on.
As for the backup method, refer to Technical Reference, EtherCAT communication specification(SX-
DSV03307) Section 5-6 “Store parameters (EEPROM writing of objects) (1010h)”.

<Electronic gear setting and backup by object editor>

It is possible to set and back up objects using the object editor of PANATERM.

For the MINAS-A5BL series, it was necessary to turn the control power ON again after backing up to reflect
the setting value changed by using the object editor.
For the MINAS-AGBL series, the setting values by using the object editor are reflected to actual objects,
and setting of electronic gear ratio is reflect to actual behavor at following timing same as previously via
EtherCAT:

- At the time of the control power supply ON

- When establishing communication (when changing ESM state from Init to PreOP)

- When returning to origin is completed

- When clearing absolute multi-turn from PANATERM or EtherCAT communication

- When PANATERM operation(test run function, frequency response analyzing function,

Z phase search, fit gain) is completed.

- When execute pin assign by PANATERM.
Pay attention that the changes of the setting values are reflected on operations even if the control power is not
turned ON after backup unlike the behavior of the MINAS-A5BL series.

B TNIONIF NPT EA AL ST =
N M & g - A [ pecein [ =
@2 &7 .«;_«L! 2] LLan

EtherAT 1A 1B H NS ES M Enit L1241 LM!E?‘PI"E‘ (2) After the setting, write it into EEPROM.
A NRCEnery ~-ETH. (EROEE T SL BRSNS T, DD -
MINAS—ASE/ASELS Y —X T4, 3000nE B LINOF 3510 B EEPROMER 2o B iTOUMBRMEr eiTgee @ MHEMoRY

¥aEssnEth. e

Cles TreeView POS Cordtion  [Faar ESM Condition g7
0~ | < = -
;- 00 ;:;' l-r;(z; Obpct Name Ew':' Attrlh . Min ~ Max Setting Value Unks
) ..T‘I:” f" E06Fh  00h ‘Mighest sutrindex supcorted L8 R0 0 2h
stool |7 808P G RO 00000001h- FFFFFFFFN 0000275 0N | pubss
oo || 6o8Fh, o2n Bvotions RO 00000001h- FFFFFFFFR 00000 b (£~
LE |11 806th  O0n Numter of entries Le RO 02n o2
gf €91h 01h Motor mvolutons ue2 R 00000001h- FFFFFFFFh Q00000 %etavalue.
[T 606th  02n Shaft evolutions B2 R 0000000 Th- FFFFFEFFD 200000 by 1
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4-2-3 Positional command filtering function

To smooth the positional command processed by the electronic gear, set the command filter.

mRelevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
Set up the time constant of the 1st delay filter in response to the
positional command.
Positional With the two-degree-of-freedom control, it functions as the
2 22 B command 0-10000 0.1 ms |command response filter.
smoothing filter For the details, refer to 5-2-16 "Two-degree-of-freedom control
mode (With position control)" and 5-2-17 "Two-degree-of-freedom
control mode (With veloctiy control)"
Positional Set up the time constant of the FIR filter in response to the
2 23 B command FIR 0-10000 0.1 ms |positional command
filter

*1) For parameter attribute, refer to Section 9-1.

* Pr 2.22 Positional command smoothing filter
During conventional control, when a square wave command for the target speed Vc is applied, set up the time constant of
the 1st delay filter as shown below. Set the time constant for the command filter during 2 degrees of freedom control.
For details, refer to Section 5-2-16, 5-2-17, and 5-2-18.

*1

*2

*3

Speed  Positional

[r/min] | command before  Positional command
filter after filter Filter switching
waiting time *2
ve | /
Vex 0632 F------- L.
*1 ' Positional command smoothing filter setup
i time [ms] (Pr 2.22 x 0.1 ms)
1
1
Vex0368 [~~~ """ [f "y~ T m e F--
*1 :
i _
1

%

| Time
1

Actual filter time constant (setup value x 0.1 ms) has the maximum absolute error of 0.4 ms for a time constant below
100 ms and the maximum relative error of 0.2% for a time constant 20 ms or more.

Switching of Pr 2.22 Positional command smoothing filter is performed on the rising edge of the command with the
number of command pulses/0.125 ms is changed from 0 to a value other than 0 while the positioning complete is
being output.

Even if the control mode is changed to position control after Pr2.22 (Positional command smoothing filter) setting is
changed during velocity control or torque control, the setting is not changed.

If the filter time constant is decreased and positioning complete range is increased, and a many number of pulses are
accumulated in the filter (the area equivalent of “value of positional command before filter—value of positional
command after filter” integrated over the time), at the time of switching, these pulses are discharged at a higher rate,
causing the motor to return to the previous position—the motor runs at a speed higher than the command speed for a
short time.

Even if setting of Pr2.22 (Positional command smoothing filter) is changed, it is not immediately applied to the
internal calculation. If the switching as described in *2 occurs during this delay time, the change of Pr2.22 will be
suspended.

R8.1
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* Pr2.23 Positional command FIR filter
When a square wave command of target speed Vc is applied, set up the V¢ arrival time as shown in the figure below.

Speed
[r/min]

Vc

Positional Positional
command before command after Filter switching
filter filter waiting time *2

/
)

Positional command FIR filter
setup time [ms]
(Pr2.23 x 0.1 ms)*1

I
< > ' Time
1 U
P
1 1

A
e X N2

*1  The actual average travel time (setup value x 0.1 ms) has the maximum absolute error of 0.2 ms for a time constant
below 10 ms and the maximum relative error of 1.6% for a time constant 20 ms or more.

*2  When changing the setting of Pr2.23 (Positional command FIR filter), stop the command pulse and wait until the filter
switching wait time has elapsed. The filter switching wait time will be setup value x 0.1 ms + 0.25 ms when the setup
time is below 10 ms, or setup value x 0.1 ms x 1.05 when the setup time is over 10 ms. If Pr 2.23 is changed during
the command pulse is being input, the change is not reflected until the command pulse-less state has continued for the
filter switching wait time. Change will be reflected after the control power reset.

*3  Even if setting of Pr2.23 (Positional command FIR filter) is changed, it is not immediately applied to the internal

calculation.

If the switching as described in *2 occurs during this delay time, the change of Pr2.23 will be suspended.

When the positional command is trapezoidal wave, its waveform will be shaped to S at the output of the filter.

Speed
[r/min]

Ve

Positional command
before filter

Positional command
before filter

.‘i

Positional command FIR filter
setup time [ms]
(Pr2.23 x 0.1 ms)*1

N\
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4-2-4 Positioning complete output (INP/INP2) function

The completion of positioning can be verified by the positioning complete output (INP) or the positioning complete
output 2 (INP2).
When the absolute value of the positional deviation counter at the position control is equal to or below the positioning
complete range by the parameter, the output is ON. Presence and absence of positional command can be specified as
one of judgment conditions.
The calculation methods (standard) of a position deviation differ as follows according to the setting for the command
position deviation output switching (bit 14) of Pr7.23 "Communication function Extended setup 2".
For details, refer to Section 3-4.

Pr7.23 bit14=0: Deviation with respect to command input after positional command filter

Pr7.23 bitl4=1: Deviation with respect to command input before positional command filter

However, it becomes available when Pr5.20(Position setup unit select) is 0.

Note: The “positional deviation” written in this section is that of the motor control process part (on PANATERM
and analog monitor), not 60F4h (Following error actual value) on the EtherCAT communication.

m Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)

Set the threshold of positional deviation with respect to the output of

positioning complete signal (INP).

The unit of shipment setting is [Command unit], but it can be changed to

[Feedback scale unit] by Pr5.20(Position setup unit select).In this case, the

unit of Pr0.14 is changed too, please attention.

The positional deviation value can be changed to after or before position

command filter by Pr7.23 bit14.

Select the condition to output the positioning complete signal (INP).

Whether or not positional commands are set is judged by the command

after the positional command filter in the case of settings 1 to 5, and the

command before the positional command filter in the case of 6 to 10.

For the value of the position deviation it is possible to switch before or

after the position command filter by Pr7.23 bit14.

0: The signal will turn on when the positional deviation is smaller than
Pr 4.31 (Positioning complete range)

1, 6 :The signal will turn on when there is no position command and the
positional deviation is smaller than Pr 4.31 (Positioning complete range).

2, 7 :The signal will turn on when there is no position command, the
zero-speed detection signal is ON and the positional deviation is
smaller than Pr 4.31 (Positioning complete range).

3, 8 :The signal will turn on when there is no position command and the
positional deviations smaller than Pr 4.31 (Positioning complete

0-10 — range). Subsequently, ON state is maintained until Pr 4.33 INP hold
time has elapsed. After the hold time, INP output will be turned
ON/OFF according to the coming positional command or condition
of the positional deviation.

4, 9 :Positioning completion decision starts in a delay time specified by
Pr4.33 after a change from “With command” to “Without
command”. The signal turns on if position command is not received
and position deviation is not larger than Pr4.31.

5,10 :After “With position command” changes to “Without position
command” and then the positional deviation enters the positioning
complete range, positioning completion decision is started upon the
elapse of the positioning determination delay time specified for
Pr4.33 “INP hold time”. The signal turns on when there is no
position command and the positional deviation is equal to smaller
than Pr 4.31 “Positioning complete range”.

Positioning
complete Command

(In-position) | 0209752 " it
range

Positioning
complete
(In-position)
output setup
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Class

No.

At-
trib-
ute *1)

Title

Range

Unit

Function

33

INP hold
time

0-30000

ms

Set up the hold time when Pr 4.32 = 3, 8.

0: The hold time is maintained definitely, keeping ON state until the
next positional command is received.

1to 30000: ON state is maintained for setup time (ms) but switched to OFF

state as the positional command is received during hold time.

Becomes positioning detection delay time when Pr4.32 = 4, 5, 9, 10.

0: Positioning detection delay time becomes 0, and positioning
completion decision is started immediately upon a change from
“With position command” to “Without position command”.

1 to 30000: Positioning decision start time is delayed by a setting value
[ms]. If a position command is received during the delay time, the
delay time is reset. When the position command becomes 0, the
delay time starts to be measured starting from 0.

42

Positioning
complete
(In-position)
range 2

0-2097152

Command
unit

Set the threshold of positional deviation with respect to the output of
positioning complete (INP) signal.

The INP2 turns ON whenever the positional deviation is lower than the
value set up in this parameter, without being affected by Pr 4.32
Positioning complete output setup. (Presence/ absence of positional
command is not related to this judgment.)

The unit of shipment setting is [Command unit], but it can be changed to
[Feedback scale unit] by Pr5.20(Position setup unit select).In this case, the
unit of Pr0.14 is changed too, please attention.

The positional deviation value can be changed to after or before position
command filter by Pr7.23 bit14.

20

Position
setup unit
select

0-1

Specify the unit to determine the range of positioning complete and
excessive positional deviation.
0: Command unit, 1: Feedback scale unit
Note: Positioning complete(6041h bit10(Target reached))
detection threshold of EtherCAT communication status is always
in terms of command unit regardless of the setting of this parameter.

23

Communicat
ion function
extended
setup 2

-32768
—-32767

bit14: Position deviation [command unit] output setting

0: Internal command position (after filtering) [command unit] —
Actual positon [command unit]

1: Internal command position (before filtering) [command unit] —
Actual position [command unit]

*1)

For parameter attribute, refer to Section 9-1.
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4-2-5 Pulse regeneration function

The information on the amount of movement can be sent to the host controller in the form of A- and B-phase pulses
from the servo driver. The resolution of information and B phase logic can be set up by using parameters.
Z phase signal is not supported with pulse regeneration.

m Relevant parameters

At-
Class| No. | trib- Parameter Range Unit Function
ute *1)
Pulse output Set the resolution _of pulse output by the num_ber of output
0O |11 ] R numerator | 172097152 —  |pulses per revolution of OA and OB, respectively. When the
host counts pulses after multiplying by 4, resulting count is as
Pulse output follows:
5 03 R p 0~8388608 — . . .
denominator Pulse output resolution per revolution = Pr. 0.11 setting value x 4.
You can set up the B-phase logic and the output source of the
Reversal of - h
pulse output. With this parameter, you can reverse the phase
0 12 R pulse output 0-3 — lation b he A-ph | d the B-oh lse b
logic relation between the A-phase pulse and the B-phase pulse by
reversing the B-phase logic.
Select the signal to be output from the pulse regeneration
Pulse output output terminal or position comparison output terminal.
4 47 R X 0-1 — ) X
selection 0: Feedback scale output signal
1: Position comparison output signal
For application where the number of output pulses is not an
integer, this parameter can be set to a value other than 0 and
Denominator the dividing ratio can be set by using Pr. 0.11 as humerator
5 3 R lof oulse output| 08388608 B and Pr. 5.03 as denominator. When the host counts pulses after
pdivisionp multiplying by 4, resulting count is as follows:
Pulse output resolution per revolution
= (Pr. 0.11 setting value/Pr.5.03 setting value) x encoder resolution
Pulse Enable/disable detection of Err28.0 “Pulse regenerative limit
regenerative . . protection”.
> 33 ¢ output limit 0-1 0: Invalid 1: Valid
setup
A, B phase Sgle:ts pulse regenerated output of ABZ parallel external
external scale o .
6 2 R bulse output 0-1 - 0: gsu;cfuts AB phase signal from ABZ parallel external scale
methpd 1: Regenerates and outputs AB phase signal from ABZ
selection
parallel external scale.

*1) For parameter attribute, refer to Section 9-1.
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The table below shows combination of Pr0.11 “Output pulse counts per one motor revolution” and Pr5.03
“Denominator of pulse output division”.

Pr0.11 Pr 5.03 Command division/multiplication operation
Feedback Output pulse
[pulse]
scale 1
1-2097152 0 [pulse] - 1 >
e When Pr.5.03 = 0, division ratio is 1:1.
Feedback Output pulse
| [pulse]
?Cﬁlze] [Pr.0.11 setting value]
1-2097152 1-8388608 P ' [Pr.5.03 setting value] ’
The resolution of output pulse does not become more than the resolution of feedback
scale pulse. Please use under the setting that satisfies “Set value for Pr0.11 < Set
value for Pr5.03.”

Table below shows details of Pr. 0.12 “Reversal of pulse output logic/output source selection”.

Pro12 B-ph_ase Output source At opera'_uon fco positive At operat_lon t_o negative
logic direction direction
0
A-phase A-phase
Feedback
Nonreversal
scale
9 B-phase B-phase
! A-ph
A-ph -phase
Feedback phase P
Reversal
scale
3 B-phase B-phase

R8.1
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m Command on pulse regeneration function
» Maximum frequency of regenerated pulse output is 4 Mpps (after multiplied by 4), If the movement speed exceeds

this frequency, the regeneration will not function correctly. That is, correct pulse is not returned to the host
controller, causing positional deviation.

Phase A

i i ?. 0.25 ps or more

By enabling Pr5.33 “Pulse regenerative output limit setup”, Err28.0 “Pulse regenerative limit protection” can be
generated upon reaching the pulse regeneration limit. Because this error is generated when the output limit of the
pulse regeneration is detected, it is not generated at the maximum frequency. However, detection error may occur if
the frequency instantaneously jumps up due to motor velocity change (irregular rotation).

+ In pulse regeneration function, the setting value in Polarity (607Eh) at control power supply startup is reflected.

R8.1
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4-3 Velocity control

Carried out the speed control based on the speed command object EtherCAT communication which is input from the
host controller.
This describe the basic configuration when using the speed control.
As the speed control mode, there is a Profile velocity control(pv) and Cyclic synchronous velocity control(csv).
For details, refer to Technical Reference, SX-DSV03307°Section 6-7”, EtherCAT communication specification.
The control mode is switched forcibly inside the driver depending on its operating status irrespective of the command
from the host device. This operation has an effect on input signal processing.
[Conditions that the control mode is switched forcibly inside the driver]
+ When frequency characteristic is measured by Setup support software.
(Position loop characteristics is position control, the speed closed loop characteristic and torque speed (vertical)
are speed control, torque speed (normal) is torque control.)
+ Test run of the setup support software (Forcibly position control mode).
+ The states that are written "Forcibly controls the position" in "Deceleration stop sequence" (Section 6-3).
* “Retracting operation” in operation (Forcibly controls the position)

PANATERM(frequency characteristic analysis)

" | Speed
command
generation &
processing
section

B

L Apra iy
Host | [ .=== Serve-tttver —— T .
1 1,
COﬂtI’O”eI’ : EtherCAT Speed Electronic : : |
Speed command : communica- command —P{ gear & 1 | Speed command
(EtherCAT » 1 p| tion processing generation & 5| Polarity | ' | acceleration/deceler-
communication) || section processing P conversion [ iion processing
| section : : section
: . . . ' V I t
' CoE(CiA402) Processina unit o Motor control elocity
1 1 A
S "1 Processing control
1 . -
unit
V-COIN : section
nal < ! | V-COIN/V_CMP
output signal) : output function
1
1
<ZP P ! ZSP/ZSfPD _
(External < T output function
output signal) '
1
1
1
1
1
1
1
'|= L
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4-3-1 Attained speed output (AT-SPEED)
The AT-SPEED signal is output as the motor reaches the speed set to Pr 4.36 “Attained speed”.

m Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
Set the detection timing of the speed arrival output (AT-SPEED).
At-speed . When the motor speed exceeds this setup value, the speed arrival
4 36 A (Speed arrival) 10-20000 r/min output (AT-SPEED) is output.
Detection is associated with 10 r/min hysteresis.

*1) For parameter attribute, refer to Section 9-1.

Speed [r/min] Motor velocity

Pr4.36 + 10
Pr4.36-10

-(Pr 4.36 - 10)
-(Pr4.36 + 10)

The speed
arrival output AT- |OFF ON OFF ON
SPEED
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4-3-2 Speed coincidence output (V-COIN)

This signal is output when the motor speed is equal to the velocity specified by the velocity command. The motor
speed is judged to be coincident with the specified speed when the difference from the velocity command before/after
acceleration/deceleration is within the range specified by Pr 4.35 “Speed coincident range”

m Relevant parameters
At-
Class | No. | trib- Title Range Unit Function
ute *1)

Set the speed coincidence (V-COIN) output detection timing. Output

Speed the speed coincidence (V-COIN) when the difference between the

4 35 A coincidence 10-20000 r/min | speed command and the motor speed is equal to or smaller than the

range speed specified by this parameter.

The detection response has 10 r/min hysteresis.

*1) For parameter attribute, refer to Section 9-1.

Speed [r/min]

Pr435 *1

[Speed coincidence|

range] ]

Velocity

Velocity command after

command acceleration/deceleration process / (Speed coincidence range)
LN L

Pr4.35*1

Speed coincideng
outputV-COIN

OFF

Pr4.35*1 /L/¢ \ o Time
(Speed coincidence range) :

ON OFF

*1  Because the speed coincidence detection is associated with 10 r/min hysteresis, actual detection range is as shown

below.

Speed coincidence output OFF ON timing (Pr 4.35 — 10) r/min
Speed coincidence output ON OFF timing (Pr 4.35 + 10) r/min

R8.1

Motion Control Business Unit, Panasonic Industry Co., Ltd.




No. SX-DSV03306 -58-

4-3-3 Velocity command acceleration/deceleration setting function
This function controls the velocity by adding acceleration or deceleration command in the driver to the input velocity

command.

Using this function, you can use the soft start when inputting stepwise velocity command or when using internal
velocity setup. You can also use S shaped acceleration/deceleration function to minimize shock due to change in

velocity.

m Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)

3 12 B Acceleration time 0-10000 ms/ ' Set up accgleration processing time in response to the velocity
setup (2000 r/min) | command input.

3 13 B Deceleration time 0-10000 ms/ _ Set up decgleration processing time in response to the velocity
setup (1000 r/min) | command input.

Sigmoid acceleration/ Set S-curve time for acceleration/deceleration process when the

3 14 B deceleration time 0-1000 ms velocity command is applied.
setup

*1) For parameter attribute, refer to Section 9-1.

Note: When the position loop is external to the driver, do not use the acceleration/deceleration time setting.
Set these values to 0.

* Pr 3.12 “Acceleration time setup”, Pr 3.13 “Deceleration time setup”

Set the time, elapsing before the velocity command (stepwise input) reaches 1000 r/min after a stepwise velocity

command is input, to Pr 3.12 “Acceleration time setup”. Also set the time, elapsing before the velocity command

reaches O r/min from 1000 r/min, to Pr 3.13 “Deceleration time setup”. Assuming that the target value of the

velocity command is V¢ (r/min), the time required for acceleration/deceleration can be computed from the formula

shown below.
Acceleration time (ms) = Vc¢/1000 x Pr 3.12 x 1 ms
Deceleration time (ms) = Vc¢/1000 x Pr 3.13 x 1 ms

Speed [r/min]

1000

Stepwise input velocity command

N

= Velocity command after

acceleration/deceleration process

Pr3.12 x 1 ms

A

Pr3.13x1ms !
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* Pr 3.14 “Sigmoid acceleration/deceleration time setup”
According to Pr 3.12 “Acceleration time setup” and Pr 3.13 “Deceleration time setup”, set up sigmoid time with
time width centering the inflection point of acceleration/deceleration.

Speed [r/min] R I Lt
Target speed ' ' ’ Velocity command after
————————————————————— - . .
(Vc) ! acceleration/deceleration

process

ta=Vc/1000 x Pr 3.12 x 1 ms
td =Vc/1000 x Pr3.13 x 1 ms
ts=Pr3.14 x 1 ms

« Use with the setup of ta/2 > ts, td/2 > ts !

I

Time

A

Yo

td
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4-4 Torque control

Torque control is performed based on the torque command object of the EtherCAT communication which is input
from the host controller.

This describe the basic configuration when using the torque control.

Torque control is required speed limit command in addition to the torque command.

Control the rotational speed of the motor so that the value does not exceed the speed limit.

Note) When a torque command is given so that 0 is routed through like a positive value to negative value or negative value to
positive value while torque filter is valid, torque may not be controlled according to the torque slope and torque filter
settings.

As torque control mode, there is a Profiles torque control (tg) and Cyclic synchronous torque control(cst).
For details, refer to Technical Reference, SX-DSV03307” Section 6-8”, EtherCAT communication specification.

The control mode is switched forcibly inside the driver depending on its operating status irrespective of the command
from the host device. This operation has an effect on input signal processing.
[Conditions that the control mode is switched forcibly inside the driver]
+ When frequency characteristic is measured by Setup support software.
(Position loop characteristics is position control, the speed closed loop characteristic and torque speed (vertical)
are speed control, torque speed (normal) is torque control.)
« Test run of the setup support software (Forcibly position control mode).
+ The states that are written "Forcibly controls the position™ in "Deceleration stop sequence” (Section 6-3).
+ “Retracting operation” in operation (Forcibly controls the position)

PANATERM(frequency characteristic analysis)

= Torque
- — command
o generation &
processing
section
= < 1
SEIrvoartvet == ————-——--——---—--—=-------
1
et T
Torque || EthercAT Torque i : '
command ! | communication command —> soor:?/r;Zion !
(EtherCAT R 1| processing N generation & N Ly
icati 1| section processing d ;! |
Host communication) : section r Motor contro
! Processing T
- I 'y orque
controller speed limit ! Y unit g
command ey ! : control
1 1 -
(EtherCAT : L section
communication) \ "
i LCOE(CiA402) Processina unit |
1 : :
; 1

V-LIMIT V-L|M|T/VTL|M
“(Extermnalowput | I | output function
signal)
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4-4-1 Speed limit function

The speed limit is one of protective functions used during torque control.

This function regulates the motor speed so that it does not exceed the speed limit while the torque is controlled.

Note: While the speed limit is used to control the motor, the torque command applied to the motor is not directly
proportional to the torque command from host controller.
The torque command applied to the motor becomes the torque that the speed-controlled so that the motor speed
becomes the speed limit value.

Note: If the motor runs in the direction opposite to the one specified by the torque command given by the host
controller due to disturbance including gravity, the speed will not be within the limit.
If this matters, set the speed at which the motor needs to be stopped in Pr5.13 (over-speed level setting) or
Pr6.15 (2nd over-speed protection level setting), so that Err26.0 (over-speed protection) or Err26.1 (2nd over-
speed protection) is caused to happen in order to stop the motor.
For details on over-speed protection, refer to the section 6-3-5.

m Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
Set up the selection method of the speed limit used for torque
control mode.
3 17 B Speed limit ’ o Setting value Speed limit value
select 2 6080h (Max motor speed)
With this amplifier, it becomes 2 fixation.
Function -2147483648 bitl2 : Velocity limit priority function during torque control
6 97 B expansion ~ — 0 : Torque command priority
setting 3 2147483647 1 : Velocity limit priority *2)*3)
*1) For parameter attribute, refer to Section 9-1.
*2) Itis enabled only for control mode cst.
*3) If 606Ch (Velocity actual value) exceeds the velocity limit value (607Fh (Max profile velocity)

or 6080h (Max motor speed)), torque limit by 60EOh (Positive torque limit value) and 60E1h (Negative torque limit value)

is disabled and control is performed by generating necessary torque so that the velocity becomes lower than the limit
velocity.
However, the maximum torque is 6072h (Max torque).
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4-5 Setting regenerative resistor

Cannot be used with [V frame].
The table describes setup of regenerative resistor.
For details of regenerative resistor specification, refer to Standard specifications.

m Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)

With this parameter, you can select either to use the built-in
regenerative resistor of the driver, or to separate this built-in
regenerative resistor and externally install the regenerative resistor.
0: Use the built-in resistor and activate regenerative over-load
protection.
External 1: Use the external resistor and activate regenerative over-load
0 16 c Regenerative 0-3 protection.
resistor setup 2: Use the external resistor but do not activate regenerative over-
load protection.
3: Do not use regenerative resistor. (Do not use over-load
protection.)
»¢Please do not change the shipment value setting with V
frame.
When selecting the external regenerative resistor (Pr 0.16 = 1, 2),
select the computing method of load factor of regenerative resistor.
0: Regenerative load factor is 100% when duty factor of external
regenerative resistor is 10%. (Compatible with A4N series)
1-4: For manufacturer’s use (do not setup)
#Please do not change the shipment value setting with V
frame.

Selection of load
factor of external
regenerative
resistor

*1) For parameter attribute, refer to Section 9-1.
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4-6 Absolute setup
4-6-1 Feedback scale

With the absolute type of feedback scale, an absolute system that does not require return to origin action after

power-up, can be configured.

m Relevant parameters

Attri
Class | No. [bute Title Range | Unit Function
*1)
Set the feedback scale type.
0: AB phase output type
1: Serial communication type (incremental specification)
3 23 | R Feedback scale 0-6 _|2: Serial communication type (absolute linear specification)
selection 3: For manufacturer use
4: For manufacturer use
5: For manufacturer use
6: Serial communication type (absolute rotary specification)

*1) For parameter attribute, refer to Section 9-1.

4-6-1-1 Structure of absolute system

Absolute system configuration using EtherCAT communication interface
(Example: with servo driver single-axis connection)

In the EtherCAT communication response (driver — host controller), the absolute data is transferred to the host
controller as the current position data.

Host controller

RX+

I
ECAT IN

(X2A)

RX-

TX+

TX-

X+

RX+

D [N —

TX-

Communication interface

RX-

I
ECAT OUT
(X2B)

1

TX+

TX-

oo Wi —

Servo driver

1 Junction
' Connector
CS Signal
(CSt1,2,3)
* Case of using
CS signal
|
Junction
! Connector
Head

—

Linear Scale Unit
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4-7 Linear motor/feedback scale setting

MINAS-ABBL series requires you to set up the linear motor/feedback scale to be connected.

Follow the procedures below to set up the linear motor/feedback scale.

mProcedures

1. Set up linear motor/feedback scale parameter

(1)Linear motor (motor type, mass, rated torque, etc.) Linear type 4-7-1-1
Feedback scale (resolution, etc.) Rotary type 4-7-1-2
(2) Feedback scale A/B phase output type 4-7-1-3

Serial communication type
(incremental specification)

Serial communication type

(absolute linear specification)

Serial communication type
(absolute rotary specification)
(3) Pole position estimation CS signal 4-7-3-1
Pole position estimation 4-7-3-2
pole position recovery 4-7-3-3
2. Set up current gain
(A) Theoretical value 4-7-2 (B) Use automatic setting tool | 4-7-4
calculation based on
parameters
3. Set up feedback scale/CS signal direction
(A) Manual setting | Scale 4-7-1-4 (B) Use automatic setting tool | 4-7-4
CSssignal | 4-7-3-1

mCaution

* When the power is turned on at factory defaults, Err60.0 “Motor setting error protection” occurs. This is because the linear

motor/feedback scale is not yet set up.

- When the installation condition is changed, such as when a linear motor or feedback scale is exchanged,
follow the procedures above to configure the setting again.
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4-7-1 Parameter setting according to linear motor/feedback scale specification

Set up various parameters by referring to the specifications of the linear motor to be connected.
Two motor types are supported: “Linear type” and “Rotary type”

The same parameter number has different meaning between “Linear type” and “Rotary type”.
For more information, refer to the parameter tables in Sections 4-7-1-1, 4-7-1-2

mCaution

« For Pr9.06 (Rated effective motor current), if a value exceeding the rated motor current is set, the current
obtained when the thrust command is 100% will not take effect as the rated motor current. Therefore, Err16.0
(Overload protection) does not function normally, resulting in the risk of motor burnout.

« For Pr9.07 (Maximum instantaneous motor current), if a value exceeding the maximum instantaneous motor
current is set, the current obtained when the maximum thrust command is given will not take effect as the
motor maximum current. Therefore, Err16.1 (Thrust saturation error protection) does not function normally,

resulting in the risk of motor burnout.

4-7-1-1 Linear type motor

mRelevant parameters: Linear type

Attri .
Class | No. |bute Title Setting Unit Function
*1) range
Select the type of the motor to be connected.
) __|1: Linear type , 2: Rotary type, 3: For manufacturer’s use
0 R Motor type 0-3 If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.
Set the feedback scale resolution.
Feedback scale 0- . . w .
01 | R resolution 536870912 | M The valid rar}ge”ls 1 to 1000000. If out of range, Err60.0 “Motor setting
error protection’ occurs
Set the movable part mass of the motor.
04 | R Motor movable 0-32767 |0.01 kg |If the setting value is zero, Err60.0 “Motor setting error protection”
part mass occurs
Motor rated Set the rated thrust of the motor.
05| R 0-32767 | 0.1 N |If the setting value is zero, Err60.0 “Motor setting error protection”
thrust oceurs
Set the rated current of the motor.
Motor rated 01 If the setting value is zero, Err60.0 “Motor setting error protection
06 | R fecti t 0-32767 Arms |0Ccurs.
elteclive curren Also, if it exceeds allowable rated current of the driver, Err60.1 “Motor
combination error 1” occurs.
) Set the maximum instantaneous current of the motor.
Motor maximum If the setting value is zero, Err60.0 “Motor setting error protection”
07 | R | instantaneous 0-32767 | 0.1 A |occurs.
current Also, if it exceeds maximum allowable instantaneous current of the
driver, Err60.1 “Motor combination error 1” occurs.
Maximum Set the maximum overspeed of the motor.
10 | R 0-20000 | mm/s |If the setting value is zero, Err60.0 “Motor setting error protection”
overspeed level
occurs.
Select the carrier frequency.
0: 6 kHz, 1: 12 kHz, 2: 8 kHz, 3: For manufacturer’s use
. : .
11 | R | Carrier frequency 0-3 . The factory dgfault of carrier frequency may vary according to frame
size of the driver.
* |f the setting value is changed from the shipment value, a derating is
necessary. For more information, refer to the Standard specifications.

(To be continued)

R8.1

Motion Control Business Unit, Panasonic Industry Co., Ltd.




No. SX-DSV03306 -66-

Class

No.

Attri
bute
*1)

Title

Setting
range

Unit

Function

02

Magnetic pole
pitch

0-32767

0.01
mm

Set the magnetic pole pitch.
This setting value is valid only for Pr9.00 “Motor type selection” = 1
(linear type).

This is not compatible with Pr9.30 “Number of pulses per magnetic pole”.
To set the magnetic pole with this parameter, set Pr9.30 “Number of
pulses per magnetic pole” to zero.

Err60.0 “Motor setting error protection” occurs in the cases below:
+ Pr9.00 =1 (linear type) and Pr9.02 = 0 and Pr9.30 < 512
+ Pr9.00 =1 (linear type) and Pr9.02#0 and Pr9.30#0

30

Number of pulses
per magnetic pole

0-
327670000

pulse

Set the magnetic pole for the linear motor with the number of pulses.
This value is valid only for Pr9.00 “Motor type selection” = 1 (linear

type).

Setting value =512 or more: The value is the number of pulses per

magnetic pole.

= The setting value becomes effective from 512. But, set it to not less than
2048 as much as possible.

Setting value = pole pitch [mm] + scale resolution [um] x 1000

This is not compatible with Pr9.02 “Magnetic pole pitch”.
To set the magnetic pole with this parameter, set Pr9.02 “Magnetic pole
pitch” to zero.

Err60.0 “Motor setting error protection” occurs in the cases below:
+ Pr9.00 =1 (linear type) and Pr9.02 = 0 and Pr9.30 < 512
+ Pr9.00 =1 (linear type) and Pr9.02+0 and Pr9.30#0

Note: In general, use Pr9.02 “Magnetic pole pitch” for setting the
magnetic pole. If this is the case, make sure to set
this parameter to zero.
Use this parameter only if Pr9.02 is exceptionally unavailable.

*1) For information on the parameter attribute, refer to the section 9-1.

R8.1

Motion Control Business Unit, Panasonic Industry Co., Ltd.




No. SX-DSV03306 -67-

4-7-1-2 Rotary type motor

mRelevant parameter: Rotary type

Class

No.

Attri
bute
*1)

Title

Setting
range

Unit

Function

R

Motor type

0-3

Select the type of the motor to be connected.

1: Linear type , 2: Rotary type , 3: For manufacturer’s use

If the setting value is zero, Err60.0 “Motor setting error protection”
Ooccurs.

Number of scale
pulses per
revolution

0-
536870912

pulse

Set the number of pulses of the feedback scale per revolution.

The valid range is 10000 to 536870912. If out of range, Err60.0 “Motor setting

error protection” occurs.

Also, this value changes the supported speed [r/min]. If the number of

pulses per second exceeds 1091 M[pulse/s] based on the Pr9.10

“Maximum overspeed level” value and this setting value, Err60.1 occurs.

Example: Pr9.01 = 33554432 (25bhit),

Supported speed [r/min] = 60 x 1091000000 / 33554432 = 1950.86
So, if Pr9.10 is not less than 1951, Err60.1 occurs.

Note:When using the serial communication type (absolute rotary
specification) (Pr 3.23 = 6), be sure to set the value according to the
scale specification. Otherwise, even if the ratio between the setting
values of Pr9.01 and Pr9.03 is appropriate, normal control can not be
performed.

Regarding resolution of the serial communication type (absolute
rotary specification), if it exceeds 2?*[pulse/r], only 2" (225, 2%, etc.)
[pulse/r] are supported.

Number of pole
pairs per rotation

0-255

Number of
pole pairs

Set the number of pole pairs of the motor per revolution.
If Pr9.00=2 (rotary type) and the setting value is zero, Err60.0 “Motor
setting error protection” occurs.

Motor inertia

0-32767

0.00001
kgm”2

Set the inertia of the motor.
If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.

Motor rated
torque

0-32767

0.1 Nm

Set the rated torque of the motor.
If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.

Motor rated
effective current

0-32767

0.1
Arms

Set the rated current of the motor.

If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.

Also, if it exceeds allowable rated current of the driver, Err60.1 “Motor
combination error 1”” occurs.

Motor Maximum
instantaneous
current

0-32767

0.1A

Set the maximum instantaneous current of the motor.

If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.

Also, if it exceeds maximum allowable instantaneous current of the
driver, Err60.1 “Motor combination error 1” occurs.

Maximum
overspeed level

0-20000

r/min

Set the maximum overspeed of the motor.

If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.

Also, this value changes the supported speed [r/min]. If the number of
pulses per second exceeds 1091 M[pulse/s] based on the Pr9.01 “Number
of scale pulses per revolution” value and this setting value, Err60.1
occurs.

Carrier frequency

Select the carrier frequency.

0: 6 kHz, 1: 12 kHz, 2: 8 kHz, 3: For manufacturer’s use

* The factory default of carrier frequency may vary according to frame
size of the driver.

* |If the setting value is changed from the shipment value, a derating is

necessary. For more information, refer to the Standard specifications.

*1) For information on the parameter attribute, refer to the section 9-1.
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4-7-1-3 Feedback scale type setting

Select the type of the feedback scale to be used.

mRelevant parameters

(i Settin
Class | No. |bute Title d Unit Function
*1) range
Set the feedback scale type.
0: AB phase output type
1: Serial communication type (increment specification)
2: Serial communication type (absolute linear specification)
3: For manufacturer use
4: For manufacturer use
3 23 | R Feedback scale 0-6 _|5: For manufacturer use
selection 6: Serial communication type (absolute rotary specification)
In the case where the type of the connected feedback scale does not agree
with the setting, the following error may occur depending on the situation.
Err50.0 “Feedback scale wiring error protection”
Errs55.0 to 2 “A/B/Z phase wiring error protection”
Err93.3 “Feedback scale connection error”
*1) For information on the parameter attribute, refer to the section 9-1.
Pr3.23 Feedback scale type Acceptable speed *2
0 AB phase output type Up to 4 M [pulse/s] ( multiplied by 4)
*1
1 Serial communication type (increment specification)*4 Linear type : Up to 4000 M [pulse/s]*5
Rotary type : Up to 1000 M [pulse/s]
2 Serial communication type (absolute linear specification) Up to 4000 M [pulse/s]*5
*4
6 Serial communication type (absolute rotary specification) Up to 1000 M [pulse/s]
*3 *4
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*1 The table below lists the count direction of feedback scale for the A/B phase output type in the internal

driver process.

Pr3.26 Negative direction (count down) Positive direction (count up)
A-phase is by 90° ahead of B-phase B-phase is by 90° ahead of A-phase
t1t2t3t4 > 0.25us t1t2t3t4 > 0.25us
T>1.0ps T>1.0us
Driver receive waveform Driver receive waveform
N t1 .12 .12 tA - - 11 19 3t A <«
Ak | Ak .
Scale @tfjgt waveform ,—|— ScB$EutpUlWil eform | —\—
0,2: not T .
reversed
EXB —— g—$ '
B-phase is by 90° ahead of A-phase A-phase is by 90° ahead of B-phase
t1t2 t3 4> 0.25pus t1t2 t3 t4> 0.25us
T>1.0us T>1.0us
Driver receive waveform Driver receive waveform
+1 t2 it #A t1 .12 .12 .t/
- <« s e
AR — L | am |
| |
Scale dBtpt waveform ScB#Rutpat wavetorm | I—
13: T T
reversed $ —mim
EXA — X
B /X
EXB —/H Ay v EXB RGN $

*2 The acceptable speed represents the feedback speed [pulse/s] of the feedback scale to be processed by

driver.

For the supported range in the scale side, refer to the scale specifications.

For example, when using the feedback scale at 1 nm resolution in the serial communication type, the
speed is up to 4 m/s. Also, to use the serial communication type at 8 m/s speed, select 2 nm or more for
the feedback scale resolution.

*3 Only in case of setting the rotary type, the setting of Pr3.23 = 6 is enabled.

*4 The serial incremental feedback scale is usable with Pr3.23 = 1 for both linear and rotary types. The
absolute scale will cause Err 93.3 “Feedback scale connection error” unless the setting is appropriate
for the linear or rotary type.

*5 It is supported up to 2000 M [pulse/s] during speed/torque control.
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4-7-1-4 Manual direction setting of feedback scale

mRelevant parameters

(Rl Settin
Class | No. |bute Title g Unit Function
*1) range
Set the reversal of the feedback counter and CS signal direction of the
feedback scale.
[Scale] [CS signal]
Feedback scale and 0  not reversed not reversed
3 26 | R CS direction 0-3 — |1  reversed not reversed
inversion 2 not reversed reversed
3 reversed reversed
The logic setting of CS signal is valid only when the CS signal is selected
(Pro.20=1).

*1) For information on the parameter attribute, refer to the section 9-1.

Set up these parameters so that the relationship between the feedback scale count direction and motor's inductive
voltage phase order meets the diagram below. Check the count direction of the feedback scale by using the
PANATERM (sum of scale pluses) while removing the motor cables and moving the movable part by hand.

Note: Before checking the count direction, make sure to set Pr0.00 “Operation direction” to 1 and
write the data in EEPROM and turn OFF and ON the power supply.

Count down direction of
feedback scale

Electric angle >
00 1800 3600
V N
(G)
S U-W O
= GE1)
o
>
@
% AV
a (G)
= v—uU O
S (E2)
o -
=
AV
(G)
W—V O
(GE3)

Note 1:1t is a waveform generated when checking the induced voltage in the terminal U by connecting the
terminal W with GND.

Note 2:1t is a waveform generated when checking the induced voltage in the terminal V by connecting the
terminal U with GND.

Note 3: It is a waveform generated when checking the induced voltage in the terminal W by connecting the
terminal V with GND.
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4-7-2 Current gain setting

There are two ways to set the current gain: theoretical value calculation (when the motor phase inductance and resistance are
known) with parameters and automatic setting with a tool.

This section describes how to calculate the theoretical value with parameters.

For information on the automatic setting with a tool, refer to “Section 4-7-4”

mRelevant parameters

Class | No.

Attri
bute
*1)

Title

Setting
range

Unit

Function

9 08

R

Phase inductance

0-32767

0.01
mH

Set the phase inductance of the motor.
If Pr9.12 “Automatic current response adjustment” = 0 and this value is
zero, Err60.0 “Motor setting error protection” occurs.

Phase resistance

0-32767

0.01Q

Set the phase resistance of the motor.
If Pr9.12 “Automatic current response adjustment” = 0 and this value is
zero, Err60.0 “Motor setting error protection” occurs.

Automatic
current response
adjustment

0-100

%

When this value = 0, calculate the theoretical values of Pr9.13 and Pr9.14
from Pr9.08 and Pr9.09.

Set the standard for current responsivity when calculating Pr9.13
“Proportional current gain” and Pr9.14 “Integral current gain”.

The bigger the setting value is, the higher the current response is. But,
because it can cause unusual behaviors including oscillation, set an
appropriate value according to the operational state.

Roughly speaking, if Pr9.11 = 0 (carrier 6 kHz), set 40. If Pr9.11 =1
(carrier 12 kHz), set 80. If Pr9.11 = 2(carrier 8kHz), set 55.

If the setting value is zero, the theoretical values of Pr9.13 and Pr9.14 is
not calculated. Otherwise, set Pr9.13 and Pr9.14 manually or
automatically with a tool.

Proportional
current gain

0-32767

Set a proportional current gain.
In general, use the theoretical value as is calculated using Pr9.12.

Integral current
gain

0-32767

Set an integral current gain.
In general, use the theoretical value as is calculated using Pr9.12.

Voltage feed
forward gain 1

0-32767

Set a voltage feed forward gain 1.

The higher the setting, the higher the current response to the change in
torque command becomes. However, since it may cause oscillation or any
other faulty operation, select an appropriate value according to the
operating conditions.

There is no compatibility with the automatic setting by the use of Pr9.12.

Voltage feed
forward gain 2

0-32767

Set a voltage feed forward gain 2.

The higher the setting, the higher the current response to torque
command. However, since it may cause oscillation or any other faulty
operation, select an appropriate value according to the operating
conditions.

There is no compatibility with the automatic setting by the use of Pr9.12.

*1) For information on the parameter attribute, refer to the section 9-1.

*2) The value is calculated at power-on.
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mCautions
« Our servo amplifiers are made specifically for the connection with a motor that uses Y connection.

If a motor for A connection is used, calculate the settings of Pr9.08 (Motor phase inductance) and Pr9.09 (Motor
phase resistance) from the formula shown below.

L: Inductance between lines in A connection
R: Resistance between lines in A connection
I: Phase inductance in Y connection
r. Phase resistance in Y connection

RL R,L q

Aconnection Y connection

« If the setting of Pr9.12 (Automatic current response adjustment) is other than 0, the theoretical values of Pr9.13
(Proportional current gain) and Pr9.14 (Integral current gain) are calculated from the settings of Pr9.08, Pr9.09,
and Pr9.12. Therefore, note that if a wrong setting is entered for Pr9.08 and/or Pr9.09, correct theoretical values

cannot be obtained and current response will be affected.
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4-7-3 Pole position detection method setting

There are three ways to detect the motor's pole position: CS signal-using method (CS signal), automatic estimation
method of pole position without using CS signal (Pole position estimation), and stored position-using method (Pole
position recovery).

4-7-3-1 CS signal method

Detect a pole position by using the CS signals (CS1, CS2, CS3).
This section describes how to manually set the direction and phase of CS signal.
For information on the automatic setting with a tool, refer to the “Section 4-7-4”.

mRelevant parameters

Attri

Class | No. |bute Title Setting Unit Function
*1) range

Set how to detect a pole position.
1: CS signal

9 20 | R Pole detection 0-3 . 2 Pole position estimation

method 3: Pole position recovery
If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.
Electric|Set up the phase difference between the induced voltage of the motor and
9 21 | R CS phase 0-360 angle [CS signal.
(°)  [This setting is valid only when CS signal is selected (Pr9.20 = 1).

Set the reversal of the feedback counter and CS signal direction of the
feedback scale.
[Scale] [CS signal]
0 not reversed  not reversed

3 26 | R Feegls)ack scalle & 0-3 — |1 reversed not reversed

reversa 2 not reversed  reversed

3 reversed reversed

The logic setting of CS signal is valid only when the CS signal is selected
(Pr9.20 = 1).

*1) For information on the parameter attribute, refer to the section 9-1.
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Connect the terminals so that the relationship between the motor's induced voltage and CS1, 2, 3 signals can meet the

figure below.

Note that Pr9.21 “CS phase” enables to correct a relative phase. (See subsequent page)
Also, Pr3.26 enables to set the CS signal direction. (See the CS signal direction described later)

Motor induced voltage

Electric angle

00 1800 3600
\Y
(e)]
UW O >
(Note 1
V P —
(e)]
UW O N
(Note 2
N,
\Y
@
UW O >
(Note 3
CS1
N
rd
CS2
>
CS3
>

Note 1: It is a waveform generated when checking the induced voltage in the terminal U by connecting the

terminal W with GND.

Note 2: It is a waveform generated when checking the induced voltage in the terminal V by connecting the

terminal U with GND.

Note 3: It is a waveform generated when checking the induced voltage in the terminal W by connecting the

terminal V with GND.
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* How to set relative phase using Pr9.21 “CS phase”

If it is difficult to connect the terminals in the same way as shown in previous page, Pr9.21 “CS phase” enables to
compensate the relative phase with the software.

For example, if the relationship between the induced voltage and CS signal is the same as shown in the figure below
in the count down direction of the feedback scale, the rising edge misalignment is 60° between the induced voltage of
the terminals U-W and the CS1 signal. So, set Pr9.21 to ‘60°.

Count down direction of
feedback scale

v

Electric angle

0o 1800 3600
\Y
@ (®))
T UW O >
=
o (Note 1
>
D
8 © \Y I
2 UW 0 N
— (Note 2
2 «
O
= \Y
(®
UW O >
(Note 3
60° misaligned
CS1
>
CS2
CS3

Note 1: It is a waveform generated when checking the induced voltage in the terminal U by connecting the
terminal W with GND.

Note 2: It is a waveform generated when checking the induced voltage in the terminal V by connecting
the terminal U with GND.

Note 3: It is a waveform generated when checking the induced voltage in the terminal W by connecting
the terminal V with GND.
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- How to set the CS signal direction by using Pr3.26 “Feedback scale & CS reversal”

There are two types of wiring patterns among CS1, CS2, and CS3 as shown in the figure below. In the figure above,
the wiring among CS1, CS2, and CS3 is correct for the induced voltage, so set the CS signal direction to “not
reversed” using Pr3.26.

On the contrary, in the figure below, the wiring between CS2 and CS3 is the reverse of the figure above, so set the
CS signal direction to “reversed” by using Pr3.26.

The “reversed” CS direction exchanges CS2 and CS3 on the inside of the servo driver, so the motor works properly.

Electric angle

0o 1800 3600
V /AN
o (&)
=
&) (Note 1
>
3
S @ Bl
2 UW 0 S
— (Note 2
S -
(@)
= \Y%
(®
UW O >
(Note 3
-
CS1
AN
7z
CS direction:
not reversed < CS2
>
CS3
N >
-
CS1
N
td
CS direction:
reversed < CS2
>
CS3
\ >

Note 1: It is a waveform generated when checking the induced voltage in the terminal U by connecting the
terminal W with GND.

Note 2: It is a waveform generated when checking the induced voltage in the terminal V by connecting
the terminal U with GND.

Note 3: It is a waveform generated when checking the induced voltage in the terminal W by connecting
the terminal V with GND.
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4-7-3-2 Pole position estimation method

The pole position is automatically estimated at the first servo-on after power-on without using the CS signal. The
pole position estimated is valid until the power supply is reset. After the power reset, the pole position is
automatically estimated again at the first servo-on.

Pr9.23 |

Pro.28 |

Filter

4 Command Judge the motor as :é%?aq;znget\zergﬁilries
torque Feedback scale  Stopped '
_________ (Pr9.25,9.26)

v

As the motor moving amount
exceeded Pr9.24 (zero
moving pulse width) even
though the Pr9.22 setting time
does not expire, the command
torque is set to zero.

As the motor does hardly
work, the command torque is

applied for as long as Pr9.22
setting time.

|

Servo-on
command

1, Pro.22

—

The first servo-on after power activation.

Time

OFF

mRelevant parameters

0]

Attri
bute
*1)

Class | No.

Title

Setting
range

Unit Function

Pole detection
method

Set how to detect a pole position.

1: CS signal

2: Pole position estimation

3: Pole position recovery

If the setting value is zero, Err60.0 “Motor setting error protection”
occurs.

Torque command
time for estimating
pole position

+ Set the time to apply a command when estimating pole position.

+ When the moving pulse count of the motor goes over Pr9.24 setting
value, the torque command stops even if the time does not expire.

« If the setting value is small, the motor will not work adequately,
resulting in a bad estimation accuracy or pole position estimation error.

« This setting is valid only when the pole position estimation is selected
(Pr9.20=2).

Note: The actual time is about the setting value plus 4 ms

0-200 ms

Command torque
for estimating
pole position

+ Set the torque per command when estimating pole position.
« If the setting value is small, the motor will not work adequately,
resulting in a bad estimation accuracy or pole position estimation error.
- This setting is valid only when the pole position estimation is
selected (Pr9.20 = 2).
Note: The actual command torque is limited by the maximum allowable
torque of the motor.

0-300 %

Zero moving pulse
width for
estimating pole
position

+ Set the pulse width for judging as a zero moving in the pole position
estimation.

+ When the motor moving pulse is less than this setting value regardless
of the torque application under the Pr9.22 and Pr9.23 conditions, it is
judged as a zero travel.

+ The travel amount can be reduced in the pole position estimation by
reducing the setting value, but the estimated accuracy may be poor.
Roughly speaking, set the number of pulses corresponding to the
electric angle.

- This setting is valid only when the pole position estimation is
selected (Pr9.20 = 2).

0-32767 | pulse

(To be continued)
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Attr Settin
Class | No. |bute Title g Unit Function
*1) range
Stop pulse count + Set the condition for judging the motor as stopped in the pole position
9 25 | B for estimating 0-32767 pulse estimation.
pole position + When the motor moving pulse count is not more than Pr9.25 for Pr9.26
Stop time for E?rﬂrﬁ;r?dn:: ;ntelri\égl, the motor is judged as stopped and next torque
9 26 | B estimating pole 0-32767 ms ppiied.

- This setting is valid only when the pole position estimation is

osition
P selected (Pr9.20 = 2).

+ Set the time limit for judging the motor as stopped in the pole position
estimation.

Stop time limit - If the motor is not judged as stopped even if this setting time

° 21| B fgélissgitig]r? 0-32767 ms expires, Err61.1 Pole position estimation error 2 occurs.
« This setting is valid only when the pole position estimation is selected
(Pr9.20=2).
Torque command + Set _the timg con.stant of the filter for the thque commfind in the pole
filter for pc_)smor! estlmatlon. If the setting value is zero, the.fllter
9 28 | B estimating pole 0-2500 |0.01 ms| will be invalid and only a step command will be available.
position « This setting is valid only while estimating the pole position when the
pole position estimation is selected (Pr9.20=2).
*1) For information on the parameter attribute, refer to the section 9-1.
mCautions

+ This function is done at the first servo-on after power-on. The motor works when estimating the pole position,

the operation commands are generated on the inside of the servo driver regardless of the operation commands
(including control mode) from upper equipment, so fully take care so as not to collide with the end of the unit.

+ This function may not work as expected when the vertical axis, uneven load, or friction is large Use of CS

signal method (4-7-3-1) is recommended in such a case.

+ The setting values for Prs9.22 to 9.27 are valid set during the startup of the pole position estimation. The

change is ignored while estimating the pole position.

- For the estimated accuracy when estimating the pole position, check the segment 7 LED (Pr7.00=8) in the front

panel or PANATERM's status monitor. The smaller this numeric value is, the better the accuracy is. This
accuracy is an estimated accuracy based on the pole position estimation method and will not warrant a real
accuracy. Use it only for reference.

+ When magnet pole position estimation is used, the system will not shift to Operation enabled (servo ON) until

magnet pole position estimation is completed.

- When multiple axes lock the same work as shown in the figure below:

Do not run the pole position estimation (at the first servo-on after power-on) in the
multiple axes at the same time.

As synchronous operation is not available while estimating the pole position, the pole position estimation cannot be
finished properly because the axes may suffer an impact from other axis, the estimation result finished might have a large
error,or the unit may be damaged.

Be sure that the axes excluded from the pole position estimation cannot give any impact on the axis to be
estimated.

In this configuration, we recommend you to use the CS signal method (4-7-3-1) or Pole position recovery
(4-7-3-3).
To use the pole position recovery method, apply the pole position estimation to each linear motor alone.

Linear motor
Linear motor

Work
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- Since the operation command from the host device becomes valid during csp control at the timing when
magnet pole position estimation is completed, it may suddenly move to the command position and cause
vibration if the difference between the stop position at completion of magnet pole position estimation and
the command position is large.

It is therefore necessary to take the following measure for the entire system, including the processing of the
host device.

(Measure) Have the command position tracked during magnet position estimation.
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4-7-3-3 Pole position recovery method

Once a pole position is estimated with the pole position estimation method (4-7-3-2), the pole position can be stored and the
motor can be controlled by using the pole position even after the power reset.
This recovery method can be supported only when the feedback scale of absolute type is used.

mRelevant parameters

Attri Settin
Class | No. |bute Title g Unit Function

*1) range
Set up the magnet pole position detection method.
1: CS signal

Pole detection 2: Pole position estimation
9 20 | R 0-3 - : o,
method 3: Pole position recovery

If the setting value is zero, Err60.0 “Motor setting error protection”
oceurs.

*1) For information on the parameter attribute, refer to the section 9-1.

mProcedures 1 (normal operation)
(1) Restart the control power supply after setting to Pr9.20=2 and writing it into EEPROM.
(2) Execute magnet pole position estimation (refer to 4-7-3-2).
(3) Restart the control power supply after changing to Pr9.20=3 and writing it into EEPROM.
* After this process, the magnet pole position estimation result from execution in (2) is restored at control power
supply restart.

mProcedures 2 (at amplifier replacement)
It is possible to restore the magnet pole estimation result for a different amplifier by following the procedures below
to execute setup.

(1) Connect with the amplifier to be the source of magnet pole position estimation result copying via

PANATERM, and save the parameter information for the source amplifier.

(2) Connect with the amplifier to copy the magnet pole position estimation result via PANATERM.

(3) Select “Copy magnet pole position estimation result” from “Other” menu on PANATERM.

(4) Select “Load” to load the parameter information saved in (1).

(5) Select “Execute” and write the magnet pole position estimation result into the subject amplifier.

(6) Restart the control power supply after setting to Pr9.20=3 and writing it into EEPROM.

mCautions
- In Procedures 1,The estimation result of the pole position is stored in the driver. When the combination of the driver and
linear motor is changed (exchange of driver, linear motor, or feedback scale), the pole position may change, thereby
disabling you to control the motor properly.
In this case, because the driver cannot recognize the change, an alarm will not occur.
When one of components above is exchanged at least, set Pr9.20=2 once. Then, estimate the poles position again and
set Pr9.20=3.

- Procedures 2 is for the case when the linear motor and the feedback scale are not exchanged but the amplifier alone is
exchanged. When exchanging the linear motor and the feedback scale, because the pole position changes, an incorrect
estimation result of pole position will be written in the amplifier and it inhibits normal motor control. When changing
the motor, estimate the pole position again before use..

- When this method is selected while the pole position is not estimated at all or while the estimation result of the
pole position is cleared, Err61.2 “Magnetic pole position estimation error 3” occurs.

- The estimation result of the pole position is cleared when the detection method of pole position is not specified
(Pr9.20=0).
However, EEPROM relevant alarms (Errs36.0 - 2, Errs37.0 - 2) are not cleared. Also, any alarm is not cleared
when Err11.0 “Control power undervoltage protection” occurred.

+ When this method is selected while using the feedback scale of other than absolute type, Err61.2 “Pole position
estimation error 3” occurs.
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4-7-4 Automatic linear motor setting with tool

The initial parameter (current gain, feedback scale direction, CS direction) for the combination with a linear motor
can be automatically set by using the automatic setting tool (MotorAutoSetup).

B Parameter changed by the automatic linear motor setting

The automatic linear motor setting updates the parameters below:

Attribute

Setting

Class | No. " Title Unit Function
1) range
Set the reversal of the feedback counter and CS signal direction of the
feedback scale.
[Scale] [CS signal]

0: not reversed not reversed

3 26 R Feedback scale & 0-3 — 1: reversed not reversed

CS reversal )
2: not reversed reversed
3: reversed reversed
The logic setting of CS signal is valid only when the CS signal is
selected (Pr9.20 = 1).
i Set a proportional current gain.
o 13| g | Proportional |06 | Prop ’
current gain

Set an integral current gain.

9 |14 B Integral current | aooes B g 9

gain
Electric |Set the relative phase between the motor's induced voltage and CS
9 21 R CS phase 0-360 angle |signal.
(°)  |This setting is valid only when CS signal is selected (Pr9.20 = 1).

*1) For information on the parameter attribute, refer to the section 9-1.

= To set Pr9.13 “Proportional current gain” and Pr9.14 “Integral current gain” by using the automatic linear motor
setting, set Pr9.12 “Automatic current response adjustment” to zero.
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H How to automatically set linear motor

For automatically setting a linear motor, the automatic setting tool (MotorAutoSetup) is required.

(For information on the automatic setting tool, contact us.)

[Linear motor automatic setting tool (MotorAutoSetup)]

A MotneAutoSetn MINAS-AS senes - MADLTISNM =
Sile Hebp
A i
Step1 >> >> | Siepd >>
(=]
St of $n banc paramwinr Carrant bop svtz uning Scale dewcton { CF stz selip
Step1 :Setofthe basic parameler
Pri 00 Motor type salscton [ Linear Bl
Scale setup
Fr3 23 Fendback scale selecton Pri 0% Feedbnck scaim reackation ‘ 1006 wm
{DAE phase cutout ype _'_]
Linest moter setup
2 Pole pach ot 0. 01mm ~ 327 67mm range 20 05 Reted moler thaust 12 N
Pr8 02 Mapret: solo pitch | 250 =m P19 06 Rated maree eflectve cumarnt | 17 A
™3 P 07 Mawmum nsantaneous [ 35 A
i mckar curment =
Fe93 |Extrmnted w1 312 % treust Smet |
|(QFQ071 2012}/ Fra 059 * 500 % ) |
Pri 04 Weight of motor's - S
=avabie sechon ' 006 %
Ohars priwmmins setip
Prd 13 Tet vt femt | 500 % Pri 10 Ovet spend level setun | 3000 s
Pr@ 20 Magretc goles detection method salecton Pr6.18 200 over speed level setip |~ [
l.‘ Magneti= poles postice sstrmation method 'j
Ao | woe |
=

When the automatic setting starts, the linear motor works in order to automatically set up the linear motor after the
servo-on. After the automatic setting is finished, the servo is automatically turned OFF.

After the automatic setting, make sure to reset the power supply of the servo driver finally.

(For information on how to use the linear motor automatic setting tool, refer to the tool's procedure manual.)
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mCautions
- The version of the tool compatible with AGNL series is 2.0.0.1 or later.

In the linear motor automatic setting, the motor may move up to two cycles of electric angle.
Secure the movable range in advance before the automatic setting.

- This function may not work as expected when the vertical axis, uneven load, or friction is large.
Also, the tool may not work properly when a load is mounted. If this is the case, run the tool with the linear motor
alone by unmounting the load.

- The tool may not work properly when the basic setting is not correct for the linear motor and scale.  Set the data
properly by referring to “4-7-1 Parameter setting according to linear motor/feedback scale specification” in advance.

If the network is established with the upper controller while automatically setting the linear motor, Err60.3 “Linear
motor automatic setting error protection” occurs and the tool is killed.

- IfPr9.20 “Pole detection method” = 2 (Pole position estimation), when the linear motor is automatically set while the
pole position estimation was finished, the pole position estimation becomes unfinished. The pole position will be
estimated on next servo-on.

- Ifthe torque command is overshot while automatically setting the linear motor, Err60.3 “Linear motor automatic
setting error protection” occurs and the tool is killed.

- When the external servo-on signal is allocated for input signal allocation, turn ON the external servo-on signal. If the
external servo-on signal remains OFF, the servo cannot turn ON and the automatic setting cannot start.
Also, if the external servo-on signal is turned OFF during the automatic setting, the servo turns OFF and the tool is
killed.

- After the automatic setting is finished, make sure to reset the power supply of the servo driver and establish the
network with the upper controller. If it is tried to establish network with the upper controller without resetting the
power supply of the servo driver, Err60.3 “Linear motor automatic setting error protection’ occurs.

Pr9.48 “Voltage feed forward gain 1 and Pr9.49 “Voltage feed forward gain 2” are not compatible with the
automatic setup of the current gain. Any execution of the automatic setup will result in a setting of zero (0).
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5-1 Automatic adjusting function
The figure below shows outline of automatic adjusting function of MINAS-AG6BL series.

5. Gain tuning/vibration suppressing function

Position/
speed
instruction

Basic gain Adaptive Friction torque Torque Motor
i i compensation instruction
automatic setting /‘ process f f current
»|  Position/ Notch filter Torque Current
.| speed > instruction — @ control >
i control generation
4
Load characteristic
S estimation [
> [
Resonance freg.estimation. Motor
speed [ Feedback
scale

Servo driver

1) Real-time auto tuning
Estimates the load characteristics based on the motor velocity and torque command, and automatically sets up
the basic gain related to position and velocity control, based on estimated inertia. Also estimates the friction
torque at the same time and adds the estimated value to the torque command to shorten positioning settling time.

2) Adaptive filter
Estimates the resonance frequency based on the motor velocity and removes the frequency components from

torque command to prevent resonant oscillation.
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5-1-1 Real-Time Auto Tuning

The system estimates the load characteristics in real time, and automatically performs basic gain setting and friction
compensation by referring to stiffness parameter.
For the 2 degrees of freedom control mode, refer to section 5-1-3/5-1-4.

1) Applicable Range
This function operates under the following conditions.
Real-time auto-tuning condition
Control Mode Specific real-tir_ne auto-tuning modg is_ selected according to the current'ly active control
mode. For details, refer to the description of Pr 0.02 Real time auto-tuning setup.
+ Should be in servo-on condition
+ Parameters except for controls such as torque limit setup, are correctly set, assuring that
Others the motor can run smoothly.
 The mass ratio is not estimated and the thrust compensation value is not updated while
estimating the pole position.

2) Cautions

- After the power is turned on, estimate value following may become quicker regardless of Pr6.31
“Real-time auto tuning estimation speed” until operation data effective for the estimation of load
characteristics is sufficiently accumulated.

- When real-time auto-gain tuning is effective, an estimate value may become abnormal due to
disturbance. If you want to obtain stable operation from when the power is turned on, it is
recommended to disable the real-time auto-gain tuning.

Real-time auto-gain tuning may not be executed properly under the conditions described below. If not properly
executed, change the loading condition or operating pattern, or manually set up the related parameters by
referring to the manual adjustment function description.
Conditions which obstruct real-time auto-gain tuning action
* The load inertia is too small or large compared to the rotor inertia.
(less than 3 times or more than 20 times).
Load inertia * The load i_nertie} changgs too quickly.
» The machine stiffness is extremely low.
« Nonlinear characteristics such as backlash exist.

» The motor is running continuously at low speed of 100 [r/min] or lower.

« Acceleration/deceleration is slow (2,000 [r/min] per 1 [s] or low).

» When the speed condition of 100 [r/min] or more and acceleration/deceleration
condition of 2,000 [r/min] per 1 [s] are not maintained for 50 [ms].

« Acceleration/deceleration torque is smaller than unbalanced weighted/viscous friction
torque.

* The feedback scale resolution is low. (1 um/pulse or more)
Others S . " L
* The estimation accuracy of magnetic pole position estimation is low.

Action pattern
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3) Real-time auto tuning control parameters

Use the following parameters to set up the operation of real-time auto tuning.

Attrib-
Class | No. | bute Title Range Unit Function
*1)
0 02 B Real-time auto- 0-6 — You can set up the action mode of the real-time auto-gain tuning.
gain tuning setup Setup Mode Description
value

0 Invalid Real-time auto-gain tuning function
is disabled.

1 Standard Stability-sensitive mode.

Do not use unbalanced load,
friction compensation or gain
switching.

2 Positioning *1 Position-sensitive mode. Use this
mode for machine using horizontal
axis without offset load or ball
screw driven machine with small
friction.

3 Vertical axis *2 This mode adds the following
features to those of positioning
mode: compensates for offset load
in vertical axis and minimizes
positioning settling time variations.

4 Friction This mode adds the following

compensation *3 features to those of vertical axis
mode: shortens positioning settling
time on large friction system such
as belt driven axis.

5 Load characteristic | This mode only estimates the load

measurement characteristics without changing the
basic gain setting or friction
compensation setting. Use these
features in conjunction with the
setup support software.

6 Customize *4 By precisely setting combination of
real-time auto tuning functions
through Pr 6.32 Real time auto
tuning custom setup, customization
to fit the application can be made.

*1 Velocity and torque controls are the same as in the standard
mode.
*2 Torque control is the same as in the standard mode.
*3 Velocity control is the same as in the vertical axis mode. Torque
control is the same as in the standard mode.
*4 Certain function(s) is not available in a specific control mode.
Refer to description in Pr 6.32.
0 03 B | Setup of machine 0-31 — You can set up the response while the real-time auto-gain tuning is
stiffness at real- valid. Higher the setup value, higher the velocity response and servo
time auto-gain stiffness will be obtained. However, when increasing the value,
tuning check the resulting operation to avoid oscillation or vibration.
6 10| B Function -32768- B The automatic adjustment of load change inhibit function is
expansion setup 32767 enabled with bit14=1.
(To be continued)
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Class

No.

At-
trib-
ute *1)

Title

Range

Unit

Function

31

Real time auto
tuning
estimation speed

0-3

Set up the load characteristics estimation speed with the real time auto

tuning being valid. A higher setup value assures faster response to a

change in load characteristics but increases variations in disturbance

estimation. Result of estimation is saved to EEPROM every 30 minutes.

Setup Mode Description

value
0 No change Stop estimation of load characteristics.
1 Almost constant Response to changes in load

characteristics in every minute.

2 Slower change Response to changes in load

characteristics in every second.

3 Faster change Obtain best suitable estimation in

* response to changes in load

characteristics.

* If the automatic oscillation detection is enabled by the support
software, the setup value 3 is used.

32

Real time auto
tuning custom
setup
(To be
continued)

-32768-32767

When the operation mode of real time auto tuning is set to the customize
(Pr 0.02 = 6), set the automatic adjusting function as shown below.
Bit Content Description
1-0 Load characteristics | Enable/disable the load characteristics
estimation estimation function.
*1,%2 Setup value=0: Disable
Setup value=1: Enable
3-2 Inertia ratio update | Set up update to be made based on result
*3 of the load characteristics estimation of
Pr 0.04 “Inertia ratio”.
Setup value=0: Use current setup.
Setup value=1: Update by the estimated
value.
6-4 Torque compensation | Set up the update to be made according
*4 to the results of load characteristics

estimation of Pr 6.07 “Torque command
additional value”, Pr 6.08 “positive
direction torque compensation value”
and Pr 6.09 “negative direction torque
compensation value”.
Setup value = 0:

Use current setup
Setup value = 1:

Disable torque compensation.

Clear the parameters shown above to 0.
Setup value = 2:

Vertical axis mode

Update Pr 6.07.

Zero clear Pr 6.08 and Pr 6.09
Setup value = 3:

Friction compensation (low)

Update Pr 6.07. Set low compensation

to Pr 6.08 and Pr 6.09.
Setup value = 4:

Friction compensation (middle)

Set middle compensation to Pr 6.08

and Pr.6.09.
Setup value = 5:

Friction compensation (high)

Set high compensation to Pr 6.08 and

Pr 6.09.

*1 If the load characteristics estimation is disabled, the current setup
cannot be changed even if the inertia ratio is updated according to
the estimated value. When the torque compensation is updated by
the estimated value, it is cleared to O (invalid).

*2 If the load characteristics estimation is abled, set Pr6.31 "Real-time
auto tuning presumption speed" besides 0(stop estimation).

(To be continued)
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setup
(Continued)

At-
Class | No. | trib- Title Range Unit Function
ute *1)
Bit Content Description
7 Stiffness Enable/disable the basic gain setup to
Setup be made according to Pr0.03 (Real-
*5 time auto-tuning machine stiffness
setup).
Setup value=0: Disable
Setup value=1: Enable
8 Fixed Enable/disable the change of
parameter parameter that is normally set at a
setup fixed value.
*5 Setup value=0: Use current setup
Setup value=1: Set to a fixed value.
10-9 Gain Select the gain switching related
switching parameter to be used when the real
setup time auto tuning is enabled.
*5 Setup value=0: Use current setup
Setup value=1: Disable gain switching.
Setup value=2: Enable gain switching.
*3 If the inertia ratio update is enabled, set bit 1-0 to 1(enable).
If neither is effective, the inertia ratio is not updated.
*4 If the torque compensation is abled (setup value=2-5),
set bit 3-2(Inertia ratio update) to 1(enable). If neither is effective,
the inertia ratio is not updated. The torque compensation alone
cannot be updated.
Real time auto *5 Set bit3-2(Inertia ratio update) to 1(enable) when this setting is
6 32 B tuning custom -32768-32767 B set excluding 0. At this time, you can be set whether to inertia ratio

update to be effective with bit 1-0(Load characteristics estimation).

Caution)
This parameter should be setup bit by bit. Because the operation is
not guaranteed when the setting is wrong, use of the setup support
software is recommended for parameter editing.

Caution)
Do not change while the motor is operating. With this parameter is
updated, when the motor stopped after the result of load
characteristic measurement secured.

<Setup procedure of bitwise parameter>

When setting parameter to a value other than 0, calculate the setup

value of Pr 6.32 in the following procedure.

1) Identify the LSB of the setup.
Example: LSB of the torque compensation function is 4.

2) Multiply the setup value by power of 2 (LSB).
Example: To set the torque compensation function to friction
compensation (middle): 24 x 4 = 64.

3) Perform steps 1) and 2) for every setup, sum up the values which
are to be Pr 6.32 setup values.
Example: Load characteristics measurement = enable, inertia ratio
update = enable, torque compensation = friction compensation
(middle), stiffness setup = enable, fixed parameter = set to a fixed
value, gain switching setup = enable, then,

20 x 1422 x 1424 x 4427 x 1+28 x 1429 x 2 = 1477

*1) For parameter attribute, refer to Section 9-1.
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4) Parameters changed by real-time auto-gain tuning
The real-time auto-tuning function updates the following parameters according to Pr 0.02 “Real-time auto-tuning
setup” and Pr 6.32 “Real-time auto-tuning custom setup” and by using the load characteristic estimate values.
At-
Class | No. | trib- Title Range Unit Function
ute *1)
0 04 B Inertia ratio 0-10000 % Updateg this parameter when the real-time auto-tuning inertia ratio
update is enabled.
6 07 B Torq_u_e command -100-100 % Upglate'thls parameter when the vertical axis mode for real time auto-
additional value tuning is valid.
Positive direction Update this parameter when the friction compensation mode for real
6 08 B Torque_ -100-100 % time auto-tuning is valid.
Compensation
Value
Negative direction Update this parameter when the friction compensation mode for real
6 09 B torque _ -100-100 % time auto-tuning is valid.
compensation
value
The real-time auto-tuning function updates the following basic gain setup parameters according to Pr0.03 “Real-
time auto-tuning machine stiffness setup”. For details, refer to 7) Basic gain parameter setup table.
At-
Class | No. | trib- Title Range Unit Function
ute *1))
1 00 B Lst gain of 0-30000 0.1/s When stiffness setup is valid, updates the parameter based on the
position loop setup value.
1 o1 B Lst gain of 1-32767 0.1 Hz When stiffness setup is valid, updates the parameter based on the
velocity loop setup value.
1st time constant When stiffness setup is valid, updates the parameter based on the
1 02 B of velocity loop 1-10000 0.1 ms |setup value.
integration
1st time constant When stiffness setup is valid, updates the parameter based on the
Lo B of torque filter 0-2500 0.01 ms setup value.
1 05 B 2n(_j gain of 0-30000 0.1/s When stiffness setup is valid, updates the parameter based on the
position loop setup value.
1 06 B 2nd gain of 1-32767 0.1 Hz When stiffness setup is valid, updates the parameter based on the
velocity loop setup value.
2nd time constant When stiffness setup is valid, updates the parameter based on the
1 07 B of velocity loop 1-10000 0.1 ms |setup value.
integration
1 09 B 2nd time constant 0-2500 001 ms When stiffness setup is valid, updates the parameter based on the
of torque filter setup value.
Real-time auto-tuning function sets the following parameters to the fixed value.
At-
Class | No. | trib- Title Range Unit Function
ute *1)
1st filter of When fixed parameter setup is valid, set the parameter to 0.
1 03 B - - 0-5 —
velocity detection
2nd filter of When fixed parameter setup is valid, set the parameter to 0.
1 08 B - . 0-5 _
velocity detection
i i i i 0,
1 10 B Velocity fegd 0-1000 0.1% When fixed parameter setup is valid, set the parameter to 300 (30%).
forward gain
1 1 B Velocity feed 1-6400 001 ms When fixed parameter setup is valid, set the parameter to 50 (0.5 ms).
forward filter
1 12 B Torque fee_d 0-1000 0.1% When fixed parameter setup is valid, set the parameter to 0.
forward gain
1 13 B Torque fged 0-6400 001 ms When fixed parameter setup is valid, set the parameter to 0.
forward filter
(To be continued)
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The real-time auto-tuning function sets the following parameters as the gain is switched.

At-
Class | No. | trib- Title Range Unit Function
ute *1)
1 14 B 2nd gain setup 0-1 — Sets to 1 if the current setting is not maintained
Mode of position Sets to 10 to enable the gain switching.
1 15 B control switching 0-10 o Sets to 0 to disable the gain switching.
Delay time of Sets to 50 if the current setting is not maintained.
1 16 B position control 0-10000 0.1 ms
switching
1 17 B Level of position 020000 o Sets to 50 if the current setting is not maintained.
control switching
Hysteresis at Sets to 33 if the current setting is not maintained.
1 18 B position control 0-20000 —
switching
1 19 B quitipn ggin 0-10000 01 ms Sets to 33 if the current setting is not maintained.
switching time
Mode of velocity Sets to O if the current setting is not maintained.
1 20 B o 0-5 —
control switching
Delay time of Sets to 0 if the current setting is not maintained.
1 21 B velocity control 0-10000 0.1ms
switching
. ’ 5 Level of V(_aloc_ity 020000 B Sets to 0 if the current setting is not maintained.
control switching
Hysteresis at Sets to 0 if the current setting is not maintained.
1 23 B velocity control 0-20000 —
switching
Mode of torque Sets to 0 if the current setting is not maintained.
1 24 B o 0-3 —
control switching
Delay time of Sets to 0 if the current setting is not maintained.
1 25 B torque control 0-10000 0.1 ms
switching
1 26 B Level of torque 0-20000 o Sets to 0 if the current setting is not maintained.
control switching
Hysteresis at Sets to 0 if the current setting is not maintained.
1 27 B torque control 0-20000 —
switching
The following settings are always set to invalid when Pr 0.02 “Real-time auto-tuning setup” is not 0.
However, the parameter settings are not changed.
At-
Class | No. | trib- Title Range Unit Function
ute *1)
. : Instantaneous velocity observer function enable bit (bit 0),
6 10 B Function expansion 0-1023 — disturbance observer ¥unction enable bit (bit 1) are i(nternlllly
setup disabled.
5 23 B Load change _ -100-100 % Pfarameter setup can be changed, but disturbance observer is
compensation gain disabled.
5 24 B Load chang(? 10-2500 0.01 ms Pfarameter setup can be changed, but disturbance observer is
compensation filter disabled.
Load estimation When set to Pr 6.10 bit14=1 in case of stiffness setting is
6 73 B filter 0-2500 0.01 ms |enabled, sets to 0.13 ms.
When set to Pr 6.10 bit14=0, set to O ms.
Torque Regardless value of the Pr 6.10 bit 14, sets to 0.
6 74 B compensation 0-5000 0.1 Hz
frequency 1
Torque Regardless value of the Pr 6.10 bit14 , sets to 0.
6 75 B compensation 0-5000 0.1Hz
frequency 2
Load estimation When set to Pr 6.10 bit14=1 in case of stiffness setting is
6 76 B 0-8 -
count enabled, sets to 4.
*1) For parameter attribute, refer to Section 9-1.
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5)

6)
(1]

(2]

(3]

(4]

How to use

When Pr 0.02 (Setup of real-time auto-gain tuning mode) is set to a value other than 0, control parameter is
automatically set according to Pr0.03 “Real-time auto-tuning machine stiffness setup”.

When the servo is ON, enter operation command after about 100ms. When the load characteristic is correctly
estimated, Pr 0.04 Inertia ratio is updated. With certain mode settings, Pr 6.07 Torque command addition value,
Pr 6.08 Positive direction compensation value and Pr 6.09 Negative direction compensation value will be
changed.

When value of Pr0.03 “Real-time auto-tuning machine stiffness setup” is increased, the motor responsiveness
will be improved. Determine the most appropriate stiffness in relation to the positioning setup time and vibration
condition.

Other cautions

Immediately after the first servo-on upon start up; or after increasing Pr0.03 “Real-time auto-tuning machine

stiffness setup”, abnormal sound or oscillation may be generated until the load characteristics is stabilized. If

such abnormality lasts or repeats for 3 or more reciprocating operations, take the following countermeasures.

1) Lower the setting value of Pr0.03 “Real-time auto-tuning machine stiffness setup”.

2) Set Pr 0.02 Real-time auto-tuning setup to 0 to disable the real-time auto-tuning.

3) Set Pr 0.04 Inertial ratio to the calculational value of the equipment and set Pr 6.07 Torque command
addition value, Pr 6.08 Positive direction compensation value and Pr 6.09 Negative direction compensation
value to 0.

When abnormal noise and oscillation occur, Pr 0.04 (Inertia ratio) or Pr 6.07 (Torque command additional
value), Pr 6.08 (Positive direction torque compensation value), Pr 6.09 (Negative direction torque
compensation value) might have changed to extreme values. Take the same measures as described in the setp 3)
above in these cases.

Among the results of real-time auto-gain tuning, Pr 0.04 (Inertia ratio) and Pr 6.07 (Torque command
additional value), Pr 6.08 (Positive direction torque compensation value), Pr 6.09 (Negative direction torque
compensation value) will be written to EEPROM every 30 minutes. When you turn on the power again, the
auto-gain tuning will be executed using the latest data as initial values. If power is turned off within 30 minutes
after the end of tuning process, the result of the real-time auto-tuning is not saved. If the result is not saved,
manually write parameters to EEPROM and then turn off power.

The control gain is updated when the motor is stopped. Therefore, if motor is not stopped because gain is
excessively low or commands are given continually in one direction, the change in Pr0.03 “Real-time auto-
tuning machine stiffness setup” may not be reflected. In this case, abnormal sound or oscillation may be
generated depending on the stiffness setting that is reflected after the motor stops.

After the stiffness setting is changed, be sure to stop the motor and check that the stiffness setting is reflected
before performing next operation.
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7) Basic gain parameter setup table

For load
1st gain 2nd gain fluctuati_o N
suppression
function
. Pr 1.00 Pr1.01 Pr1.02 Pr1.04 Pr 1.05 Pr 1.06 P 0 Pr1.09 Pr6.24
Stiffness *1
.. . Velocity .. . Velocity flutl:_tzz\?ion
Position Velocity ) Ioop_ Torque Position Velocity ) Ioop_ Torque compensation
[0.1/s] [0.1 Hz] | integration | [0.01 ms] [0.1/s] [0.1 Hz] | integration | [0.01 ms] filter
[0.1 ms] [0.1 ms] [0.01/ms]
0 20 15 3700 1500 25 15 10000 1500 2500
1 25 20 2800 1100 30 20 10000 1100 2500
2 30 25 2200 900 40 25 10000 900 2500
3 40 30 1900 800 45 30 10000 800 2500
4 45 35 1600 600 55 35 10000 600 2500
5 55 45 1200 500 70 45 10000 500 2500
6 75 60 900 400 95 60 10000 400 2500
7 95 75 700 300 120 75 10000 300 2120
8 115 90 600 300 140 90 10000 300 1770
9 140 110 500 200 175 110 10000 200 1450
10 175 140 400 200 220 140 10000 200 1140
11 320 180 310 126 380 180 10000 126 880
12 390 220 250 103 460 220 10000 103 720
13 480 270 210 84 570 270 10000 84 590
14 630 350 160 65 730 350 10000 65 450
15 720 400 140 57 840 400 10000 57 400
16 900 500 120 45 1050 500 10000 45 320
17 1080 600 110 38 1260 600 10000 38 270
18 1350 750 90 30 1570 750 10000 30 210
19 1620 900 80 25 1880 900 10000 25 180
20 2060 1150 70 20 2410 1150 10000 20 140
21 2510 1400 60 16 2930 1400 10000 16 110
22 3050 1700 50 13 3560 1700 10000 13 90
23 3770 2100 40 11 4400 2100 10000 11 80
24 4490 2500 40 9 5240 2500 10000 9 60
25 5000 2800 35 8 5900 2800 10000 8 60
26 5600 3100 30 7 6500 3100 10000 7 50
27 6100 3400 30 7 7100 3400 10000 7 50
28 6600 3700 25 6 7700 3700 10000 6 40
29 7200 4000 25 6 8400 4000 10000 6 40
30 8100 4500 20 5 9400 4500 10000 5 40
31 9000 5000 20 5 10500 5000 10000 5 40

*1 In the vertical axis mode or friction compensation mode (Pr0.02=3,4), Pr1.07 is kept at 9999 until load
characteristic estimation is completed.
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5-1-2 Adaptive filter

This function estimates the resonance frequency from the vibrating component which appears on the motor velocity,

and removes the resonance component from the torque command with adaptive filter, thus reduces the resonance
vibration.

1) Applicable Range
This function works under the following condition.
Conditions under which the Adaptive filter is activated
Control mode  |Applies to other control modes than torque control.
« Should be servo-on status.
« Elements other than control parameters, such as deviation counter clear command inhibit
and torque limit are appropriately set, enabling the motor to run normally.
Others + Adaptive operation will not be executed during magnetic pole position estimation.
+ In homing position mode, Adaptive filter cannot be used together either Damping

Control or Quadrant projection suppression function or Position comparison function or
Deterioration diagnosis warning function.

2) Cautions

In the following condition, normal operation may not be expected—manually set the notch filter to prevent
resonance.

Conditions which obstruct adaptive filter action

 Resonance frequency is lower than the velocity response frequency x 3 (Hz).

. |* Resonance peak is low, or control gain is low where the motor velocity is not affected
Resonance point by this.

« Three or more resonance points exist.

+ Motor velocity variation with high harmonic component is generated due to non-linear
Load
factors such as backlash.

Command » Acceleration/deceleration is rapid such as 30000 [r/min] per 1 [s].
Others * The feedback scale resolution is low. (1 um/pulse or more)
The feedback scale resolution is high. (0.01 pm/pulse or less)
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3)

Relevant parameters
Set the operation of the adaptive filter to the following parameter.

Class

No.

At-
trib-
ute *1)

Title

Range

Unit

Function

00

Adaptive filter
mode setup

0-6

Select the operation mode of adaptive filter:

Setup value 0: Adaptive filter: invalid
The adaptive filter is disabled. Parameters related to the 3rd
and 4th notch filter hold the current value.

Setup value 1: Adaptive filter: 1 filter is valid
One adaptive filter is enabled. Parameters related to the 3rd
notch filter will be updated based on adaptive performance.

Setup value 2: Adaptive filter: 2 filters are valid
Two adaptive filters are enabled. Parameters related to the
3rd and 4th notch filters will be updated based on adaptive
performance.

Setup value 3: Resonance frequency measurement mode
Measure the resonance frequency. Result of measurement
can be checked with the setup support software
PANATERM. Parameters related to the 3rd and 4th notch
filter hold the current value.

Setup value 4: Clear result of adaptation
Parameters related to the 3rd and 4th notch filter are
disabled and results of adaptive operation are cleared.

Setup value 5: High accurate adaptive filter
Two adaptive filters are enabled. Parameters related to the
third and fourth notch filter are updated depending on
adaptive results.

We recommend this setting when using two adaptive filters.

Setup value 6: Maker uses.

It is the fit gain function of setup support software
PANATERM, and internally used.
Do not use this setting in normal conditions.

The adaptive filter automatically sets up the following parameters.

Class

No.

At-
trib-
ute *1)

Title

Range

Unit

Function

07

B

3rd notch
frequency

50-5000

Hz

Notch frequency is automatically set to the 1st resonance frequency
estimated by the adaptive filter. In no resonance point is found, the
frequency is set to 5000.

08

3rd notch width
selection

0-20

Automatically set when the adaptive filter is active.

09

3rd notch depth
selection

0-99

Automatically set when the adaptive filter is active.

10

4th notch
frequency

50-5000

Hz

Notch frequency is automatically set to the 2nd resonance frequency
estimated by the adaptive filter. In no resonance point is found, the
frequency is set to 5000.

2

11

B

4rd notch width
selection

0-20

Automatically set when 2 adaptive filters are active.

2

12

B

4rd notch depth
selection

0-99

Automatically set when 2 adaptive filters are active.

*1) For parameter attribute, refer to Section 9-1.
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4)

5)

How to use

Enter the action command with Pr2.00 (Adaptive filter mode setup) set to a value other than 0.

If the resonance point affects the motor velocity, parameters of 3rd notch filter and/or 4th notch filters are
automatically set according to the number of adaptive filters.

Other cautions

(1) Immediately after the first servo-on at start up; or after increasing stiffness setting with the real-time auto-
tuning enabled, abnormal sound or oscillation may be generated until the adaptive filter stabilizes. If such
abnormality lasts or repeats for 3 or more reciprocating operations, take the following countermeasures.
1) Write the parameters which have given the normal operation into EEPROM.

2) Lower the setting value of Pr0.03 (Real-time auto-tuning machine stiffness setup).
3) Invalidate the adaptive filter by setting Pr2.00 (Adaptive filter mode setup) to O.
4) Set up the notch filter manually.

(2) Abnormal sound or oscillation may excessively change the setup value of 3rd and 4th notch filters. If such
change occurs, disable the adaptive filter as described in step 3) above, change setup value of Pr 2.07 3rd
notch frequency and Pr 2.10 “4th notch frequency” to 5000 (disable), and then enable the adaptive filter
again.

(3) The 3rd filters (Pr 2.07) and 4th notch filters (Pr 2.10) are written to EEPROM every 30minutes. Upon
power up, these data are used as default values during adaptive process.
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5-1-3 Real-time Auto Tuning (Two-degree-of-Freedom control mode Standard type)

The results from the real-time estimation of the machine load characteristics automatically implement the basis
gain setting and load variation compensation depending on the stiffness parameter.

Note: Two-degree-of-freedom control mode has the standard type and synchronization type.
However only standard type is available on MINAS-AGBL series.

1) Applicable Range

This function is enabled under the following conditions:
Conditions for real-time auto tuning
Position Control, Speed Control, Torque Control
Pr6.47 bit0=1 and bit3=0: 2 Degrees of Freedom Control Mode Standard type
- In Servo On status.
Other - Parameters for other functions than control such as torque limit settings must be specified
appropriately and normal rotation of motor must have no problems.

Control mode

2) Cautions

- After the power is turned on, estimate value following may become quicker regardless of Pr6.31 “Real-
time auto tuning estimation speed” until operation data effective for the estimation of load
characteristics is sufficiently accumulated.

- When real-time auto-gain tuning is effective, an estimate value may become abnormal due to
disturbance. If you want to obtain stable operation from when the power is turned on, it is
recommended to disable the real-time auto-gain tuning.

Real-time auto tuning may not normally function in the following conditions. If that happens, change
the load conditions/operation pattern or see the descriptions about manual tuning to manually configure
relevant parameters.

Conditions hindering real-time auto tuning
- The load mass is too small or large with reference to the rotor mass (smaller than three times
or 20 times or larger).
- The load mass varies.
- The mechanical stiffness is extremely low.
- Any non-linear characteristic exists such as backlash.

Load condition

- Continuous use at a low speed of less than 100 [mm/s]

- The acceleration is low at 2000 [mm/s] per 1 [s].

- A speed at 100 [mm/s] or higher or a acceleration/deceleration of 2000 [mm/s] per 1 [s]
does not continue for 50 [ms] or longer.

- The acceleration/deceleration torque is small with reference to the uneven load/ viscous

friction torque.

* The feedback scale resolution is low. (1 um/pulse or more)

* The estimation accuracy of magnetic pole position estimation is low.

Operation pattern

Other
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3) Parameters controlling operation of real-time auto tuning

Configure the real-time auto tuning operation by setting the following parameters.

At-
Class | No. | trib- Title Range Unit Function
ute *1)
Specifies the operation mode of real-time auto tuning.
Setting Mode Description
0,6 Invalid The real-time auto tuning
function is disabled.
1 Standard response | The mode for the optimum
mode stability. No uneven load or
friction compensation takes place
and no gain switching is used.

2 High response The mode for the optimum

mode 1 positioning.  Used for a ball
screw-driven device, etc. with no
uneven load and little friction, as
in a horizontal axis.

3 High response In addition to the high responce

mode 2 mode 1, compensation against
biased load and application of
3rd gain are made to reduce
Real-time auto- variations in settling time of
: : o positioning.
02 B galgeiﬂgmg 0-6 4 High response In addition to the high responce
mode 3 mode 2, settling time of
*1 positioning is reduced for a load
where frictions are high.

5 Load Basic gain settings and friction
characteristic compensation settings are not
measurement changed and load characteristic

estimation only is made. This
is used in combination with setup
support software.

6 Fit-gain mode Use this mode to fine-adjust the
stiffness setting after fit-gain has
been completed.

*1: In velocity control, it is the same as high response mode 2.
In addition, Parameters of Pr6.08 “Positive direction torque
compensation value”, Pr6.09 “Negative direction torque
compensation value” and Pr6.50 “Viscous friction compensation
gain” are updated, but not reflected in the operation.
Reali Specifies the response for enabled real-time auto tuning. A larger
eal-time auto- P - o
03 B tunina machine 031 o setting increases the speed response and servo stlffn_ess but_lnv_ltes
ng bration. Gradually increase the setting while monitoring the
stiffness setup more vi
operation.
Function The automatic adjustment of load change inhibit function is enabled
10| B expansion -32768- — with bit14=1.
32767
setup

(To be continued)
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At-
Class | No. | trib- Title Range Unit Function
ute *1)
Specifies the load characteristics estimation speed for enabled real-
time auto tuning. A larger setting allows faster follow-up to the
variation in the load characteristics but also increases estimation
fluctuation due to disturbance. The result of estimation is stored in
the EEPROM every 30 minutes.
Setting Mode Description
0 No change Terminates estimation of load
characteristic.
Real time auto 1 Little change Responded against change of
6 31 B tgning 0.3 o |Ofid characteristic on the order of
estimation minutes.
speed 2 Gradual change Responded against change of
load characteristic on the order of
seconds.
3 Steep change Appropriate estimation is made
* against change of load
characteristic.
* |f oscillation automatic detection is made valid from setup support
software, this setting is ignored and operation is based on settings of
setting value 3.
Real time auto Not available in 2 degrees of freedom control mode.
. -32768—
6 32 B tuning custom 30767 — Always set to 0.

setup

*1) For parameter attribute, refer to Section 9-1.
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4) Parameter changed by real-time auto tuning
The real-time auto tuning function updates the following parameters using load characteristic values, in
accordance with Pr0.02 "Real-time auto-gain tuning setup."

At-
Class | No. | trib- Title Range Unit Function
ute *1)
. . 0- 0 Updates this parameter when the real-time auto tuning

0 04 B Inertia ratio 10000 % inertia ratio update is enabled (Pr0.02=1 to 4).
6 07 B Torque command -100- o Updates this parameter when high response mode 2 or 3

additional value 100 0 (Pr0.02=3,4) for real-time auto tuning is selected.
6 08 B tol:oz;tlg/oergl;enc;;%rén -100- % Updates this parameter when high response mode 3

4 vallfe 100 (Pr0.02=4) for real-time auto tuning is selected.
6 09 B tol\:egzt:;\é?ndléﬁzgggn -100- o Updates this parameter when high response mode 3

g valupe 100 0 (Pr0.02=3) for real-time auto tuning is selected.

0,
6 50 B Viscous friction 0- (fdé(f)olr/ Updates this parameter when high response mode 3
compensating gain 10000 min) (Pr0.02=3) for real-time auto tuning is selected.

The real-time auto tuning function updates the following basic gain setup parameters according to Pr0.03

"Real-time auto-tuning machine stiffness setup".

For details, refer to 7) Basic gain parameter settings table.

At-
Class | No. | trib- Title Range Unit Function
ute *1)
1 00 B 1st gain of position 0-30000 0.1/s When stiffness setup is valid (Pr0.02=1 to 4), updates the
loop parameter based on the setup value.
1 01 B 1st gain of velocity 1-32767 0.1 Hz When stiffness setup is valid (Pr0.02=1 to 4), updates the
loop parameter based on the setup value.
1st time constant of . . . _
1 02 B velocity loop 1-10000 0.1ms When stiffness setup is valid (Pr0.02=1 to 4), updates the
; - parameter based on the setup value.
integration
1 04 B Lst time constant of 0-2500 0.01ms When stiffness setup is valid (Pr0.02=1 to 4), updates the
torque filter parameter based on the setup value.
1 05 B 2n(_j gain of 0-30000 0.1/s When stiffness setup is valid (Pr0.02=1 to 4), updates the
position loop parameter based on the setup value.
2nd gain of When stiffness setup is valid (Pr0.02=1 to 4), updates the
! 06 B velocity loop 132767 0.1Hz parameter based on the setup value.
2nd time constant . . . _
1 07 B of velocity loop 1-10000 0.1ms When stiffness setup is valid (Pr0.02=1 to 4), updates the
. f parameter based on the setup value.
integration
1 09 B 2nd time corjstant 0-2500 001 ms When stiffness setup is valid (Pr0.02=1 to 4), updates the
of torque filter parameter based on the setup value.
When stiffness setup is valid (Pr0.02=1 to 4), updates the
Command parameter based on the setup value.
2 22 B smoothing filter 0-10000 0.1 ms Sets the time constant for the command filter during 2 degrees
of freedom control.
6 48 B Adjust filter 0-2000 0.1ms When stiffness setup is valid (Pr0.02=1 to 4), updates the
parameter based on the setup value.
Real-time auto-tuning function sets the following parameters to the fixed value.
At-
Class | No. | trib- Title Range Unit Function
ute *1)
1st filter of When fixed parameter setup is valid (Pr0.02=1 to 4), set the
1 03 B . . 0-5 =
velocity detection parameter to 0.
2nd filter of When fixed parameter setup is valid (Pr0.02=1 to 4), set the
1 08 B . . 0-5 =
velocity detection parameter to 0.
Velocity feed o When fixed parameter setup is valid (Pr0.02=1 to 4), set the
! 10 B forward gain 0-4000 0.1% parameter to 1000 (100%).
1 11 B Velocity feed 0-6400 0.01 ms When fixed parameter setup is valid (Pr0.02=1 to 4), set the
forward filter parameter to O (invalid).

(To be continued)
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At-
Class | No. | trib- Title Range Unit Function
ute *1)
Torque feed When fixed parameter setup is valid (Pr0.02=1 to 4), set the
! 12 B forward gain 0-2000 0.1% parameter to 1000 (100%).
1 13 B fTorque f_eed 0-6400 0.01 ms When fixed parameter setup is valid (Pr0.02=1 to 4), set the
orward filter parameter to 0 (invalid).
6 10 B Function expansion| -32768- a When fixed parameter setup is valid (Pr0.02=1 to 4), set the
setup 32767 parameter to bit4=1.
Adjust/Torque When fixed parameter setup is valid (Pr0.02=1 to 4), set the
6 49 B command 0-99 - parameter o 15. .. - .
. When Pr0.02=6, set the tenths digit to 1 and maintain the unit
attenuation term digit.
The real-time auto-tuning function sets the following parameters as the gain is switched.
At-
Class | No. | trib- Title Range Unit Function
ute *1)
1 14 B 2nd gain setup 0-1 — Sets to 1 if the current setting is not maintained (Pr0.02=1 to 4).
For the standard response mode (Pr0.02=1),
1 15 B Mode of p_ositi_on 0-10 3 set thg parameter to 0.
control switching For high response mode 1 to 3 (Pr0.02=2 to 4),
set the parameter to 7.
De_lgy time of 0- Sets to 10 if the current setting is not maintained
1 16 B position c_ontrol 10000 0.1 ms (Pr0.02=1 to 4).
switching
1 17 B Level of ppsiti_on 0- 3 Sets to 0 if the current setting is not maintained
control switching 20000 (Pr0.02=1to 4).
1 18 B pci%/tsit)er:e;;sn?rtol 0- 3 Sets to O if the current setting is not maintained
o 20000 (Pr0.02=1to 4).
switching
1 19 B Position gain 0- 0.1ms Sets to 10 if the current setting is not maintained
switching time 10000 ' (Pr0.02=11to0 4).
1 20 B Mode of v_eloc_ity 0.5 3 Sets to 0 if the current setting is not maintained
control switching (Pr0.02=1to 4).
Dela_y time of 0- Sets to 0 if the current setting is not maintained
1 21 B velom_ty cpntrol 10000 0.1 ms (Pr0.02=1 to 4).
switching
1 29 B Level of Vf_aloc_ity 0- 3 Sets to 0 if the current setting is not maintained
control switching 20000 (Pr0.02=1to 4).
1 23 B V(L-Ilgﬁte;ecs(;f]{ar tol 0- 3 Sets to O if the current setting is not maintained
e 20000 (Pr0.02=1to 4).
switching
1 24 B Mode of torque 0.3 B Sets to O if the current setting is not maintained
control switching (Pr0.02=1to 4).
Delay time of 0- Sets to O if the current setting is not maintained
1 25 B torque cqntrol 10000 0.1 ms (Pr0.02=1 to 4). 9
switching
1 2% B Level of torque 0- B Sets to O if the current setting is not maintained
control switching 20000 (Pr0.02=1to 4).
1 27 B t:'r)(/qsutgrsélrftracfl 0- B Sets to O if the current setting is not maintained
o 20000 (Pr0.02=1 to 4).
switching
For the standard response mode or high response mode 1
Position 3rd gain 0 (Pr0.02=1, 2), set the parameter to O (invalid).
6 05 B L 0.1 ms For high response mode 2 or 3 (Pr0.02=3,4), set the parameter
valid time 10000 " "
to "Pr2.22 x 20".
(However, the maximum value is limited to 10000.)
For the standard response mode or high response mode 1
6 06 B Position 3rd gain 50— % (Pr0.02=1,2), set the parameter to 100 (100%).
scale factor 1000 For high response mode 2 or 3 ((Pr0.02=3,4), set the parameter
to 200 (200%).

(To be continued)
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When Pr0.02 “Real-time auto-gain tuning setup” = 1 to 4 or 6,the following settings and parameters are set
automatic for enable/disable state of Pr 6.10 “Function expansion setup” load variation suppression function
automatic adjustment.

At-
Class | No. | trib- Title Range Unit Function
ute *1)
. . When set to Pr 6.10 bitl4=1, load variation suppression
10 B Function texpansmn -32768 — - function will become enabled (bitl = 1).
setup 32767 When set to Pr 6.10 bit14=0,it is disabled(bit1 = 0).
23 B Disturbance torque -100— % When set to Pr 6.10 bit14=1, sets to 90%.
compensating gain 100 When set to Pr 6.10 bit14=0, sets to 0%.
24 B Disturbance 10- 001 ms When set to Pr 6.10 bit14=1, updates to match rigidity.
observer filter 2500 ) When set to Pr 6.10 bit14=0, value is held.
Load estimation When set to Pr 6.10 bit14=1, sets to 0.13 ms.
3 B filter 0-2500 0.01 ms When set to Pr 6.10 bit14=0, sets to 0 ms.
Torque
74 B compensation 0-5000 0.1 Hz | Regardless value of the Pr 6.10 bit 14, sets to 0.
frequency 1
Torque
75 B compensation 0-5000 0.1 Hz | Regardless value of the Pr 6.10 bit 14, sets to 0.
frequency 2
76 B Load estimation 0.8 i When set to Pr 6.10 b?t14:1, sets to 4.
count When set to Pr 6.10 bit14=0, sets to 0.

*1) For parameter attribute, refer to Section 9-1.

5) How to use

When Pr 0.02 (Setup of real-time auto-gain tuning mode) is set to a value other than 0, control parameter is
automatically set according to Pr0.03 “Real-time auto-tuning machine stiffness setup” and Pr6.10 “Function
expansion setup” bit14.

When the servo is ON, enter operation command after about 100ms. When the load characteristic is correctly
estimated, Pr 0.04 "Inertia ratio" is updated. With certain mode settings, Pr 6.07 "Torque command addition
value", Pr 6.08 "Positive direction compensation value", Pr6.09 "Negative direction torque compensation
value", and Pr6.50 "Viscous friction compensating gain." will be changed.

When value of Pr0.03 “Real-time auto-tuning machine stiffness setup” is increased, the motor responsiveness
will be improved. Determine the most appropriate stiffness in relation to the positioning setup time and
vibration condition.
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6) Other cautions

(1]

(2]

(4]

(3]

Strange noises or vibrations may occur on the first action of turning on the servo immediately after startup or

setting higher value of Pr0.03 "Real-time auto-tuning machine stiffness setup" until estimation of load

characteristic becomes stable. This is not a fault if the function becomes stable soon. If oscillation or

continued generation of abnormal noise through three or more reciprocating movements often occurs, take the

following steps.

1) Specify lower value for Pr0.03 "Real-time auto-tuning machine stiffness setup"

2) Specify "0" for Pr0.02 "Real-time auto-gain tuning setup” and make real-time auto tuning invalid.

3) Specify a theoretical value of device for Pr0.04 "Inertia ratio" and specify "0" for Pr6.07 "Torque command
additional value™, Pr6.08 "Positive direction torque compensation value", Pr6.09 "Negative direction torque
compensation value" and Pr6.50 "Viscous friction compensating gain"

After occurrence of strange noises or vibrations, values of Pr0.04 " Inertia ratio", Pr6.07 "Torque command
additional value", Pr6.08 "Positive direction torque compensation value", Pr6.09 "Negative direction torque
compensation value", or Pr6.50 "Viscous friction compensating gain" may have been changed into extreme
values. If this is the case, take Step 3) above.

The results of real-time automatic gain tuning, such as Pr0.04 "Inertia ratio," Pr6.07 "Torque command
additional value", Pr6.08 "Positive direction torque compensation value", Pr6.09 "Negative direction torque
compensation value", and Pr6.50 "Viscous friction compensating gain" are written in EEPROM in every 30
minutes. Upon restarting of power, auto tuning is performed using the data for initial values. The results of
real-time auto gain tuning are not stored if the power is turned off before 30 minutes have elapsed. In this
case, manually write the parameters to the EEPROM before turning off the power.

The control gain is updated when the motor is stopped. Therefore, if motor is not stopped because gain is
excessively low or commands are given continually in one direction, the change in Pr0.03 “Real-time auto-
tuning machine stiffness setup” may not be reflected. In this case, abnormal sound or oscillation may be
generated depending on the stiffness setting that is reflected after the motor stops.

After the stiffness setting is changed, be sure to stop the motor and check that the stiffness setting is reflected
before performing next operation.

When real-time automatic tuning is valid in torque control under two-degrees-of-freedom control mode,
it operates with Pr1.12=0 within the amplifier regardless of the setting value in Pr1.12 “Torque feed
forward gain.”
The state in which it operates with torque feed forward invalid will continue until the next operation is
executed.

+ Pr1.12 is set to a value other than the current parameter (1000) after real-time automatic tuning is switch.
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7) Basic gain parameter settings table

For load
1st gain / 2nd gain Command response T]filﬂg;g ;&;‘;ﬁiﬂ% r:]
function
Siffvess | prios | prios | prior | prios Pr222 T Pro 24
Time constant .
Position Speed \_/elocity Torque [0.1 ms] : U L((:Jgri:eur?st:ggr? "
[0.1/s] [0.1 Hz] integral [0.01 ms] Standard High constant filter
[0.1 ms] response response [0.1 ms] [0.01/ms]
mode mode 1~3
0 20 15 3700 1500 1919 764 155 2500
1 25 20 2800 1100 1487 595 115 2500
2 30 25 2200 900 1214 486 94 2500
3 40 30 1900 800 960 384 84 2500
4 45 35 1600 600 838 335 64 2500
5 55 45 1200 500 668 267 54 2500
6 75 60 900 400 496 198 44 2500
7 95 75 700 300 394 158 34 2120
8 115 90 600 300 327 131 34 1770
9 140 110 500 200 268 107 24 1450
10 175 140 400 200 212 85 23 1140
11 320 180 310 126 139 55 16 880
12 390 220 250 103 113 45 13 720
13 480 270 210 84 92 37 11 590
14 630 350 160 65 71 28 9 450
15 720 400 140 57 62 25 8 400
16 900 500 120 45 50 20 7 320
17 1080 600 110 38 41 17 6 270
18 1350 750 90 30 33 13 5 210
19 1620 900 80 25 28 11 5 180
20 2060 1150 70 20 22 9 4 140
21 2510 1400 60 16 18 7 4 110
22 3050 1700 50 13 15 6 3 90
23 3770 2100 40 11 12 5 3 80
24 4490 2500 40 9 10 4 3 60
25 5000 2800 35 8 9 4 2 60
26 5600 3100 30 7 8 3 2 50
27 6100 3400 30 7 7 3 2 50
28 6600 3700 25 6 7 3 2 40
29 7200 4000 25 6 6 2 2 40
30 8100 4500 20 5 6 2 2 40
31 9000 5000 20 5 5 2 2 40

*1 There is that Pr6.48 “Adjust filter” adds 1 to by a combination of driver and motor.
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5-2 Manual adjusting function

As explained previously, MINAS-AG6BL series features the automatic gain tuning function, however, there might be
some cases where this automatic gain tuning cannot be adjusted properly depending on the limitation on load
conditions. Or you might need to readjust the tuning to obtain the optimum response or stability corresponding to each

load.

Here we explain this manual gain tuning method by each control mode and function.

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)

Block diagram of position control mode (5-2-1)

Block diagram of velocity control mode (5-2-2)

Block diagram of torque control mode (5-2-3)

Gain switching function (5-2-4)

Notch filter (5-2-5)

Damping control (5-2-6)

Model type damping filter (5-2-7)

Feed forward function (5-2-8)

Load variation suppression function (5-2-9)

3rd gain switching function (5-2-10)

Friction torque compensation (5-2-11)

Two-stage torque filter (5-2-12)

Quadrant projection suppression function (5-2-13)
Two-degree-of-freedom control mode (with position control) (5-2-14)
Two-degree-of-freedom control mode (with velocity control) (5-2-15)
Two-degree-of-freedom control mode (with torque control) (5-2-16)
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5-2-1 Block diagram of position control mode
Position control of MINAS-A6BL series, there are four modes.
+ Profile position mode (pp)
» Cyclic synchronous position mode (csp)
+ Interpolated position mode (ip) (Not supported) e
+ Homing mode (hm) PEETTS

’ ~
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Block diagram of position control

*1) A slanting number shows (ex: 607Ah) the object number of EtherCAT.

*2) A bold letter number shows (ex:1.00) a parameter number.

*3) Polarity was omitted.

*4) The method to calculate the positional deviation on PANATERM and Analog monitor varies depending on the setting
of bit1l4 (command positional deviation output change) of Pr7.23 (Communication function extended setup 2).

*5) The position command on PANATERM can be switched depending on the setting of the bit3 (Command pulse
accumulation value) of Pr7.99 (Communication function extended setup 6).

*6) The amplifier will be switched internally to position control during execution of test run, frequency characteristics analysis (position loop
characteristics) from PANATERM.

*7) The first edition of the software version (Ver1.04) does not support 60EOh/60E1h (Positive/Negative torque limit value).
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5-2-2 Block diagram of velocity control mode

Velocity control of MINAS-AGBL series, there are two modes.
» Profile velocity mode (pv)

+ Cyclic synchronous velocity mode (csv)

60B2h
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Block diagram of velocity control

*1) A slanting number shows (ex: 607Ah) the object number of EtherCAT.
*2) A bold letter number shows (ex:1.00) a parameter number.
*3) Polarity was omitted.

*4) When performing Frequency characteristic measurement (speed close loop characteristic, Torque speed(Vertical))
from the PANATERM, the driver switches to velocity control mode internally.

*5) The first edition of the software version (Ver1.04) does not support 60EOh/60E1h (Positive/Negative torque limit value).

R8.1

Motion Control Business Unit, Panasonic Industry Co., Ltd.



No. SX-DSV03306 -107-

5-2-3 Block diagram of torque control mode
Telocity control of MINAS-ABBL series, there are two modes.

+ Profile torque mode (tq)

+ Cyclic synchronous torque mode (cst)
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Block diagram of torque control

*1) A slanting number shows (ex: 607Ah) the object number of EtherCAT.

*2) A bold letter number shows (ex:1.00) a parameter number.

*3) Polarity was omitted.

*4) When performing Frequency characteristic measurement (Torque speed (normal)) from the PANATERM,
the driver switches to torque control mode internally.

*5) Torque control under two-degree-of-freedom control mode is executed in a similar fashion to the torque control under the
conventional control mode.

*6) The first edition of the software version (Ver1.04) does not support 60EOh/60E1h (Positive/Negative torque limit value).

R8.1 Motion Control Business Unit, Panasonic Industry Co., Ltd.




No. SX-DSV03306 -108-

5-2-4 Gain Switching Function

By selecting appropriate gain based on internal data or external signal, the following effects can be obtained.
+ Decrease the gain at the time of stoppage (servo lock) to reduce vibration.

« Increase the gain at the time of stoppage (setting) to shorten the settling time.

« Increase the gain during operation to improve command compliance.

- Based on condition of the equipment, change the gain with external signal.

1) Relevant parameters

Set the gain switching function using the following parameters.

At-
Class | No. | trib- Title Range Unit Function
ute *1)
Arrange this parameter when performing optimum adjustment by
using the gain switching function.
. 0: Itis fixed to the 1st gain.
! 14 B 2nd gain setup 0-1 o 1: Enable gain switching of 1st gain (Pr 1.00-Pr 1.04) and 2nd
gain (Pr 1.05—Pr 1.09).
Set up the triggering condition of gain switching for position
control.
Setup value Switching condition
0 Fixed to 1st gain
1 Fixed to 2nd gain
2 For manufacturer’s use
. 3 Torque command
Mode of position 4 Invglid (Fixed to 1st gain)
1 15 B cqntrpl 0-10 - 5 Velocity command
switching 6 Position deviation
7 Position command exists
8 Not in positioning complete
9 Actual speed
10 Position command exists + Actual speed
For position controlling: When shifting from the 2nd gain to the 1st
Delay time of gain with Pr 1.15 Position control gain switching mode set at 3, 5, 6,
1 16 B position control 0-10000 0.1ms |7,8,9or 10, set up the delay time from trigger detection to the
switching switching operation.
For position controlling: Set up triggering level when Pr 1.15
Level of position Mode “Position control gain switching mode” is set at 3, 5, 6, 9 or 10. Unit
1 17 B control 0-20000 dependent of setting varies with switching mode.
switching Note: Set the level equal to or higher than the hysteresis.
For position controlling: Set up triggering hysteresis when Pr 1.15
Hysteresis at Mode “Position control gain switching mode” is set at 3, 5, 6, 9 or 10.
1 18 B position control 0-20000 dependent Unit of setting varies with switching mode.
switching Note: When level < hysteresis, the hysteresis is internally adjusted
so that it is equal to level.
For position controlling: If the difference between Pr 1.00 “1st gain
of position loop” and Pr 1.05 “2nd gain of poison loop” is large, the
1 19 B quitipn ggin 0-10000 01ms increasing rate of position loop gain can be limited by this
switching time parameter.
The position loop gain will increase over the time set.
(To be continued)
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At-
trib- - . .
Class | No. ute Title Range Unit Function
*1)
For velocity controlling: Set the condition to trigger gain switching.
Setup value Switching condition
0 Fixed to 1st gain
. 1 Fixed to 2nd gain
1 20 B Mode IOf V§|0r(|':.lty 0-5 — 2 For manufacturer’s use
control switching 3 Torque command
4 Velocity command variation is larger.
5 Velocity command
Delav time of For velocity controlling: When shifting from the 2nd gain to the 1st
1 21 B veloci)t/ control 0-10000 0.1ms gain with Pr 1.20 “Velocity control switching mode” set at 3, 4 or 5,
swit)c/:hing ' set the delay time from trigger detection to the switching operation.
For velocity controlling: Set up triggering level when Pr 1.20
Level of velocit Mode Velocity control gain switching mode is set at 3, 4 or 5.
1 22 B control switchiny 0-20000 dependent Unit of setting varies with switching mode.
g P Note: Set the level equal to or higher than the hysteresis.
For velocity controlling: Set up triggering hysteresis when Pr 1.20
Hysteresis at “Velocity control gain switching mode” is set at 3, 4 or 5.
1 23 B velgcit control 0-20000 Mode |Unit of setting varies with switching mode.
' ¢ dependent |[Note: When level < hysteresis, the hysteresis is internally adjusted so
switchin
9 that it is equal to level.
For torque controlling: Set the condition to trigger gain switching
Setup value Switching condition
0 Fixed to 1st gain
1 24 B Mczdel of t-?rﬂye 0-3 — 1 Fixed to 2nd gain
controf switching 2 For manufacturer’s use
3 Torque command
Delay time of For torque controlling: When shifting from the 2nd gain to the 1st
1 25 B tor u)(/e control 0-10000 0.1 ms gain with Pr 1.24 “Torque control switching mode” set at 3, set up
sc\lfvitching ' the delay time from trigger detection to the switching operation.
For torque controlling: Set up triggering level when Pr 1.24 Torque
Level of torque Mode control gain switching mode is set at 3.
1 26 B control switc?lin 0-20000 dependent Unit varies depending on the setup of mode of control switching.
g P Note: Set the level equal to or higher than the hysteresis.
For torque controlling: Set up triggering hysteresis when Pr 1.24
Hysteresis at Torque control gain switching mode is set at 3.
1 27 B toryue control 0-20000 Mode |Unit of setting varies with switching mode.
g dependent [Note: When level < hysteresis, the hysteresis is internally adjusted so

switching

that it is equal to level.

*1) For parameter attribute, refer to Section 9-1.
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2) Howto use
Set the gain switching mode for the control mode to be used, and enable the gain switching function through Pr
1.14 2nd gain setup (set Pr 1.14 to 1).

Switching Switching condition Gain switching condition
mode
(Pr1.15)
Setup value
0 Fixed to 1st gain Fixed to the 1st gain (Pr 1.00 to Pr 1.04).
1 Fixed to 2nd gain Fixed to the 2nd gain (Pr 1.05 to Pr 1.09).
2 For manufacturer’s use Please do not set.
3 Torque command is large « Shift to the 2nd gain when the absolute value of the torque command exceeded

(level + hysteresis) (%) previously with the 1st gain.
« Return to the 1st gain when the absolute value of the torque command was kept
below (level-hysteresis) (%) previously during delay time with the 2nd gain.

4 Velocity command variation is | « Valid only during velocity control.
larger. « Shift to the 2nd gain when the absolute value of the velocity command
variations exceeded (level + hysteresis) (10 r/min/s) previously with the 1st
gain.

« Return to the 1st gain when the absolute value of the velocity command
variations was kept below (level-hysteresis) (10 r/min/s) during delay time
previously with the 2nd gain.

* The 1st gain is fixed while the velocity control is not applied.

5 Velocity command is large - Valid for position and velocity controls.

« Shift to the 2nd gain when the absolute value of the velocity command
exceeded (level +hysteresis) (r/min) previously with the 1st gain.

* Return to the 1st gain when the absolute value of the velocity command was
kept below (level- hysteresis) (r/min) previously during delay time with the
2nd gain.

6 Position deviation is large « Valid only during position control.

« Shift to the 2nd gain when the absolute value of the positional deviation
exceeded (level +hysteresis) (pulse) previously with the 1st gain.

* Return to the 1st gain when the absolute value of the positional deviation was
kept below (level-hysteresis) (pulse) previously over delay time with the 2nd
gain.

* Unit of level and hysteresis (pulse) is set as the feedback scale
resolution.

* The positional deviation in these contents indicates the deviation
between the internal command position and actual position after the
filter regardless of the set value of Pr7.23: bit 14.

(To be continued)
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Switching Switching condition Gain switching condition
mode
(Pr1.15)
Setup value
7 Position command exists « Valid only during position control.
« Shift to the 2nd gain when the positional command was not O previously with
the 1st gain.

« Return to the 1st gain when the positional command was kept 0 previously
during delay time with the 2nd gain.

8 Not in positioning complete « Valid only during position control.

« Shift to the 2nd gain when the positioning was not completed previously with
the 1st gain.

« Return to the 1st gain when the positioning was kept in completed condition
previously during delay time with the 2nd gain.

9 Actual speed is large « Valid only during position control.

« Shift to the 2nd gain when the absolute value of the actual speed exceeded (level
+ hysteresis) (r/min) previously with the 1st gain.

« Return to the 1st gain when the absolute value of the actual speed was kept
below (level -hysteresis) (r/min) previously during delay time with the 2nd gain.

10 Position command exists + « Valid only during position control.
Actual speed « Shift to the 2nd gain when the positional command was not 0 previously with
the 1st gain.

* Return to the 1st gain when the positional command was kept at 0 during the
delay time and the absolute value of actual speed was kept below (level-
hysteresis ) (r/min) previously with the 2nd gain.
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3) How to set

Suppose the load travels from A to B position and the internal status of the drive changes as the fig. below
shows. Hereunder we explain how to set up the related parameters when you use the gain switching function.

1)  Setup the conditions for gain switching with the following parameters.
Pr 1.15 “Mode of position control switching”
Pr 1.20 “Mode of velocity control switching”
Pr 1.24 “Mode of torque control switching”

=

—_——
Large
Position control SetinPrL15
Position 7
command
Positional 6
deviation
Positioning _ ON J OFF ON 8
complete
Velocity control |
Motor velocity ——— SetinPr1.20 9, 10|
Velocity 5 5
command
Change in speed I
control command 4
— SetinPr1.24
Torque
command 3 3 3
Select the 1st gain regardless of the status. 0 0 04
Select the 2nd gain regardless of the status. 1 1 1
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2)  Setup the switching level and Hysteresis depending on the switching conditions.

1st gain

2nd gain

1st gain

/ Hysterisis

Level

3)  Set up the switching delay time.

Set up the time delay for switching from 2nd gain to 1st gain.
Switching conditions have to be established continuously during the switching delay time for the switching

from the 2nd to the 1st.

Hysterisis

Canceled due to no establishment
of conditions

\

Level

, Switching delay time

1st gain

2nd gain

4)  Set up the switching time of position gain.

1st gain

Switch the position loop gain gradually to avoid any trouble caused by a rapid change to a higher gain, while

the velocity loop gain, time constant of velocity loop integration, velocity detection filter and time constant of
torque filter can be switched instantaneously.
*The gain switching flag changes immediately when switching from low gain.

When Pr 1.19 (Position loop gain switching time) is 0,

Low gain

High gain

When Pr 1.19 (Position loop gain switching time) is 2,

Low gain

62.5 us

High gain

Gain switching flag 0
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5-2-5 Notch filter

In case of low machine stiffhess, you cannot set up a higher gain because vibration and noise occur due to oscillation
caused by axis distortion or other causes. By suppressing the resonance peak at the notch filter, higher gain can be

obtained or the level of vibration can be lowered.

1) Relevant parameters
MINAS-AGBBL series feature 5 normal notch filters. You can adjust frequency and width and depth.
At-
Class | No. | trib- Title Range Unit Function
ute *1)
1st notch Set the center frequency of the 1st notch filter.
2 01 B f 50-5000 Hz The notch filter function will be invalidated by setting up this parameter to
requency “5000".
1st notch width Set the width of notch at the center frequency of the 1st notch filter.
2 02 B selection 0-20 _
1st notch depth Set the depth of notch at the center frequency of the 1st notch filter.
2 03 B . 0-99 —
selection
2nd notch Set the center frequency of the 2nd notch filter.
2 04 B f 50-5000 Hz The notch filter function will be invalidated by setting up this parameter to
requency “5000”
2nd notch width Set the width of notch at the center frequency of the 2nd notch filter.
2 05 B selection 0-20 _
2nd notch depth Set the depth of notch at the center frequency of the 2nd notch filter.
2 06 B . 0-99 —
selection
3rd notch Set the center frequency of the 3rd notch filter.
5 07 B frequency 50-5000 Hy Iggoré?,tch filter function will be invalidated by setting up this parameter to
*2) .
3rd notch width Set the width of notch at the center frequency of the 3rd notch filter.
2 08 B selection 0-20 —
*2)
3rd notch depth Set the depth of notch at the center frequency of the 3rd notch filter.
2 09 B selection 0-99 —
*2)
4th notch Set the center frequency of the 4th notch filter.
5 10 B frequency 50-5000 Hz :I"he n?’tch filter function will be invalidated by setting up this parameter to
*2) 5000”.
4th notch width Set the width of notch at the center frequency of the 4th notch filter.
2 11 B selection 0-20 —
*2)
4th notch depth Set the depth of notch at the center frequency of the 4th notch filter.
2 12 B selection 0-99 —
*2)
Set the center frequency of the 5th notch filter.
5 24 B 5th notch 50-5000 Hy :I"he nc,J,tch filter function will be invalidated by setting up this parameter to
frequency 50007.
5th notch width Set the width of notch at the center frequency of the 5th notch filter.
2 25 B selection 0-20 T
5th notch depth Set the depth of notch at the center frequency of the 5th notch filter.
2 26 B - 0-99 —
selection
*1)  For parameter attribute, refer to Section 9-1.
*2)  When the applicable filtering function is used, parameter value is automatically set.
2) How to use
Determine the resonant frequency by using the frequency response measurement function of the setup support
software, resonant frequency monitor or waveform graphics function and set it to the notch frequency.
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3) Notch width and depth
The width of the notch filter is the ratio of the width of —3 dB attenuation frequency band with respect to the
notch frequency at its center when depth is 0, and the value is as shown in the table below.
The notch filter depth indicates 1/0 ratio where the input at the center frequency is completely shut with setup
value 0 but fully received with setup value 100. The table below shows this value in dB on the right.
Band
Notch width width/center Notch depth 1/O ratio [dB]
frequency
0 0.50 0 0.00 -00
1 0.59 1 0.01 -40.0
2 0.71 2 0.02 -34.0
3 0.84 3 0.03 -30.5
4 1.00 4 0.04 -28.0
5 1.19 5 0.05 -26.0
6 1.41 6 0.06 -24.4
7 1.68 7 0.07 -23.1
8 2.00 8 0.08 -21.9
9 2.38 9 0.09 -20.9
10 2.83 10 0.10 -20.0
11 3.36 15 0.15 -16.5
12 4.00 20 0.20 -14.0
13 4.76 25 0.25 -12.0
14 5.66 30 0.30 -10.5
15 6.73 35 0.35 -9.1
16 8.00 40 0.40 -8.0
17 9.51 45 0.45 -6.9
18 11.31 50 0.50 -6.0
19 13.45 60 0.60 -4.4
20 16.00 70 0.70 -3.1
80 0.80 -1.9
90 0.90 -0.9
100 1.00 0.0
Notch filter frequency response
10
]
0
b
_ug ~ Depth 0, width 4
= ~10 = = Depth 50, width 4
8 15 ~* Depth 0, width 8
20
=25
=30

100

Frequency [Hz]

1000
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5-2-6 Damping Control
This function reduces the vibration at the top or on whole of the equipment by removing the vibration frequency
components specified by the positional command. Up to 3 frequency settings, out of 4 settings in total, can be used
simultaneously.

A
Vibration
CR\ measurement
/ with
_______________________________________________________________ __..> displacement
- T sensor
. Setup of front edge vibration frequency
d . Motor v
e Driver \
// \
' v Dﬂ D el
1
1
' |
: Linear motor N Machine
1 5
I Torque , \
. v
Position - command Motor * '
command Damping — ! 1
" » Position/ Current current ; !
filter . > > |
5| Velocity control »| control > '
e ]
i i
\ )
Motor
position
Feedback
scale
Servo driver

1) Applicable Range

Damping control is activated under the following conditions.
Conditions under which the damping control is activated
Control mode Position control mode.

2) Caution
This function does not work properly or no effect is obtained under the following conditions.
Conditions which obstruct the damping control effect
« Vibration is triggered by other factors than command (such as disturbance).
+ Ratio of resonance frequency and anti-resonance frequency is large.
Load « Vibration frequency is out of the range of 0.5-300.0 [Hz].
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3)

Relevant parameters

Set up damping control operation using the parameters shown below.

Class

No.

At-
trib-
ute
*1)

Title

Range

Unit

Function

13

Selection of
damping filter
switching

Among 4 filters select the filters to be used for damping control.

» When setup value is 0: Up to 2 filters can be used
simultaneously.

» When setup value is 1 or 2: Reserved for manufacturer's use (do
not set this)

+ With setup value 3: Select the filter with command direction.

Pr
2.13

Position 1st 2nd 3rd 4th
command | damping | damping | damping | damping
direction

3

Positive | Enabled | Disabled | Enabled | Disabled
direction

Negative |Disabled | Enabled | Disabled | Enabled
direction

Contents of setup values 4 to 6 will differ with enabled/disabled
switching of two-degree-of-freedom control mode.
* Position control  (Two-degree-of-freedom control mode disabled)

Pr
2.13

1st 2nd 3rd 4th
damping | damping | damping | damping

4

Enabled | Enabled | Enabled | Disabled

5,6

Same as with setup value 0

Position control  (Two-degree-of-freedom control mode enabled)

Pr.
2.13

1st 2nd
model-type damping | model-type damping

4

Enabled Enabled

5

For manufacturer's use (do not set this)

Pr.
2.13

Position 1st 2nd
command model-type model-type
direction damping damping

Positive Enabled Disabled
direction

Negative Disabled Enabled
direction

Full-closed control

Pr
2.13

1st 2nd 3rd 4th
damping | damping | damping | damping

4-6

Same as with setup value 0

*1

*2

Switching between the damping frequency and damping filter setting is performed at the rising edge of the command
that causes the number of command pluses per command detection period (0.125 ms) (at upstream of position command
filter) changes from O to any other value while the positioning complete is being output.

Even if the control mode is changed to position control after changing the damping frequency and damping filter
settings during velocity control or torque control, the setting is not changed.

Especially, at higher damping frequency, or if it becomes disabled, and wider positioning complete range is set up, and
if large pulse (area is equivalent of time integration of the value of position command at upstream of the filter minus the
value of position command at downstream of filter) remains in the filter during switching, it is rapidly discharged upon
switching and returns to original position, and the motor will move at a speed higher than normal command velocity.

There is delay from setting change of damping frequency or damping filter to internal computation and application of new setting
values. If the switching described in *1 occurs during this delay time, application of new value will be suspended.
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At-
trib- . : .
Class| No. ute Title Range Unit Function
*1)
You can set up the 1st damping frequency of the damping control which
1st damping suppresses vibration at the load edge.
2 1418 frequency 0-3000 0.1Hz The driver measures vibration at load edge. Setup unit is 0.1 [Hz]
The setup frequency is 0.5 to 300.0 [Hz]. Setup of 0 to 4 becomes invalid.
If torque saturation occurs with damping frequency 1st enabled, decrease
. . the setup value, or if the operation is slow, increase it. Usually set it to O.
2 15 | B 1st damping filter 0-1500 | 0.1Hz |Note: TEe maximum setup?value is internally limited to the C())/rresponding
setup damping frequency or 3000—damping frequency, whichever is
smaller.
Specifies a depth corresponding to the 1st damping frequency.
The depth is maximum if the setting value is 0. As the setting value
. increases, the depth decreases. As the depth increases, the damping effect
6 41 | B |1stdamping depth | 0-1000 o increases, but the delay also increases. As the depth decreases, the delay
decreases, but the damping effect also decreases.
Use the parameter to fine adjust the damping effect and delay.
Sets the width for the 1st damping frequency. The enabled range of setup
2 27 | A 1st damping width 0-1000 ) is between 10 to 1000 and will operate as set to 100 between the range of
setting 0 to 9. Within the setup range, the width will increase with the increase in
the setup value, increasing robustness against vibration fluctuation.
44 You can set up the 2nd damping frequency of the damping control which
2nd damping suppresses vibration at the load edge.
2 16| B frequency 0-3000 0.1Hz The driver measures vibration at load edge. Setup unit is 0.1 [Hz].
The setup frequency is 0.5 to 300.0 [HZ]. Setup of 0 to 4 becomes invalid.
If torque saturation occurs with damping frequency 2nd enabled, decrease
. . the setup value, or if the operation is slow, increase it. Usually set it to 0.
2 17 | B 2nd damping filter 0-1500 | 0.1 Hz |Note: TEe maximum setu;}value is internally limited to the cgrresponding
setup damping frequency or 3000—-damping frequency, whichever is
smaller.
Defines the depth against the 2nd damping frequency.
The depth becomes maximum when the setup value is 0. The larger the
. setup value, the smaller the depth. Although the damping effect increases
6 60 | A |2nd damping depth| 0-1000 ) as thrie depth becomes larger, thpe delay bec%mes Iarger.)vvghile the delay
decreases as the depth becomes smaller, the damping effect decreases.
Use this parameter to fine tune the damping effect and delay.
Sets the width for the 2nd damping frequency. The enabled range of setup
5 28 | A 2nd damping width 0-1000 i is between 10 to 1000 and will operate as set to 100 between the range of
setting 0 to 9.Within the setup range, the width will increase with the increase in
the setup value, increasing robustness against vibration fluctuation.
You can set up the 3rd damping frequency of the damping control which
3rd damping suppresses vibration at the load edge. The driver measures vibration at
2 18 1B frequency 0-3000 | 0.1Hz load edge. Setup unit is 0.1 [Hz]
The setup frequency is 0.5 to 300.0 [Hz]. Setup of 0 to 4 becomes invalid.
If torque saturation occurs with damping frequency 3rd enabled, decrease
: . the setup value, or if the operation is slow, increase it. Usually set it to 0.
2 19 | B 3rd damping filter 0-1500 | 0.1 Hz |Note: The maximum setup value is internally limited to the corresponding
setup damping frequency or 3000—damping frequency, whichever is
smaller.
Defines the depth against the 3rd damping frequency.
The depth becomes maximum if the setup value is 0. The larger the setup
. value, the smaller the depth. Although the damping effect increases as the
6 71 | A |3rd damping depth| 0-1000 ) depth becomes larger, the delay becomes large. While the delay decreases
as the depth becomes smaller, the damping effect decreases.
Use this parameter to fine tune the damping effect and delay.
Sets the width for the 3rd damping frequency. The enabled range of setup
2 29 | A 3rd damping width 0-1000 i is between 10 to 1000 and will operate as set to 100 between the range of 0
setting to 9. Within the setup range, the width will increase with the increase in
the setup value, increasing robustness against vibration fluctuation.
'You can set up the 4th damping frequency of the damping control which
4th damping suppresses vibration at the load edge.
2 20| B frequency 0-3000 0.1 Hz The driver measures vibration at load edge. Setup unit is 0.1 [Hz]
The setup frequency is 0.5 to 300.0 [Hz]. Setup of 0 to 4 becomes invalid.
If torque saturation occurs with damping frequency 4th enabled, decrease
4th damping filter the setup value, or if the operation is slow, increase it. Usually set it to 0.
2 21| B setup 0-1500 0.1Hz Note: The maximum setup value is internally limited to the corresponding
damping frequency or 3000—damping frequency, whichever is smaller.
(To be continued)
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At-
trib- . . .
Class| No. ute Title Range Unit Function

*1)

Defines the depth against the 4th damping frequency.

The depth becomes maximum if the setup value is 0. The larger the setup
. ) value, the smaller the depth. Although the damping effect increases as the

6 72 | B |4th damping depth| 0-1000 depth becomes larger, the delay becomes large. While the delay decreases

as the depth becomes smaller, the damping effect decreases.

Use this parameter to fine tune the damping effect and delay.

Sets the width for the 4th damping frequency. The enabled range of setup
4th damping width 0-1000 i is between 10 to 1000 and will operate as set to 100 between the range of

setting 0 to 9. Within the setup range, the width will increase with the increase in
the setup value, increasing robustness against vibration fluctuation.

2 30 | B

*1) For parameter attribute, refer to Section 9-1.

4) How to use

(1) Setup of damping frequency (1st: Pr 2.14, 2nd: Pr 2.16, 3rd: Pr 2.18, 4th: Pr 2.20)
Measure the vibration frequency of the front edge of the machine. When you use such instrument as laser
displacement meter, and can directly measure the load end vibration, read out the vibration frequency by 0.1
[Hz] from the measured waveform and enter it.
If suitable measuring device is not available, measure the frequency according to the residual vibration of the
position deviation waveform measured by the vibration frequency monitor of the setup support software or a
waveform graphic function.

<«— Position deviation

Command
velocity Computation of
damping frequency

AWAWAWA
VV VY

(2) Setup of damping filter (1st: Pr 2.15, 2nd: Pr 2.17, 3rd: Pr 2.19, 4th: Pr 2.21)
First, set to 0 and check the torque waveform during operation.
You can reduce the settling time by setting up larger value, however, the torque ripple increases at the command
changing point as the right fig. shows. Setup within the range where no torque saturation occurs under the actual
condition. If torque saturation occurs, damping control effect will be lost.

Damping filter setup is too large.
Damping filter setup is appropriate.
{ /€ _Torque saturation

NN

Torque command

(3) Setup of damping depth (Pr 6.41, Pr 6.60, Pr 6.71, Pr 6.72)
Setup of damping width (Pr 2.27, Pr 2.28, Pr 2.29, Pr 2.30)
First set it to 0, and increase the setting value little by little if settling time needs to be decreased. As the setting
value increases, the settling time can be decreased, but the damping effect is also decreased. Make an adjustment
while checking the statuses of the settling time and vibration.
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5-2-7 Model-type damping filter

This function reduces vibration at the edge or over the entire equipment by removing the vibration frequency
components specified by the positional command.

The model-type damping filter can also remove resonance frequency components as well as anti-resonance
frequency components, enhancing the effect of a conventional damping filter to generate smooth torque commands
and offering a better damping effect.

In addition, the removal of anti-resonance frequency components and resonance frequency components can increase
the responsiveness of the command response filter, which improves the settling time.

However, unlike a conventional damping filter, the model-type damping filter cannot obtain vibration components
from the position sensor for the measurement of anti-resonance frequency components and resonance frequency
components, which thus requires frequency characteristics analysis and the setting of optimum parameter values.

\
Positional Torque Motor :’ H
command Model-type Damping N R command current i H
N »| Position/Velocity Current \ '
filter > > '
> control control ' '
> \ '
' '
\ '
1 Ll
\ '
N /

Motor

position

Feedback scale
Servo amp

1) Applicable Range

The model-type damping filter is activated under the following conditions.
Conditions under which the model-type damping filter is activated
Control mode |+ Must be position controlled with two degree-of-freedom control enabled.

2) Caution

The model-type damping filter may not work properly or no effect can be obtained under the following
conditions.

Conditions hindering the model-type damping filter
- Vibrations are excited by factors other than commands (such as external forces).
Load condition | - The resonance frequency and the anti-resonance frequency are out of the range between
5.0 and 300.0 [Hz].

The damping filter works in a conventional manner under the following conditions.

Conditions under which the damping filter works in a conventional manner

- The resonance frequency and the anti-resonance frequency do not satisfy the following
equation:

5.0 [Hz] or below < Anti-resonance frequency < Resonance frequency < 300.0 [Hz]

+ The response frequency and the anti-resonance frequency do not satisfy the following
equation:

Parameter setting | 5.0 [Hz] or below < Anti-resonance frequency < Response frequency
< Anti-resonance frequency x 4 <300.0 [Hz]

+ With the value in Pr. 2.13 "Damping filter switching selection™ set to 4, the 1st and 2nd
model-type damping filters are both enabled, and multiplying the 1st and 2nd response
frequency/anti-resonance frequency ratios gives a value larger than 8. (In this case, only
the 2nd model-type damping filter works as a conventional damping filter.)

When the damping filter works in a conventional manner, the three parameters of anti-resonance
frequency, anti-resonance attenuation ratio and response frequency will be used for damping frequency,
damping depth and damping filter setting.

To completely disable this function, all of the five parameters of resonance frequency, resonance
attenuation ratio, anti-resonance frequency, anti-resonance attenuation ratio and response frequency
should be set to 0.
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3) Relevant parameters

Set up the model-type damping filter using the following parameters.

Class

No.

At-
trib-
ute
*1)

Title

Range

Unit

Function

13

Selection of
damping filter
switching

Among 4 filters select the filters to be used for damping control.

» When setup value is 0: Up to 2 filters can be used simultaneously.

» When setup value is 1 or 2: Reserved for manufacturer's use (do
not set this)

» With setup value 3: Select the filter with command direction.

Pr Position st 2nd 3rd 4th
2.13 | command | damping | damping | damping | damping
direction
3 Positive
direction
Negative
direction

Enabled | Disabled | Enabled | Disabled

Disabled | Enabled | Disabled | Enabled

Contents of setup values 4 to 6 will differ with enabled/disabled
switching of two-degree-of-freedom control mode.
* Position control  (Two-degree-of-freedom control mode disabled)
Pr 1st 2nd 3rd 4th
2.13  |damping|damping | damping | damping
4 Enabled | Enabled | Enabled | Disabled
5,6 Same as with setup value 0
Position control  (Two-degree-of-freedom control mode enabled)
Pr. 1st 2nd
2.13 | model-type damping | model-type damping
4 Enabled Enabled
5 For manufacturer's use (do not set this)

.

2nd
model-type
damping
Disabled

Pr. Position 1st
2.13 command model-type
direction damping
6 Positive Enabled
direction
Negative
direction
Full-closed control

Pr 1st 2nd 3rd 4th

2.13 |damping|damping | damping | damping

4~6 Same as with setup value 0

Disabled Enabled

0

61

1st resonance
frequency

0-3000

0.1Hz

Defines the resonance frequency of the model-type damping filter's
load. The unit is [0.1 HZ].

62

1st resonance
attenuation ratio

0-1000

Defines the resonance attenuation ratio of the model-type damping
filter's load.

The attenuation ratio can be set as the setup value multiplied by 0.001. The
value of 1000 results in an attenuation of 1 (no peak). The smaller the setup
value, the smaller the attenuation ratio (higher resonance peak).

63

1st anti-resonance
frequency

0-3000

0.1Hz

Defines the anti-resonance frequency of the model-type damping
filter's load. The unit is [0.1 Hz].

64

1st anti-resonance
attenuation ratio

0-1000

Defines the anti-resonance attenuation ratio of the model-type
damping filter's load.

The attenuation ratio can be set as the setup value multiplied by
0.001. The value of 1000 results in an attenuation of 1 (no peak).
The smaller the setup value, the smaller the attenuation ratio (higher
resonance peak).

65

B

1st response
frequency

0-3000

0.1Hz

Defines the response frequency of the model-type damping filter's
load. The unit is [0.1 HZ].

(To be continued)
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At-
trib- . : .
Class | No. ute Title Range Unit Function
*1)
2nd resonance Defines the 2nd resonance frequency of the model-type damping

6 1661 B “hequency | 03000 | OIHZ g0 ioad. The unit is [0.1 Hz].

Defines the 2nd resonance attenuation ratio of the model-type
2nd resonance damping fil_ter's I(_)ad. -

6 67 | B attenuation ratio 0-1000 - The attenuation ratio can be set as the setup value multiplied by 0.001. The
value of 1000 results in an attenuation of 1 (no peak). The smaller the setup
value, the smaller the attenuation ratio (higher resonance peak).

2nd anti- Defines the 2nd anti-resonance frequency of the model-type
6 68 | B resonance 0-3000 | 0.1Hz |damping filter's load.
frequency The unit is [0.1 Hz].
Defines the 2nd anti-resonance attenuation ratio of the model-type
2nd anti- damping filter's load.
6 69 | B resonance 0-1000 - The attenuation ratio can be set as the setup value multiplied by 0.001. The
attenuation ratio value of 1000 results in an attenuation of 1 (no peak). The smaller the setup
value, the smaller the attenuation ratio (higher resonance peak).
Defines the 2nd response frequency of the model-type damping
6 | 70| B | 2MATEPONSE | o 3000 | 0.aHz [filter's load,
quency The unit is [0.1 Hz].

*1) For parameter attribute, refer to Section 9-1.

4) How to use
[1] As preparation, measure the resonance frequency and anti-resonance frequency using the frequency
characteristic measuring function of setup support software PANATERM with torque velocity mode.
Ex.) The figure below shows the measurement result with a belt device. Ignoring small resonances, the
resonance frequency at the gain peak and the anti-resonance frequency at the gain valley are as follows:
1st resonance frequency = 130 [Hz], 1st anti-resonance frequency = 44 [Hz]
2nd resonance frequency = 285 [Hz], 2nd anti-resonance frequency=180 [Hz]
[2] The resonance attenuation ratio and anti-resonance attenuation ratio should have initial values of around 50 (0.050).
[3] The response frequency should start with the same value as the anti-resonance frequency.
[4] Specify a value of 4 to 6 in Pr. 2.13 “Selection of damping filter switching” to enable model-type damping control.
[5] Activate the motor and fine tune the parameters in the following sequence so that vibration components
including command position deviation become small.
(1) Anti-resonance frequency
(2) Anti-resonance attenuation ratio
(3) Resonance frequency
(4) Resonance attenuation ratio
[6] Once the setting where vibration is minimized was found, increase the setup value of response frequency. The
response frequency increases from one to four times the anti-resonance frequency, and the higher the
frequency, the smaller the delay due to damping control. However, the damping effect decreases gradually, so
a balanced setting should be chosen.
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Example of frequency characteristic measurement with setup support software PANATERM

R8.1 Motion Control Business Unit, Panasonic Industry Co., Ltd.



No. SX-DSV03306 -123-

5-2-8 Feed forward function

When position control or full closed control is used, positional deviation can be further reduced when compared with
deviation where control is made only by feedback, and response is also improved, by calculating the velocity control
command necessary for operation based on the internal positional command, and by adding velocity feed forward to
the velocity command calculated by comparison with position feedback. In EtherCAT communication, speed
feedforward can be set up at 60B1h (Velociy offset) apart from this.

The response time of the velocity control system is also improved by calculating torque command necessary for
operation based on the velocity control command and by adding torque feed forward calculated by comparison with
velocity feedback to the torque command. In EtherCAT communication, torque feedforward can be set up by 60B2h
(Torque offset) apart from this.

The feed forward given through EtherCAT communication is added to the feed forward value (internally calculated
according to the parameter setting).

1) Relevant parameters
For MINAS-AG6BL series, the velocity feed forward and torque feed forward can be used.

At-
Class | No. tlrjltké_ Title Range Unit Function
*1)
Multiply the velocity control command calculated according to the internal
1 0B Velocity feed 0-4000 0.1% positional command by the ratio of this parameter and add the result to the
forward gain ' velocity command resulting from the positional control process.
Velocity feed Set the time constant of 1st delay filter which affects the input of velocity
1|1 | B | e ey | 0-6400 | 0.01ms [feed forward.
*2 It becomes invalid in two-degree-of-freedom control mode.
Multiply the torque command calculated according to the velocity control
1 12 | B Torque feed forward 0-2000 0.1% command by the ratio of this parameter and add the result to the torque
gain ' command resulting from the velocity control process.
Toraue feed forward Set up the time constant of 1st delay filter which affects the input of torque
1| 13 | B | O 0-6400 | 0.01 ms |feed forward.
*1) For parameter attribute, refer to Section 9-1.

2) Usage example of velocity feed forward
The velocity feed forward will become effective as the velocity feed forward gain is gradually increased with the
velocity feed forward filter set at approx. 50 (0.5 ms). The positional deviation during operation at a constant
velocity is reduced as shown in the equation below in proportion to the value of velocity feed forward gain.

Positional deviation [unit of command] = command velocity [unit of command/s] /

positional loop gain [1/s] x (100—velocity feed forward gain [%]) / 100

Positional deviation

Velocity feed forward gain

Motor velocity

Positional deviation within the constant speed range will reduce as the velocity forward gain is increased.
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With the gain set at 100%, calculatory positional deviation is 0, but significant overshoot occurs during
acceleration/deceleration.

If the updating cycle of the positional command input is longer than the driver control cycle, or the pulse
frequency varies, the operating noise may increase while the velocity feed forward is active. If this is the case,
use positional command filter (1st delay or FIR smoothing), or increase the velocity forward filter setup value.

3) Usage example of torque feed forward
To use the torque feed forward, correctly set the inertia ratio. Use the value that was determined at the start of the
real time auto tuning, or set the inertia ratio that can be calculated from the machine specification to Pr 0.04
Inertia ratio.
The torque feed forward will become effective as the torque feed forward gain is gradually increased with the
torque feed forward filter is set at approx. 50 (0.5 ms).
Positional deviation at a constant acceleration/deceleration can be minimized close to 0 by increasing the torque
forward gain. This means that positional deviation can be maintained at near 0 over entire operation range while
driving in trapezoidal speed pattern under ideal condition where disturbance torque is not active.
A Motor velocity . ) )
Velocity feed forward gain = Fixed 100 [%]
Positional deviatﬁr\
Cpmmand speed '/-'-I'c;r-quefe‘e:j‘f;:&;r‘d‘;;;“\\ R
0 %] N\
N
N
\&50 [%]
\OO [%]
Positional deviation in the region where acceleration is constant can be reduced by torque feed forward.
Zero positional deviation is impossible in actual situation because of disturbance torque.
As with the velocity feed forward, large torque feed forward filter time constant decreases the operating noise
but increases positional deviation at acceleration change point.
*|f the control mode is changed from other than torque control mode to torque control mode while the motor is
in operation, torque feed forward may be applied even if torque control mode.
4) Corresponding control mode
In addition, each feedforward which can setup by EtherCAT communication corresponds to the following
control mode.
csp pp ip hm csv pv cst tq
(Not
supported)
60B1h
(Velocity offset) valid valid valid valid valid valid invalid invalid
60B2h
(Torque offset) valid valid valid valid valid valid valid valid
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5-2-9 Load variation suppression function
This function uses the disturbance torque determined by the disturbance observer to reduce effect of disturbance
torque and vibration.
This is effective when real-time auto tuning cannot handle load variation sufficiently.

Function corresponding to
load variation

Disturbance torque

'
Load variation

' Motor velocity
'

Velocity control Torque Disturbance Load estimation E Torque E
output compensation compensation :command ! .
! 1 Motor
. L »
—" = F= - oL
Nica| Eca| [k o 4
< 14
(1) Applicable Range

o This function can be applicable only when the following conditions are satisfied.

Conditions under which the disturbance observer is activated

Control model

» Position control, Velocity control

Others

« Should be in servo-on condition
« Parameters except for controls such as torque limit setup, are correctly set, assuring
that the motor can run smoothly.

2

Caution

o Effect may not be expected in the following condition.

Conditions which obstruct disturbance observer action

*The rigidity is low (the anti-resonance point is at low frequency range of 10 Hz or

Load below)
*The load shows a clear non-linear trend with friction and backlash.
Others *The feedback scale resolution is low. (1 pm/pulse or more)
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(3) Relevant parameters

At-
trib- . . .
Class| No. ute Title Range | Unit Function
*1)
Enables or disables the load variation suppression function.
bitl 0: Disables the load variation suppression function
1: Enables the load variation suppression function
bit2 0:Disables the load variation stabilization setting
Function expansion | -32768— _ 1: E_nables the load vari_ati_on stabilizat_ion settin_g
6 |10 | B - bitl4 0: Disables the load variation suppression function

setup 32767 automatic adjustment

1: Enables the load variation suppression function
automatic adjustment
* The least significant bit is bitO.
* When bit14 to 1, it will be bitl also 1.

Load change Defines the compensation gain against load variation.

6 |23 | B - . |-100-100| %
compensation gain

6 | 24| B Load change_ 10-2500 |0.01 ms Defines the filter time constant against load variation.
compensation filter

6 |73 B Load felslitt:e r:\atlon 0-2500 10.01 ms Defines the filter time constant for load estimation.

Defines the filter frequency 1 against the velocity control output.
Torque Torque compensation is enabled when the relation between Pr.

6 |74 | B compensation 0-5000 | 0.1 Hz |6.74 “Torque compensation frequency 1 and Pr. 6.75 “Torque

frequency 1 compensation frequency 2” satisfies the following formula.
1.0 Hz < Pr. 6.75 < Pr. 6.74 < (Pr. 6.75 x 32)

Defines the filter frequency 2 against the velocity control output.

Torque Torque compensation is enabled when the relation between Pr.
6 | 75| B compensation 0-5000 | 0.1 Hz |6.74 “Torque compensation frequency 1 and Pr. 6.75 “Torque
frequency 2 compensation frequency 2” satisfies the following formula.
1.0 Hz <Pr. 6.75 <Pr. 6.74 < (Pr. 6.75 x 32)
6 | 76 | B Load Ceg;[; rr]rt1at|on 0-8 | Defines the load estimation count.

*1) For parameter attribute, refer to Section 9-1.

4) How to use
There are two methods below for adjusting the load variation suppression function.

B When there is no load inertia variation (disturbance suppression setting)

< Basic adjustment >

[1] Make normal gain adjustment in advance.
Use real-time auto tuning (Pr. 0.02=1) with the load variation suppression function automatic adjustment
disabled (Pr. 6.10 bit14=0), and set stiffness (Pr. 0.03) as high as possible.

[2] Set bitl4 to 1 in Pr. 6.10 “Function expansion setup” to enable the load variation suppression function automatic
adjustment, and check disturbance suppression effect with the motor rotate.
* This Pr6.10 bitl and 2 it will be 1.
* Before enabling or disabling the load variation suppression function, turn off the servo first.
* |f this change causes the motor to oscillate or generates an abnormal sound, return to Step [1] and decrease

the servo rigidity by one or two levels before repeating the subsequent steps.

< If further adjustment >
[3] Set bit14 to 0 in Pr. 6.10 to disable the automatic adjustment of load variation suppression function.
[4] Specify a small value as possible in Pr. 6.24 “Load change compensation filter”.
Decreasing the filter setup value within the range that does not produce any significant abnormal sound or
torque command variation will improve disturbance suppression performance and reduce motor velocity
variation and encoder position deviation.
* When an abnormal sound at high frequency (1 kHz or above) is generated, increase the value in Pr. 6.76
“Load estimation count. ”
* When vibration at low frequency (10 Hz or below) is produced after operation stops, increase the value in Pr.
6.23 “Load change compensation gain”.
* No change is required for Pr. 6.73 “Load estimation filter” in normal cases, but you can set the optimum point
by fine-tuning within the range between around 0.00 and 0.20 ms.
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m When there is load inertia variation (load variation stabilization setting) (assumed an articulated robot, etc.)
[1] Confirm the maximum and minimum values in Pr. 0.04 "Inertia ratio."

Possible methods for doing this are as follows.

1) Make theoretical calculation based on the system design information

2) Operate the system within the range not significantly varying the inertia ratio while changing the system’s
posture/condition, and read out the acceleration/deceleration torque and motor acceleration. Then, make
calculation from the equation: Total inertia = torque / acceleration

3) While operating within the range not significantly varying the inertia ratio, check the inertia estimation value
with Pr. 0.02 = 5 (load characteristic measuring mode) of real-time auto tuning.

4) If no information can be obtained, use 0% as minimum value and the motor's permissible load inertia as
maximum value.

* For an articulated robot, make measurement while moving it to the posture where the load inertia becomes

maximum/minimum for each joint.

* For pick & place equipment, make measurement with maximum payload and no load.

[2] Make gain adjustment under the following conditions.

With the load variation suppression function disabled (Pr. 6.10 bit1=0) and in the posture/condition where Pr.

0.04 "Inertia ratio" becomes minimum, make gain adjustment by specifying the maximum value in Pr. 0.04

"Inertia ratio."

* Make adjustment so that Pr. 1.01 "1st velocity loop gain"(Kvp) becomes as high as possible.

* Please note that in applications where a large and steep load inertia variation is generated, the real-time auto
tuning function and adaptive filter may not be able to correctly estimate load, which may result in oscillation
and vibration.

[3] Turn off the servo and then specify initial values in the following parameters.

Pr. 0.02 "Real-time auto tuning mode setting" = 0 (disabled)

Change Pr. 0.04 "Inertia ratio” to the minimum value in [1].

Pr. 1.00 "1st position loop gain™ = Pr. 1.01 "1st velocity loop gain"

Pr. 1.02 "1st velocity integration time constant” = 1000.0 ms (disabled)

Pr. 6.23 "Load variation compensation gain" = 100%

Pr. 6.24 "Load variation compensation filter" = Time constant converted value of velocity loop gain (Kvp)

(Ex: where the rigidity is 16, Kvp=50.0 Hz, then Pr. 6.24 =1/(Kvp*27) = 3.18 ms)

Pr. 6.73 "Load estimation filter" = 0.10 ms

Pr. 6.76 "Load estimation count” = 4

[4] Change the following parameter setting according to the variation ratio a of the total inertia.

Pr. 6.74 "Torque compensation frequency 1" = frequency converted value Hz in Pr. 6.24

(Ex.: If Pr. 6.24 = 3.18 ms = 0.00318 s, then the frequency converted value = 1/ (Pr. 6.24[s]*2n) = 50.0 Hz)

Pr. 6.75 "Torque compensation frequency 2" = frequency converted value Hz/a in Pr. 6.24

* The variation ratio o of the total inertia is the ratio of the maximum and minimum (>1) values of the
aggregated inertia of the motor and load. The value in Pr. 0.04 "Inertia ratio," which can be calculated by
real-time auto tuning, does not include the inertia portion of the motor, and thus the following calculation
should be made to compute the total inertia to obtain the variation ratio o.

Variation ratio o= ((maximum value in Pr. 0.04) + 100%) / ((minimum value in Pr. 0.04) + 100%)
[5] Set bitl to 1 in Pr. 6.10 "Function expansion setting" to enable the load variation suppression function.

* Before enabling or disabling the load variation suppression function, turn off the servo first.

* |f this change causes the motor to oscillate or generates an abnormal sound, turn off the servo and then
increase the value of Pr. 6.24 in Step [3] to a value about twice as large. Then reset Pr. 6.74 and Pr. 6.75 in
Step [4] to enable it. If the oscillation or abnormal sound still persists, return to Step [1] and decrease the
velocity loop gain by about 50% to 75% before repeating the subsequent steps.

[6] Specify a small value as possible in Pr. 6.24 "Load variation compensation filter."

In addition to changing Pr. 6.24, carry out Step [4] to increase Pr. 6.74 and Pr. 6.75.

Specifying a smaller value within the range that does not produce any significant abnormal sound or torque

command variation will improve the stability against load variation. Try various operations including the

posture and condition where the load inertia becomes maximum or minimum to check the motor operation.

* When an abnormal sound at high frequency (1 kHz or above) is generated, increase the value in Pr. 6.76
"Load estimation count."”
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5-2-10 3rd gain switching function

In addition to the normal gain switching function described on 5-2-4, 3rd gain switching function can be set to
increase the gain just before stopping. The higher gain shortens positioning adjusting time.

M

Applicable Range

This function can be applicable only when the following conditions are satisfied.

Conditions under which the 3rd gain switching function is activated

Control mode |- Position control mode

Others « Should be in servo-on condition

motor can run smoothly.

 Parameters except for controls such as torque limit setup, are correctly set, assuring that the

(2) Relevant parameters
At-
trib- . . .
Class | No. ute Title Range Unit Function
*1)
6 05 B Posmo_n 3.rd gain 0-10000 01ms Set up the time at which 3rd gain becomes valid.
valid time
Position 3rd gain g 0 Set up the 3rd gain by a multiplying factor of the 1st gain:
6 06 B scale factor 50-1000 % 3rd gain = 1st gain x Pr 6.06/100

*1) For parameter attribute, refer to Section 9-1.

3

How to use

While in the condition under which the normal gain switching functions, set the 3rd gain application time to
Pr 6.05 Position 3rd gain enable time, and set the 3rd gain (scale factor with reference to 1st gain) to Pr 6.06

Position 3rd gain magnification ratio.

« If 3rd gain is not used, set Pr 6.05 to 0 and Pr 6.06 to 100.
 The 3rd gain is enabled only for position control.
« During the 3rd gain period, only position loop gain/velocity loop gain becomes 3rd gain, during other periods,

1st gain setting is used.

» When the 2nd gain switching condition is established during 3rd gain period, 2nd gain is used.
« During transition from 2nd gain to 3rd gain, Pr 1.19 Position gain switching time is applied.
« Even if the gain is changed from 2nd to the 1st due to parameter change, the 3rd gain period is inserted

between them.

Example:

Pr 1.15 Mode of position control switching = 7 switching condition: with positional command:

Position velocity command [r/min]

Pr 6.05 x 0.1ms

2nd gain

A

Pr1.05-1.09

3rd gain

1st gain
Pr1.00-1.04

[3rd gain period]

Position loop gain = Pr1.00 x Pr6.06/100

Velocity loop gain = Pr1.01 x Pr6.06/100

Velocity loop integration time constant, velocity detection
filter and torque filter time constant directly use the 1st
gain value.
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5-2-11 Friction torque compensation

To reduce effect of friction represented by mechanical system, 3 types of friction torque compensation can be applied:
- offset load compensation that cancels constant offset torque
+ The dynamic friction compensation that varies direction as the operating direction varies
- viscous friction torque correction amount that is varied by the command speed

(1) Applicable Range

o This function can be applicable only when the following conditions are satisfied.

Conditions under which the Friction torque compensation is activated

Control mode

« Specific to individual functions. Refer to “Parameters” shown below.

Others « Should be in servo-on condition

motor can run smoothly.

» Parameters except for controls such as torque limit setup, are correctly set, assuring that the

(2) Relevant parameters
Combine the following 3 parameters to setup appropriate friction torque compensation.
At-
Class | No. | trib- Title Range Unit Function
ute *1)
Set up the offset load compensation value usually added to the
Torque torque command in a control mode except for the torque control
6 07 B command -100-100 %
i mode.
additional value
Positive Dynamic friction compensation value to be added to the torque
6 08 g | direction torque -100-100 % command at the time of position control and when forward direction
compensation position command is entered.
value
Negative Dynamic friction compensation value to be added to the torque
6 09 g | direction torque -100-100 % command at the time of position control and when reverse direction
compensation position command is entered.
value
When Two-degree-of-freedom control mode is effective, the result
. L multiplying the command speed by this setting is added to the torque
0,
6 50 B \élgfnou:nfsr;;:itrl]on 0-10000 (1%30/(0)” command as the viscous friction torque correction amount. By
g ain ’ min) setting the estimated viscous friction coefficient of real-time auto
g tuning, there are cases in which the feedback scale position
deviation in the vicinity of steady state may be improved.
*1) For parameter attribute, refer to Section 9-1.
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(3) Howtouse

The friction torque compensation will be added in response to the entered positional command direction as
shown below.

A Command speed [Positive direction] '
'
Pr6.08 i
Pré.50 [Positive direction torque H
[Viscous friction compensation] H
compensation gam]>q = \ :
Pr6.07 Pr6.09 '
[Torque command [Negative direction torque |
additional value] compensation] !
i
'
' Time »
/

Pr6.50
[Viscous friction compensation gain]

[Negative direction]

Motor Motor
non-energized Motor energized non-energized

The total of eccentric compensation set by constantly fixed torque command additional value, dynamic friction compensation set by
positive torque compensation or negative torque compensation, which is added in accordance with the command speed direction lastly
entered, and viscous friction compensation added in accordance with command speed becomes the friction compensation torque.
Command speed direction is reset when power supply is turned ON and with motor non-energized.

Pr 6.07 [Torque command additional value] reduces variations in positioning operation (performance is affected
by direction of movement). These variations occur when constant offset torque resulting from weight on vertical
axis is applied to the motor.

Certain loads such as belt driven shaft requires high dynamic friction torque, which lengthens positioning setting
time or varies positioning accuracy. These problems can be minimized by setting the friction torque of every
rotating direction into individual parameters. Pr 6.08 [Positive direction torque compensation value] and Pr 6.09
[Negative direction torque compensation value] can be used for this purpose.

Pr6.50 “viscous friction compensation gain” reduces response delay at the time of acceleration by setting a
torque command value against viscous load. Because of its properties, the compensation is proportional to
the speed command value.

The offset load compensation and dynamic friction compensation can be used individually or in combination.

However, some control modes impose limit on application.

« For torque control: Offset load compensation and dynamic friction compensation are set at 0 regardless of
parameter setting.

« For velocity control with servo-off: Offset load compensation per Pr 6.07 is enabled. Dynamic friction
compensation is set at 0 regardless of parameter setting.

« For position control with servo-on: Previous offset load compensation and dynamic friction compensation
values are maintained until the first positional command is applied where the offset load compensation value is
updated according to Pr 6.07. The dynamic friction compensation value is updated to parameters Pr .6.08 and
Pr 6.09 depending on command direction.
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5-2-12 Two-stage torque filter

In addition to usual 1st and 2nd torque filters (Pr1.04 and Pr1.09), another torque filter can be set. High-frequency
vibration component can be suppressed by the use of the 2-stage torque filter.

When 2nd gain is
selected

2nd torque filter

(Pr1.09)

Torque
\._’ : command
Switching gain 2nd torque filter

(Pr6.42 and Pr6.43)

When 1st gain is
selected ’

1st torque filter

(Pr1.04)

_’.

(1) Application Range

This function can’t be applied unless the following conditions are satisfied.

Conditions for operating 2-stage torque filter

Control mode « Can be used in all control modes.

Others « In servo-ON state
» Elements, such as deviation counter clear command input inhibition and torque limit, other
than control parameter are set properly, and motor is running without any problem.

(2) Cautions

« If the setting value is increased excessively, the control may become unstable to produce vibration.
Specify proper setting value while checking the status of the device.

 If Pr6.43 ““2-stage torque filter attenuation term” is changed during operation, vibration may be generated.
Change the value while the motor is stopped.

(3) Relevant parameters

constant

At-
Class | No. | trib- Title Range Unit Function
ute *1)
Sets 2-stage torque filter time constant.
The time constant is invalid if O is specified.
2-stage torque [When used for the secondary filter as Pr6.43 > 50]
6 |42 B filter time 0-2500 0.01ms The time constants that can be used are 4-159 (0.04-1.59 ms).

(Equivalent to 100-4000 Hz in frequency)

Setting values 1-3 works as 4 (4000 Hz), and 159-2500 works as
159 (100 Hz).

2-stage torque
6 43 B filter attenuation
term

0-1000

Sets attenuation term of 2-stage torque filter.

The filter degree of the 2-stage torque filter is changed according to

the setting value.

0-49:

— Operates as the 1st filter.

50-1000:
Operates as a 2nd filter and becomes a 2nd filter with { = 1.0 if
setting value is 1000. As the setting value is decreased, the filter
becomes vibrational. Use with a setting value 1000 basically.

*1) For parameter attribute, refer to Section 9-1.

(4) How to use

Set a 2-stage torque filter if high-frequency vibration can’t be removed only using usual 1st and 2nd torque
filters. Setting Pr6.43 “2-stage torque filter attenuation term” to 1000 ({=1.0), adjust Pr6.42 “2-stage torque filter

time constant”.
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5-2-13

o))

Quadrant projection suppression function

Control configuration can be switched to suppress quadrant projection occurring during arc
interpolation of 2 or more axes. To be used in conjunction with load fluctuation suppression function.

Applicable Range

[0 This function is unable to be applied unless the following conditions are satisfied:

Conditions in which quadrant projection suppression function is triggered
Control mode | - Position control mode

+ To be in Servo-On state.

Others + Elements other t_han control parameters, such as prohibitio_n of de_viation counter
clear command input and torque limit, etc. are set appropriately, in a state where
there are no obstructions in normal motor revolutions.

(2) Caution
[0 There are cases where effects cannot be observed under the following conditions:
Conditions where the effects of quadrant projection suppression function is disrupted
- When rigidity is low (anti-resonance point exists in the low frequency range of 10 Hz or lower)
Load - When non-linearity of load is strong from existence of backlash, etc.
- When action patterns are changed.
(3) Relevant parameters
Attri-
Class | No. | bute Title Range Unit Function
*1)
Quadrant glitch -1000— Sets amount of compensation to be added to torque command when
5 45 B positive-direction 1000 0.1% |the position command is in positive direction and quadrant projection
compensation value compensation function is enabled.
Quadrant glitch -1000— Sets amount of compensation to be added to torque command when
5 46 B negative-direction 1000 0.1% |the position command is in negative direction and quadrant projection
compensation value compensation function is enabled.
Quadrant glitch Sets the length of delay time for switching of amount of
5 47 B compensation delay 0-1000 ms  |compensation after position command has been reversed, when
time quadrant projection compensation function is enabled.
Quadrant glitch Sets time constant for low-pass filter on the amount of compensation
5 48 B compensation filter 0-6400 |0.01 ms |on torque command when quadrant projection compensation function
setting L is enabled.
Quadrant glitch Sets time constant for high-pass filter on the amount of compensation
5 49 B compensation filter | 0-10000 | 0.1 ms |on torque command when quadrant projection compensation function
setting H is enabled.
6 47 R Function expansion -32768— 3 bit14: E_nables/disables quadrant projection compensation function.
setup 2 32767 0: disabled, 1: enabled
bit0: Enables/disables quadrant projection compensation function
extended.
6 97 B Function expansion _2147‘183648 B 0: disabled, 1: enabled
setup 3 NATASIEAT * Tc_) set_the compensat_ion a_1mount of quadfant projection by inversion
direction when the direction of the velocity has changed, set Pr6.97
bit0 to 1.
*1) For parameter attribute, refer to Section 9-1.

(4)

How to use

Adjust the load change inhibit function using the disturbance suppression setup by reference to Section 5-2-10,
and measure quadrant projection.

Level is unsatisfactory, conduct further fine adjustment using quadrant projection suppression function.

[1] Reclose control power supply after enabling quadrant projection suppression function (Pr 6.47 bit14 = 1)
[2] Set initial values to: Pr 5.47 =0, Pr 5.48 = Pr 1.04, Pr 5.49 =0.
[3] Measure the magnitude of quadrant projection and conduct fine adjustments to Pr 5.45 and Pr 5.46 of each axis.
* When quadrant projection is delayed from the timing of the movement direction is reversed, try changing Pr 5.47
and Pr 5.48.
* To set the compensation amount of quadrant projection by inversion direction when the direction of the
velocity has changed, set Pr6.97 bit0 to 1 and try change Pr5.49.
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5-2-14 Two-degree-of-freedom control mode (with position control)

The two-degree-of-freedom control mode is an expanded function of the position control switching
mode. Responsiveness is improved by making it possible to set the positional command response and
servo stiffness independently.

Either of the standard type or synchronization type of the two-degree-of-freedom control can be used.

(1) Applicable Range
I This function cannot be applied unless the following conditions are satisfied.

Operating conditions for the two-degree-of-freedom control mode

Control mode

« Position control mode

Other

* The servo is ON.
« Elements other than control parameters such as torque limit are set properly, and
there is no obstacle to normal motor operation.

(2) Relevant parameters
First, set Pr6.47 “Function expansion setup 2” to bit0=1 and write the setting to EEPROM, and then
reset the control power to enable two-degree-of-freedom control.

After this, make adjustments of the real-time auto-tuning function (refer to Section 5-1-3 or 5-1-4).
Only when further improvement is required, manually fine-tune the following parameters while
confirming the response.

At-
Class| No. | trib- Title Range Unit Function
ute *1)
Set respective functions in unit of bit.
bit0 two-degree-of-freedom control mode
6 47 R Function -32768- B 0: Invalid 1: Valid
expansion setup 2 32767 bit3 For manufacturer’s use
Fix to 0.
* The least significant bit is bit0.
Time constant for the command filter is set in two-degree-of-freedom
control.
 The maximum value is limited to 2000 (=200.0 ms).
Command *The parameter vz_;llue itself is not limited, but the value applied in
2 22 B smoothing filter 0-10000 0.1ms the driver is limited.
« Command response can be quickened by decreasing this parameter
and slowed by increasing it.
* The attenuation term is set by Pr6.49 “Adjust/Torque command
attenuation term”.
Set the time constant for the adjust filter.
» When the torque filter setting has been changed, set a value close to
the real-time auto-tuning setting.
6 48 B Adjust filter 0-2000 o1ms | g\s a rgsult of ﬁne-tuning while checking the_encoder position
eviation near the setting, overshoot and oscillatory waveforms may
be improved.
* The attenuation term is set by Pr6.49 “Adjust/Torque command
attenuation term”.
(To be continued)
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At-
Class| No. | trib- Title Range Unit Function
ute *1)
Set the attenuation term for the command filter and adjust filter.
A decimal number indication is used. The first digit sets the
command filter and the second digit sets the adjust filter.
<Each target digit of the set value>
Command / 0 to 4: No attenuation term (operated as primary filter)
L 5 to 9: Secondary filter (Attenuation terms, { will be 1.0, 0.86, 0.71,
6 49 B tuning fllter 0-99 - 0.50, and 0.35 in order.)
damping <Setting an example of this parameter>
To set the command filter to (=1.0 and adjust filter 1 to (=0.71, the
setting value should be 75 (first digit=5 ({=1.0), second digit=7
(€=0.71)).
For the time constant of the command filter, Pr2.22 “Command
smoothing filter” will be applied.
Add the result of multiplying the command velocity by this setting
. - value to the torque command as the correction amount of the viscous
Viscous frlc.tlon 0.1%/ friction torque
6 50 B com%tzr;zatlon 0-10000 (1222;)” » The encoder position deviation near the setting may be improved by
setting the viscous friction factor estimation for real-time auto-
tuning.
*1) For the parameter attributes, refer to Section 9-1.
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(3) Two-degree-of-freedom control mode (with position control)
The mode of 2 degrees of freedom control is configured as shown in the block diagram below.
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*1) A slanting number shows (ex: 607Ah) the object number of EtherCAT.
*2) A bold letter number shows (ex:1.00) a parameter number.

Two-degree-of-freedom control mode (with position control) block diagram

*3) Polarity was omitted.

*4) The method to calculate the positional deviation on PANATERM (standard) varies depending on the
setting of the command positional deviation output change (bit 14) of Pr 7.23 (Communication function

extended setup 2).

*5) The position command on PANATERM can be switched depending on the setting of bit3 (Command pulse
accumulation value) of Pr7.99(Communication function extended setup 6).

*6) The amplifier will be switched internally to position control during execution of test run, frequency characteristics analysis (position loop

characteristics) from PANATERM.

*7) The first edition of the software version (Ver1.04) does not support 60EOh/60E1h (Positive/Negative torque limit value).
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5-2-15 Two-degree-of-freedom control mode (with velocity control)

The two-degree-of-freedom control mode is an extended function of velocity control mode to improve
the responsiveness by making it possible to independently set the command response and servo rigidity.
Only the standard type of two-degree-of-freedom control is available.

o))

O]

Applicable Range
00 This function is unable to be applied unless the following conditions are satisfied.

Conditions in which two-degree-of-freedom control mode is activated.

Control mode

+ Velocity control

Miscellaneous

+ To be in the servo ON state.
+ Elements other than control parameters, such as torque limit, etc. are properly set
and the motor is free of obstacle to normal motor rotation.

Relevant parameters
First of all, set Pr6.47 “Function expansion setup 2”:bit0 to 1 and write in EEPROM; then, reset the
control power supply to enable the two-degree-of-freedom control mode.

Thereafter, adjust the related parameters by real-time auto-tuning (see 5-1-3). Only when further
improvement is required, manually finely adjust the following parameters while confirming
responses.

Class | No.

At-
trib-
ute
*1)

Parameter
name

Setting range

unit

Functions

47

Function
expansion
setup 2

-32767—
32768

Various functions are set in bit units.
bit0  Two-degree-of-freedom mode
0: Invalid 1: Valid
bit3 For manufacturer’s use
Fix to 0.
*The least significant bit is set to bit0.

22

Command
smoothing
filter

0-10000

0.1 ms

At the time of the two-degree-of-freedom control, the time

constant of command response filter is used.

» The maximum value is restricted to 640 (=64.0 ms).
*The parameter value itself is not restricted but the applied

value inside the driver is restricted.

» Making this parameter smaller can quicken the command
response, whereas making it larger can slow the command
response.

48

Adjust filter

0-2000

0.1 ms

To set the time constant of adjustment filter.

» When the torque filter setting is changed, set the adjustment
filter to a near value while referring to setting of real-time
auto-tuning.

« At the time of speed control mode, The maximum value is
restricted to 640 (=64.0 ms).

*The parameter value itself is not restricted but the applied
value inside the driver is restricted.

*1) For the parameter attributes, refer to Section 9-1.
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(3) Block diagram of the two-degrees-of-freedom control mode(with velocity control)
Two-degree-of-freedom control mode (with velocity control) shall be as per the block diagram indicated

below.
pm———
1
N KX ' Monitor data of PANATERM
s====y
(]
"= = = =« Monitor data of CiA402 obiect
Lz==z=z=zzzzzz==asg Frict

“,," 60B2h mm;,lecnlsoa?im Gain switching

o

:E\ Tort;;ic:/gsel C;Sneuonal 2nd setup

. o filter Delay time
>
Filter 7.113] + Level
- TTT-- === )
LREEEEEEEEES . 1 Velncllycontrolcommand \ =\J
W 60B1h [r/min] / + A Torque filter
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conversion 4FAlh

%7 N 1
Velocity command 4 | " een
value [r/min] Wl m
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A \ +
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) Time
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oot f filter
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fcommandis] b eoemn s
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i u inle[r;:lls\e/]al ue ’i; 2nd
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———————— < ~ | oain
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H Position actual value u o _ Motor velocity -~ fil(erp Frequency 2
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2N M- -
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T e | e [o73]

~ 3 Torque demand H
Electronic gear T~ H Velocity / [0.1%] " l
---.¢ / ¥
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'
Current control \ Torque limit
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" Touch probe "
" position value i Input setting

[command] ,'," Type
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Propar\mn Pole posiion
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\megvauon relationship
9.22~9.28
FF1
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Maximum
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Negative
direction | SOELN

\
'
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1
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\

)
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Two-deqgree-of-freedom control mode (with velocity control) block diagram

*1) A slanting number shows (ex: 607Ah) the object number of EtherCAT.

*2) A bold letter number shows (ex:1.00) a parameter number.

*3) Polarity was omitted.

*4) When performing Frequency characteristic measurement (speed close loop characteristic, Torque speed (Vertical))
from the PANATERM, the driver switches to velocity control mode internally.

*5) The first edition of the software version (Ver1.04) does not support 60EOh/60E1h (Positive/Negative torque limit value).
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5-2-16 Two-degree-of-freedom control mode (with torque control)

The two-degree-of-freedom control mode has an equivalent configuration as the torque control with
the two-degree-of-freedom control invalid.

For details, please refer to Section5-2-3” Block diagram of torque control mode”,EtherCAT
communication specification (SX-DSV03307), Section 6-8 “Torque control function (tq,cst).”
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6. Application

6-1 Torque limit switching function
It is a function which changes a torque limit value by the direction of operation.

(1) Applicable Range
o This function can be applicable only when the following conditions are satisfied.
Conditions under which the Torque limit switching function is activated
Control mode « Position control mode, Velocity control mode and Torgue control mode*1)
Others + Should be in servo-on condition
» Parameters except for controls are correctly set, assuring that the motor can run smoothly.
*1) During torque controlling, the switching function is disabled and only Pr. 0.13 1st torque limit is enabled.

(2) Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
0 13 B |1sttorque limit| 0-500 % You can set up the 1st limit value of the motor output torque.
You can set up the torque limiting method.
Setup Negative | Positive
value direction | direction
1 Pr0.13
2 Pr5.22 | Pr0.13
Selection of 3 Pro.13
5 21 B torque limit 0-5 — 4 Pr5.22 Pr0.13
5 60E1h 60EOh
*If 0 is set for this parameter, 1 is internally set.
+ Only the setting Pr5.21=5 becomes enabled during torque control.
When Pr5.21=1to 4, Pr0.13 is applied to the torque limit.
(Note) The setting range is O to 4 in the first edition of the software
version (Verl.04).
5 29 B 2no||i';;>irtque 0-500 % You can set up the 2nd limit value of the motor output torque.

*1) For parameter attribute, refer to Section 9-1.

(3) Related object

Index | Sub- Name Units Range Data |Access| PDO | Op- |[EEPROM
Index / Description Type mode
6072h 00h Max torque 0.1% 0 - 65535 U16 rw Yes | ALL Yes

+ Set the maximum torque.
If the value exceeds the maximum torque of the motor is limited by the maximum torque of the motor.
Note: The maximum torque of the motor varies depending on the motor applied.

Torque command is limited at smaller one of 6072h and those effective for Pr0.13 and Pr5.22.
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6-2 Motor working range setup function

If the motor with respect to the position command input range exceeds the motor operating range that is set by
Pr5.14*“Motor working range setup”, it can be alarm stop at the Err34.0 “motor movable range set protection”.

The allowable motor operating range is calculated internally by the amplifier under the following formula:

« Positive direction allowable motor operating range = Positive direction position command entry input
range + Pr5.14

* Negative direction allowable motor operating range = Negative direction position command entry input
range - Pr5.14

In case the actual motor position for judgment exceeds this range, Err34.0 “motor movable range set protection”
will be detected.

M

Applicable Range
o This function can be applicable only when the following conditions are satisfied.

Conditions under which the software limit works

Control mode « Position control mode

Others « Should be in servo-on condition
 Parameters except for controls such as torque limit setup, are correctly set, assuring that the
motor can run smoothly.

2

Cautions
« This function is not a protection against the abnormal position command.
» When this software limit protection is activated, the motor decelerates and stops according to 605Eh(Fault
reaction option code).
The work (load) may collide to the machine end and be damaged depending on the load during this
deceleration, hence set up the range of Pr 5.14 including the deceleration movement.
» When changing the control mode (for the purpose of only to control velocity or torque), do not use this
function. Instead, use software limit function or drive inhibit input.
* When any of the following values ([feedback scale pulse] unit) managed internally in the amplifier, exceeds -
2% to 231-1, Err34.0 “motor movable range set protection” detection process will be invalidated” .*1
—Position command input range
— Actual motor position for judgment
— Motor movable range
« In case any of the following conditions are satisfied, the position command input range and the actual motor
position for judgment managed inside the amplifier will be cleared and Err34.0 “Motor movable range setting
error protection” detection process will be invalidated.
—When the control power is turned on
— Servo-OFF state
—Velocity control state or torque control state
— During frequency response measurement using setup support software (PANATERM).
— During the time position deviation is cleared (When an EMS state transitions from Init to PreOP,
decelerated stop from alarm, etc.).
—When position information is initialized
When absolute clear by Setup support software (PANATERM) etc.
— A state in which pole position estimation isn't completed under Pr9.20=2(Pole position estimation method).
— During automatic linear motor setting by the automatic setting tool (MotorAutoSetup).
—Pr5.14=0
(To be continued)

R8.1

Motion Control Business Unit, Panasonic Industry Co., Ltd.




No. SX-DSV03306 -141-

— In Full-closed control mode,when Pr5.14 satisfies the following formula (when the value of Pr5.14
converted into external pulse units exceeds 23!-1). *1

Mgtor typ_elis linear type Pr5.14 > (23! -1) * Pr9.01 / (Pr9.02 * 1000)
(Pro.00=1) Or Pr5.14 > (2% -1) * 10 / Pr9.30

Motor type is rotary type Pr5.14 > (2% -1) * Pr9.03 * 10/ Pr9.01
(Pr9.00 = 2)

—When clearing position deviation during deceleration to stop due to over-travel inhibit input
—When returning to home

*1) However, when Err34.0 detection processing is invalid, Err34.0 can be generated by setting the following
setting to valid.
Pr6.97 “Function expansion setup 3”
bit2 Expansion of Allowable motor operating range abnormal protection  0: Invalid, 1: Valid
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(3) Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
You can set up the movable range of the motor against the
position command input range.
Motor working 01 \{Vh_en the m(_)tor moveme_nt exceeds the setup value, software

5 14 A range setup 0-1000 revol'ution limit protection will be triggered.
When set value of this parameter is 0, Err34.0 become disable.
Also in condisions written in above (2) Caution, Err34.0 become
disable.

Function -2147483648 Sets various function in bit units:
6 97 B expansion - - bit 2: Expansion of Allowable motor operating range abnormal
setup 3 2147483647 protection 0: Invalid, 1: valid

*1) For parameter attribute, refer to Section 9-1.

(4) Operation example

(1) When no position command is entered (Servo-ON status)
The motor movable range will be the travel range which is set at both sides of the motor with Pr5.14 since no
position command is entered. When the load enters to the Err34.0 occurrence range (oblique line range),
software limit protection will be activated.

F T TTTTT

Motor 2,

F T TTTTTTTETTTTTTTTTS

Error occurrence range

Pr5.14:Pr5.14

Motor movable

Error occurrence range

2

< range |

When the load moves to the right (at Servo-ON)

When the position command to the right direction is entered, the motor movable range will be expanded by
entered position command, and the movable range will be the position command input range + Pr5.14 setups in

both sides.

1==579
FFFFFrrrrs PFFZZFYZZZFZZZA Motor FFFrrrrs
J 1
Position command
Pr5.14 input range Pr5.14
Error occurrence range Motor movable range |_Error occurrence range

(3) When the load moves to the left (at Servo-ON)
When the position command to the left direction, the position command input range will be expanded further.

pmmmmes : ===
' ! 1 1
Pr5.14 Position command input range Pr5.14
Error occurrence range | Motor movable range .|._Error occurrence range
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6-3 Deceleration stop sequence

Sets how to decelerate and stop the motor if main power is shut down or an alarm occurs while PDS is Operation
enabled state (servo-on state).

Combine the deceleration function (option code) defined by CoE(CiA402) and the deceleration function on the servo
(MINAS-AB) side (dynamic brake stop, free-run stop, emergency stop).

Change the deceleration setting from the shipment value according to the equipment environment.
For each parameter and the shipment values of the EtherCAT objects, refer to the specification.

Please refer to section 6-9-2 "Option Code (deceleration stop sequence)" of Technical Document "EtherCAT
Communication Specifications" (SX-DSV03307) for details.

6-3-1 Sequence upon inputting of over-travel inhibition (POT, NOT)
Set up the operating sequence when the over-travel inhibition is input (POT, NOT).

In hm mode, there are following 2 modes: the mode for performing the reverse motion after stopping in accordance
with the Method that is specified and the mode in which the edge of POT/NOT is set as the home position. For details,
refer to Technical Reference, SX-DSV03307” Section 6-6-5 "Homing Position Control Mode (hm mode)”, EtherCAT
communication specification.

The over-travel inhibition state can be notified as a warning.
For details, refer to 7-3 "Details of Protective Function™ and 3-6-1 "Message at Error Occurrence” in EtherCAT
Communication Specification (SX-DSV03307).

Note) Set the over-travel inhibition input (POT, NOT) correctly.
—If it is set incorrectly (NOT for the drive side in the positive direction, POT for the drive side
in the negative direction, etc.), operations cannot be guaranteed.
—Install it in a position that takes into account the amount of movement
before decelerating and stopping.
Note that if the torque limit or deceleration setting value is small,
the amount of movement before decelerating and stopping may increase.

(1) Relevant parameters

At-
Class| No. | trib- Title Range Unit Function
ute *1)

Set up the operation of the run-inhibition (POT, NOT) inputs.

Normally it should be set to 1.

0: Deceleration stop on servo (MINAS-AG) side (sequence at time of
run-inhibition input)
POT -> positive direction drive inhibit,
NOT -> negative direction drive inhibit.
When POT is input during positive direction driving, stops the drive
according to Pr5.05 Sequence at over-travel inhibit. The similar
function NOT is applied in reverse direction. *3)

1: CoE (CiA402) side deceleration stop *2)  *3)

Over-travel POT -> positive direction drive inhibit,

5 34 C inhibit input 0-2 _ NOT -> negative direction drive inhibit.

2) setup When POT is input during positive direction driving

or NOT is input during negative direction driving,
EtherCAT profile slowdown defined in CoE(CiA402) works and
stops it.
The constants at the time of a slowdown differ for every control
mode.
For details, refer to 6-9-2 7) "Sequence at drive inhibition input
(POT, NOT)" in Technical Reference EtherCAT Communication
Specification (SX-DSV03307).

2: Deceleration stop on servo (MINAS-AG) side (Sequence at alarm)
POT or NOT input activates Err 38.0 Run-inhibition input protection.

05 Sequence at When Pr5.04 Over-travel inhibition = 0, specify the status during
5 %2) C over-travel 0-2 — deceleration and stop after application of the over-travel inhibition
inhibit (POT, NOT).

Torque setup for Set up the torque limit at emergency stop.
5 1 B emgrgency Etop 0-500 %  |When setup value is 0, the torque limit for normal operation is applied.
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= 77— BHRIL|-2147483648 bit21 Extension of conditions for releasing over-travel inhibition
6 98 R |MBRONHYF - - 0: =7—! BRIV ROV ERHA,
A, 4 2147483647 1 : expansion specification
TS| Sets the absolute value of the position deviation amount by which the
Setting of over- 0 BT 75) over-travel inhibition state is released when Pr5.04 "Over-travel
6 102 B |travel inhibition - ﬁ,‘;D N inhibition input setting” = 1. When the absolute value of the position
release level 2147483647 FHA, deviation amount is equal to or higher than the set value, the
° |over-travel inhibition state will not be released. *4)

*1) For parameter attribute, refer to Section 9-1.

*2) With POT allocated to SI6 or NOT allocated to SI7, and Pr 5.04 “Over-travel inhibit input setup” is set to
other than 1 (CoE side deceleration stop), Err38.2 “Over-travel inhibit input protection 3” occurs.

*3) During magnet pole position estimation, and automatic linear motor setup, Err 38.0 “Over-travel inhibit input protection 1 is caused
by the input of either of POT and NOT.

*4) When Pr5.04 "Over-travel inhibition input setting" # 1, and Pr6.102 "Setting of over-travel inhibition release level”
> 0, Err93.5 (Over-travel inhibition input protection 4) occurs.
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(2) Contents
« Detail of deceleration stop on servo (MINAS-AB) side (sequence at time of run-inhibition input) (Pr5.04 = 0)

Pr5.04
*4)

Pr5.05

During deceleration *5)
Stopping method

After stalling (Approx. 30 r/min or below)
Operation after stopping Deviation

Deviation

Common

« Forcibly controls the position. *1)

« Forcibly stops position command
generation. *1) —

* bit 11(Internal limit active) of 6041h
(Statusword) is ON.

 Control mode depends on the
command. *2)

* bit 11(Internal limit active) of —
6041h (Statusword) is ON.

» Torque command=0

towards inhibited direction Hold

Dynamic brake (DB) *6) Clear *3)

» Torque command=0

1 * Free run (DB OFF) towards inhibited direction

Clear *3) Hold

« Emergency stop *4) *7)
» Torque limit=Pr 5.11

« Torque limit and torque

Clear *3
) command are as usual.

Hold

*1)
*2)

*3)

*4)

*5)

During deceleration, the system is forced to perform position control, forcibly stopping the internal
position command generating process.

Stop a command in over-travel inhibit direction with the over-travel inhibit input set to ON.

If a command is issued in over-travel inhibit direction, the command is neglected.

During deviation clearing, the process that lets the internal command position to follow the feedback
position is activated. At the instantaneous stopping and at the end of deceleration,

position deviations/external scale deviations accumulated during deceleration are cleared.

Emergency stop refers to a controlled immediate stop with servo-on.

The torque command value is limited during this process by Pr 5.11 Emergency stop torque setup.

In an emergency stop, normal operation is performed during the time between the input of the signal

and the start of the emergency stop. If a command is stopped concurrently with the input of the signal,

a torque disallowed by normal torque limitation may be output.

To allow a stop with the torque specified in the Emergency stop torque setup, continue to send the normal
command at least 4 ms after the input of the signal.

Deceleration period is the time required for the running motor to speed down to 30 r/min. Once the motor
speed drops below 30 r/min, it is treated as in stop state regardless of its speed.

*6)

Stopping method is Free run (DB OFF) in dynamic brake non-compatible models.
Pr6.14 "Emergency stop time at alarm" setting is invalid.

Detail of CoE (CiA402) side deceleration stop (Pr5.04 = 1)

Pr5.04

control mode

During deceleration *2)
Stopping method

After stalling (about 30 or less r/min)
Operation after a stopping

*3)

Common

+ Hold a servo-on condition.
+ Bit 11(Internal limit active) of 6041h
(Statusword) is ON.

+ Hold a servo-on condition.
+ Bit 11(Internal limit active) of 6041h
(Statusword) is ON.

PP.pV.ip,

Deceleration stop in

6085h (quick stop deceleration). + No command acceptance towards inhibited

Ccsp,csv

direction *1)

tg,cst Deceleration stop in 6087h(Torque slope).

*1) When the drive inhibit input of the ON state can stop a command to towards inhibited direction.

If you give a command in the towards inhibited direction, the command will be ignored.

*2) Deceleration period is the time required for the running motor to speed down to 30 r/min. Once the motor

speed drops below 30 r/min, it is treated as in stop state regardless of its speed.

« In case of deceleration stop on servo (MINAS-AG6) side (sequence at time of alarm) (Pr5.04 = 2)

Err38.0 "Over-travel inhibit input protection” occurs when POT or NOT is turned ON.
Therefore, the system operates according to Sequence at alarm, but not to this setting.
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* Details on Pr6.102 "Setting of over-travel inhibition release level"
Sets the absolute value of the position deviation amount by which the over-travel inhibition state is released
when Pr5.04 "Over-travel inhibition input setting" = 1. When the absolute value of the position deviation
amount is equal to or higher than the set value, the over-travel inhibition state will not be released.
When Pr5.04 "Over-travel inhibition input setting" # 1, and Pr6.102 "Setting of over-travel inhibition release
level" >0, Err93.5 (Over-travel inhibition input protection 4) occurs.

When Pr6.98-bit 21 "Extension of conditions for releasing over-travel inhibition" =
(conventional specification)

N Al Position command Position Operability *5)
input signa 16. e :
PR direction *6) deviation Positive Negative
status *1)*2) amount *3) direction direction
=0 - - x O
Inputting POT - > Pr6.102 X X
>0
- <Pr6.102 X O
=0 - - O O
Releasing POT input *4) >0 - > Pr6.102 X X
- <Pr6.102 O O
=0 - - O X
Inputting NOT - > Pr6.102 X X
>0
- <Pr6.102 O X
=0 - - O O
Releasing NOT input *4) >0 - > Pr6.102 X x
- <Pr6.102 O O
In the case of Pr6.98-bit 21 "Extension of conditions for releasing over-travel inhibition" = 1
(extended specification)
Pr6.102 Posi q Position Operability *5)
16. osition comman " :
POT input signal status . deviation Positive Negative
*1)*2) direction *6) amount *3) direction direction
=0 - - X O
Inputting POT - > Pr6.102 X X
>0
- <Pr6.102 X O
=0 - - O O
- > Pr6.102 X X
Releasing POT i *4 =
cleasing POT input *4) >0 Positive direction <Pr6.102 X X
Stop or negative direction <Pr6.102 O O
=0 - - O X
Inputting NOT - > Pr6.102 X X
>0
- <Pr6.102 O X
=0 - - O O
- > Pr6.102 X X
Releasing NOT input *4) . ~
>0 Negative direction <Pr6.102 X X
Stop or positive direction <Pr6.102 O O

o: Operable, x: Not operable, -: No dependency

*1) Set Pr6.102 to 0 in the control modes except the csp control mode.
*2) Set the value in consideration of the equipment environment.
Note that if the set value is small, the over-travel inhibition state may not be released.
*3) Position deviation amount = | 607Ah(Target Position) + 60BOh(Position offset) - 6064h(Position actual value) |
*4) It means the case where the POT/NOT input is released during over-travel inhibition by POT/NOT input.
*5) Note that the motor operates when the conditions for over-travel inhibition release are satisfied.
*6) It means the direction of command change of 607Ah (Target position).
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6-3-2 Sequence at Servo-Off

Operation sequence of the servo-off state is set by 605Ah(Quick stop option code), 605Bh(Shutdown option code) and
605Ch (Disable operation option code).

Deceleration function on the servo (MINAS-AGB) side is activated when these objects is zero.
Deceleration function on the CoE (CiA402) side is activated when these objects is non-zero.

This section explains deceleration function on the servo (MINAS-AB) side.
Please refer to section 6-9-2 "Option Code (deceleration stop sequence)" of Technical Document "EtherCAT
Communication Specifications" (SX-DSV03307) for details of deceleration function on the CoE (CiA402) side.

(1) Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
c 06 B Sequence at 0. B Specify the status during deceleration and after stop, after servo-off.
Servo-Off
Torque setup Set up the torque limit at emergency stop.
5 11 B for emergency | 0-500 % |When setup value is 0, the torque limit for normal operation is applied.
stop
1)  For parameter attribute, refer to Section 9-1.
(2) Contents
« Details of Pr 5.06 (Sequence at Servo-Off)
P 5.06 Du_ring deceleration *4) _ After stal_ling (Approx.?_;O r/min or below) _
' Stopping method Deviation Operation after stopping Deviation
« Forcibly controls the position. *1) « Forcibly controls the position. *1)
Common « Forcibly stops position command — « Forcibly stops position command —
generation. *1) generation. *1)
0,4  Dynamic brake (DB) *6) Clear *2) | + Dynamic brake (DB) *6) Clear *2)
1,5 * Free run (DB OFF) Clear *2) |  Dynamic brake (DB) *6) Clear *2)
2,6 + Dynamic brake (DB) *6) Clear *2) | + Free run (DB OFF) Clear *2)
3,7 * Free run (DB OFF) Clear *2) | « Free run (DB OFF) Clear *2)
8 . Emzzgeeﬂ%’itsfgr?lf) *7)*8) Clear *2) | + Dynamic brake (DB) *6) Clear *2)
9 Eg]rzrj;eerl}%/its t;)gr*; )1I5) Y Clear *2) | « Free run (DB OFF) Clear *2)

*1) During deceleration sequence or at the stop (servo OFF), the system has to control the position and to stop the
generation of internal position command.

*2) During deviation clearing process, the system causes the internal command position to follow up the feedback
position. When executing the interpolation feed system command after servo ON, re-set the command coordinate of
the host controller. The motor may operate sharply.

*3) Emergency stop refers to a controlled immediate stop with servo-on. The torque command value is limited during this
process by Pr 5.11 Emergency stop torque setup.

In an emergency stop, since normal operation is performed during the time between the servo OFF command and
the start of the emergency stop, a torque disallowed by normal torque limitation may be output.

To allow a stop with the torque specified in the Emergency stop torque setup, continue to send the normal command
at least 4 ms after the input of the servo OFF command.

*4) Deceleration period is the time required for the running motor to speed down to 30 r/min. Once the motor speed drops
below 30 r/min, it is treated as in stop state regardless of its speed.

*5) After emergency stop start, please continue to send Servo off command (PDS command "Disable operation”,

"Shutdown", "Disable voltage", "Quick Stop") until the motor is stopped.

*6) Stopping method is Free run (DB OFF) in dynamic brake non-compatible models.
*7) Pr6.14 "Emergency stop time at alarm” setting is invalid.
*8) It will decelerate with dynamic brake (DB) operation instead of immediate stop during magnet pole position estimation

or scale/CS direction automatic setup.
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6-3-3 Sequence at main power OFF

The operation sequence at the main power supply OFF is changed with combination, such as 6007h (Abort connection
option code), Pr5.07 (main power off sequence), and Pr5.09 (main power off detection time).

Basically, the deceleration function defined in CoE (CiA402) is effective until the deceleration function on the servo
(MINAS-AB) side is activated by detection of the insulation of the main power AC (between L1 and L3).

- When “No action” is set by 6007h = 0, the CoE (CiA402) deceleration function does not operate, and the
deceleration function on the servo (MINAS-AG) side operates.

- When the voltage between P and N decreases, Err13.0 (Main power undervoltage protection (PN)) occurs with
the highest priority, causing the operation in accordance with Pr5.10 (Sequence at alarm).

This section explains deceleration function on the servo (MINAS-AB) side.
Please refer to section 6-9-2 "1) Abort connection opition code (6007h)" of Technical Document "EtherCAT
Communication Specifications" (SX-DSV03307) for details of deceleration function on the CoE (CiA402) side.

(1) Relevant parameters

At-
Class | No. | trib- Title Range Unit Function
ute *1)
. Specify the status during deceleration after main power interrupt or after
5 07 B Sequence at main 0-9 — |stoppage
power OFF '
Select LV trip or servo OFF upon occurrence of main AC power alarm.
Setup the condition to detect main AC power OFF alarm when the main AC power
is kept interrupted for a time longer than the time set by Pr7.14.
L/V trip selection bit0 0:  The servo off according to the setting of
5 08 B |upon main power 0-3 — 6007h(Abort connection option code) or Pr5.07.
off 1. Trip with Err 13.1 Main power undervoltage protection.
bitl 0: Detect main AC power OFF alarm only when servo is in ON state.
1.  Always detect main AC power OFF alarm.
% Please do not change the shipment value setting with V frame.
R Set the main power alarm detection time.
5 09 C Dﬁigﬁ“?\/&ggf‘;f 20;22?00 ms  [When 2000 is set, main power OFF detection is disabled.
P % Please do not change the shipment value setting with V frame.
Torque setup for Set up the torque limit at emergency stop.
5 11 B emgrgency Etop 0-500 %  |When setup value is 0, the torque limit for normal operation is applied
Dynamic brake IS/ez)ts between enabling and disabling dynamic brake (DB) operation input by
6 36 R operzzt;?J\ input 0-1 ~ [Note) This function is available only when the main power is turned off.
P 0: Disabled  1: Enabled
*1) For parameter attribute, refer to Section 9-1.
*2) To use this setting with a smaller value than the shipment value, please check matching with your power supply environment.
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(2) Contents
« Details of Pr 5.07 (Sequence at main power OFF)

During deceleration *4) After stalling (Approx.30 r/min or below)
Pr5.07 . -~ Operation after stopping L
Stopping method Deviation Pr6.36 =0 | PI636=1 Deviation
) Forc!bly controls th y position. *1) * Forcibly controls the position. *1)
Common | « Forcibly stops position command — . " D —
generation. *1) * Forcibly stops position command generation. *1)

04 « Dynamic brake (DB) *5) C,!;? ' » Dynamic brake (DB) *5) C*I(Ze?r
1,5 * Free run (DB OFF) C*Ig?r + Dynamic brake (DB) *5) | Operation of C*Ig?r
Clear dynamic brake is Clear

2,6 « Dynamic brake (DB) *5) %) * Free run (DB OFF) subjected to the *2)
Clear state of dynamic Cloar

3,7 * Free run (DB OFF) *2) « Free run (DB OFF) brake switching *2)
8 * Emergency stop *3) *7) *8) Clear « Dynamic brake (DB) *5) Lrg;ut (DB-SEL). Clear

* Torque limit =Pr 5.11 *2) *2)
» Emergency stop *3) *7) *8) Clear . Clear

9  Torque limit =Pr 5.11 *2) Free run (DB OFF) *2)
*1) During deceleration sequence or at the stop (main power OFF), the system must control the position and stop the

generation of internal position command.

*2) During deviation clearing process, the system causes the internal command position to follow up the feedback
position. When executing the interpolation feed system command after servo ON, re-set the command coordinate of
the host controller. The motor may operate sharply.

*3) Emergency stop refers to a controlled immediate stop with servo-on. The torque command value is limited during this
process by Pr 5.11 Emergency stop torque setup.

If a command is stopped concurrently with a power OFF detection, a torque disallowed by normal torque limitation
may be output. To allow a stop with the torque specified in the Emergency stop torque setup, continue to send the
normal command at least 4 ms after the power OFF detection.

*4) Deceleration period is the time required for the running motor to speed down to 30 r/min.

Once the motor speed drops below 30r/min, it is treated as in stop state regardless of its speed.

*5) Stopping method is Free run (DB OFF) in dynamic brake non-compatible models.

*6) Dynamic brake operation input will be possible when Pr6.36 “Dynamic brake operation input setup” is effective d
when main power supply is OFF. In the output signal assignment of Pr4.02 “SI3 input selection,” when connected to
COM- by a connection setting, dynamic brake installed inside the amplifier will be released, and when COM- is
opened, the dynamic brake installed inside the amplifier will activate.

This input will become invalid for Servo-ON, during trips, safety state or when the main power supply is switched ON
and will follow the normal sequence setting.

*7) Pr6.14 "Emergency stop time at alarm™ setting is invalid.

*8) It will decelerate with dynamic brake (DB) operation instead of immediate stop during magnet pole position
estimation or scale/CS direction automatic setup.
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6-3-4 Sequence at alarm

Set the operation sequence at the alarm with the exception of the communication related alarm
(Err80.*, Err81.*, Err85.*, Err88.%).

Communication related alarms (Err80.*, Err81.*, Err85.*, Err88.*) information, set by 605Eh (Fault reaction option code).
Please refer to section 6-9-2 "6) Fault reaction option code (605Eh)" of Technical Document "EtherCAT
Communication Specifications" (SX-DSV03307) for details.

(1) Relevant parameters

At-
Class | No. | trib- Title Range | Unit Function
ute *1)
5 10 B Sequence at alarm 0-7 — |Specify the status during deceleration and after stop, after occurrence of alarm.
*1) For parameter attribute, refer to Section 9-1.
(2) Contents
» Details of Pr 5.10 (Sequence at alarm)
Pr5.10 During deceleration *4) After stalling (Approx.30 r/min or below)
' Stopping method Deviation Operation after stopping Deviation
Common |° Forcibly controls the position. *1) o « Forcibly controls the position. *1) o
+ Forcibly stops position command generation. *1) » Forcibly stops position command generation. *1)
0 » Dynamic brake (DB) *6) Clear *2) |+ Dynamic brake (DB) *6) Clear *2)
1 * Free run (DB OFF) Clear *2) | Dynamic brake (DB) *6) Clear *2)
2 » Dynamic brake (DB) *6) Clear *2) |* Free run (DB OFF) Clear *2)
3 * Free run (DB OFF) Clear *2) |* Free run (DB OFF) Clear *2)
Action A |+ Emergency stop *3) *5) *7) Clear *2)
* . imit =
4 _3) Torque limit =Pr 5.1 » Dynamic brake (DB) *6) Clear *2)
Acilg)n Bl Dynamic brake (DB) *6) Clear *2)
Action A |+ Emergency stop *3) *5) *7) Clear *2)
* . imit =
5 Act'i) B Torque limit =Pr 5.11 + Dynamic brake (DB) *6) Clear *2)
*|3)n * Free run (DB OFF) Clear *2)
Action A |+ Emergency stop *3) *5) *7) Clear *2)
* . imit =
6 Actii)n B Torque limit =Pr 5.1 * Free run (DB OFF) Clear *2)
*3) » Dynamic brake (DB) *6) Clear *2)
Action A |« Emergency stop *3) *5) *7) Clear *2)
* . imit =
7 Actii)n B Torque limit =Pr 5.1 * Free run (DB OFF) Clear *2)
*3) * Free run (DB OFF) Clear *2)
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*1)

*2)

*3)

*4)

*5)

*6)
*7)

During deceleration sequence or at the stop (during alarm or servo OFF), the system must control the position and
stop the generation of internal position command.

During deviation clearing process, the system causes the internal command position to follow up the feedback
position. When executing the interpolation feed system command after servo ON, first re-set the command coordinate
of the host controller. The motor may operate sharply.

Action of A/B: When an alarm requiring emergency stop occurs, the action A is selected when the setup value in the
table is set within the range 4 to 7, causing emergency stop of operation. When an alarm not requiring emergency stop
occurs, it triggers dynamic braking (DB) specified by action B, or free-running. (Refer to Section 6-3-5.)

Hold the main circuit power until deceleration stop is completed.

For the alarm requiring emergency stop, refer to Section 7-1 Protective function list.

Deceleration period is the time required for the running motor to speed down to 30 r/min. Once the motor speed drops
below 30 r/min, and changes its status after stoppage, it is treated as in stop state regardless of its speed.

Action B is performed when an alarm requiring emergency stop occurs while performing the dynamic braking (DB)
operation with drive inhibition input sequence, sequence at the time of servo OFF or sequence at main power OFF or
free-running.

Stopping method is Free run (DB OFF) in dynamic brake non-compatible models.

It will decelerate with action B specification instead of immediate stop during magnet pole position estimation or
scale/CS direction automatic setup.
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6-3-5 Emergency stop upon occurrence of alarm
When an alarm requiring emergency stop occurs, the system controls and immediately stops the motor.

(1) Relevant parameters

At-
Class | No. | trib- Title Range | Unit Function
ute *1)

Specify the status during deceleration and after stop, after occurrence of alarm.

5 |10 B |Sequenceatalarm| 0-7 | — |Setting the parameter to one of 4 to 7, enables emergency stop.
Set up the torque limit at emergency stop.

5 |11 B Z?T:g%ee?]iy gt:‘)%r 0-500 | % |When setup value is 0, the torque limit for normal operation is applied
If the motor speed exceeds this setup value, Err26.0 Over-speed protection occurs.

Over-speed level _ If setup value is 0, Err 26.0 will be activated with a setup value for Pr 9.10

5 13 B setup 0-20000 | r/min |“Maximum over-speed level”.
Err26.0 occurs at the setting value in Pr9.10 if this setting value exceeds the
value in Pr9.10. (The parameter value is not restricted.)
Set up the time allowed to complete emergency stop in an alarm condition. Exceeding

6 14 B Emergency stop 0-1000 | ms this time puts the system in alarm state.

time at alarm When setup value is 0, emergency stop is disabled and the immediate alarm stop is

enabled.
When the motor speed exceeds this setup time during emergency stop sequence in an
alarm condition, Err 26.1 2nd over-speed protection will be activated.

6 15 B 2n|d over-speed 020000 r/min If setup value is 0, Err 26.1 v’\{ill be activated with a setup value for Pr 9.10

evel setup Maximum over-speed level”.
Err26.1 occurs at the setting value in Pr9.10 if this setting value exceeds the
value in Pr9.10. (The parameter value is not restricted.)
Maximum . |Set up the maximum over-speed for the motor.
9 10 R over-speed level 020000 | r/min |1f setup value is 0, Err 60.0 “Motor setting error protection” will be activated.
*1) For parameter attribute, refer to Section 9-1.

Speed A

[r/mn]

Stop
reference
speed
(30r/min)

Alarm

Torque limit

Normal operation according to the command from the host device.

(2) Contens
» Emergency stop sequence upon occurrence of the alarm requiring emergency stop.

Velocity command

Motor velocity

o

No alarm

v

Time

Alarm requiring emergency stop occurs.

Pr5.11

For normal operation

For normal operation

r ()
1 1
Lo lﬂg.ll Torque set up at emergency stop—shock relief upon emergency

»

PN

\ )
:Emergency Stop Alarm state (operation after stop: DB/free run)
1Operation

| Emergency stop time
—_—

After occurrence of an alarm requiring emergency stop: when the speed has not dropped

down to 30 r/min after the elapse of time set by Pr 6.14 Emergency stop time at alarm, the
system generates the alarm. The system also enters the alarm state if an alarm that does not
require emergency stop occurs in the driver during the sequence of the emergency stop.
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» When an alarm requiring emergency stop occurs, normal operation (the normal torque limit is enabled) continues
until an emergency stop is started. Therefore, if the command is interrupted during this period, the torque controlled
with the normal torque limit may be output.

To stop operation with the emergency stop torque limit when an alarm requiring emergency stop occurs, continue to
send the normal position command for at least 4 ms from the alarm notification.
<Bad example>
Turning on Forced alarm input (E-STOP) and stopping command at the same time

« Setting of Pr5.13 "Over-speed level setup” and Pr6.15 "2nd over-speed level"

The motor may not stop normally even if the emergency stop function is used.

For example, when the motor velocity exceeds Pr5.13 "Over-speed level setup” as shown in the figure below, the
motor velocity may increase if normal control cannot be accomplished even after the start of emergency stop
operation.

As a safety measure in case of this case, Err26.1 "2nd over-speed protection” is provided.

As Err26.1 is an alarm that does not require emergency stop, energization to the motor is shut off and the motor is
stopped according to sequence at alarm, operation B. Set an allowable over-speed level for Pr6.15 "2nd over-speed
level setup”.

In addition, set Pr5.13 to a small value with a sufficient margin for Pr6.15. If the margin is insufficient or the set
value is the same, both Err26.0 and Err26.1 may be detected. In this case, Err26.0 will be displayed. However,
because Err26.1 is also activated internally, priority is given to the alarm that does not require emergency stop,
and emergency stop is not executed.

Furthermore, if the Pr6.15 setting is smaller than the Pr5.13 setting, Err26.1 occurs prior to Err26.0.

Thus, emergency stop is not executed.

Velocity

[r/min] y !

<For energization shutoff> Do

2nd over-speed level (Pr6.15) -------=----=---=--------------- - N T
<For emergency stop> :

Over-speed level (Pr5.13)

Motor velocity

Velocity command

1
1
1
1
1
1
I
1
1
1
1
1
1
»
»
I
1
1
T

! Time
Alarm Alarm does not occur. P Occurrence of Err26.0 (alarm requiring emergency stop
: :_VErrZG.l (alarm that does not require emergency stop) occurs internally.
1
1
Energized state Energization ' X Shutoff
b
b
[ )
V|‘ Lol |
Normal operation (operation according to ,'Eme'rgency Operation according to sequence

the command from the host device) at alarm operation B

stop operation

If the velocity has exceeded the value set in Pr6.15
"2nd over-speed level setup", energization is shut
off and operation is performed according to
sequence at alarm operation B.
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6-3-6 Fall prevention function in the event of alarms/Servo-ON

6-3-6-1 Fall prevention function in the event of alarms
If the alarm requiring emergency stop has occurred, falling of the robot arm is prevented by maintaining the
energization to the motor until the external brake is actually operated after the brake release output (BRK-OFF) is
turned OFF.

This function can prevent a fall when alarm occurs by setting the sequence at alarm to emergency stop.
This function cannot be used for alarm that does not support emergency stop.

For details of Sequence at alarm, refer to Section 6-3-4 and 6-3-5.
For details of the alarm that supports emergency stop, refer to Section 7-1.

(1) Relevant parameters

Attribute

Class | No. Title Range Unit Function

*1)

Specify the status during deceleration and after stop, after occurrence of
10 B Sequence at alarm 0-7 — |alarm.
Setting the parameter to one of 4 to 7 enables emergency stop.

Set the bit related to the fall prevention function.
bit10 Fall prevention function in case of alarms

10 B Function expansion | -32768— B 0: Invalid 1: Valid

setup 32767 To enable the fall prevention function, normally set this

parameter to 1.

* The least significant bit is bit0.

Set the time to maintain the motor energization after the brake release
output (BRK-OFF) is turned OFF in the event of an alarm requiring
emergency stop.
51 B Wait time for 0-10000 | ms When the set value is 0, the fall prevention function is disabled.
emergency stop * This parameter is enabled even when Pr6.10 "Function expansion
setup" is not set to bit10=1. To enable the fall prevention function,
however, be sure to set Pr6.10 "Function expansion setup" to
bit10=1.

Motor velocity

*1) For the parameter attributes, refer to Section 9-1.

(2) Contents
Operation of the fall prevention function in the event of the alarm requiring emergency stop

[ When motor is stopped (30 r/min or less) | [ When motor is rotating (30 r/min or more) |

A A Start of deceleration for emergency stop

(30 r/min or less) 30 [r/min] or less

p 30r/minp----------"- poooomoc : >
1 1
Presence or . ’
absence of alarm  Normal Occurrence of alarm Normal ! ' Occurrence of alarm
occurrence ! requiring emergency stop ! I requiring emergency stop
<P !
0.5~5ms ! 0.5~5ms
Servo alarm !
output ON (Normal) OFF (Abnormal) ON (Normal) : OFF (Abnormal)
(ALM) i .
1 1
| Timing at which the external 1 Timing at which the external
' brake is actually operated 1 brake is actually operated
1 / 1
Brake release = — —eesiesessassas . — _
output ON (Release) v v OFF (Operation) ON (Release) | y OFF (Operation)
(BRK-OFF) | | \ |
IPr6.51 Setting time ! | Pr6.51 Setting time |
————> e

Energized state Energized : t Not energized Energized ; Not energized
of motor | AR | £ L

Dynamic
operation

brake llllllllllllllllllll — . fjusussszsssssmEssssss -
Release ‘ ‘ Operation Release A mn
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6-3-6-

2 Fall prevention function in the event of Servo-ON

When the 60B2h(Torque offset) is used, enter the 60B2h(Torque offset) to torque filter at the time of servo-off,
to eliminate the torque command the rise of the delay in the servo-on command input timing.
And, it will prevent the fall of the device.

(1) Relevant parameters

setup 32767 0

: Clear

Class | No. Attlllb)me Title Range Unit Function
bit7 : Internal value state selection of objects 60B2h (Torque offset)
7 24 c Function expansion | -32768— _ in servo-off(Fall prevention function in the event of Servo-ON)

1: Updated with the set value of 60B2h

*1)For the parameter attributes, refer to Section 9-1.

(2) Related object

Index | Sub- Name Units Range Data Access PDO Op- |EEPROM
Index / Description Type mode
37B3h | 00h | Torque offset filter 0.01ms 0-6400 116 rw NO ALL YES
+ Set the time constant for primary delay filter for torque offset (60B2h).
60B2h | 00h | Torque offset | 01% [ -3276832767 | 116 | rw  |RxPDO| ALL [ Yes
* Set the offset of the torque command (torque feedforward).
* During slowdown in over-travel inhibition (in emergncy stop), the torque feedforward level becomes 0.
R8.1
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6-3-7 Slow stop function

allows the motor control to stop smoothly with the servo still remaining ON, when drive prohibited input,
servo-OFF, main power OFF or emergency stop supporting alarm is detected under emergency stop setting.

(1) Applicable Range
O This function cannot be applied unless the following conditions are satisfied.

Condition for activation of slow stop function

Control mode

+ All control modes *1)

Others

+ Servo-ON state
+ Elements other than control parameters, such as torque limit, etc. have been
appropriately set, without any problems in normal operations.

*1) During emergency stop, the control mode is forcibly set to position control.

(2) Relevant parameters

Class | No.

Parameter name

Set range Units Functions

Sequence at over-travel
inhibit

When Pr5.04 Over-travel inhibition = 0, specify the status during

deceleration and stop after application of the over-travel inhibition

0-2 - (POT, NOT).

* When the Slow Stop function is enabled, set up emergency
stop

Sequence at Servo-Off

Specify the status during deceleration and after stop, after

servo-off.

* When the Slow Stop function is enabled, set up emergency
stop

Sequence upon main
power off

Specify the status during deceleration after main power

interrupt or after stoppage.

* When the Slow Stop function is enabled, set up emergency
stop

Sequence at alarm

Specify the status during deceleration and after stop, after

occurrence of alarm.

* When the Slow Stop function is enabled, set up emergency
stop

Slow stop deceleration
time setting

Sets the deceleration time under slow stop.
This function will become effective when Pr6.10 “Function
expansion setup” bit 15 is set to 1.

ms /

0—-100001 1000 r/min)

Slow stop S-shape
acceleration and
deceleration setting

Sets the S-shape time for deceleration under slow stop.
0-1000 ms This function will become effective when Pr6.10 “Function
expansion setup” bit 15 is set to 1.

Function expansion
setup

bit 10: Fall prevention function in case of alarms
0: Invalid 1: Valid
-32768 — * To enable the slow stop function, set to 1.
32767 bit 15: Slow stop function
0 :Invalid 1: Valid
* Set this to 0 for full-closed control.

Emergency stop time
at alarm

Sets the allowable time for stopping when alarm is triggered for
emergency stop. Exceeding this set value will trigger a forced alarm
condition. In case the set value is 0 (zero), no emergency stop will be
made, but an alarm condition will immediately occur.

In case the slow stop function is to be used, set it to a length
0-—1000 ms sufficiently longer than the maximum deceleration time, as the motor
velocity will have a delay from the deceleration and stop command.
This parameter is valid only for Sequence at alarm.

This parameter is invalid for Sequence upon inputting of over-travel
inhibition, Sequence at Servo-Off and Sequence at main power OFF.
* Please refer to (3) of this section for maximum deceleration time.

*1) For parameter attributes, refer to Section 9-1.
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(3) Contents
* Slow stop operation
The figure below indicates the case of slow stop operation under alarm.

Velocity [r/min . . .
y[ A] | / Slow stop action start condition detection *2
1

3000 )
Actual motor velocity

>

,Pr5.56 “Slow stop deceleration time setting’

1 -
»

1000 f---o--

|
|
|
1
A ccc e e
]
|
|
30 f------ e ' '
N | | []
1 — T
0 < >ig — P Time [msl
! Max. deceleration time *1) 1 Pr6.51 Wait time for emerdency stop '
o | | !
'"Pr6.14 Emergency stop time at alarm *3) : |
P ! ! ol
:P‘r4.38 Mechanical brake action at running setup E E E
Torque limit *4) | Standard |  Pr5.11 Torque setup for emergency stop Standard |
1
! [
Motor power *4) : Powered ! Not powered |
N ]
1
1
External brake release *4) | Release Activate

*1) The maximum deceleration time is approximately the value obtained by the following formula:
Maximum deceleration time [ms]

Maximum velocity under normal operation pattern [r/min]) x Pr5.56 [ms/(1000 r/min)]
= 1000 + Pr5.57 [ms]

*2) To be the detection of following conditions:
+ Drive prohibited input with slow stop function valid setting.
+ Servo-OFF with slow stop function valid setting.
+ Main power OFF with slow stop function valid setting.
- Emergency stop response alarm triggered with slow stop function valid setting.
For the alarm supported emergency stop, refer to 7-1.

*3) Please set Pr6.14 "Emergency stop time at alarm™ to a value that is sufficiently long in length than the
completion of slow stop operation. The stop judgment under slow stop operation is based on actual velocity.
Therefore, the time required for the actual deceleration may take longer than the maximum deceleration time.
In the emergency stop operation from emergency stop response alarm, in case the emergency stop continuation
duration exceeds Pr6.14 "Emergency stop time at alarm", an alarm state will be triggered regardless of the
actual motor velocity.

Furthermore, immediate alarm condition will be triggered in case emergency stop non-response alarm is
generated inside the driver during emergency stop.

Also, Pr6.14 "Emergency stop time at alarm" is valid only for Sequence at alarm.

Pr6.14 "Emergency stop time at alarm" is invalid for Sequence upon inputting of over-travel inhibition, Sequence at
Servo-Off and Sequence at main power OFF.

*4) There will be a maximum variance of about 5 [ms] in the switching timing.

Note) Please maintain the main circuit power supply during the time of decelerated stop.
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S shape processing of slow stop operation

S shape process at the time of slow stop operation can be made by setting Pr5.57. Refer to the following figure to set

Pr5.57.
Velocity[rpm] A 1 ts 1
: \ (Velocity control command at time of starting deceleration x
Velocity control - o Pr5.56 “Slow stop decelerated stop time setting)
command / DA E td[ms]= 1000
Start emergency i : i ts[ms]= Pr5.57 “Slow stop S-shape acceleration/deceleration setting”
stop
(Slow Stop) ) td
' Use in the range where > > ts
Velocity control i
command !
After S-shape 1
processing !
5 >
0 b > Time [ms]

td

*) Velocity control command at the time of starting slow stop operation shall be calculated from the actual
velocity.

Braking distance

When Pr 5.56 and Pr5.57 has been set, the braking distance under emergency stop will increase by approximately the
following formula. Please confirm its influence on the actual machine operations, when using.

1) In case of linear deceleration (Pr5.57 = 0),
[Motor type: Linear type] (Pr9.00=1)
Linear decelerating time [s]

— (Velocity control command at time of starting deceleration [mm/s]) x Pr5.56 [ms/(1000mm/s)]
1000 x 1000
Linear deceleration brake distance [mm]

_ (Velocity control command at time of starting deceleration [mm/s]) x Linear decelerating time [s]
2

(Velocity control command at time of starting deceleration [mm/s]) 2 x Pr5.56 [ms/(1000mm/s)]
2 x 1000 x 1000

[Motor type: Rotary type] (Pr9.00 = 2)
Linear decelerating time [s]
(Velocity control command at time of starting deceleration [r/min]) x Pr5.56 [ms/(1000r/min)]
1000 x 1000
Linear deceleration brake distance [revolutions]

(Velacity control command at time of starting deceleration [r/min]) x Linear decelerating time [s]
60 x 2

(Velocity control command at time of starting deceleration [r/min]) 2x Pr5.56 [ms/(1000r/min)]
60 x 2 x 1000 x 1000
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2)For S-shape deceleration (Pr5.57 #0)
[Motor type: Linear type] (Pr9.00=1)
S-shape deceleration braking distance [mm]
(Velocity control command at time of starting deceleration [mm/s])

= Linear deceleration brake distance [mm] + x Pr5.57 [ms]
1000 x 2

[Motor type: Rotary type] (Pr9.00=2)
S-shape deceleration braking distance [revolution] . ) ) ) )
(Velocity control command at time of starting deceleration [r/min])

= Linear deceleration brake distance [revolution] + x Pr5.57 [ms]

60 x 1000 x 2

Note) The above formulae are braking distances for the velocity control command only and the actual motor control
delay has to be taken into account. Furthermore, in case the torque command under deceleration is restricted
by immediate stop torque stetting, the braking distance will not be as per the formulae indicated above.
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6-4 Torque saturation protection function

If torque saturated has continued for a fixed period, an alarm can be activated.

B Relevant parameters
At-
Class | No. | trib- Title Range | Unit Function
ute *1)

Set the torque saturation error protection detection time.

If torque saturation erroneously occurs for a set time, Errl16.1
“Torque saturation error protection” occurs.

When 0 is set, the value set for Pr7.16 is enabled.

Sets the judgment condition for output during torque limit in the torque

Output setting during 0-1 control mode.
torque limit 0:ON in torque control mode

1:0ON when torque is controlled in torque control mode
If torque saturated is continued during a preset frequency, Err
16.1 “Torque saturation protection” will be activated.
The number of times is counted up every 0.25 ms. For example,
when 30000 is set, Err16.1 occurs if the torque saturation
0-30000 | time | condition continues for 7.5 seconds.
The count is cleared when the torque saturation condition is
removed.
When the value set for Pr6.57 is other than 0, the value set for
Pr6.57 is enabled.
*1) For the parameter attributes, refer to Section 9-1.

Torque saturation
6 |57 B anomaly detection | 0-5000 | ms
time

Frequency of torque
saturation protection

+ Set both Pr6.57 and Pr7.16 to 0 to make this function disabled.

» When torque is controlled, this function is disabled and Err 16.1 will not be activated.

« If the emergency stop alarm is activated, this function is disabled and Err 16.1 will not be activated.
+ During torque control, when Pr.7.03 is 0, the signal output during torque limit (TLC) is always ON.
To check the torque limit during torque control, set Pr7.03 to 1.

Torque

Torque limit >

Torgue command

Time

Torque in-limit signal output
(TLC) OFF ON OFF ON ‘ OFF

1
1
1
|
. 1
Alarm output No alarmis !
(ALM) issued | Err16.1 is issued
1 1 1
D — < >
Less thlhn Pr6.57 setllJp value : Pr6.57 Setup value :
1 1 1
! ! / \ !
Err16.1 does not occur when Errl6.1 occurs when the torque
the torque saturation condition saturation condition continues
does not continue for the time for the time set for Pr6.57 or
set for Pr6.57.
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6-5 Position comparison output function

This function enables a general-purpose output or position compare terminal to output a pulse signal when the
actual position passes the position set for the parameter.

(1) Specification

Trigger output I/F 3-outputs : Photocoupler (Open collector)
or
3-outputs : Line driver
Logic Parameter settings
(The polarity can be set for each output)
Pulse width Parameter settings
0.1-3276.7ms (0.1ms unit)
Delay compensation Available
Compare source Feedback scale (Communication) | Available
Feedback scale (A,B-phase) Available
Compare value Setting points 8-points
Setting range Signed 32bit

(2) Applicable Range
o This function cannot be applied unless the following conditions are satisfied.
Operating conditions for position comparison output function
Control mode | - Available in all control modes
Other - EtherCAT communication has been established. (ESM state is more than PreOP)
+ Home position return has been completed.
+ The elements other than control parameters are correctly set, assuring that the motor
can run smoothly.

(3) Caution
Position compare output accuracy may deteriorate depending on feedback speed [pulse/s], or the relationship
between feedback scale resolution and motor speed.
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(4) Relevant parameters

At-
trib- " . .
Class | No. ute Title Range Unit Function
*1)
4 u | R P(?Stlgﬁp pﬁgﬁ’;{;ﬂn 0.32767 0.1 ms Set the pu.lse width of posit.ion comparison output.
setting No pulse is output when 0 is set.
Set the polarity of position comparison output by bit setup for each
output terminal.
+ Setup bits *2) *3)
bit0: SO1, OCMP1
bitl: SO2 , OCMP2
Position bit2: SO3 , OCMP3
4 45 | R |comparison output 07 — - Setup values of Each setting bit
polarity selection 0: The output photocoupler is turned ON for SO1 to 3 and is set to
L level for OCMP1 to 3, respectively, during pulse output.
1: The output photocoupler is turned OFF for SO1 to 3 and is set
to H level for OCMP1 to 3, respectively, during pulse output.
Basically, use this function as 0.
> Do not use SO3 with V frame.
Select the signal to be output from the feedback scale output terminal
4 47 | R Pulse output 01 _Jor position comparison output terminal. *3)
selection 0: Feedback scale output signal(OA, OB)
1: Position comparison output signal(OCMP1~3)
4 48 | A Posnlo\r;acl:ﬁgnlpanson iﬂ;ﬁg@ﬁf COTr:'iland Set the comparison value for position comparison value 1.
4 49 | A POS't'OCaTS‘;an arson %ﬂ;ﬁg@ﬁf COTr:Ti]tand Set the comparison value for position comparison value 2.
4 50 | A POS't'OCa(I:S;ng arson iﬂ;ﬁg@ﬁf COTr:'iland Set the comparison value for position comparison value 3.
4 51 | A Posnlo\r;acl:ﬁgnfanson iﬂ;ﬁg@ﬁf COT,:Ti]tand Set the comparison value for position comparison value 4.
4 52 | A P05|t|o\r/1ac|:3£nsp arson ﬁj;j%g%j%ﬁ Com]tand Set the comparison value for position comparison value 5.
4 53 | A POS'“OC;S;”; arson %ﬂ;ﬁ%@gﬁ%ﬁ COT,T;tand Set the comparison value for position comparison value 6.
4 54 | A POSItIOCa?S(;n?p arson éﬁ;ﬁgﬁgﬁ? COT,ZTi]tand Set the comparison value for position comparison value 7.
4 5 | A P05|t|o\r/1a(|:3;n§) arson illj;jgggjg_ COT,:Ti]tand Set the comparison value for position comparison value 8.
4 56 | R Position comparison -32768— Compensate the delay in the position comparison output signaled by
outqudelay 32767 0.1us the circuit
compensation amount '
Set the output terminals corresponding to position comparison values
1 to 8 by bit setup.Multiple position comparison values can be set up
on one output terminal.
- Setup bits
bit0 to 3 : Position comparison value 1
bit4 to 7 : Position comparison value 2
bit8 to 11 : Position comparison value 3
bit12 to 15 : Position comparison value 4
Po_sition 2147483648 b!th to 19 Pos!t!on compar!son value 5
4 57 | R | comparison output 2147483647 — bit20 to 23  : Position comparison value 6
assignment setting bit24 to 27  : Position comparison value 7
bit28 to 31  : Position comparison value 8
- Setup values of Each setting bit *2) *3)
0000b : Output disabled
0001b : Allocated to SO1 , OCMP1
0010b : Allocated to SO2 , OCMP2
0011b : Allocated to SO3 , OCMP3
Other than above  : For manufacturer’s use (Do not set.)
% Do not use SO3 with V frame.

*1) For parameter attributes, see Section 9-1.
*2) When general-purpose outputs (SO1 to SO3) are used as position comparison outputs (CMP-OUT),

allocate the position comparison output (CMP-OUT) to Pr4.10 to Pr4.12 for all control modes.
* Position compare outputs cannot be monitored from PANATERM and EtherCAT communications.

*3) When the feedback scale output signals (OA, OB) are used as position comparison outputs (CMP-OUT),

set Pr4.47 to “1”.
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(5) Operation
+ When the actual position of the feedback scale passes a position comparison value (Pr4.48 to Pr4.55), a pulse
with the time width set for the position comparison output pulse width setting (Pr4.44) is output (Figure 6-5-1).

Position

Actual position

Position comparison value
(Pr4.48 to Pr4.55)

Time

Position comparison output | I

Output pulse width setup value Output pulse width setup value

(Pr4.44) (Pra.44)

<Figure 6-5-1>

+ A pulse is output when the position comparison value is passed and the relationship in size changes,
irrespective of the passing direction of the feedback scale position.

+ Multiple position comparison values can be set up on one position comparison output.

- If, during pulse output, the feedback scale position or external scale position passes the position comparison
value in situations such as when the operation direction is reversed or multiple position comparison values are
set, the ON status of pulse output continues throughout the period between the point of the last passage and the
output pulse width setup value (Figure 6-5-2).

Position

Position comparison value —— W[ == == == === =mmmmmm s e s QT T T oo
(Pr4.48 to Pr4.55)

Time

Position comparison output

1

' <

' i :
Output pulse width setup value

(Pra.44)

<Figure 6-5-2>
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« Also when the position stops at the same position as the position comparison value, the pulse is output only
once as with the case of passage.
(Figure 6-5-3)

Position

Actual position
_> __________________

Position comparison value
(Pr4.48 to Pr4.55)

Time

Position comparison output I

<>
Output pulse width setup value
(Pr4.44)

<Figure 6-5-3>

« The position comparison output function sends outputs while automatically compensating, based on the
previous motor speed, the errors caused by the time of delay of feedback scale serial communication, etc. In
addition, the amount of correction can also be adjusted with the setup of the amount of position comparison
output delay correction (Pr4.56). For example, when using the position comparison output function as an
operation trigger for the external device such as a camera, Pr4.56 can be set according to the delay time
between the external device receiving the position comparison output signal and starting operation.

(Figure. 6-5-4)

Position

Actual position

Position comparison value
(Pr4.48 to Pr4.55)

. Time
If there is no output delay,

1. When set to Pr4.56 =0

! 1
1 1 1 1
Position comparison oUIpUt{ ) \y e <ot to Pra 56> 0 ] :_:-I—
—_— b
\3. When set to Pr4.56 < 0 L I I l

<Figure 6-5-4>
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6-6 Deterioration diagnosis warning function

This is a function to check the changes in motor and connected equipment characteristics to output deterioration
diagnosis warning.

(1) Relevant parameters

At-
Class | No. | trib- Parameter name Set range Units Functions
ute *1)
Sets the time required to deem that real-time auto
tuning load characteristics estimate has converged
when deterioration diagnosis warning function is
activated (Pr6.97 bit 1 = 1).
Deterioration diagnosis When the set value is 0, it will be set automatically
5 66 A |convergence judgment 0-10000 0.1s [inside the driver in accordance with Pr6.31 (real-time
time auto tuning estimation velocity).
* When Pr6.31 (real-time auto tuning estimation
velocity) = 0, the deterioration diagnosis warning
judgment for load characteristics estimate will be
invalid.
Deterioration diagnosis Sets the upper and lower limit values for inertia ratio
5 67 A linertia ratio upper limit 0-10000 % estimate in deterioration diagnosis judgment when
value deterioration diagnosis warning is valid (Pr6.97 bit 1 =
Deterioration diagnosis 1) and load characteristics estimate convergence has
5 68 A linertia ratio lower limit 0-10000 % been completed.
value * The set resolution shall be in units of 0.2%.
Deterioration diagnosis Sets the upper and lower limit values for unbalanced
5 69 A |unbalanced load upper | -1000-1000 0.1% |load estimate in deterioration diagnosis judgment when
limit value deterioration diagnosis warning is valid (Pr6.97 bit 1 =
Deterioration diagnosis 1) and load characteristics estimate convergence has
5 70 A |unbalanced load lower | -1000-1000 0.1% |been completed.
limit value * The set resolution shall be in units of 0.2%.
Deterioration diagnosis Sets the upper and lower limit values for dynamic
5 71 A |dynamic friction upper | -1000-1000 0.1% |friction estimate in deterioration diagnosis judgment
limit value when deterioration diagnosis warning is valid (Pr6.97
Deterioration diagnosis bit 1 = 1) and load characteristics estimate
5 72 A |dynamic friction lower | -1000-1000 0.1% |convergence has been completed.
limit value * The set resolution shall be in units of 0.2%.
Deterioration diagnosis 0.1%/  |Sets the upper and lower limit values for viscous
5 73 A |viscous friction upper 0-10000 (10000 |friction coefficient estimate in deterioration diagnosis
limit value r/min) |judgment when deterioration diagnosis warning is
Deterioration diagnosis 0.1%/ |valid (Pr6.97 bit 1 = 1) and load characteristics
5 74 A |viscous friction lower 0-10000 (10000 |estimate convergence has been completed.
limit value r/min) |* The set resolution shall be in units of 0.2%.
Outputs deterioration diagnosis velocity output (V-
DIAG) when deterioration diagnosis warning is valid
5 75 A Deterioration diagnosis -20000 t/min (Pr6.97 bit 1 = 1) and the motor velocity is within the
velocity setting —20000 range of Pr5.75 + Pr4.35 (velocity coinciding width).
* Deterioration diagnosis velocity output has a 10
[r/min] hysteresis.
Sets time required to calculate the torque command
average value when deterioration diagnosis warning is
valid (Pr6.97 bit 1 = 1) and diagnosis velocity output
(V-DIAG) is ON.
5 76 A Deterioration diggnosis 0-10000 ms *Time from diagnosis velocity output (V-DIAG) ON
torque average time to the start judgment for upper and lower value of
torque command average value is also a part of the set
time for this parameter.
*If the setting value is O, the torque command average
value is not calculated.
5 77 A Deterioration (_jia_gnosis -1000-1000 01% Sets the upper and lower limit value§ of torque )
torque upper limit value command average value when deterioration diagnosis
Deterioration diagnosis warning is valid (Pr6.97 bit 1 = 1) and deterioration
5 8 A torque lower limit value -1000-1000 0.1% diagnosis velocity output (V-DIAG) is ON.
Function expansion -2147483648 Bit 1 to set the deterioration diagnosis warning
6 97 B - - function to valid or invalid
setup 3 2147483647 0: invalid, 1: valid

*1) For parameter attribute, refer to Section 9-1.
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(2) Cautions

*  When the upper limit value is set to the maximum value, the upper limit judgment will become invalid.

*  When the lower limit value is set to the minimum value, the lower limit judgment will become invalid.

* In case upper limit value < lower limit value, then both the upper limit and lower limit judgment will
become invalid.

* Due to the USB communication delay, the average torque command value acquired via USB is
compared with the actual value inside the amplifier
It may be different. (0 may be displayed even when the actual value is not 0.)

(3) Contents
* Deterioration diagnosis warning functions for the following five types of data can be used by setting bit
1 of Pr6.97 “Function expansion setup 3” to 1.
- Inertia ratio (3-1-1)
- Unbalanced load (3-1-2)
- Dynamic friction (3-1-3)
- Viscous friction (3-1-4)
- Torque command average value (3-2)

(3-1) Deterioration diagnosis warning for load characteristic estimates (Inertia ratio, Unbalanced load,
Dynamic friction, Viscous friction)
* Deterioration diagnosis warning judgment for four load characteristics estimates (inertia ratio,
unbalanced load, dynamic friction, and viscous friction coefficient) can be used in case real-time auto
tuning load characteristics estimate is valid (refer to items 5-1-1, 5-1-3, 5-1-4).

¢ The abovementioned deterioration diagnosis warning judgment will become effective when the required
operational conditions for load characteristics estimate has continued in total for Pr5.66 “deterioration
diagnosis convergence judgment time” or more, and the load characteristics estimate has converged.
Once it has become effective, it will remain in effect until Pr6.97 bit 1 is set to 0 (invalid) or the real-
time auto tuning load characteristics estimate is invalidated.

* For each load characteristics estimate value, its upper and lower limit value can be set by the parameters
as indicated in the following table. In case the load characteristic estimates has exceeded the upper or
lower limit values for changes in load characteristics estimate, it generates deterioration diagnostic

warning WngAC.
(3-1-1) (3-1-2) (3-1-3) (3-1-4)
Inertia ratio Unbalanced load Dynamic friction Viscous friction
Upper limit value Pr5.67 Pr5.69 Pr5.71 Pr5.73
Lower limit value Pr5.68 Pr5.70 Pr5.72 Pr5.74

* Set resolution for the upper and lower limit of friction torque estimates (unbalanced load, dynamic friction, and
viscous friction coefficient) shall be in units of 0.2%.

*In case Pr6.31 “Real-time auto-tuning estimation speed” is set to 0 and is estimate stopped from the start or
before the load characteristics estimate results has been confirmed, deterioration diagnosis warning judgment
will become invalid even if real-time auto tuning load characteristics estimate is valid.
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(3-2) Deterioration diagnosis warning for constant velocity torque command average value

* Deterioration diagnosis velocity output (V-DIAG) is ON when the motor velocity is within the range of
Pr4.35 “Speed coincidence range” of Pr5.75 “Deterioration diagnosis velocity setting”.

*  When deterioration diagnosis velocity output (V-DIAG) is turned ON, torque command average
calculation will start and after lapse of the set time of Pr5.76, deterioration diagnosis judgment by torque
command average will become effective. This will continue while deterioration diagnosis velocity output
(V-DIAG) remains output ON, however will return to invalid condition when the output is turned OFF.

* The upper limit and lower limit values for torque command average can be set by parameters Pr5.77 and
5.78 respectively. Deterioration diagnostic warning WngAC is generated in case these upper or lower
limit values have been exceeded for changes in the load characteristic estimates.

i) Example when deterioration diagnosis warning for torque command average value is not generated

Pr5.75

A Torque command

Motor velocity

Pr5.77 (upper limit)

Pr5.78 (lower limit)

Deterioration
diagnosiS‘VE'IO‘Cﬂy_" H

%utpu_t V-DIAG
eterioration

diagnosis warning
WngACh

Pr5.76
(Deterioration diagnosis torque

\ 4
A

Torque command
average deterioration

dingnncic valid-section

\ 4

avarana )
avecTragt Ty

ii) Example when deterioration diagnosis warning for torque command average value is generated

Pr5.75

A Torque command

Motor velocity

Torque command average

Deterioration
diagnosis velocity

Pr5.77 (upper limit)

Pr5.78 (lower limit)

output V-DIAG

Deterioration
diagnosis warning
WngACh

Pr5.76
(Deterioration diagnosis torque
average time)

A4
A

Torque command
average deterioration
diagnosis valid section

\When the tbrque command average is within the diagnosis \alid section
and outside the Pr5.77 (upper limit value) / Pr5.78 (lower limit value),
deterioration diagnosis warning is generated.
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6-7 Retracting operation function

When one of the retracting operation activation conditions is established, a retracting operation is performed at the

speed and movement amount set up by the relevant parameters.
After the retracting operation is completed, an alarm is generated.

(1) Applicable Range

This function operates under the following conditions.
Conditions under which the retracting operation function is activated

Control mode | - Can be used in all control modes
Note) Do not switch the control mode during an retracting operation.
Others « The software version shall be later than the function expanded version 1 and later

(Verl1.02 and later)
+ Synchronization mode is DC or SM2.
+ An activation condition described in “(5) Retracting operation details” shall be

established.
+ An activation cancellation condition described in “(5) Retracting operation details”

shall not be established.

(2) Cautions
+ To confirm that retracting is in operation, check the 60FDh (Digital inputs) bit 25 “RET status [RET-

STAT]”.
*1) 0: Retreat operation not started/completed, 1: Retreat operation being executed

- If a retracting operation is activated during a return to origin operation, the operation is not guaranteed.
- If a return to origin operation is activated during a retracting operation, the operation is not guaranteed.
+ Make sure that the origin position and the RET input position do not overlap.

- During a retracting operation, 6060h (Mode of operation) is ignored, and the control mode is forced to be

pp mode (6061h (Mode of operation display) = 1 (pp)).
Therefore, note that application of various filters and allocation of input and output signals during retracting

operations conform to those for position control.
In addition, on retracting operation completion, 6061h (Mode of operation display) is restored back to

the value at the time of retracting operation start.
When the control mode should be changed, wait until the retracting operation is completed and 6061h
(Mode of operation display) is restored back to the value at the time of retracting operation start, and then

change 6060h (Mode of operation).
If the control mode is switched during a retracting operation, the operation is not guaranteed.

+ Check that retracting operation is being executed at 60FDh (Digital inputs) bit25.

+ In the Incremental mode, returning to origin is uncompleted (homing attained = Q) after Err87.1, or
Err87.3 occurrence. After clearing the alarm, return to origin should be performed again.

+ Pr8.17 (Relative movement of retracting operation) is a signed data. Caution is required in the direction of the

retracting operation.
To ensure safety, check the direction of retracting operation while setting Pr8.17 to a small value before

implementing initial setup.

« The state of PDS will be Fault reaction active during retracting operation, and external commands will not be
accepted. For details, please refer to (5-7) “Retracting operation suspension conditions.”
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(3) Relevant parameters

Class | No. Att£|1t;ute Title Range Unit Function

Select whether LV trip or servo off is executed at main power
supply alarm.
It also sets up the conditions for main power supply off warning
detection when the state in which the main power supply is cut
off continues for the period set in Pr7.14 or longer.
bit0 0 : Servo off is executed according to the setting in Pr5.07
or 6007h (Abort connection option code).
1 : Err13.1 “Main power undervoltage protection”
detection *4)
bitl 0 : Only servo on state is detected for main power supply
off warning
1 : Main power supply off warning is constantly detected
Set the main power supply alarm detection period.
ms  |Main power supply off detection is disabled when the setting
value is 2000.
Select retracting operation activation and stop
determination conditions.
bit 3-0: Other than communication
0: Retracting operation by I/O disablement
1. RET input
2: RET/HOME input
3: Main power supply off detection *5)
4 to 15: Err87.3 occurs due to a setting error
bit 7-4: Communication-related
0: Retracting operation disablement due to the establishment
of one of the occurrence conditions of Err80.4 (PDO
watchdog error protection), Err80.7 (Synchronization
signal error protection), and Err85.2 (Lost link
detection error protection)
(If the condition is established, Err80.4, Err80.7, or
Err85.2 occurs and the speed is reduced according to
Fault reaction option code)
Retracting operation| -32768— 1: Establishment of one of the occurrence conditions of
6 |85 c condition setting 32767 i Err80.4, Err80.7, and Em85.2
2 to 15: Err87.3 occurs due to a setting error
bit 9-8: Retracting operation stop determination condition
bit9 | bit8 | Position command Positioning
transfer completion (target reached)*1)
Pre-filter determination
Post-filter determination
Pre-filter determination
1 1 |Post-filter determination
*1)6041h (Statusword) bit 10 is used
Example)
In the case of bit 8=0 and bit 9=0, determination is made
to stop retracting operation under the following conditions.
- Determine completion of position command payment with
value before filter
- Positioning determination is invalid
bit 15-10: Setting error if other than 0. Err87.3 occurs

LV trip selection at
5 08 B main power supply 0-3 —
OFF

Main power supply 20—-2000
off detection time *3)

Determination invalid

R |[O|O
o |O

Determination valid

Set retracting operation alarm clear attributes.

bit 0: Err87.1 (Retracting operation completion (1/0))
0: Not clearable, 1: Clearable

Retracting operation 07 ) bit 1: Err87.2

alarm setting (Retracting operation completion (communication))
0: Not clearable, 1: Clearable

bit2: Err87.3 (Retracting operation error)

0: Not clearable, 1: Clearable

(To be continued)
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Class | No. Att,tllt;Ute Title Range Unit Function
Set the acceleration of retracting operations.
8 o1 B Profi_le linear 1429496 colrg(r)r?a?\d Make sure that this is set before operation activation.
acceleration constant unit/s?
Set the deceleration of retracting operations.
8 04 B Profi!e linear 1-429496 Colrg?r?a?\ d Make sure that this is set before operation activation.
deceleration constant Unit/s2
Set the amount of movement at the time of retracting
operations based on the pre-filter command position.
Relative movement | -2147483647 If the movement amount is 0 aft_er the pro_cessing by the electronic gear,
8 17 B of retracting _ command fifter emergency stop, no retracting operation
. unit  |is performed and Err87.1 or Err87.2 occurs.
operation *2) 2147483647 Make sure that this is set before operation activation.
* This is a signed data. Caution is required on the direction of the
retracting operation.
Set the speed of retracting operations.
Retracting operation 0 command If0is set_ for this para}meter_, 1 is set internally.
8 18 B speed 2147483647 | unitfs The maximum value is set internally to a smaller value between
6080h (Max motor speed) and the maximum motor speed.
Make sure that this is set before operation activation.

*1) For parameter attribute, refer to Section 9-1.

*2) It is the relative amount of travel with the commanded position before the filter used as reference.

*3) Please check the match in your power supply environment if you wish to use the system with the setting value
changed from the shipment value.

*4) Err13.1 “Main power undervoltage protection (AC off detection)” will not occur when retracting operation is
executed using the main power supply off as the trigger.

*5) To use main power supply off as the trigger, set Pr5.09 “Main power supply off detection time” to a value other
than 2000. Detection of main power supply off itself will be disabled when Pr5.09 is 2000.
Please do not use this setting value with V frame.
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(4) Related alarms

Erf"r No. Alarm Causes Measures
Main | Sub
During PDO communication (SafeOP or OP state), o
bit10 of AL Event Request(0220h) did not turn on - Check whether the transmitting timing of PDO from host
within the time is set ESC register addresses 0400h (Izontrolle;r:s ‘t3_0n5taflt (HIOt Stf;%- oD watchdod defecti
- Increase the timeout value of the watchdog detection.
80 4 PDO watchdog error and 0420h. - Check whether there is any problem in wiring ng] the
protection EtherCAT telecommunication cable.
- Check whether the excessive noise has started the EtherCAT
communication cable.
More than the threshold value that the omission of
the interruption processing by SYNCO or IRQ set  |<In case of DC>
up by bit0-3 of Pr7.42 (Maximum continuation - Check setting of DC mode.
communication error) in after the completion of - Check whether propagation delay compensation or drift
synchronous processing generated. compensation Is correct.
<In case of SM2>
- Check whether the transmitting timing of PDO from host
controller is constant.
80 7 Synchronization_ signal - Check whether therej is any problem in wiring of the
error protection EtherCAT communication cable.
- Check whether the excessive noise has started the EtherCAT
communication cable.
- The preset value of Pr7.42 (Maximum continuation
communication error) bit0-3 is enlarged.
- If the error cannot be resolved, shut off and reset the
control power.
The time set in Pr7.43 (Lost link detection time) - Check whether there is any problem in wiring of
elapsed when either Port 0 or Port 1 fell and EtherCAT communication cable.
remains in the lost link state after the ESM state - Check whether there is any problem in the communication
85 2 |Lost link error protection| transitioned from Init to PreOP (not including a port| from higher rank equipment.
that had been in the lost link state at the time of
transition from Init to PreOP).
. . This alarm occurs when a retracting operation by|- This is a security precaution, and there is no problem if it
g7 | 1 | Retractingoperation |5 js syccessfully completed. is an intended retracting operation.
completion (1/0) - It is an error that notifies the retracting operation
Retracting operation [This alarm occurs when a retracting operation by execution. N
87 | 2 comglet?on communication is successfully completed. - Make sure _that return to origin is performed after
L the alarm is cleared.
(communication)
Retracting operation activation failed due to one |- Confirm that there are no errors in parameter settings.
of the following conditions. Otherwise, - Confirm that there is no problem in the operating
the retracting operation was suspended. environment.
- The setting for Pr6.85 “Retracting operation - Make sure that return to origin is performed after
condition setting” is abnormal the alarm is cleared.
- Retracting operations are enabled and the
communication cycle is less than 0.250 ms
- Drive inhibit input (POT/NOT) is detected
during a retracting operation
- A Retracting operation execution condition is
87 3 Retracting operation | satisfied although drive inhibit input
error (POT/NOT) has been detected
- A retracting operation execution condition is
satisfied during an operation not according to the
communication command from the host device
(such as test run)
- The retracting operation was suspended in
response to alarm detection during a retracting
operation
- Retracting operation activation failed due to a
servo-off state and such
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(5) Retracting operation details
(5-1) Retracting operation activation conditions
A retracting operation is activated if either one of the conditions (1) and (2) is established.

Condition (1)
Pr6.85 bit 3-0 = 1 and Retracting operation input (RET) switches from off to on
Pr6.85 bit 3-0 = 2 and either the following conditions a or b is established
a. Near home input (HOME) is on and Retracting operation input (RET) switches from off to on
b. After Retracting operation input (RET) switches from off to on and
before Err87.1/Err87.2/Err87.3 occurs and Retracting operation input (RET) is turned off,
Near home input (HOME) switches from off to on
When Pr6.85 bit3-0 = 3 and main power supply off is detected,

Maximum deceleration

A

Position command speed of 0 Pr8.17 “Movement amount in retracting operation”

—————————— Pr8.18 “Retracting operation speed”

Pr8.01 “Profile linear acceleration constant” Pr8.04 “Profile linear deceleration constant”

>
|

1
1
|
Activation condition (1) Unestablished Established
1
1
1
1

Alarm output

| Err87.1
(ALM) X

! “Retracting operation completion (/O)”

* Illustrated with pre-filter command waveforms

Condition (2)
Pr6.85 bit 7-4 = 1 and a communication error (Err80.4/Err80.7/Err85.2) is detected

Comnmubnication receipt Elapse of predetermined time
1

A

Maximum deceleration

Position command speed of 0 Pr8.17 “Relative movement of retracting operation”

—————————— Pr8.18 “Retracting operation speed”

Pr8.01 “Profile linear acceleration constant” . .
Pr8.04 “Profile linear deceleration constant”

|

Activation condition (2) Unestablished Established
|
1
1

A'?Z“Li;l‘;p”t i Erg7.2
1 “Retracting operation completion (communication)”
* Err80.4/Err80.7/Err85.2 also occur, but
* Illustrated with pre-filter command waveforms front panel indication is Err87.2.

(5-2) About external break control at the time of retracting operation completion
If Err87.1 or Err87.2 occurs on retracting operation completion, the falling of the robot arm and others can
be prevented by maintaining the energization to the motor until the external brake is actually operated after
the brake release output (BRK-OFF).
For details, refer to “6-3-6 Fall prevention function in the event of alarms/Servo-ON”.
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(5-3) Retracting operation activation during motor operations
If the retracting operation activation condition (1) or (2) is established during motor drive, the motor stops at the
maximum deceleration speed and evacuates.

Maximum deceleration

A

Position command speed of 0 /-Pr8.17 Relative movement of retracting operation

/ 237 { SR —— Pr8.18 “Retracting operation speed”

Pr8.01 “Profile linear acceleration constant’ . .
Pr8.04 “Profile linear deceleration constant”

1
1
1
1
1
1
1

|
!
I
I

1
:
1
Activation condition (1) or (2)  Unestablished Establishe!j
1
1
1
I “Retracting operation completion (I/O)” or
* Illustrated with the pre-filter command waveforms Err87.2

“Retracting operation completion (communication)”

(5-4) Retracting operation activation during motor deceleration
If the retracting operation activation condition (1) or (2) is established under decelerated stop, the motor stops at
the maximum deceleration speed and evacuates.
* Under decelerated stop means the state of being decelerated to stop based on the position command.
Under decelerated stop due to servo-off, main power off, or alarm generation, or under decelerated stop due to
drive inhibit input, even if the retracting operation activation condition (1) or (2) is established, the motor does
not evacuate, the position command stops, deceleration starts according to the deceleration sequence at the time
of the alarm, and Err87.3 occurs.

!+ Under decelerated stop based
f"lf on the position command

Maximum deceleration

A

Position command speed of 0 Pr8.17 “Relative movement of retracting operation”

/ _________ Pr8.18 “Retracting operation speed”

Pr8.04 “Profile linear deceleration constant”

1
1
1
1
1
1
1
Pr8.01 “Profile linear acceleration constant” :
1
1
\

Activation condition (1) or (2)  Unestablished Established
|
1
Alarm output i Err87.1
(ALM) | “Retracting operation completion (I/O)” or
" Em87.2

* Illustrated with pre-filter command waveforms

)

“Retracting operation completion (communication)

(5-5) Retracting operation in motor stop state
If the retracting activation condition (1) or (2) is established in stop state, the motor evacuates.

- Pr8.17 “Relative movement of retracting operation”
Position command speed of 0 /

/ ————————— Pr8.18 “Retracting operation speed”
Pr8.01 “Profile linear acceleration constant” Pr8.04 “Profile linear deceleration constant”

Activation condition (1) or (2) Unestablished | Established
1
1
1
Alarm output ! e —
(ALM) H Erg7.1
I “Retracting operation completion (I/O)” or
Err87.2
* llustrated with pre-filter command waveforms “Retracting operation completion (communication)”
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(5-6) Retracting operation activation cancellation conditions during motor drive
If one of the following activation cancellation conditions is established, regardless of the establishment of the
retracting operation activation condition (1) or (2), the motor does not evacuate, the position command stops,
deceleration starts according to the deceleration sequence at the time of the alarm, and Err87.3 occurs.

[Activation cancellation conditions]
- Drive inhibit input (POT, NOT) is ON
- In operation independent of communication (such as test run)
- Servo-Off
- Under deceleration taking priority over retracting operations
* For the priority order, refer to section 6-9-2 in the Technical Document, EtherCAT Communication
Specifications (SX-DSV03307).

Position command speed of 0

Activation condition (1) or (2) Unestablished Established

Activation suspension condition Unestablished Established

Alarm output Errg87.3
(ALM) “Retracting operation error”

* Illustrated with pre-filter command waveforms

(5-7) Retracting operation suspension conditions
If one of the following execution suspension conditions is established during a retracting operation, the retracting
operation is suspended, the position command stops, deceleration starts according to each deceleration sequence
depending on the execution suspension condition, and Err87.3 occurs.
* If the retracting operation activation condition is unestablished during an activation operation, the current
operation continues.

[Execution suspension conditions]
- Drive inhibit input (POT, NOT) is ON
- Alarm generation
- Main power off (when Pr6.85 bit3-0 is not 3)
- STO input

* Because the PDS is in a state of Fault reaction active during a retracting operation, servo-off by PDS
state transition is unavailable. When using the retracting operation function, make sure that Force alarm
input (E-STOP) is connected to have Err87.0 (Forced alarm input protection) generated by forced alarm
input in an emergency and stop caused.

* To prevent retracting operation suspension by main power off, it is recommended to set Pr5.09 (Main
power off detection time) to 2000 (invalid).However, if voltage between P and N of the convertor portion
of the main power supply falls below the specified value, Err13.0 (Main power undervoltage protection
(PN)) occurs and the retracting operation suspends.

Position command speed of 0 h

1

1
Unestablished | ! Established

1

1

Unestablished Established
Execution suspension condition
Alarm output Err87.3

(ALM) “Retracting operation error”

Activation condition (1) or (2)

* Illustrated with pre-filter command
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7. Protective function/Alarm function
7-1 List of protective function

This servo driver incorporates various protective functions. When a protective function is enabled, the servo driver
turns OFF the alarm signal (ALM) and displays the error number on 7-segment LED of the panel section at front

surface. *7
However, V frame is not equipped with a 7-segment LED.
Error No. Alarm Attribute
Main Sub History Can be Emergency EtherCAT
cleared stop *6 communication
related
11 0 Control power supply undervoltage protection O
12 0 Over-voltage protection O O
13 0 Main power supply undervoltage protection o o
(between P to N)
1 Main power supply undervoltage protection o o
(AC interception detection)
14 0 Over-current protection O
1 IPM error protection O
15 0 Over-heat protection O O
16 0 Over-load protection O O*1
1 Torque saturation error protection O O
18 0 Over-regeneration load protection O O
1 Regenerative transistor error protection O
24 0 Position deviation excess protection O O O
1 Speed deviation excess protection O O O
26 0 Over-speed protection O O O
1 2nd over-speed protection O O
27 4 Position command error protection O O O
6 Operation command contention protection O O
7 Position information initialization error protection ©)
28 0 Pulse regeneration limit protection O O O
29 1 Counter overflow protection 1 O
2 Counter overflow protection 2 O
31 0 Safety function error protection 1 O
2 Safety function error protection 2 O
33 0 Duplicated input allocation error 1 protection O
1 Duplicated input allocation error 2 protection O
2 Input function number error 1 protection ©)
3 Input function number error 2 protection O
4 Output function number error 1 protection O
5 Output function number error 2 protection O
8 Latch input allocation error protection O
34 0 Software limit protection O @)
36 0-1 | EEPROM parameter error protection
37 0-2 | EEPROM check code error protection
38 0 Over-travel inhibit input protection 1 O
1 Over-travel inhibit input protection 2 O
2 Over-travel inhibit input protection 3 O
50 0 Feedback scale connection error protection O
1 Feedback scale communication error protection O
2 Feedback scale communication data error protection O

(To be continued)
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Error No. Alarm Attribute
Main Sub History Can be Emergency EtherCAT
cleared stop *6 communication
related

51 Feedback scale status error protection 0
Feedback scale status error protection 1
Feedback scale status error protection 2
Feedback scale status error protection 3
Feedback scale status error protection 4
Feedback scale status error protection 5
A-phase connection error protection
B-phase connection error protection
Z-phase connection error protection

CS signal wiring error protection

AB phase open error protection

Motor setting error protection

Motor combination error 1 protection

Motor combination error 2 protection

Linear motor automatic setting error protection
Magnet pole position estimation error 1 protection
Magnet pole position estimation error 2 protection

Magnet pole position estimation error 3 protection
U-phase current detector error protection
W-phase current detector error protection
Thermal error protection
ESM unauthorized request error protection
ESM undefined request error protection
Bootstrap requests error protection
Incomplete PLL error protection
PDO watchdog error protection
PLL error protection
Synchronization signal error protection
Synchronization cycle error protection
Mailbox error protection
PDO watchdog error protection
DC error protection
SM event mode error protection
SyncManager2/3 error protection
Synchronous establishment initialization error protection
TxPDO assignment error protection
RXPDO assignment error protection
Lost link error protection
Sl EEPROM error protection
Forced alarm input protection
Retracting operation completion (1/0)*11
Retracting operation error *11
Main power undervoltage protection
(AC insulation detection 2)
1 Control mode setting error protection
2 ESM requirements during operation error protection
3 Improper operation error protection
(To be continued)

55

O|O]0|0|O|O|O|0|0|0]O

60

61

O|0|O

70

72
80

O|0|O

81

84
85

O|O|O|O] | |O]O]0O]0O|0|0O|0O|O|O|0|0|0|0

87

e}

O|O| \ [O]O|O|O]O|O0O]O|O|O]O|O|0|O|O|O|0]|O|O0|O] \ OO0

SlElol\ |o]o|o]\ |o]olo|olo|o|o|ojo|o]o|0|O

O|W|IR|IO|IW|IN|R([O[W(N[O|U|AMFR|IOIN|IO R WINIFRP(IOOIFRIOIN|FR|O|WIN|FR|IO| R~ WIN|IR|(O|lU|~WIN|FL|O

88

O|o| O

ololol o |0|Qlol\|o

O|0|0
O|0o|0| O
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Error No Alarm Attribute
Main | Sub History Can be Emergency EtherCAT
cleared stop *6 communication
related

92 1 Feedback scale data recovery error protection O

93 3 Feedback scale connection error protection O
5 Parameter setting error protection 4 O
8 Parameter setting error protection 6 O

94 3 Home position return error protection 2 O ©)

96 2 Control unit error protection 1 O
3 Control unit error protection 2 O
4 Control unit error protection 3 O
5 Control unit error protection 4 O
6 Control unit error protection 5 O
7 Control unit error protection 6 O
8 Control unit error protection 7 O

98 2 Communication hardware error protection 2 O
3 Communication hardware error protection 3 O

Other Other error protection — — — —

*1: When Err 16.0 (Over-load protection) is triggered, you can clear it in 10 sec or longer after the error occurs.
Recognized as alarm clear command and used for clearing process as the condition becomes ready for process.

*2:  When Err 40.0 (Absolute system down error protection) or Err 42.0 (Absolute over-speed error protection) occurs,
the alarm cannot be cleared until the absolute encoder is reset.

*3: If the alarm cannot be cleared occurs, remove the alarm cause, turn OFF power to reset.

*4. When clearable alarm other than EtherCAT communication-related error (Err80.*, Err81.*, Err85.*, Err88.%) is
occurred, it will be able to clear the alarm in the following way.

+ When an alarm clear input (A-CLR) is OFF, or while not assigning, the alarm clearance was performed from
EtherCAT communication or USB communication(PANATERM).

+ The alarm clear input (A-CLR) was changed from OFF to ON.
In the following cases, keep in mind that an alarm clearance is not carried out normally.

Example: The alarm clearance is performed from communication (USB or EtherCAT) when A-CLR is ON.
In this case, perform an alarm clearance from communication after turning OFF A-CLR.
Please perform the alarm clearance while motor is stopped after ensuring safety.

Please refer to section 8-4 "Clear error (alarm)/Clear warning" of Technical Document "EtherCAT Communication
Specifications"” (SX-DSV03307) for details of the alarm clear method of than EtherCAT communication-related error
(Err80.*, Err81.*, Err85.*, Err88.%).

*5: If the servo driver internal control circuit malfunctions due to excessive noise etc., the display will show as follows:

4] HH hh| [dd] U4 34

Immediately turn OFF power.

*6: Emergency stop is triggered if Pr 5.10 Sequence at alarm is set to one of 4 to 7 and corresponding alarm is detected.
For details, refer to 6-3-4 Sequence at alarm.

*7: About EtherCAT communication-related error (Err80.*, Err81.*, Err85.*, Err88.*), front panel indication or alarm
indication of PANATERM is delayed from actual occurrence of alarm.
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*8:  Depending on the Pr6.86 bit 0 to 2 settings, the properties of error clear vary.
bit 0: Err87.1 (Retracting operation completion (1/0)) alarm clear attribute
bit 1: Err87.2 (Retracting operation completion (communication)) alarm clear attribute
bit 2: Err87.3 (Retracting operation error) alarm clear attribute
0: Unable to clear alarms and 1: Able to clear alarms for all

*9: Itis an emergency stop alarm according to the attribute, but when the retracting operation activation condition is
established, the operation does not conform to Pr5.10 “Sequence at alarm” but it is determined by the retracting
operation function, and an alarm is generated after retracting operation completion.

For details of the retracting operation function, refer to section 6-9.

It behaves as the emergency stop alarm, for example, in a manner that the fall prevention function in alarms
works after retracting operation completion.

For the fall prevention function in alarms, refer to section 6-3-6-1.

*10 : The deceleration method when an EtherCAT related alarm (Err80.*, Err81.*, Err85.*, Err88.*) occurs

is in accordance with 605Eh (Fault reaction active).
Change the setting from the shipment value according to the equipment environment.
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7-2 Details of Protective function

Error No. Protective Causes NVEESIES
Main | Sub function
Voltage between P and N of the converter portion of the control |Measure the voltage between lines of connector and terminal
power supply has fallen below the specified value. block (L1C-L2C).
Control power |1) Power supply voltage is low. Instantaneous power failure |1) Increase the power capacity. Change the power supply.
1 0 supply has occurred
undervoltage |[2) Lack of power capacity...Power supply voltage has fallen [2) Increase the power capacity.
protection down due to inrush current at the main power-on.
3) Failure of servo driver (failure of the circuit) 3) Replace the driver with a new one.
X For V frame, the voltage between lines P2 and N2 is measured.
Power supply voltage has exceeded the permissible input Measure the voltage between lines of connector (L1, L2 and
voltage. = Voltage between P and N of the converter portion of [L3). Enter correct voltage. Remove a phase advancing
the control power supply has exceeded the specified value. capacitor.
Source voltage is high. Voltage surge due to the phase-
advancing capacitor or UPS (Uninterruptible Power Supply)
have occurred.
12 0 Over-vol_tage 1) Disconnection of the regeneration discharge resistor 1) Measure the resistance of the external resistor
protection connected between terminal P and B of the driver.
Replace the external resistor if the value is .
2) External regeneration discharge resistor is not appropriate [2) Change to the one with specified resistance and
and could not absorb the regeneration energy. wattage.
3) Failure of servo driver (failure of the circuit) 3) Replace the driver with a new one.
J<For V frame, the voltage between lines P1 and N1 is measured.
Instantaneous power failure has occurred between L1 and L3 |Measure the voltage between lines of connector (L1, L2 and
for longer period than the preset time with Pr 5.09 (Main power (L3).
Main power  |off detecting time) while bit0 of Pr 5.08 (LV trip selection at
supply the main power-off) is set to 1. Or the voltage between P and N
0 undervoltage |of the converter portion of the main power supply has fallen
protection below the specified value during Servo-ON.
(PN) * When executing an escape operation with the trigger of main
power off, Err13.1 does not occur.
1) Power supply voltage is low. Instantaneous power failure [1) Increase the power capacity. Change the power supply.
has occurred Remove the causes of the shutdown of the magnetic
contactor or the main power supply, then re-enter the
13 power.
2) Instantaneous power failure has occurred. 2) Set up the longer time to Pr 5.09 (Main power off
. detecting time). Set up each phase of the power
Main power correctly.
supply 3) Lack of power capacity...Power supply voltage has fallen [3) Increase the power capacity. For the capacity, refer to
1 undervol_tage down due to inrush current at the main power-on. Standard specification “Driver and List of Applicable
protection Peripheral Equipments” of Preparation.
(AC) 4) Phase lack...3-phase input driver has been operated with 4) Connect each phase of the power supply (L1, L2 and
single phase input. L3) correctly. For single phase, 100 V and 200 V driver,
use L1 and L3.
5) Failure of servo driver (failure of the circuit) 5) Replace the driver with a new one.
> For V frame, the voltage between lines P1 and N1 is measured.
Current through the converter portion has exceeded the
specified value.
1) Failure of servo driver (failure of the circuit, IGBT or other |1) Turn to Servo-ON, while disconnecting the motor. If
components) error occurs immediately, replace with a new driver.
2) Short of the motor wire (U, V and W) 2) Check that the motor wire (U, V and W) is not shorted,
and check the branched out wire out of the connector.
0 Over-current Make a correct wiring connection.
protection |3y Earth fault of the motor wire 3) Measure the insulation resistance between motor wires,
U, V and W and earth wire. In case of poor insulation,
replace the motor.
14 4) Burnout of the motor 4) Check the balance of resister between each motor line,
and if unbalance is found, replace the motor.
5) Poor contact of the motor wire. 5) Check the loose connectors. If they are, or pulled out,
fix them securely.
IPM error 6) Welding of relay contact for dynamic braking due to 6) Replace the servo driver. Do not use servo ON/OFF
protection frequent servo ON/OFF operations. during operation.
1 (IPM: Intelligent |7)  Timing of command input is same as or earlier than Servo- |7) ~ Enter the commands 100 ms or longer after Servo-ON.
Power Module) ON.
8) The dynamic brake circuit was overheated and the thermal [8) Replace the driver.
fuse is blown. (Only E-frame and F-frame)
(To be continued)
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Error No. PRI Causes Measures
Main | Sub function
Temperature of the heat sink or power device has been  |Check the operating temperature range of the servo driver.
risen over the specified temperature.
15 0 Over-h_eat 1) Ambient temperature has risen over the specified 1) Improve the ambient temperature and cooling condition.
protection temperature.
2) Over-load 2) Increase the capacity of the driver and motor. Set up
longer acceleration/ deceleration time. Lower the load.
Torque command value has exceeded the over-load level |Check that the torque (current) does not oscillates nor
set with Pr 5.12 (Setup of over-load level) and resulted in |fluctuate up and down very much on the graphic screen of the
overload protection according to the time characteristics [network. Check the over-load alarm display and load factor
(described later). with the network.
1) Load was heavy and actual torque has exceeded the |1) Increase the capacity of the servo driver and motor. Set up
rated torque and kept running for a long time. longer acceleration/ deceleration time. Lower the load.
2) Oscillation and hunching action due to poor 2) Make a re-adjustment of gain.
adjustment of gain. Motor vibration, abnormal noise.
Inertia ratio (Pr 0.04) setup error.
3) Miswiring, disconnection of the motor. 3) Make a wiring as per the wiring diagram. Replace the
cables.
0 Over-lqad 4) Machine has collided or the load has gotten heavy. |4) Remove the cause of distortion. Lower the load.
protection Machine has been distorted.
16 5) Electromagnetic brake has been kept engaged. 5) tI;/Iele:sure the voltage between brake terminals. Release the
rake
6) While wiring multiple axes, miswiring has occurred [6) Make a correct wiring by matching the correct motor and
by connecting the motor cable to other axis. encoder wires.
7) Pr5.12 “Over-load level setup” is too low. 7) Set Pr5.12 “Over-load level setup” to 0 (Set the maximum
value allowed for the motor).
B The over-load protection time characteristics are described on the end of this section.
Torque saturated has continued for the period set to » Check the operating state of the driver.
1 Torque saturation |Pr 7.16 "Torque saturation error protection frequency" * Take the same measure as done against Err16.0.
error protection |or Pr6.57 "Torque saturation error protection detection
time".
Regenerative energy has exceeded the capacity of Check the load factor of the regenerative resistor from the
regenerative resistor. front panel or via communication. Do not use in the
continuous regenerative brake application.
1) Due to the regenerative energy during deceleration |1) Check the running pattern (speed monitor). Check the
caused by a large load inertia, converter voltage has load factor of the regenerative resistor and over-
risen, and the voltage is risen further due to the lack regeneration warning display. Increase the capacity of the
of capacity of absorbing this energy of the driver and the motor, and loosen the deceleration time.
regeneration discharge resistor. Use the external regenerative resistor.
2) Regenerative energy has not been absorbed in the 2) Check the running pattern (speed monitor). Check the
0 Over-regeneration specified time due to a high motor rotational speed. load factor of the regenerative resistor. Increase the
load protection capacity of the driver and the motor, and loosen the
18 deceleration time. Lower the motor rotational speed. Use
an external regenerative resistor.
3) Active limit of the external regenerative resistor has [3) Set up Pr0.16 to 2.
been limited to 10% duty.
Caution: Install an external protection such as thermal fuse without fail when you set up Pr 0.16 to 2.
Otherwise, regenerative resistor loses the protection and it may be heated up extremely and may burn out.
Regenerative  |Regenerative driver transistor on the servo driver is Replace the driver.
1 transistor error |defective.
protection

(To be continued)
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Error No. Protective
- . Causes Measures
Main Sub function

Deviation pulses have exceeded the setup of Pr 0.14.

1) The motor movement has not followed the command. |1) Check that the motor follows to the position command
pulses. Check that the output toque has not saturated in
torque monitor. Make a gain adjustment. Set up

0 Position deviation maximum value to Pr 0.13 and Pr 5.22. Make a
excess protection feedback scale wiring as per the wiring diagram. Set up
the longer acceleration/deceleration time. Lower the
load and speed.
2) Setup value of Pr 0.14 (Position deviation excess setup) [2) Set up a larger value to Pr 0.14.
is small.
24 The difference between the internal positional command * Increase the setup value of Pr 6.02.

speed and actual speed (speed deviation) exceeds the setup |+ Lengthen the acceleration/deceleration time of internal

vale of Pr 6.02(Speed deviation excess setup). positional command speed, or improve the follow-up

Note: If the internal positional command speed is forcibly set| characteristic by adjusting the gain.

L to 0 due to instantaneous stop caused by the + Disable the excess speed deviation detection
Speed deviation L - A _
1 excess protection pos!tl\{e/nega_tlve _over-travel |nh_|b|t input, the speed (Pr 6.02 =0).

deviation rapidly increases at this moment. Pr 6.02 setup

value should have sufficient margin because the speed

deviation also largely increases on the rising edge of the

internal positional command speed.

The motor rotational speed has exceeded the setup value of [+ Do not give an excessive speed command.

0 Over-speed  |Pr5.13. + Check the command pulse input frequency and
protection division/multiplication ratio.
2 . gllake a gain adjystr'ggnt when an overshoot has occurred
- ue to a poor gain adjustment.
. 2nd over-speed ;:12 Tsotor rotational speed has exceeded the setup value of |, Make_a_ Wiripg connection of the feedback scale as per
protection e the wiring diagram.

(To be continued)
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Error No. PRI Causes Measures
Main | Sub function
Position command variation (value after electronic gear) exceeds | Check whether the variation is not large, such as the position
the specified value. command operation by the cyclic synchronous position
control (csp).
Position command + Check electronic gear ratio.

4 error protection + Execute return to origin again after clearing the alarm
when Err27.4 occurs under incremental mode, as return
to origin will be incomplete.

27 o ti * When Pr7.99 bit0=0 is set, EtherCAT communications * Check that EtherCAT has not been established during test
Copniﬁ;gg established during test run or FFT operating. run or FFT when Pr7.99 bit0=0 is set.
6 - » When Pr7.99 bit0=1 is set, servo ON command by * Check that servo ON command by EtherCAT
contention - . - o
protection EtherCAT ?ommunlcatlons received during test run or communlcatlon has not been sent from the host controller
FFT operating. during test run or FFT when Pr7.99 bit0=1 is set.
Position * In the hm mode, return to origin has been canceled by halt *Check if homing command is canceled near the home
7 information from the host device between origin detection and return to position signal.
initialization error | origin completion.
protection
The output frequency of pulse regeneration has exceeded the [+ Check the setup value of Pr0.11 (Numerator of pulse
- (limit. output division) and Pr5.03 (Denominator of pulse
Pulse regeneration S
28 0 limit protection output division).
« To disable the detection, set Pr5.33 (Pulse regenerative
output limit setup) to 0.
The calculation value (the absolute encoder (or the absolute |+ Check the operation range at the position of absolute
external scale) position information [pulse] / electronic gear | feedback scale and electronic gear ratio.
ratio) has exceeded 32bit width or an overflow occurred
during the calculation, when the control power is ON in
1 Cogpéferctii\genrfllow absolute mode, EtherCAT communication is established
(Init -> PreOp), returning to origin is completed, the absolute
multi-turn data is cleared, PANATERM operation (test run,
frequency characteristic analysis, Z phase search, fit gain) is
completed, or pin assign is excuted by PANATERM.
2 Position deviation (pulse unit) became + (2% -1) + Check that the motor runs as per the position command
(1073741823) or more. pulses.
Or the position deviation (command unit) exceeds +23° + Check that the output toque has not saturated in torque
Counter overflow (1073741824). monitor.
2 ) » Make a gain adjustment.
protection 2 « Set up maximum value to torque limit setting.
+ Make a wiring connection of the feedback scale as per
the wiring diagram.
Safety function Safety function has detected an error. . !n case of the repeated occurrence, because failure
0 |error protection is possible, replace the servo driver. Return to a
1 dealer for investigation (repair).
31
Safety function
2 |error protection
2
(To be continued)
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Error No. PRI Causes Measures
Main | Sub function
Duplicated input [Input signals (SI1, SI2, SI3, SI4) are assigned with two  [Allocate correct function to each connector pin.
0 allocation error 1 |functions.
protection
Duplicated input [Input signals (SI5, SI6, SI7, SI8) are assigned with two  [Allocate correct function to each connector pin.
1 allocation error 2 |functions.
protection
Input function [Input signals (SI1, SI2, SI3, SI4) are assigned with Allocate correct function to each connector pin.
2 number error 1 |undefined number. Or, logical setup is not correct.
protection
Input function  |INput signals (SIS, SI6, S17, SIB) are assigned with Allocate correct function to each connector pin.
3 number error 2 |undefined number. Or, logical setup is not correct.
protection
33 Output function |Output signals (SO1) are assigned with undefined Allocate correct function to each connector pin.
4 number error 1 [number.
protection
Output function |Output signals (SO2, SO3) are assigned with undefined | Allocate correct function to each connector pin.
5 number error 2 {nUMber.
protection
Error has occurred during function assignment of latch  |Allocate correct function to each connector pin.
correction pins (SI5, SI6, and SI7).
Latch input  |» EXT1 must be allocated to SIS and EXT2 to SI6: but
8 allocation error these are assigned to other pins.
protection » HOME is allocated to SI6 or SI7; POT is allocated to
S15 or SI7; NOT is allocated to SI5 or SI6.
+ Function not allocated to all control modes.
When a position command within the specified input
range is given, the motor operates outside its working
range specified in Pr 5.14 (Motor working range setup).
34 0 Software'limit 1) Gain is not appropriate. 1) Checl_< the gain (_balance. betv_veen _position loop gain and
protection velocity loop gain) and inertia ratio.
2) Pr5.14 setup value is low. 2) Increase the setup value of Pr 5.14. Or, Set Pr 5.14 to 0 to
disable the protective function.
0 EEPROM Data in parameter storage area has been damaged when [+ Setup all parameters again. ) ) _
36 arameter error reading the data from EEPROM at power-on. « If the error persists, replace the driver (it may be a failure.)
P . * Return the product to the dealer or manufacturer.
1 protection
0 Data for writing confirmation to EEPROM has been * Replace the driver. (it may be a failure).
EEPROM check |damaged when reading the data from EEPROM at power- |+ Return the product to the dealer or manufacturer.
37 1 code error on.
protection
2
« With Pr 5.04, over-travel inhibit input setup = 0, both  [Check that there are not any errors in switches, wires or power
positive and negative over-travel inhibit inputs supply which are connected to positive direction/ negative
(POT/NOT) have been ON. direction over-travel inhibit input. Check that the rising time
- With Pr 5.04 = 2, positive or negative over-travel of the control power supply (12 to 24 VDC) is not slow.
Over-travel inhibit inhibit input has turned ON.
0 in - + With Pr 5.04 = 0 or 1, and either of the positive and
put protection 1 h L .
negative over-travel inhibit input has turned ON during
the execution of magnet pole position estimation.
+ Positive or negative over-travel inhibit input has turned
ON while Pr5.04 =0 or 1 and linear motor automatic setup is
38 being executed.
An operation command (e.g. test run, FFT) has been
received through USB communication (PANATERM)
while EtherCAT communication is OFF with Pr 5.04 Check that there are not any errors in switches, wires or power
1 Over-travel inhibit|"over-travel inhibition input setting” = 0 or 1, and either |supply which are connected to positive direction/ negative
input protection 2 [POT or NOT is ON. direction over-travel inhibit input. Check that the rising time
Or, POT or NOT is turned ON while the system is of the control power supply (12 to 24 VDC) is not slow.
operating according to the command given through USB
communication.
Over-travel inhibit With POT gllpcated to SI§ or NOT to SI7, Pr 5.04 “Over- |* When POT is allocated to SI6 or NQT qlllociated to SI7, _
2 input protection 3 travel inhibit input setup” is set to a value other than 1 make sure that Pr 5.04 “Over-travel inhibit input setup” is
(CoE side deceleration stop). set to 1 (CoE side deceleration stop).
(To be continued)
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Etror No. PIIEENE Causes Measures
Main | Sub function
F Communication between the feedback scale and the » Make a wiring connection of the feedback scale as per the
eedback scale driver has been int ted i tain ti d iring di
0 connection error |ariver has been interrupted in certain times, an wiring diagram. _
protection disconnection detecting function has been triggered. Correct the miswiring of the connector pins.
Feedback scale Communication error has occurred in data from the « Secure the power supply for the feedback scale of 5 VDC
S feedback scale. Mainly data error due to noise. Feedback | +5% (4.75 to 5.25 V)...pay attention especially when the
50 1 communication S
error protection scale cables are connected, but communication date has feedback scale cables are long. )
SOme error. + Separate the feedback scale cable and the motor cable if
Feedback scale [The data from the feedback scale was not a communication | they are bound together.
2 communication |error, but the contents of the data became an error. Data error |+ Connect the shield to FG...refer to wiring diagram of
data error mainly caused by noise. Feedback scale connecting cable feedback scale in Standard specication.
protection was connected, but communication data became an error.
Feedback scale |Bit 0 of the feedback scale error code (ALMC) has been
0 status error turned to 1.
protection 0 [Check the specifications of the feedback scale.
Feedback scale |Bit 1 of the feedback scale error code (ALMC) has been
1 status error turned to 1.
protection 1 [Check the specifications of the feedback scale.
Feedback scale |Bit 2 of the feedback scale error code (ALMC) has been
2 status error turned to 1. .
51 protection 2 [Check the specifications of the feedback scale. Q?;r removing the cause of the error, clear the feedback scale
Feedback scale |Bit 3 of the feedback scale error code (ALMC) has been And then, shut off the power to reset.
3 status error  [turned to 1.
protection 3  |Check the specifications of the feedback scale.
Feedback scale |Bit 4 of the feedback scale error code (ALMC) has been
4 status error turned to 1.
protection 4 |Check the specifications of the feedback scale.
Feedback scale |Bit 5 of the feedback scale error code (ALMC) has been
5 status error turned to 1.
protection 5  |Check the specifications of the feedback scale.
A-phase L . .
0 connection error ':\épr:ﬁzsocri?ﬁjggon in the feedback scale is defective, Check the A-phase connection of feedback scale.
protection ~ '
B-phase B-phase connection in the feedback scale is defective
1 connectior_1 error | 9. discontinued ' Check the B-phase connection of feedback scale.
protection = '
Z-phase Z-phase connection in the feedback scale is defective, e
55 2 connection error di phase +©8:|Check the Z-phase connection of feedback scale.
. iscontinued.
protection
CS signal logic |There is an error in CS signal logic. : - :
| eror protection | (All of CSsignals 1, 2, and 3 are high or low) Check the CS signal wiring connections.
AB-phase . . -
4 missing error There are extremely few AB-phase pulses between CS signal |Check the CS signal, A phase, and B phase wiring
N changes. connections.
protection
(To be continued)
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Error No.

Protective

Main | Sub function Gz
Motor settipg error| - Pr9.00 “Motor type selection” = 0 has been set. * Check the setup value for Pr9.00 “Motor type selection.”
protection

« A setup value out of the range has been setasa |* Check the setup value for Pr9.01 “Feedback scale
setup value for Pr 9.01 “Feedback scale resolution/number of scale pulse per rotation.”
resolution/number of scale pulse per rotation”.

« When setting Pr 9.00 = 1(Linear type), Pr9.02 |+ Check the setup value for each of Pr 9.00 “Motor type
“Magnet pole pitch” and Pr 9.30 “Number of selection”, Pr 9.02 “Magnet pole pitch”), and Pr 9.30
pulses per magnet pole” has been set at the same | “Number of pulses per magnet pole”.
time.

« When setting Pr 9.00 = 1 “Linear type”, a value |* Check the setup value for each of Pr 9.00 “Motor type
out of the range has been set as a setup value for | selection” and Pr 9.30 “Number of pulses per magnet
Pr 9.30 “Number of pulses per magnet pole”. pole”.

» When setting Pr 9.00 = 2 (Rotary type), Pr 9.03 [+ Check the setup value for each of Pr 9.00 “Motor type

0 “Pole logarithm per rotation” = 0 has been set.  [selection and Pr.9.03 “Pole logarithm per rotation”.

« When setting Pr 9.08 “Motor phase inductance” |* Check the setup value for each of Pr 9.08 “Motor
=0, Pr9.12 “Automatic current response phase inductance” and Pr 9.12 “Automatic current
adjustment” # 0 has been set. response adjustment”.

« When setting Pr 9.09 “Motor phase resistance”, |* Check the setup value for each of Pr 9.09 “Motor phase
Pr9.12 # 0 has been set. resistance” and Pr 9.12 “Automatic current response

adjustment”.

« Number 0 has been set to each of Pr9.04to Pr |+ Check the setup value for each of Pr 9.04 to Pr 9.07,
9.07, Pr 9.10, and Pr 9.20. Pr9.10, and Pr 9.20.

« When setting Pr 9.00 = 1 (Linear type), Pr3.23 |* Check the setup value for each of Pr 9.00 “Motor type
“Feedback scale type selection” = 6 has been set. | selection” and Pr 3.23 “Feedback scale type selection”.

Under linear type setting, an absolute rotary scale can’t be
used.

« The setup value for Pr 9.06 “Rated effective motor  Check the setup value for Pr 9.06 “Rated effective motor
current” is above the allowable rated current for the current” (Setting unit: 0.1 Arms).
driver.

* The setup value for Pr 9.07 “Maximum instantaneous |+ Check the setup value for Pr 9.07 “Maximum instantaneous

Motor motor current” is_above the allowable maximum motor current” (Setting qnit: 0.1 A). ) )
60 1 combination current for the driver. * If the _above setup value is not problematic, the frame size of
. the driver needs to be enlarged.
error 1 protection | . \when setting Pr 9.00 = 2 (Rotary type), feedback speed  |» Check the setup value for each of Pr 9.01 “Number of scale
that correspond with overspeed level [r/min] exceed pulse per rotation” and Pr 9.10 “Overspeed level” in order f  or
1091M [pulse/s]. feedback speed not to exceed 1091M [pulse/s].

« The rated motor current is too small as against [+ Check the setup value for Pr 9.06 “Rated effective motor

the rated driver current. current” (Setting unit: 0.1 Arms).
If the above setup value is not problematic, the frame size of
the driver needs to be reduced.
. . . .|+ Check the setup value for each of Pr 9.05 “Rated motor
* Aratio of an inertia (‘]) t(.) the rated torque () is torque” (Setting unit: 0.1 Nm) and Pr 9.04 “Motor inertia”
Motor too large. (The J-T ratio is too large) (Setting unit: 0.00001 kgm?).
combination ] ] ) * Check the setup Val}le for _each of Pr 9.06 “Rated effective
2 . | « The automatically adjusted current proportional motor current”(Setting unit: 0.1 Arms), Pr 9.08 “Motor
error 2 protection integral gain is too large. phase inductance” (Setting unit: 0.01 mH), and Pr 9.09
“Motor phase resistance”(Setting unit: 0.01 Q)
* Check the setup value for each of Pr 9.07 “Maximum
instantaneous motor current” (Setting unit: 0.1 A) and Pr
. 9.06 “Rated effective motor current” (Setting unit: 0.1
* The percentage of the maximum current to the Arms).
rated motor current is larger than 500%

+ EtherCAT communication has been established [+ Make sure that no EtherCAT communication will be
during automatic linear motor setup (during established during automatic linear motor setting (during
automatic scale direction/CS setting and during automatic_scalg direction/CS setting and during automatic
automatic current gain adjustment) current gain adjustment) _ _

Linear motor |+ After automatic linear motor setting,EtherCAT|" /Aftér automatic linear motor setting, establish
. . S . . communication with the host device after the power supply
3 |automatic setting [communication has been established with the| 4 nad ON.
error protection [power supply not turned ON again « If there is current overshooting present, make adjustments
A feedback current value has been overshot| such as by reducing the current gain.
respective to the thrust command during
automatic linear motor setting.

(To be continued)
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Error No. Protective
Main | Sub function TR
Magnet pole position estimation has not been finished * Check the direction of the feedback scale
correctly. * Adjust Pr .9.22 “Thrust command time for magnet pole
Magn?'f pole [« wrong feedback scale direction setting position estimation” and Pr 9.23 “Command thrust for
0 position « Shortage of thrust command/command time at the time | magnet pole position estimation”.
estimation error 1| of magnet pole position estimation » The magnet pole position estimation function cannot be
protection « Use of the vertical axis used for the vertical axis and an axis with an unbalanced
» An unbalanced load and a large friction load and a large friction.
Magnet pole  [The motor has not stopped after the elapse of the time set |° Increase the setup value for Pr 9.27 .
61 . : « . » Check for unbalanced loads in the setup environment.
position using Pr 9.27 “Motor stop control time for magnet pole . _
1 L o S, (Does the motor operate even when with thrust command =
estimation error 2|position estimation”. o)
protection
» A value of 3 has been set to Pr 9.20 (Magnet pole  Temporarily use Pr 9.20 = 2 and perform magnet pole
Magnet pole detection scheme selection) with magnet pole position position estimation once. Then use Pr 9.20 = 3, and this
2 position estimation never executed. error will not be activated.
estimation error 3|* A value of 3 has been set to Pr 9.20 when a feedback  |Check that the feedback scale is of the absolute type.
protection scale that is not of the absolute type is in use.
U-phase .
P U-phase current detection offset value has some .
0 | current detector error + Turn off power once, and turn on again.
70 error protection ' + Even so, if an error indication appears and an error
W-phase - occurs, failure is possible.
W-phase current detection offset value has some >
1 | current detector errc?r Discontinue the use and replace the motor and servo
error protection ' driver.
Thermal error Return to a dealer for investigation (repair).
72 0 Ermal EITor |-t ermal has some error. g (repair)
protection
(To be continued)
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Error No. FEEERSE Causes Measures
Main | Sub function
The change state request which cannot change from the
present state was received.
ESM Init to SafeOP
0 l;g(?gég?gﬁg? IIDanetOP E(O) 8E Check the change state request of host controller.
protection OoP to Bootstrap
PreOP  to Bootstrap
SafeOP to Bootstrap
The change state request which does not have a definition
(except the following) was received.
ESM undefined [ 1 :Request Init State
1 request error 2 : Request Pre-Operational State Check the change state request of host controller.
protection 3 : Request Bootstrap State
4 : Request Safe-Operational State
8 : Request Operational State
Bootstrap The following change state request was received.
2 requests error 3 : Request Bootstrap State Check the change state request of host controller.
protection
Phasing servo and communication (PLL lock) could not <In case of DC>
be completed even after the lapse of 1s after the start of - Check setting of DC mode.
the synchronization process. - It is checked whether propagation delay compensation or
drift compensation is correct.
<In case of SM2>
3 Ienr(;g:nprlc?ttgcfitr% - It is checked whether the transmitting timing of PDO from
80 P host controller is constant.
- Please check whether there is any problem in
wiring of the EtherCAT communication cable.
- Please check whether the excessive noise has started the
EtherCAT communication cable.
During PDO communication (SafeOP or OP state), - Check whether the transmitting timing of PDO from host
bit10 of AL Event Request(0220h) did not turn on within controller is constant (not stop).
the time is set ESC register addresses 0400h and 0420h. - Increase the timeout value of the PDO watchdog detection.
PDO watchdog - e
4 error protection - Check whether there is f_iny_problem in wiring of the
EtherCAT telecommunication cable.
- Check whether the excessive noise has started the
EtherCAT communication cable.
In the ESM state is SafeOP or OP, phasing servo and <In case of DC>
communication (PLL lock) was separated. - Check setting of DC mode.
- Check whether propagation delay compensation or drift
compensation is correct.
<In case of SM2>
- Check whether the transmitting timing of PDO from host
6 PLL error controller is constant.
protection - Check whether there is any problem in wiring of the
EtherCAT communication cable.
- Check whether the excessive noise has started the
EtherCAT communication cable.
- If the error cannot be resolved, shut off and reset the
control power.

(To be continued)
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Error No. PTG Causes Measures
Man | Sub function
More than the threshold value that the omission of the <In case of DC>
interruption processing by SYNCO or IRQ set up by bit0- - Check setting of DC mode.
3 of Pr7.42 (Maximum continuation communication - Check whether propagation delay compensation or drift
error) in after the completion of synchronous processing compensation is correct.
generated. <In case of SM2>
- Check whether the transmitting timing of PDO from host
Synchronization controller is constant. o
80 7 signal error - Check whether there_ is any problem in wiring of the
protection EtherCAT communlcatlor_w cablg.
- Check whether the excessive noise has started the EtherCAT
communication cable.
- The preset value of Pr7.42 (Maximum continuation
communication error) bit0-3 is enlarged.
- If the error cannot be resolved, shut off and reset the
control power.
It is set to an unsupported synchronization cycle (SYNCO
cycle or an IRQ cycle).
Synchronization| - It sets except 125000, 250000, 500000, 1000000,
0 cycle error 2090000' and 4000000 [r_]s] t0 ESC . - Please set up a synchronous period correctly
protection register SYNCO Cycle Time (09A0h) and object 1C32h- )
02h (Cycle time).
- The setting of ESC register and object is not in
agreement.
Mailbox SyncManager 0/1 setting is wrong.
- A Physical Start Address:ESC register (0800h,
0801h/0808h, 0809h) setup of SyncManager0/1 is
inaccurate.
- The area for reception of Mailbox overlaps the area for
transmission.
- The area for transmission/reception of Mailbox overlaps
the area for transmission/reception of SyncManager2/3
1 Mailbox error - Address specification of the area for - Please set up Sync manader correctl
protection transmission/reception of Mailbox is odd number. Py g Y
- A Length:ESC register (0802h,0803h/080Ah, 080Bh)
81 setup of SyncManager0/1 is inaccurate.
- SyncManager0: Less than 32 byte
- SyncManagerl: Less than 32 byte
- A Control Register:ESC register (0804h/080Ch) setup of
SyncManager0/1 is inaccurate.
- Other than 0110b is set for 0804h: bit3-0.
- Other than 0010b is set for 080Ch: bit3-0.
A setup of the watchdog timer of PDO is wrong.
- Although PDO watch dog trigger is effective
(SyncManager: Bit6 which is the register 0804h set to 1),
4 PDO watchdog [ When the detection timeout value of PDO watchdog - Set up detection timeout value of watchdod timer correctl
error protection | timer cycle setup (registers 0400h and 0420h) was the P g Y
“"communication cycle multiply 2" by DC and SM2 mode,
was the following was set as less than 2 ms by FreeRun
mode.
DC setting setup is wrong.
DC error - A value oth_er than the following was set to bit 2-0 of _
5 . 0981h (Activation) of the ESC register: - Check setting of DC mode.
protection bit 2-0 = 000b
bit 2-0 = 011b

(To be continued)
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Error No.

Main | Sub

Protective
function

Causes

Measures

81 6

SM event mode
error protection

SM event mode which is not supported was set up.
- It was set to 1C32h-01h(Sync mode) at values other than
00h(FreeRun), 01h(SM2), and 02h(DC SYNCO).
- A value other than 00h (FreeRun), 02h (DC SYNCO), or
22h (SM2) was set to 1C33h-01h (Sync mode).
- 000b was set to bit 2-0 of 0981h of the ESC register and
SM2 was set to only either 1C32h-01h or 1C33h-01h.

- 1C32h-01h(Sync mode) should set up 00h(FreeRun),
01h(SM2), or 02h(DC SYNCO).

- 1C33h-01h(Sync mode) should set up 00h (FreeRun), 02h (DC
SYNCO), or 22h (SM2).

- The setting of 1C32h-01h should be equal to that of 1C33h-01h.

81 7

SyncManager2/3
error protection

A setup of SyncManager2/3 was set as the unjust value.
- A Physical Start Address (ESC registersh 0810h)
setting of SyncManager? is inaccurate.

- The area for reception overlaps the area for
transmission.

- The area for transmission/reception of Mailbox
overlaps the area for transmission/reception of
SyncManager2/3

- Address specification of the area for
transmission/reception is odd number.

- The start address is out of range.

- A Length (ESC registersh 0812h) setting of SyncManager2
is inaccurate.

- Different from RxPDO size.

- A Control Register:ESC register (0814h) setting of

SyncManager? is inaccurate.

- Other than 01b is set for bit3-2.

- A Physical Start Address (ESC registersh 0818h )
setting of SyncManager3 is inaccurate.

- The area for reception overlaps the area for transmission.

- The area for transmission/reception of Mailbox
overlaps the area for transmission/reception of
SyncManager2/3

- Address specification of the area for transmission/
reception is odd number.

- The start address is out of range.

- A Length (ESC register 081Ah) setting of SyncManager3 is
inaccurate.

- Different from TXPDO size.

- A Control Register:ESC register (081Ch) setting
of SyncManager3 is inaccurate.

- Other than 00b is set for bit3-2.

- Set up SyncManager2/3 correctly.

84 3

Synchronous
establishment
initialization
error protection

Error occurred during initialization process of phasing
communication and servo.

* Turn off the power once, then re-enter.

« If error repeats, this might be a failure.
Stop using the products, and replace the motor and the
driver.

* Return the products to the dealer or manufacturer.

TxPDO
assignment error
protection

- When the data size of the TXPDO map is set up
exceeding
32 bytes.

- TxPDO data size is set up within 32 bytes.

85

RxPDO
assignment error
protection

- When the data size of the RxPDO map is set up
exceeding 32 bytes.

- RxPDO data size is set up within 32 bytes.

Lost link error
protection

The time set in Pr7.43 (Lost link detection time) elapsed
when either Port 0 or Port 1 fell and remains in the lost
link state after the ESM state transitioned from Init to
PreOP (not including a port that had been in the lost link

state at the time of transition from Init to PreOP).

- Check whether there is any problem in wiring of
EtherCAT communication cable.

- Check whether there is any problem in the communication

from higher rank equipment.

(To be continued)
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Error No. Protective Causes Measures
Man | Sub function
- VendorID, Product code, and Revision number do not - Check the data of SlI.
SI EEPROM agree between SlI (EEPRQM) and the object values. - Retry reading out from and writing to SlI.
85 3 . |- Reading out from and writing to SIl (EEPROM) are
error protection | .
improper.
- If any of bit11 to14 of ESC register 0502h is set to 1.
0 Forced alarm |Forced alarm input (E-STOP) is applied. Check the wiring of forced alarm input (E-STOP).
input protection
Retracting  |The retracting operation by 1/O is successfully completed. |- This is a security precaution, and there is no problem if it is an
1 operation intended retracting operation.
completion (1/0) - Itis an error that notifies the retracting operation execution.
Reftracting | The retracting operation by communication is successfully |- Make sure that return to origin is performed after the
’ operation  |completed. alarm is cleared.
completion
(communication)
Retracting operation activation failed due to one of the - Confirm that there are no errors in parameter settings.
following conditions. Otherwise, the retracting operation - Confirm that there is no problem in the operating
was suspended. environment.
- The setting for Pr6.85 “Retracting operation condition - Make sure that return to origin is performed after the
setting” is abnormal alarm is cleared.
87 - The retracting operation is enabled and the
communication cycle is less than 0.250 ms
- Drive inhibit input (POT/NOT) is detected during the
retracting operation
Retracting  |* A retracting_ op_era?iqn_execution condition is satisfied
3 operation error although _drlve |nh|l_3|t input (I?OT/NO'Q ha_s beep d_etected
- A retracting operation execution condition is satisfied
during an operation not according to the communication
command from the host device (such as test run)
- The retracting operation was suspended in response to
alarm detection during a retracting operation
- Retracting operation activation failed due to a servo-off
state and such
(Note) The first edition of the software version (Ver1.01)
does not support this.

(To be continued)
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Error No. PTG Causes Measures
Man | Sub function
- Main circuit power supply OFF was detected when the preset | - The capacity rise of power supply voltage.
value of 6007h (Abort connection option code) is 1 and the A power supply is changed.
. PDS state is “Operation Enabled” or “Quick stop active”. The cause by which the magnetic contactor of
Main power | Switch on command was received when the preset value of the main power supply fell is removed, and a power
undervoltage ) ; N the p . n power supply fel , p
0 tection 6007h (Abon_connectlon optl_on c_ode) is 1 and the PDS state is| supply is switched on again. )
pro “ -
(AC insulation Ready to switch on” and main circuit power supply OFF. - Each phase (L1, L2, L3) of a power supply is
detection 2) conngcted correctly. )
The single phase 100V and the single phase 200V
should use L1 and L3.
- It replaces with new servo driver.
« PDS state was shifted to “Operation enabled” when the|- Check the preset value of 6060h (Modes of operation).
setting value in 6060h (Modes of operation) is 0 and
Control mode | the setting value in 6061h (Modes of operation display)
1 setting error isalso 0.
protection + A control mode which is not supported or a value
outside the range was set in 6060h (Modes of
operation).
- When PDS state was "Operation enabled" or "Quick stop Check the state transition request from host controller.
ESM active”, received the ESM state change command to other
88 2 requirements ESM states.
during operation|- When Pr7.99 bit0=1 is set, the command for transiting from
error protection | the current ESM to other ESM state was received during
servo-on (while warning D2 is occurring) on PANATERM.
+ When EXT1/EXT2 was selected in touch probe trigger|- Set up th_e functiona_l allotment for input signal correctly.
selection (60B8h (Touch probe function)) while| Setup trigger selection correctly. _
EXTUEXT?2 is not assigned as input signal - Csl;i(tzvl; ;r;: Iri?::il:l;)gtt?:;ween the operation range setting and the
* When wrap-around occurs in the actual position or|_reyiew the electronic gear settings and turn ON the power
command position while the software limit function is| again.
valid
Improper + When the operation result on electronic gear ratio is
3 | operation error |  outside the range of 8000-fold to 1/1000-fold
protection | . \when the denominator or numerator exceeds the
unsigned 64-bit size during the electronic gear ratio
operation process
+ When the denominator or numerator exceeds the
unsigned 32-bit size in the electronic gear ratio final
operation result

(To be continued)
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Error No. . .
Vain | Sub Protective function Causes Measures
Initialization processing of the internal positional information [+ Regulate the power source of the feedback scale to 5 VDC
was not correctly executed when an absolute scale is used. +5% (4.75-5.25 V)....Measure the voltage at the feedback
Feedback scale scale connection cable end if it is long.
92 1 data recovery « If the motor cable and feedback scale connection cable are
error protection bundled together, separated them.
» Connect the shield to FG....See the feedback scale connection
diagram. in Standard specification specification.
Feedback scale |* The communication type of the connected feedback scale |* Set Pr 3.23 to the type of feedback scale connected.
3 connection error |(serial communication model) does not match the type
protection selected by Pr 3.23 Feedback scale selection.
@ Parameter setup e A value exceeding 0 was set in Pr6.102 "Setting of over |Check the parameter setting values.
5 fror protection 4 -travel inhibition release level” when Pr5.04 "Over-travel
inhibition input setting" was set to a value other than 1.
8 Parameter setup e| A carrier frequency that is not supported was set. Check the parameter setting values.
rror_protection 6
* When Pr7.22 bit7 =1 and Pr5.04 =0 or 1 (Pr5.04 is * Expand the distance between Z phase and POT or NOT.
ignored under pp mode), POT or NOT has become ON
Home position | while return operation to detected Z phase position at * After confirming the safety, it's made bit7 of Pr7.22
94 3 return error homing with Z phase. (Communication function extended setup 1) =0(Invalid).
protection 2 |+ The return amount to the detected Z phase position
became abnormal in Home position return which
used Z phase.
2 Control unit error |An error occurred in the servo driver control unit. * Turn the power off and then on again.
protection 1 * Return the products to the dealer or manufacturer.
Control unit error
3 -
protection 2
Control unit error
4 -
protection 3
Control unit error
% 5 protection 4
Control unit error
6 -
protection 5
Control unit error
7 -
protection 6
Control unit error
8 -
protection 7
Communication |Fault is determined in EtherCAT communication related |+ Turn off the power once, then re-enter.
2 hardware error  [peripheral device. « If error repeats, this might be a failure.
98 protection 2 Stop using the products, and replace the motor and the
Communication driver.
3 hardware error * Return the products to the dealer or manufacturer.
protection 3
Control circuit has malfunctioned due to excess noise or |+ Turn off the power once, then re-enter.
Other No Other error other causes. o ) _ « If error repeats, this might be a failure. Sto_p using the
' protection Some error has occurred inside of the driver while products, and replace the motor and the driver.
triggering self-diagnosis function of the driver. » Return the products to the dealer or manufacturer.
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mRelevant parameters
Attribu
Class | No. | te Title Range | Unit Function
*1)
Overload protection 0: Standard specification
9 29 R timing characteristic 0-7 — |Select the overload protection above 8 characteristic.
setup

*1) For parameter attributes, refer to Section 9-1.

Notes:  Overload protection does not guarantee error protection due to motor heat buildup, for example.
Before use, be sure to check that there are no problems due to motor heat buildup, for example, in the actual
operation environment.
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7-3 Warning function

The warning will be triggered before the protective function is activated, and you can check the conditions such as
overload beforehand.
One of the following warning modes can be selected through the setting of Pr 6.27 Warning latch state setting: the
warning non-latch mode in which the warning is automatically cleared 1 sec. after the cause of warning is removed,
and the warning latch mode in which the warning is kept issued even after the cause of warning is removed. To clear
the latched state, use the alarm clearing procedure described in previous alarm section.

Note that the battery warning is latched by the encoder: after unlatching at the encoder, the warning is cleared.

(1) Relevant parameters

At-
trib- . . .
Class | No. ute Title Range Unit Function
*1)
Selection of Select the type of warning issued as the.warning output 1 (WARNL).
4 40 | A alarm output 1 0-40 — |Setup value 0: ORed output of all warnings.
For 1 and subsequent see the table below.
Selection of Select the type of warning issued as the_warning output 2.(WARN2)
4 41 | A alarm output 2 0-40 — |Setup value 0: ORed output of all warnings.
For 1 and subsequent see the table below.
Set the latching state of warning.
6 27 | ¢ Warning latch state 0.3 __ |General warning and extended warning can be specified.
setup bit 0: Extended warning 0: unlatch, 1: latch
bit 1: General warning 0: unlatch, 1: latch
Set the threshold of oscillation detection.
6 37 | B . Osci_llation 0-1000 01% When_torque vipratiop beyond this setting is detected, an oscillation
etecting level detection alarm is activated.
If the set value is O, this function is disabled and the alarm is not activated.
6 8 | R Alarm mask -32768 __ |Set the warning detection mask.
setup -32767 To disable detection of a warning, place 1 to the corresponding bit.
Alarm mask -32768
6 ¥ C setup 2 32767 T
Sets the threshold value for detecting the warning as the overload factor
increases.
Sets with the overload factor.
6 95 A Over-load warning 0-114 % If 0 is set, overload warning detection is performed under conventional
*2) detection level conditions (85% of overload protection level).
In addition, if other than "Pr6.96 <= Pr6.95 < (Overload protection level)"
is set, overload warning detection is performed under conventional
conditions (85% of overload protection level).
Sets the threshold value for releasing the warning when the load factor
decreases from the state when the overload warning is occurring.
Sets with the overload factor.
6 96 A Over-load warning 0-114 % If O is set, overload warning detection is performed under conventional
*2) release level conditions (85% of overload protection level).
In addition, if other than "Pr6.96 <= Pr6.95 < (Overload protection level)"
is set, overload warning detection is performed under conventional
conditions (85% of overload protection level).
bit 1:Deterioration diagnosis warning function:
6 97 | B Function expansion | -2147483648 . 0: Invalid, 1: valid
setup 3 —2147483647 bitl4: Over-travel inhibition warning
0: Invalid, 1: valid
Main power off Spe_cifies a time to wait l_mtil a main power off warning is detected when
7 | 14 | ¢ | wamingdetection | 0-2000 | 1ms |M@iN power shut-off continues. -
time 0-9, 2000: Warning detection is disabled.
10-1999: Unit is [ms]

*1) For parameter attribute, refer to Section 9-1.

*2) The numbers of parameters for overload warning detection or release level are different from MINAS-A5BL series.
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(2) Warning types

B General warning

Warning | Output Waning
Warning latch setting mask
. Pr 4.40/ Pr 6.38/
(,_';'e‘;') Warning Rl Pr627 | Prasl Pr 6.39
' *1) *2) Corresponding
bit *3)
The specification for warning detection varies depending on the values of
Pr6.95 (Over-load warning detection level) and Pr6.96 (Over-load warning
release level), and it becomes as shown in the table below.
Pr6.95
Pr6.96 warning warning
Pr6.95 | Pr6.96 | Relationship detection release Remarks
between specification | specification
magnitude
_ Load factor Load factor
Other ) or more Pr6.96 P
A0 Overload warning Other than 0 Pr6.95< O 1 Pr 6.38
*6) than 0 Pré.96 *6) bit 7
0 Load factor | Load factor Please do
is 85% or is less than not set
more of the 85% of the
Other protection protection
than 0 B level level
0
0 Conventional
specification
AL Over-regeneration | Regenerative load factor exceeded 85% of protection level. o ? Pr6.38
warning bit 5
A3 Fan waming Fan has stopped for 1 sec. o 4 P[) 328
Oscillation Oscillation or vibration is detected. Pr6.38
A6 . . (@) 7 .
detection warning bit 13
A7 Lifetime detection | Life expectancy of capacitor or fan becomes short. Latch 8 Pr6.38
warning fixed bit 2
Feedback scale The feedback scale detects the warning. Pr6.38
A8 - (@) 9 :
error warning bit 8
Feedback scale The number of successive feedback scale communication errors exceeds the
Lo o Pr6.38
A9 communication specified value. O 10 bit 10
warning
Deterioration Load characteristic estimates or torque command under constant speed has
. h . Pr6.39
AC diagnosis warning | exceeded the set range. O 22 -
*5) bit7
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B Extended warning

Warning Warning latch Output setting Waning mask
No. Warning Content Pr 6.27 Prasy Pr6.38/Pr6._39
- Pr4.41 Corresponding
(HEX.) 1) *2) bit *3)
When setting of Pr7.14 (Main power off warning
. . detection time) is 10-1999, instantaneous power Pr6.38
3 Main power off warning interruption occurs between L1 and L3 and lasts for © 14 bit 12
a time longer than the setting of Pr7.14.
When bit0 of Pr7.99”Communication function
PANATERM Extended setup 6” is 1 and EtherCAT Pr6.39
D2 command execution communication is established, the operation O 30 bi £8
warning command (such as test run and FFT) by setup
support software (PANATERM) is executed.
Over-travel inhibition Entered the over-travel inhibition state. Pr6.39
D3 warning @) 31 -
*7) bit9
*1) The mark circle indicates that the warning status can be maintained or cleared by the setting of Pr 6.27 “Warning latch

*2)

state setup”.  Battery warning and lifetime detection warning will be in the lath mode only.

Select the warning output signal 1 (WARN 1) or warning output signal 2 (WARN 2) through Pr 4.40 “Warning output
select 1” or Pr 4.41 “Warning output select 2”. When the set value is 0, all warnings are ORed before being output. Do

not set to any value other than those specified in the table above.

*3) A waning detection can be disabled through Pr 6.38 “Warning mask setup” or Pr 6.39 “Warning mask setup 2”,
by setting the bit shown above to 1.
Also note that bit arrangements of these masks are different from MINAS-ABS series (ex. MINAS-AGSE).

*4) The warning can be cleared by the alarm clearing operation.
If the cause of the warning is not yet removed, the warning will be detected again after clearing.

When an external alarm clear (A-CLR) is in the ON state, the warning does not occur.

*5)

Invalidated when Pr6.97 “Function expansion setup 3” bitl = 0.

*6) Settings of Pr6.95 and Pr6.96 allow you to enable the expansion specification of overload warning detection.

*7) Itis disabled when Pr6.97 "Function expansion setting 3" bitl14 is set to 0.
It occurs only when 1 is specified for Pr5.04 "Over-travel inhibition input setting"”.
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* Expansion specification enabled under “Pr6.95 and Pr6.96 are other than 0” and “Pr6.96 <= Pr6.95” and

“Pr6.95 < Pr5.12”
In this specification, the warning latch function is invalid.

Overload
factor[%]

A

Pr6.95

1 1
Pr5.A2 | oo oo
' .

PI6.96  |---mmmmmmmm o mn - emmmmmmm D e

| |
| |
| |
| |
Warning occurrence

T
P Time

+ Conventional specification enabled under conditions other than the above one.
In this specification, the warning latch function depends on the Pr6.27 setting.

Overload
factor[%]

A

85% of
Pr5.12

Pr5.12 b e

T
P Time

|
|
Warning occurrence

If switch to the extended specification by changing the set value of Pr 6.95 or Pr 6.96 during the overload warning

with the warning latch function enabled,

the overload warning may be cleared because the warning latch function become invalid.

(Note)

The numbers of parameters for overload detecting or releasing warning level are different from

MINAS-A5BL series.
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7-4 Setup of gain pre-adjustment protection
Before starting gain adjustment, set the following parameters based on the conditions of use, to assure safe operation.

)]

2)

3)

Setup of over-travel inhibit input

By inputting the limit sensor signal to the driver, the bumping against mechanical end can be prevented. Refer to
interface specification, positive/negative direction overtravel inhibit input (POT/NOT). Set the following
parameters which are related to overtravel inhibit input.

Pr 5.04 Setup of over-travel inhibit input

Pr 5.05 Sequence at over-travel inhibit

Setup of torque limit

By limiting motor maximum torque, damage caused by failure or disturbance such as bite of the machine and
collision will be minimized. To uniformly limit maximum torque by using the parameter Pr 0.13 1st torque limit,
first set Pr 5.21 Selection of torque limit to 0 or 1.

If the torque limit setup is lower than the value required during the actual application, the following two
protective features will be triggered: over-speed protection when overshoot occurs, and excess positional
deviation protection when response to the command delays.

By allocating the torque in-limit output (TLC) of interface specification to the output signal, torque limit
condition can be detected externally.

Setup of over-speed protection

Generates Err 26.0 Over-speed protection when the motor speed is excessively high.

Default setting is the applicable motor over-speed level.

If your application operates below the motor maximum speed, set Pr 5.13 Setup of over-speed level by using the
formula below.

Pr 5.13 Setup of over-speed level = Vmax x (1.2 to 1.5)
Vmax: motor maximum speed [r/min] in operating condition
Factor in () is margin to prevent frequent activation of over-speed protection.

When running the motor at a low speed during initial adjustment stage, setup the overspeed protection by
multiplying the adjusting speed by a certain margin to protect the motor against possible oscillation.
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4)

Setup of the excess positional deviation protection

During the position control , this function detects potential excessive difference between the positional command
and motor position and issues Err 24.0“Excess positional deviation protection”.

Excess positional deviation level can be set to Pr 0.14 “Position deviation excess setup”. The deviation can be
detected through command positional deviation [pulse (command unit)] and feedback scale positional deviation
[pulse (feedback scale unit)], and one of which can be selected by Pr 5.20 “Position setup unit select”. (See the
control block diagram.)

Because the positional deviation during normal operation depends on the operating speed and gain setting, fill
the equation below based on your operating condition and input the resulting value to Pr 0.14.

4-1) In case two degree-of-freedom is set to valid (Pr6.47 bit 0 = 1)
B For Pr5.20 = 0 (Detection by command position deviation)

»  Using command positional deviation (after filter) (Pr7.23 bit14=0)

* In this case, the position deviation cannot be obtained through calculation formula. Set
the value including allowance, by estimating the maximum value of command position
deviation (Pmax) from the actual operation waveform that could be used.

Pr0.14 (Setup of positional deviation excess) = Pmax x (1.2 to 2.0)

Factor in () is margin to prevent frequent activation of excess positional deviation protection.

»  Using command positional deviation (before filter) (Pr7.23 bit14=1)

Pr0.14 (Setup of positional deviation excess) = (P1 + P2 + P3 + P4) x (1.2 to 2.0)

Factor in () is margin to prevent frequent activation of excess positional deviation protection.

Position command smoothing (second-order) accumulator pulse count

: P1=Vc x (set value for Pr2.22 / 10000) x 2
Position command FIR filter accumulator pulse count : P2 =Vc x (set value for Pr2.23 /10000) / 2
Adjustment filter accumulator pulse count : P3 =Vc x (set value for Pr6.48 / 10000)
Damping filter accumulator pulse count : P4 =Vc/(n x damping frequency [Hz])

+ V¢ : maximum frequency of positional command pulse [pulse (command unit)/s]
+ Damping frequency is 1/10 of the set values for Pr2.14 (first), Pr2.16 (second), Pr2.18 (third) and
Pr2.20 (fourth) and is calculated only when the set values are effective. In case multiple damping

controls are valid, P4 shall be calculated for each damping filter and P4 shall be the total of the
calculated values.

B For Pr5.20 = 1 (Detection by feedback scale position deviation)

* In this case, the position deviation cannot be obtained through calculation formula. Set
the value including allowance, by estimating the maximum value of feedback scale
position deviation (Pmax) from the actual operation waveform that could be used.

Pr0.14 (Setup of positional deviation excess) = Pmax x (1.2 to 2.0)

Factor in () is margin to prevent frequent activation of excess positional deviation protection.

+ Measure with the smallest value when switching position loop gain Kp.

+ Setting of command filter and damping control will not have any effect in case Pr 5.20 = 1.
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5)

4-2) In case two degree-of-freedom control is invalid (Pr6.47 bit 0 = 0)
B For Pr5.20 = 0 (Detection by command position deviation)
»  Using command positional deviation (after filter) (Pr7.23 bit14=0)

Pr0.14 (Setup of positional deviation excess) = P1 x (1.2 to 2.0)

Factor in () is margin to prevent frequent activation of excess positional deviation protection.

Command positional deviation :P1=Vc/Kp x ((100 - (set value for Pr1.10/ 10)) /
100)

+ V¢ : maximum frequency of positional command pulse [pulse (command unit)/s]
- Kp : Position loop gain [1/s] (When switching position loop gain Kp, select the smallest value for
calculation.)

»  Using command positional deviation (before filter) (Pr7.23 bitl4=1)

Pr0.14 (Setup of positional deviation excess) = (P1 + P2 + P3 + P4) x (1.2 to0 2.0)

Factor in () is margin to prevent frequent activation of excess positional deviation protection.

Command positional deviation :P1=Vc/Kp x((100 - (set value for Pr1.10/ 10)) /
100)
Position command smoothing (first-order) accumulator pulse count

: P2 = Ve x (set value for Pr2.22 / 10000)
Position command FIR filter accumulator pulse count : P3 =Vc x (set value for Pr2.23 /10000) / 2
Damping filter accumulator pulse count : P4 =Vc/(n x damping frequency [Hz])

+ V¢ : maximum frequency of positional command pulse [pulse (command unit)/s]

+ Kp : Position loop gain [1/s] (When switching position loop gain Kp, select the smallest value for

calculation.)

- Damping frequency is 1/10 of the set values for Pr2.14 (first), Pr2.16 (second), Pr2.18 (third) and
Pr2.20 (fourth) and is calculated only when the set values are effective. In case multiple damping
controls are valid, P4 shall be calculated for each damping filter and P4 shall be the total of the
calculated values.

B For Pr5.20 = 1 (Detection by feedback scale position deviation)

Pr0.14 (Setup of positional deviation excess) = P1 x (1.2 to 2.0)

Factor in () is margin to prevent frequent activation of excess positional deviation protection.
Fedback scale position deviation :P1=Ve/Kp x ((100 - (set value for Pr1.10/ 10)) / 100)

+ Ve : Maximum operation frequency [pulse/s] in feedback scale unit

- Kp : Position loop gain [1/s] (When switching position loop gain Kp, select the smallest value for
calculation.)

+ Setting of command filter and damping control will not have any effect in case Pr 5.20 = 1.

Notes: When switching from the velocity control to position control, position deviation correcting function is
used, which will increase calculation value and error. To cope with these problems, increase the margin.

Setup of motor working range
During the position control , this function detects the motor position which exceeds the revolutions set to Pr 5.14
Motor working range setup, and issues Err 34.0 Software limit protection.

For details, refer to 6-2 Motor working range setup function.
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7-5 About the protection function setting for homing return by using the Z phase

If the following parameters are set, the driver can detect inputting of over-travel inhibition (POT, NOT)
during homing return to the Z phase detection position, which is treated as the origin with the operation

for homing return by the Z phase.

If inputting of over-travel inhibition is detected during the return operation,
Err94.3 (returning to origin error protection 2) occurs, and the motor electricity is cut off, and it is stopped.

Pr7.22 bit7 (Communication function extended setup 1 (In Z phase homing Over-travel inhibit input setup)) =1

(Note)

« If the above value is set to the parameter and the Z phase in the vicinity of inputting of over-travel inhibition
(POT/NOT) is configured as the origin, Err94.3 may be erroneously detected because overshoot occurs while
returning to the Z phase detection position treated as the origin.

In that case, please away the Z phase of the homing completion position from inputting of over-travel inhibition
(POT/NOT), homing return near inputting of over-travel inhibition (POT/NOT) so as not to occur.

B Example of false detection of Err94.3

Z phase detection

| POT/NOT

position treated as

position

the origin
1
speed Vo
L-SPEED + i
[r/min] : :
1 1
_________________ 1
Err94.3 is falsely detected due to h
1
overshoot. !
1
Z phase

s

B Example for preventing false detection of Err94.3

speed

[r/min]

Z phase

| POT/NOT Z phase detection position

treated as ti}e origin
1

L-SPEED

position
4

1
I
1
| 1
1
1 1
________________ | e
1
1
I
1

Err94.3 does not occur even if otor Speed
overshoot occurs.

« If the above value is not set for the parameter, detection of inputting of over-travel inhibition (POT/NOT) during
returning to the Z phase detection position, which is treated as the origin when returning to the origin by the Z

phase,
is disabled.
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(1) Relevant parameters

2) protective function

At-
Class |No.| trib- Title Range | Unit Function
ute *1)

Set up the operation of the run-inhibition (POT, NOT) inputs.

Normally it should be set to 1.

0: Deceleration stop on servo (MINAS-AG6) side (sequence upon inputting
over-travel inhibition)
POT -> inhibits positive direction drive,
NOT -> inhibits negative direction drive.
When POT is input during positive direction driving, stops the drive

Over-travel accorgiin'g to Pr 5._05 Seque_nce at pver-travel inhi.bit. .
5 04 C inhibit input 0.2 o The smllar func_tlon NOT is gpplled in reverse direction.
setup 1: CoE (CiA402) side deceleration stop

POT -> inhibits positive direction drive,
NOT -> inhibits negative direction drive.
When POT is input during positive direction driving, or NOT is input
during negative direction driving, EtherCAT profile slowdown defined
in CoE(CiA402) works and stops it.
The constants at the slowdown differ for every control mode.

2: Deceleration stop on servo (MINAS-A6) side (sequence at alarm)
POT or NOT input activates Err 38.0 Run-inhibition input protection.

Communication 30768 bit7 : In Z phase homing Over-travel inhibit input setup
7 122 R function e 0:Invalid 1:valid
extended setup 1
*1)  For parameter attribute, refer to Section 9-1.

Error No. Protective Causes Measures
Main | Main function
* When Pr7.22 bit7 =1 and Pr5.04 =0 or 1 (Pr5.04 is * Expand the distance between Z phase and POT or
ignored under pp mode), POT or NOT has become ON | NOT.
Home position whil_e retu_rn operation to detected Z phase position at
94 3 return error2 homing with Z phase. * After confirming the safety, it's made bit7 of Pr7.22
* The return amount to the detected Z phase position (Communication function extended setup 1)
became abnormal in Home position return which =0(Invalid).
used Z phase.
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8. Safety function

Available for [A6BM](ending with:M) only. It cannot be used in [A6BL](ending with:L)

This servo driver has safety function.

< Change point from MINAS-A5BL series>

MINAS-A5SBM

MINAS-A6BM

STO operation

Alarm generation
(Err30.0)

No alarm
(7-segment LED is "St")

Release method of
STO state

Release STO factor
and
Alarm clear

After the STO state status
When the alarm is not generated

After the STO state status
When the alarm is generated

Release of the factors of STO
and
PSD state is switch on disabled

Release of the factors of STO/alarm

and
Alarm clear

8-1 Outline of safe torque off (STO) function

The safe torque off (STO) function is a safety function that shuts the motor current and turns off motor output
torque by forcibly turning off the driving signal of the servo driver internal power transistor. For this purpose, the
STO uses safety input signal and hardware (circuit).

I
i
I
'
|
'
|
|
'
— Cutaft 1 :
-5 T ] :
st O s, (N | |
SF2 | L 4 . 1
|

: { M

pe— li'ur_nﬁ ! } 3 -

|
'
= P ‘}l :r‘l - K K :
= ! |
| '
| |
'
— EDM E
EOM i
|
)
I
]
)
|

When STO is activated, the servo driver turns off the servo-ready output signal (S-RDY) and goes into a STO
state, with the indication in the front panel turning to “St”. When STO input is released and servo-on input is Off,
it will automatically transition itself to Servo ready state.

PDS state becomes switch on disabled, and ESM state will not shift.

Note 1) Difference in operation compared to MINAS-A5BL series:
Even if STO function is activated, it will not go into an alarm state, unlike the ASBL series.
When safety function detects an error, it will trigger an alarm (Err31.0, Err31.2)
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8-2 Input/output signal specification
8-2-1 Safety input signal
» Two safety input circuit channels

that trigger STO function are provided.

Connector Control mode
Class| Signal name | Signal pin Content e Velocity Torque
number
SF1 + X3-4 Itis input 1 that triggers STO function. This input
turns off the upper arm drive signal of power
. transistor.
Safet t1l - . L
alely inpu When using the function, connect this pin in a way ©
so that the photocoupler of this input circuit turns off
SF1- X3-3 to activate STO function.
5
o
£
SF2 + X3-6 It is input 2 that triggers STO function. This input
turns off the lower arm drive signal of power
. transistor.
Safety input 2 When using the function, connect this pin in a way ©
so that the photocoupler of this input circuit turns off
SF2- | X35 to activate STO function.

» Safety input 1 or 2 enables STO to operate within 5 ms after input, and then the motor output torque will be turned

off.

* Input the same signal to Safety input 1 and 2.

NOTE) Safety equipment self-diagnosis L pulse

The safety output signal from

the safety equipment such as safety controller and safety sensor may include L

pulse for self-diagnosis. To prevent the L pulse from mis-triggering STO function, the safety input circuit has
built-in filter that removes the self-diagnosis L pulse.
Therefore, if the off period of safety input signal less than 1 ms, the safety input circuit does not detect this off

event.

To validate this off period, turn off the safety input signal for more than 5 ms.

L pulse for self-diagnosis

Safety input
signal

1ms or less

Servo drive amplifier
Operation

‘ 5ms or above

—

' \ |
1

5ms or less

STO state

Normal operation

R8.1
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8-2-2 External device monitor (EDM) output signal

Output

* The monitor output signal is used by the external device to monitor the state of the safety input signal.

Be sure to connect the monitor output to the external device monitor terminal of the safety equipment such as
safety controller and safety sensor.

EDM +

X3-8
* Output monitor signal that is used to check the safety

EDM output function. ?

EDM- X3-7

* Logical relationship between safety input signal and EDM output signal is as follows.

Under normal conditions, when both safety input 1 and 2 are off, i.e. when STO function of 2 safety input channels
are active, the photocoupler in EDM output circuit turns on.

SF1 ON ON OFF OFF
Safety input

SF2 ON OFF ON OFF
EDM output EDM OFF OFF OFF ON

By monitoring the logics (all 4 states) of photocoupler shown in the table above, the external device can determine
the status (normal or abnormal) of safety input circuit and EDM output circuit. That is to say, in the case of an
anomaly, although both safety input 1 and 2 are off, the photocoupler in EDM output circuit does not turn on.

Or, although either safety input 1 or 2 or both safety input 1 and 2 turned on, the state in which the photocoupler in
EDM output circuit turned on has been detected.

* Maximum delay time from input of safety 1 and 2 signals to output of EDM signal is 6 ms.

« In order to satisfy all the specification of functional safety, it is necessary to monitor the EDM signal with the host
controller.

« Be sure to monitor the EDM signal at starting up the driver, every 3 months, and safety input.
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8-3 Description of functions

8-3-1 Activation to STO state, timing diagram

Servo-on input
(SRV-ON)

Safety input 1

Photocoupler ON

(Servo-on command)

Photocoupler

Photocoupler OFF
(Servo-off command)

Photocoupler OFF (STO state)

Safety input 2 *3 ON '
E ' max 5ms
o Energized |
Motor energization flow ; Non-energized flow
. ! max 6ms
Photocoupler: |
EDM output OFF P Pl Photocoupler ON
! ! 0.5~5ms
Dynamic brake *2 Release E Action
P Photocoupler
Servo ready output  Photocoupler ON OFF (Not ready)
(S-RDY) (Ready) P
E EPr4.385el1ingvaJue
B —
Brake release output  Photocoupler ON Photocoupler OFF (Brake action)
(BRK-OFF) (Brake release)! !
P i
v'\agioFr’rritggoslat:isgfgldug — J:_ j_ _____ é_ — ﬁf Pr4.38 set value is faster ]
E éPr4.385et1jngv:;1Iue
[ S—
Photocoupler ON Photocoupler OFF (Brake action)
(Brake release): .
t1 1

Motor rotational speed
with Pr4.39 setting value  __

External brake

*1.

T

If faster to fall below Pr4.39
set value.

*5 !

Release

Action

elapsing time for the motor speed to fall below Pr4.39 “Brake release speed setup.”

*2.

Dynamic brake operates to the setting of Pr5.10 Sequence at alarm.

(In STO state, even if an alarm does not occur, “Sequence at alarm” is applied.)

*3.
*4,
*5.

To work STO function, please turn off safety input 1 and 2 at the same time.
The driver will not enter an alarm state.
Since servo-lock cannot be performed in the interval after motor energization is cut off until the external brake

t1 will be a shorter time of either the setup value of Pr4.38 “Mechanical brake action at running setup” or

operates, the work may fall by gravity from the vertical axis. Take an appropriate measure to prevent this.

R8.1
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8-3-2 Return timing diagram from STO state

STO state Servo Off state

4
3

Photocoupler OFF

(Servo-bff command) Photocoupler ON

(Servo-on command)

Servo-on input
(SRV-ON)*1

E After servo On
input command,
it will follow
the normal
5 servo-on/off
; action timing
. , diagram. (Refer
——%Mak 6 ms to 9-2, Timing

. Photocoupler s
Safety input 1 OEE Photocoupler ON
Safety input 2 —_— '

Motor energization Non-energized flow

EDM output CP)r|1\lo'tocoupler5 Photocoupler OFF chart)
Dynamic brake Action *zi 5 Release *3
*, i :

4 E —r—— Approx 2 ms

%E—FlG ms or more
Photocoupler OFF m I

Servo ready (Not ready) Photocoupler ON
output (S-RDY) (Ready)

Brake release

output (BRK-OFF) Photocoupler OFF (Brake action)

*1. Photocouplers for safety input 1 and 2 should be turned on again with servo-on input turned off.
Returning photocouplers for safety inputs 1 and 2 to ON will automatically reset it to Servo ready mode.
There is no need to conduct alarm-clear.
*2. Thisis an STO state and the dynamic brake operates according to Pr5.10 “Sequence at alarm.”
(In STO state, even if an alarm does not occur, “Sequence at alarm” is applied.)
*3. This is normal servo-off condition and the dynamic brake operates according to Pr5.06 “Sequence at servo-off.”
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8-4 Connection example

< Attention point when connecting >
+ Depending on the safety device to be connected, it is necessary to turn on the power supply of the driver first.
At this time, the state of the driver becomes an alarm in MINAS-AS5 series, becomes STO state in MINAS-A6

Series.

The method of returning from the alarm state or STO state is as follows.
K MINAS-AS series>
@ Turn off servo ON command
@ Return the photo couplers for safety input 1 and 2 to ON.
@ Release the alarm.

K MINAS-AB series>
@ Turn off servo ON command
@ Return the photo couplers for safety input 1 and 2 to ON.
* Automatically return to the servo ready state.

8-4-1 Example of connection to safety switch

EDM input

Safety
controller

Safety output
(source)

ov
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8-4-2 Example of connection when using multiple axes

EDM input

servo driver oo

Safety
controller

3

Sensor

S14

Safety output
(source)

SF1+, SF1-, SF2+, SF2-: Safety input
EDM+, EDM-: EDM output

* Capacity requirement per safety output (source) channel: 5xNo. of connected axes (mA)
* DC 24 V supply allowable voltage: 24 V£15 %
* Maximum No. of connectable axes: 8 axes *1

*1. The value is for reference.
When connecting EDM output in series, since the collector saturation voltage Vce (sat) of the built-in
photocoupler is approx. 1 V, the maximum number of connectable axes is limited. This Vce (sat) changes
depending on the collector current.
In addition, since approx. 5 mA per circuit is carried to SF input, as the number of connected axes increases,
this current increases proportionally. It is required to limit the number of connected axes in order to prevent
from exceeding the maximum output current on the safety controller side.
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8-5 Safety precautions

When using the STO function, be sure to perform equipment risk assessment to ensure that the system
conforms to the safety requirements.
For use in the state not satisfying the safety requirement function, in some cases personal injury may result.

Even while the STO function is working, the following potential safety hazards exist. Check safety in risk

assessment.

Incorrect use may cause personal injury in some cases.

+ The motor may move when external force (e.g. gravity force on vertical axis) is exerted on it. Provide
an external brake, etc., as necessary to secure the motor. Note that the purpose of servo motor with brake
is holding and it cannot be used for braking application.

+ When parameter Pr5.10 “Sequence at alarm” is set to free run (disable dynamic brake), the motor is free
run state and requires longer stop distance even if no external force is applied. Make sure that this does
not cause any problem.

(In STO state, even if an alarm does not occur, “Sequence at alarm” is applied.)

- When power transistor, etc., becomes defective, the motor will move about180 degrees in electrical
angle. Make sure that this does not cause any problem.

+ The STO turns off the current to the motor but does not turn off power to the servo driver and does not
isolate it. When starting maintenance service on the servo driver, turn off the driver by using a different
disconnecting device.

EDM output signal is not a safety output. Do not use it for an application other than failure monitoring.
Incorrect use may cause personal injury in some cases.

Dynamic brake and external brake release signal output are not related to safety function. When designing
the system, make sure that the failure of external brake release during STO state does not result in danger
condition.

Incorrect use may cause personal injury in some cases.

When using the STO function, connect equipment conforming to the safety standards.
Use of equipment not compliant with safety standards, in some cases personal injury may result.

R8.1
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9. Other
9-1 List of parameters

The attribute of a parameter indicates the point at which the modified parameter setting becomes effective.

A : Always effective

B : Do not change while the motor is operating or command is transferred.
Changes while the motor is operating or command is transferred may result in transiently unstable operation
and should be avoided as much as possible.

C : Effective after reset control power or after pin assign setting from PANATERM

R : Effective after reset control power

X :Read only - It cannot be changed using the normal procedure.

9-1-1 Class 0: Basic setting

) ) Size ) ) Related
Class | No. Title Unit Range Function / Contents Attribute control  |Reference
37l mode
0 00 |For manufacturer’s use — — 2 Permanently set at 1. — — —
01 |For manufacturer’s use — — —  [Permanently set at 0. — — —
02 Real-time auto-gain 0.6 2 You can set up the action mode of the real- B All gié
tuning setup time auto-gain tuning. 5.1.3
Real-time auto-tuning . . . . 5-1-1
03 |machine stiffness — 0-31 2 is:otﬁgeamatif:]lir:%stlﬁness during real-time B All 5-1-2
setup ) 5-1-3
04 |inertia ratio % 0-10000 2 You can set up the ratio of the Ipad i_nertia B All -
against the rotor (of the motor) inertia.
08 |For manufacturer’s use — — 4 Permanently set at 0. — — —
09 |For manufacturer’s use — — 4 Permanently set at 1. — — —
10 |For manufacturer’s use — — 4 Permanently set at 1. — — —
11 Numerator qf pulse pulse/r | 1-2097152 4 Set the numerator of pulse output division. R All 4-2-5
output division
Reversal of pulse .
12 |output logic/ — 0-3 2 Yotu ctan sert up ;qﬁ B-prase |<t)glttl and the R All 4-2-5
output source selection output source ot the pulse output.
You can set up the 1st limit value of the motor
output torque.
In addition, the actual torque applied is
limited with the maximum torque limit for the
motor applied. (The parameter value is not 6-1
13 |1st torque limit % 0-500 2 limited) B All 7.
Note that the maximum torque limit for the
motor applied can be calculated according to
the expression given below.
Maximum torque limit [%]
=100 x Pr9.07 / (Pr 9.06 x \2).
Set excess range of positional deviation by the
command unit.Err24.0 (Error detection of
position deviation excess) becomes invalid
14 Position deviation command 0_2% 4 when it set up this to O.Urjit is according to A Position, 7.4
excess setup unit Pr5.20 (Position setup unit select).
The shipping set value is equivalent to 10
rotations when the command pluse per
rotation is 23-bits.
15 |For manufacturer’s use — — —  [Permanently set at 1. — — —
Extemnal regenerative Set up items related to regenerative resistor.
16 - — 0-3 2 $¢Please do not change the shipment value C All 4-5
resistor setup . .
setting with V frame.
Selection of load fSelect ]Ehe computlation methpd of I_oading
oo |~ | oa | o [eEeemmmenesse o || s
regenerative resistor e h
setting with V frame.
18 |For manufacturer’s use - - 2 Permanently set at 0. - - -
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9-1-2 Class 1: Gain adjustment

Size Related
Class | No. Title Unit Range Function / Contents Attribute control Reference
77 mode
1 00 llos(t)r?aln of position 0.1/s | 0-30000 2 Set the 1st gain of position loop. B Position, 5-2
01 |1stvelocity loop gain| 0.1 Hz | 1-32767 2 Set the 1st gain of velocity loop. B All 5-2
. Set the 1st velocity loop integration time
1st velocity loop constant
02 |integration time 0.1 ms | 1-10000 2 L . . . B All 5-2
constant Keep integration if setting value is 9999.
Becomes invalid if setting value is 10000.
03 1st f||t_er of velocity ) 05 2 Set the 1st velocity detection filter to one of B All 5.9
detection 6 levels.
04 1st torque filter time 0.01ms | 0-2500 2 Set the time constant of the 1st torque B All 5.9
constant filter.
05 fonéjpgam of position 0.1/s | 0-30000 2 Set the 2nd position loop gain. B Position, 5-2
06 S;;ﬁnvelomty loop 0.1Hz | 1-32767 2 Set the 2nd velocity proportional gain. B All 5-2
2nd velocity loop ?g;;?:nfnd velocity integration time
07 |integration time 0.1ms | 1-10000 2 L - . . B All 5-2
constant Keep integration if setting value is 9999.
Becomes invalid if setting value is 10000.
08 2nd fl!ter of velocity ) 0.5 5 Set the 2nd velocity detection filter to one of B All 5.0
detection 6 levels.
0g [2ndtoraue fitertime | 5,01 ms | 02500 | 2 |Setthe time constant of the 2nd torque ilter. | B All 5-2
Velocity feed 0 . : .
10 forward gain 0.1% 0-4000 2 Set the velocity feed forward gain. B Position, 5-2-8
Set the time constant of velocity feed
Velocity feed forward filter. .
| forward filter 0.01ms | 0-6400 2 |1t becomes invalid in B Position, 5-2-8
two-degree-of-freedom control mode.
12 ;;)irr?ue feed forward 0.1% 0-2000 2 Set the torque feed forward gain. B All 5-2-8
13 E?ﬂue feed forward 0.01ms | 0-6400 2 Set the torque feed forward filter. B All 5-2-8
14 |2nd gain setup ) 01 5 Using the gain switching functlon, set this B All 5.9.4
parameter for the best tuning.
15 |Mode of position ) 0-10 5 |Setthe condition of gain switching for B Position, 5.9.4
control switching position control.
Delay time of - o
16 |position control 0.1ms | 0-10000 2 Set the d_e lay time when switching from 2nd B Position, 5-2-4
S to 1st gain.
switching
17 |Level of position - | 020000 | 2 |Setthe gain switching level. B Position, | 5-2-4
control switching
Hysteresis at position . . o .
18 control switching - 0-20000 2 Set the hysteresis at gain switching. B Position, 5-2-4
19 Position gain 01ms | 0-10000 2 Set the position gain switching time upon B Position, 594
switching time gain switching.
oo |Mode of velocity ) 0.5 o |Setthe condition of gain switching for B Velocity 594
control switching velocity control
Delay time of . -
21 |velocity control 0.1ms | 0-10000 2 Set the d_elay time when switching from 2nd B Velocity 5-2-4
A to 1st gain.
switching
22 Level of V?IOC.'ty - 0-20000 2 Set the gain switching level. B Velocity 5-2-4
control switching
Hysteresis at velocity . . o .
23 control switching - 0-20000 2 Set the hysteresis at gain switching. B Velocity 5-2-4
24 Mode of torque ) 0.3 2 Set the condition of gain switching for torque B Torque 594
control switching control
25 Delay tlmg of _torque 01ms | 0-10000 2 Set the dglay time when switching from 2nd B Torque 5.9.4
control switching to 1st gain.
26 Level of torque - 0-20000 2 Set the gain switching level. B Torque 5-2-4
control switching
Hysteresis at torque . - o
27 control switching - 0-20000 2 Set the hysteresis at gain switching. B Torque 5-2-4

(To be continued)
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Class | No. Title Unit | Range [E;f(g] Function / Contents Attribute | Related control mode | Reference
1 28 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
29 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
30 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
31 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
32 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
33 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
34 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
35 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
36 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
37 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
38 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
39 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
40 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
41 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
42 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
43 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
44 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
45 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
46 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
47 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
48 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
49 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
50 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
51 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
52 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
53 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
54 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
55 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
56 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
57 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
58 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
59 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
60 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
61 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
62 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
63 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
64 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
65 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
66 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
67 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
68 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
69 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
70 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
71 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
72 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
73 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
74 | For manufacturer’s use - - 2 Do not change factory default settings. - - -
75 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
76 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
77 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
78 | For manufacturer’s use - - 2 | Do not change factory default settings. - - -
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9-1-3 Class 2: Damping control

Size Related
Class|No. Title Unit | Range Function / Contents Attribute| control  |Reference
77 mode

2 |00 Adaptive filter mode | 0-6 2 | Set the operation of adaptive filter. B Position, 5-1-2

setup Velocity,
50_ Set the notch frequency of 1st resonance suppression notch filter.
01 |1st notch frequency | Hz 5000 2 | Set the notch frequency to the resonance frequency of the B All 5-2-5
machine.

02 ;Leslter;(t)itgr:] width - | 0-20 2 |Set the notch width of 1st resonance suppression notch filter. B All 5-2-5
03 ieslter;(t)itgrr: depth - 0-99 2 | Set the notch depth of 1st resonance suppression notch filter. B All 5-2-5
50 Set the notch frequency of 2nd resonance suppression notch filter.

04 |2nd notch frequency | Hz 5000 2 | Set the notch frequency to the resonance frequency of the B All 5-2-5

machine.
05 iﬁcnt?;ﬁh width - 0-20 2 | Set the notch width of 2nd resonance suppression notch filter. B All 5-2-5
06 iﬁcnt?;ﬁh depth - | 0-99 2 | Set the notch depth of 2nd resonance suppression notch filter. B All 5-2-5
Set the notch frequency of 3rd resonance suppression notch filter.
50— Set the notch frequency to the resonance frequency of the 5-1-2
07 |3rd notch frequency | Hz 5000 2 machine. B All 5.0.5
Automatically set when the adaptive notch is enabled.
08 3rd notch width - | 020 2 Set the notch width of 3rd resonance suppression notch filter. B All 5-1-2
selection Automatically set when the adaptive notch is enabled. 5-2-5
09 3rd notch depth - | 099 5 Set the notch depth of 3rd resonance suppression notch filter. B All 5-1-2
selection Automatically set when the adaptive notch is enabled. 5-2-5
Set the notch frequency of 4th resonance suppression notch filter.
50— Set the notch frequency to the resonance frequency of the 5-1-2
10 |4th notch frequency | Hz 5000 2 machine. B All 5.0.5
Automatically set when the adaptive notch is enabled.
1 4th notch width - | 020 5 Set the notch width of 4th resonance suppression notch filter. B All 5-1-2
selection Automatically set when the adaptive notch is enabled. 5-2-5
12 4th notch depth ) 0-99 5 Set the notch depth of 4th resonance suppression notch filter. B All 5-1-2
selection Automatically set when the adaptive notch is enabled. 5-2-5
Selection of Select the filters to be used for damping control.
13 |damping filter - 0-6 2 B Position, 5-2-6
switching
- You can set up the 1st damping frequency of the damping control which
14 ]}:: ?Jaerr?é)mg ?_é 3860 2 | suppresses vibration at the load edge. B Position, 5-2-6
q Y Setting value of 5 (= 0.5 Hz) or higher is valid.
1st damping filter 01 0 Fine tune the 1st filter damping control.
15 pINg : 2 | Decrease the setting value to avoid torque saturation or increase the B Position, 5-2-6
setup Hz | 1500 :
value to improve the response.
2nd dampin 01 0 You can set up the 2nd damping frequency of the damping control
16 ping : 2 |which suppresses vibration at the load edge. Setting value of 5 (= 0.5 B Position, 5-2-6
frequency Hz | 3000 . A
Hz) or higher is valid.
- Fine tune the 2nd filter damping control.
17 2nd damping filter | 0.1 o 2 | Decrease the setting value to avoid torque saturation or increase the B Position, 5-2-6
setup Hz | 1500 :
value to improve the response.
3rd dampin 01 0 You can set up the 3rd damping frequency of the damping control which
18 ping : 2 |suppresses vibration at the load edge. Setting value of 5 (= 0.5 Hz) or B Position, 5-2-6
frequency Hz | 3000 - -
higher is valid.
- Fine tune the 3rd filter damping control.
19 3rd damping filter 0.1 o 2 | Decrease the setting value to avoid torque saturation or increase the B Position, 5-2-6
setup Hz | 1500 :
value to improve the response.
4th dampin 01 0 You can set up the 4th damping frequency of the damping control which
20 Ping ) 2 |suppresses vibration at the load edge. Setting value of 5 (= 0.5 Hz) or B Position, 5-2-6
frequency Hz | 3000 - -
higher is valid.
. Fine tune the 4th filter damping control.
21 Ath damping filter 0.1 o 2 | Decrease the setting value to avoid torque saturation or increase the B Position, 5-2-6
setup Hz | 1500 :
value to improve the response.
(To be continued)
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Class 2: Damping control

Size Related
Class | No. Title Unit | Range Function / Contents Attribute |  control Reference
[byte] mode
[For position control]
« For conventional control (Pr 6.47 bit 0 = 0)
Will set time constant of primary delay filter against position
command.
« 2 degrees of freedom control (Pr 6.47 bit 0 = 1)
Will be set to time constant of command response filter.
Maximum value is limited to 2,000 (=200.0 ms) *1
. [For velocity control] Py
Positional 01 |0- « For conventional control (Pr 6.47 bit 0 = 0) Position, 4-2-3
2 | 22 | command 2 hi - ill be i d B loci 5-2-14
smoothing filter ms | 10000 This setting will be ignored. ) Velocity, 5.9-15
« 2 degrees of freedom control (Pr 6.47 bit 0 = 1)
Will be set to time constant of command response filter.
Maximum value is limited to 640 (= 64.0 ms) *1
*1: The value of the parameter itself will not be limited but the
value to be applied will be limited within the driver.
Attenuation term can be set at Pr 6.49 “Adjust/Torque
command attenuation term”.
Positional 0.1 0- Set the time constant of the FIR filter in response to the -
23 | command FIR filter | ms | 10000 | 2 positional command. B Position, 4-2-3
Set the notch frequency for the 5th resonance suppression
50- notch filter.
24 | 5th notch frequency | Hz 5000 2 Set the notch frequency to the resonance frequency of the B Al 525
machine.
5th notch width Set the notch width for the 5th resonance suppression notch
%5 | selection “ OO 2 fiper, B Al 5-2-5
2% 5th nqtch depth ) 0-99 2 S_et the notch depth for the 5th resonance suppression notch B All 505
selection filter.
27 Lst dampl_ng - |0-1000| 2 | Fine tune the 1st damping control function. B Position, 5-2-6
width setting
2nd damping . . . .
28 width setting - |0-1000| 2 | Fine tune the 2nd damping control function. B Position, 5-2-6
3rd damping ] . . .
29 width setting - |0-1000| 2 | Fine tune the 3rd damping control function. B Position, 5-2-6
30 4t.h dampl_ng - |0-1000| 2 | Fine tune the 4th damping control function. B Position, 5-2-6
width setting
31 Eger manufacturer’s - - 2 | Permanently set at 0. - - -
32 E;’; manufacturer’s | _ - 2 | Permanently set at 0. - - -
33 5;’; manufacturer’s - - 2 | Permanently set at 0. - - -
34 5;’; manufacturer’s - - 2 | Permanently set at 0. - - -
35 Egg manufacturer’s - - 2 | Permanently set at 0. - - -
36 E:; manufacturer’s - - 2 | Permanently set at 0. - - -
37 5;’; manufacturer’s | _ - 2 | Permanently set at O. - - -
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9-1-4 Class 3: Velocity/ Torque/ Scale

; Related
Class [ No. Title Unit |Range St Function / Contents Attribute| control |Reference
77 mode
3 | 04 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
05 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
12 | Acceleration time setup ({]E)SO/O 1(?&)0 5 Set th_e ag:celerat_ion processing time in response to the B Velocity | 4-3-3
timin) velocity instruction input.
13 | Deceleration time setup ({]E)SO/O . (?0700 5 Set th_e dgcelerat_ion _processing time in response to the B Velocity | 4-3-3
timin) velocity instruction input.
14 Sigmoid acceleration/ ms 0- 5 Set the S-curve time for acceleration/deceleration Velocity | 4-3-3
deceleration time setup 1000 process when the velocity instruction is applied.
17 | Selection of speed limit — 2 2 | Set the speed limit Torque 4-4-1
21 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
22 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
Select the type of feedback scale.
0: A,B phase output type
1: Serial communication type (incremental
specification) 4-6-1
23 |Feedback scale selection — 0-6 2 |2: Serial communication type (absolute specification) R All 4.7
3: For manufacturer’s use
4: For manufacturer’s use
5: For manufacturer’s use
6: Serial communication type (absolute spec.)
24 |For manufacturer’s use — — 4 |Permanently set at 0. — — —
25 |For manufacturer’s use — — 4 |Permanently set at 1. — — —
Reversal of direction of Set the polarity of feedback scale feedback pulse and
26 | feedback scale & CS B 031 2 lihecs signal. R Al 4t
Feedback scale Z phase Validate/Invalidate Z-phase disconnection detection
27 |disconnection detection — 0-1 2 |when using AB phase output type feedback scale. R All 4-7
disable 0: Valid, 1: Invalid
28 | For manufacturer’s use — — 4 |Permanently set at 1. — — —
29 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
33 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
34 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
35 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
36 |For manufacturer’s use — — 4 | Permanently set at 0. — — —
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9-1-5 Class 4: 1/0 monitor setting

; Related
Class [ No. Title Unit Range I Function / Contents Attribute| control |Reference
37l mode
. . 0- - -
4 | 00 |SI1 input selection — 0OFFFFEEn | 4 | Set function and logic of SI1. C All 2-4-1
. . 0— - -
01 |SI2 input selection — | oorrrreen | 4 |Set function and logic of SI2. C All 2-4-1
. . 0— - -
02 |SI3 input selection — | oorrrreen | 4 |Set function and logic of SI3. C All 2-4-1
- - 0— - -
03 |SI4 input selection — | oorrrreen | 4 | Set function and logic of SI4. C All 2-4-1
- - 0— - -
04 |SI5 input selection — | oorrrrren | 4 | Set function and logic of SIS. C All 2-4-1
- - 0 - -
05 |SI6 input selection — | oorrrrren | 4 | Set function and logic of SI6. C All 2-4-1
. . 0— - -
06 [SI7 input selection — 0OFFFFEEn | 4 | Set function and logic of SI7. C All 2-4-1
. . 0— - -
07 |SI8 input selection — | oorrrrren | 4 |Set function and logic of SI8. C All 2-4-1
- 0— - -
10 | SO1 output selection — | oorrrreen | 4 | Set SO1 function allocation. C All 2-4-2
- 0— - -
11 | SO2 output selection — | oorrrreen | 4 | Set SO2 function allocation. C All 2-4-2
0 Set SO3 function allocation.
12 | SO3 output selection — OOFF,;FFFh 4 | %Please do not change the shipment value setting C All 2-4-2
with V frame.
Tvpe of analod monitor Select the type of monitor for analog monitor 1.
16 1yp 9 — 0;13)0 2 | %Please do not change the shipment value setting A All 34
with V frame.
Analoa monitor 1 outout Set the output gain of analog monitor 1.
17 ain 9 P — |0-214748364| 4 |*:Please do not change the shipment value setting A All 34
9 with V frame.
Tvpe of analod monitor Select the type of monitor for analog monitor 2.
18|, P 9 — 0;13)0 2 | Please do not change the shipment value setting A All 3-4
with V frame.
Analod monitor 2 outout Set the output gain of analog monitor 2.
19 ain 9 P — |0-214748364| 4 |*:Please do not change the shipment value setting A All 3-4
9 with V frame.
Analod monitor outout Select output voltage format of the analog monitor.
21 9 P — 0-2 2 | Please do not change the shipment value setting A All 3-4
setup .
with V frame.
22 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
23 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
24 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
Set allowable the number of pulses for positioning
Positioning complete  |Command| , . complete signal (INP). . >y
81 (In-position) range unit 0-2007152 4 Unit is according to Pr5.20 “Position setup unit A Position, 4-2-4
select”.
Positioning complete
32 |(In-position) output - 0-10 2 | Set the condition for positioning complete output. A Position, 4-2-4
setup
33 |INP hold time ms 0-30000 2 |Set the INP hold time A Position, 4-2-4
34 | Zero-speed r/min | 10-20000 2 | Set threshold for zero speed (ZSP) detection. A All 2-4-2
Speed coincidence Set the detection threshold of speed coincidence Velocit
35 raFL o r/min | 10-20000 2 |output (V-COIN) by the difference between the A Tor ue):/’ 4-3-2
Y velocity command and the actual speed. a
At-speed (Speed . Set the detection timing of the speed arrival output Velocity, o
36 arrival) r/min | 10-20000 2 (AT-SPEED). A Torque 4-3-1
37 Me_chanlcal b_rake ms 0-10000 2 | Set the mechanical brake operating time at stalling. B All 9-2-2
action at stalling setup
6-3-7
Mechanical brake . N . 8-3-1
38 . - ms 0-32000 2 | Set the mechanical brake operating time at running. B All 9-2-3
action at running setup 9-2-4
9-2-5
8-3-1
39 Brake release speed t/min 30-3000 2 Set the speed tlmlng for Jugigement of mechanical B All 9-2-3
setup brake output during operation. 9-2-4
9-2-5

*1) In the enhanced version 4 and earlier, the setting range is 0 to 28.

(To be continued)
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} ) Size ; ) Related
Class | No. Title Unit Range Function / Contents Attribute | control | Reference
[byte] mode
4 | a0 Selection of alarm o 0-40 2 Select the type of warning issued as the A All 7.3
output 1 alarm output 1.
a1 Selection of alarm . 0-40 5 Select the type of warning issued as the A All 7.3
output 2 alarm output 2.
Set the acceptable number of pulses for
Positioning complete | Command ositioning complete signal 2 (INP2). .
42 (In-positio?]) range 2 unit 0-2007152 4 %nit is accgording to Pr5920 “P(()sitiorz setup A Position, | 4-2-4
unit select”.
Position comparison Set the pulse width of the signal that is
44 | output pulse width 0.1ms 0-32767 2 | output for position comparison. R All 65
setting The signal is not output when 0 is set.
Set the polarity of position comparison
output by bit setup for each output terminal.
+ Setup bits
bit0: SO1,0CMP1
bitl: SO2,0CMP2
bit2: SO3,0CMP3
Position comparison . S.etup values of each settin_g bit
45 | output polarity ) 0-7 2 0: The output photocoupler is turned ON for R Al 65
selection SO1to3 anq issetto _L level for OCMP1
to 3, respectively, during pulse output.
1: The output photocoupler is turned OFF
for SO1 to 3 and is set to H level for
OCMP1 to 3, respectively, during pulse
output.
Basically, use this function as 0.
»¢Do not use SO3 with V frame.
Pulse regeneration output/Select the signal to
be output from the pulse generation output
47 | Pulse output selection ) 01 5 term.inal or Position comparison output R Al 4-25
terminal. 6-5
0: Feedback scale output signal
1: Position comparison output signal
48 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 1 unit 2147483647 comparison output 1.
49 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 2 unit 2147483647 comparison output 2.
50 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 3 unit 2147483647 comparison output 3.
51 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 4 unit 2147483647 comparison output 4.
52 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 5 unit 2147483647 comparison output 5.
53 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 6 unit 2147483647 comparison output 6.
54 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 7 unit 2147483647 comparison output 7.
55 Position comparison Command | -2147483648— 4 Set the comparison value for position A Al 65
value 8 unit 2147483647 comparison output 8.
Position comparison -32768 Compensate the delay in the position
56 | output delay 0.1us 30767 2 | comparison output signaled by the circuit. R All 65
compensation amount
Set the output terminals corresponding to
position comparison values 1 to 8 by bit
setup.
Multiple position comparison values can be
set up on one output terminal.
+ Setup bits
bit0 to 3 : Position comparison output 1
bit4 to 7 : Position comparison output 2
bit8 to 11: Position comparison output 3
bit12 to 15 : Position comparison output 4
Position comparison 2147483648 b!th to 19: Pos_it_ion compar_ison output 5
57 | output assignment - 9147483647 4 bit20 to 23 Position comparison output 6 R All 65
setting bit24 to 27 : Position comparison output 7
bit28 to 31: Position comparison output 8
+ Setup values of each setting bit
0000b : Output disabled
0001b: Assigned to SO1,0CMP1
0010b : Assigned to SO2,0CMP2
0011b : Assigned to SO3,0CMP3
Other than above:
For manufacturer’s use
(Do not set.)
#¢Do not use SO3 with V frame.
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9-1-6 Class 5: Enhancing setting

. Related
Class [ No. Title Unit | Range [ﬁ;ztg] Function / Contents Attribute| control |Reference
mode
5 |03 5&%%?&?3};2? pulse | 832?87608 4 Set up the denominator of pulse output division. R All 4-2-5
04 Over-travel inhibit o 02 5 Set the operation of the inhibit positive/ negative direction c All 6;:_3;11
input setup travel inputs. 7.5
05 | Seduence at over- — 0-2 2 Set the sequence when over-travel inhibit is input All 6-3-1
travel inhibit ' 7-4
06 |Sequence at Servo-Off | — 0-9 2 Set the sequence while servo is OFF. B All 6-3-2
Sequence upon main Set the sequence while main AC power is OFF.
07 — 0-9 2 *¢Please do not change the shipment value setting with VV B All 6-3-3
power off frame.
Select LYV trip or servo OFF upon occurrence of main AC
power alarm.
Setup the condition to detect main AC power OFF alarm
when the main AC powver is kept interrupted for a time longer
than the time set by Pr7.14.
bit0  0:The servo off according to the setting
LIV trip selection of 6007h(Abort connection option
08 ; — 0-3 2 code) or Pr5.07. B All 6-3-3
upon main power off 1: Trip with Err 13.1 Main power undervoltage
protection.
bit1 0: Detect main AC power OFF alarm only when servo
isin ON state.
1: Always detect main AC power OFF alarm.
S Please do not change the shipment value setting with V
frame.
Set the main AC power alarm detection time.
L i Main AC power OFF detection is disabled when the
09 r'?]gtlf]c“(‘)’v’:,;'r”;?fo 1ms 2015000 2 |setting value is 2000. c Al | 633
P ) *¢Please do not change the shipment value setting with V
frame.
6-3-4
10 |Sequence at alarm — 0-7 2 Set the sequence used upon occurrence of an alarm. B All 6-3-5
6-3-6
T tup f Set up the torque limit at emergency stop. gg%
11 er%reqrgir?ceyusﬁogr % | 0-500 2 When setup value is 0, the torque limit for normal B All 6:3:3
operation is applied. 6-3-5
You can set up the over-load level.
It becomes 115% by setting up this to 0.
12 | Over-load level setup | % | 0-500 2 The setup value of %;ﬂs pargmgter is limited by 115% of A Al o
the motor rating.
If the motor speed exceeds this setup value, Err26.0 Over-
speed protection occurs.
If setup value is 0, Err 26.0 will be activated with a setup
13 soe\t/SE)‘SPEEd level r/min 2()()(;()0 2 value for Pr 9.10 “Maximum over-speed level”. B All 6%?;15
Err26.0 occurs at the setting value in Pr9.10 if this setting
value exceeds the value in Pr9.10. (The parameter value is
not restricted.)
You can set up the movable range of the motor against the
position command input range.
01 When the motor movement exceeds the setup value,
Motor working range | Magnet Err34.0 "software limit protection" will be triggered. . 6-2
14 setup pole 0-1000 2 When set value of this parameter is 0, A Position, 7-4
pitch Err34.0 become disable.
Also in condisions written in section 6-2 (2) Caution,
Err34.0 become disable.
Set up a read signal for cycle of the control input.
0:0.250ms,1:0.500ms,2:1.000ms,3:2.000ms
Control input signal However, th_e following are exceptions. -
15 reading setup — 0-3 2 - When using POT/NOT/HOME as the home position C All —
reference trigger
- The external latch inputl/2(EXT1/2)
(Note) Read cycle differs from MINAS-ASBL series.
16 5;’; manufacturer’s — — 2 Permanently set at 1. — — —
Specify the unit to determine the range of positioning
complete and excessive positional deviation.
Position setup unit 0: Comma_ln_d u_nit, 1: Feedback scale_unit - 4-9-4
20 select — 0-1 2 Note: Positioning complete(6041h bit10(Target reached)) C Position, 7.2
detection threshold of EtherCAT communication status is
always command unit regardless of the setting of this
parameter.
*1)  To use this setting with different value from shipment value , please check matching with your power supply environment.
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} ) Size ) ) Related
Class | No. Title Unit | Range [byte] Function / Contents Attribute | control | Reference
mode
Select positive direction or negative direction torque
limit.
05 When 0 is set, 1 will be internally set.
5 | 21 | Selection of torque limit — *1) 2 | Only the setting Pr5.21=5 becomes enabled during B All 6-1
torque control.
When Pr5.21=1 to 4, Pr0.13 is applied to the torque
limit.
You can set up the 2nd limit value of the motor
output torque.
Note that the maximum torque limit for the motor Position
22 | 2nd torque limit % | 0-500 2 | applied can be calculated according to the B Velocit)} 6-1
expression given below.
Maximum torque limit [%]
=100 x Pr9.07/(Pr9.06 x \2)
25 | For manufacturer’s use — — 2 | Permanently set at 0. — — —
26 | For manufacturer’s use — — 2 | Permanently set at 0. — — —
29 | For manufacturer’s use — — 2 | Permanently set at 2. — — —
31 | USB axis address — | 0127 2 | Set up the axis number for USB communication. R All —
Pulse regenerative output Enable/disable detection of Err 28.0
33 limit setup — 0-1 2 | “Pulse regenerative limit protection”. C All 4-2-5
0: Invalid 1: Valid
34 | For manufacturer’s use — — 2 | Permanently set at 4. — — —
36 | For manufacturer’s use — — 2 | Permanently set at 0. — — —
rant glitch positive- . — . -
45 inl::(?ti?)ntt?or:]CperF:gastitone 0.1% -1000— 2 Set the pos_ltlve-dlrectlon hlgh-prec!smn torque B Position, 5.2.13
value 1000 compensation value for quadrant glitches.
rant glitch negative- . — . .
46 inl::gtigntcgonacpenggggne 0.1% -1000— 2 Set the neg_atlve-dlrectlon hlgh-prec_lsmn torque B Position, 5.2.13
value 1000 compensation value for quadrant glitches.
47 Quadrant g_litch ) ms |o-1000| 2 Se_t the compensation timing delay time for quadrant B Position, 5.2.13
compensation delay time glitches.
48 Sourﬁgg;?igf?n ter 001 | ea00| o | Setthe compensation value LPF time constant for B Position, | 5-2-13
. ms quadrant glitches.
setting L
Quadrant glitch . .
49 | compensation filter 0.1ms 10%50 2 ﬁﬁgctjr;znctogrﬂ?;?::tlon value HPF time constant for B Position, 5-2-13
setting H )
50 | For manufacturer’s use — — 4 | Permanently set at 0. — — —
51 | For manufacturer’s use — — 4 | Permanently set at 0. — — —
52 | For manufacturer’s use — — 4 | Permanently set at 0. — — —
53 | For manufacturer’s use — — 4 | Permanently set at 0. — — —
54 | For manufacturer’s use — — 4 | Permanently set at 0. — — —
55 | For manufacturer’s use — — 4 | Permanently set at 0. — — —
o decelorat ms/ . Sets dec_eleration time for slow stop deceleration
ow stop deceleration - processing.
56 | time setting r(/lrg?no) 10000 | 2 |This parameter will become valid when Pr6.10 B Al 6-3-7
“Function expansion setup” bit 15 =1
Slow stop S-shape o Es;sc ;2; r?Q-]shape time for slow stop deceleration
57 ggﬁilggﬂgﬂ 22t(1ing M1 1000 2| This parameter will become valid when Pr6.10 B Al 6-3-7
“Function expansion setup” bit 15 =1
Sets time for deemed convergence of real-time auto
tuning load characteristics estimate when
deterioration diagnosis warning function is valid
(Pr6.97 bit 1 = 1)
Deterioration diagnosis When th_e set \{alqe is 0, it \_NiII pe set
66 | convergence judgment 01s | 90— , |@automatically inside the driver in accordance A All 6-6
time 10000 with Pr6.31 “Real time auto tuning estimation
speed”.
* When Pr6.31 “Real time auto tuning estimation
speed” = 0, the deterioration diagnosis warning
judgment for load characteristics estimate will be
invalid.
*1)The setting range is 0 to 4 in function extended version 2 and earlier versions.
(To be continued)
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. . | Related
Class| No Title Unit Range [ﬁ;ztg] Function / Contents ﬁltjtt'; cr(r)]r(l)t(;'gl F;ﬁg
Sets the upper and lower limit values for inertia
. ratio estimate in deterioration diagnosis judgment
Deterioration 0— of load characteristics estimate after completion of
5 | 67 | diagnosis inertia % 10000 2 convergence, when deterioration diagnosis A All 6-6
ratio upper limit warning is valid (Pr6.97 bit 1 = 1).
* When the upper limit value is set at 10000 (max. value),
judgment of the upper limit becomes invalid.
o * When the lower limit value is set at 0 (min. value),
Deterioration 0- judgment of the lower limit becomes invalid.
68 | diagnosis inertia % 10000 2| *If Pr5.67 (upper limit) < Pr5.68 (lower limit), judgment A All 6-6
ratio lower limit of both the upper limit and lower limit becomes invalid.
* The set resolution shall be in units of 0.2%.
Sets the upper and lower limit values for unbalanced load
Deterioration estimate in deterioration diagnosis judgment of load
69 diagnosis 0.1% -1000— 2 characteristics estimate after completion of convergence, A All 66
unbalanced load ’ 1000 when deterioration diagnosis warning is valid (Pr6.97 bit 1
upper limit =1).
* When the upper limit value is set at 1000 (max. value),
judgment of the upper limit becomes invalid.
Deterioration * When the lower limit value is set at -1000 (min. value),
diagnosis -1000— judgment of the lower limit becomes invalid.
70 unt?amnced load 01% | 1000 2| = If Pr5.69 (upper limit) < Pr5.70 (lower limit), judgment A All 6-6
lower limit of both the upper limit and lower limit becomes invalid.
* The set resolution shall be in units of 0.2%.
Sets the upper and lower limit values for dynamic friction
. estimate in deterioration diagnosis judgment of load
Deterioration -1000— characteristics estimate after completion of convergence,
71 | diagnosis dynamic 0.1% 1000 2 when deterioration diagnosis warning is valid (Pr6.97 bit 1 A All 6-6
friction upper limit =1).
* When the upper limit value is set at 1000 (max. value),
judgment of the upper limit becomes invalid.
o * When the lower limit value is set at -1000 (min. value),
Deterioration -1000— judgment of the lower limit becomes invalid.
72| diagnosis dynamic 0.1% 1000 2 * If Pr5.71 (upper limit) < Pr5.72 (lower limit), judgment A All 6-6
friction lower limit of both the upper limit and lower limit becomes invalid.
* The set resolution shall be in units of 0.2%.
Sets the upper and lower limit values for viscous friction
Deterioration 0.1%/ o Icoeclzfi'cqient est!m_ate in _deterioration diagI;]nt_Jsis ijJdgment of
73 | diagnosis viscous (10000 2 oad characteristics estimate after completion of A All 6-6
friction upper limit t/min) 10000 convergence, V\{hen deterioration diagnosis warning is
valid (Pr6.97 bit 1 = 1).
* When the upper limit value is set at 10000 (max. valug),
judgment of the upper limit becomes invalid.
. i : -
Deteioraion 014 | “ludgment of th lower imit becomes vl
4 (fil_agposw VIscous. (100.00 10000 2 * If Pr5.73 (upper limit) < Pr5.74 (lower limit), judgment A Al 6-6
riction lower limit r/min) e A : .
of both the upper limit and lower limit becomes invalid.
* The set resolution shall be in units of 0.2%.
Outputs deterioration diagnosis velocity output (V-DIAG)
Deterioration 20006 \(Nh?n t_he mc_)tord\{elocit')é ihs)in tr:le rgnge _of Pr_5.7z_tPr4.3_5
R R . . - — velocity coinciding width), when deterioration diagnosis
» geliltgir?ggs velocity rimin 150000 2 warning is valid (Pr6.97 bit 1 =1) A Al 6-6
* Deterioration diagnosis velocity output has a 10 [r/min]
hysteresis.
Sets time required to compute the torque command
average (weighted frequency) when deterioration
diagnosis warning is valid (Pr6.97 bit 1 = 1) and diagnosis
Deterioration veI(_)city output (V—D!AG) is_ON.
76 | diagnosis torque ms 0- 2 * Time from diagnosis velocity output (V-DIAG) ON to A All 6-6
i 10000 the start judgment for upper and lower value of torque
average time - -
command average value is also a part of the set time for
this parameter.
*|f the setting value is 0, the torque command average
value is not calculated.
Sets the upper and lower limit values for torque command
Deterioration -1000— average value when deterioration diagnosis warning is
77 | diagnosis torque 0.1% 1000 2 valid (Pr6.97 bit 1 = 1) and deterioration diagnosis A All 6-6
upper limit velocity output (V-DIAG) is ON
* When the upper limit value is set at 1000 (max. value),
judgment of the upper limit becomes invalid.
Deterioration -1000— * When the lower Iimit_va!ue is set at_-1oo_o (min. value),
78 | diagnosis torque 0.1% 1000 2 judgment of the lower limit becomes invalid. A All 6-6
lower limit * If Pr5.77 (upper limit) < Pr5.78 (lower limit), judgment
of both the upper limit and lower limit becomes invalid.
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9-1-7 Class 6: Special setting

Size Related
Class | No. Title Unit Range Function / Contents Attribute | control | Reference
37l mode
Set threshold of Err 24.1 Speed over deviation
Speed deviation . protection. .
6 02 excess setup r/min - | 0-20000 2 This protection is not detected when the setup A Position -
value is 0.
05 P_osmon 3rd gain valid 01ms | 0-10000 2 Se_t up 3rd gain valid time of 3 gain level B Position, 5.2-10
time adjustment.
06 Position 3rd gain scale % 50-1000 2 Set up the 3rd gain by a multiplying factor of the B Position, 5.210
factor 1st gain
07 Torque command % -100-100 2 Set up the offset torque to be added to the torque B Position, 5.2.11
additional value command. Velocity

Positive direction
08 |torque compensation % -100-100 2
value

Negative direction
09 |torque compensation % -100-100 2
value

Set up the value to be added to the torque

command for positive direction operation. B Position, | 5-2-11

Set up the value to be added to the torque

command for negative direction operation. B Position, 5-2-11

Set up the function in unit of bit.
bit0 unused. Always set to 0.
bitl Load variation suppression function
O:Invalid 1:Valid
bit2 Load variation stabilization setting
0:Invalid 1:Valid.
bit3 For manufacturer’s use. Always se to 0.
bit4 Current response improvement
O:Invalid 1: Valid
bit5 For manufacturer’s use. Always se to 0.
. . bit6-8 unused. Always set to 0.
10 SF;EEUOH Expanston — -%é;g% 2 bit9 For manufacturer’s use. Always set to 1. B All
bit10 Fall prevention function in case of alarms
O:Invalid  1: Valid
bitll For manufacturer's use. Always set to 0.
bit12 unused. Always set to 0.
bit13 For manufacturer's use. Always set to 0.
bit14 Load variation suppression function
automatic setting
0: Invalid 1:Valid *1
bit15 Slow stop function 0: Invalid 1: Valid
*bit 0 is the least significant bit.
*1 When bit14 to 1, it will be bitl and 2 also 1.
For manufacturer's

11 — — 2 Always set to 100. — — —

use.

6-3-5
B All 6-3-7
9-2-5

5-1-1
5-1-3
5-1-4
5-2-10
6-3-6
6-3-7

Emergency stop time
at alarm

Set up the time allowed to complete emergency

14 stop in an alarm condition.

ms 0-1000 2

When the motor speed exceeds this setup time
during emergency stop sequence in an alarm
condition, Err 26.1 2nd over-speed protection will
be activated.

2nd over-speed level min | 0-20000 2 If setup value is 0, Err 261 will be activated with a
setup setup value for Pr 9.10 “Maximum over-speed
level”.

Err26.1 occurs at the setting value in Pr9.10 if this
setting value exceeds the value in Pr9.10. (The
parameter value is not restricted.)

Set up the standard initialization time approx. 1.5
s + a(setting valuex0.1s) after power-up.

For example, in the case of the preset value 10, it is
set to 1.5s+(10x0.1 s) = approx. 2.5s.

18 |Power-up wait time 0.1s 0-100 2 * If the period until LINK establishment is too R All 9-2-1
long, it may be possible to improve this
phenomenon by setting different values in the
Pr6.18 for adjacent amplifiers (such as 0.0 s and

15 B All 6-3-5

0.15s).
19 Eger manufacturer’s — — 2 Permanently set at 0. — — —
20 1:2; manufacturer’s — — 2 |Permanently set at 0. — — —
g1 |For manufacturer’s — — 4 |Permanently set at 0. — — —

use
(To be continued)
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Size Related
Class | No. Title Unit Range Function / Contents Attribute | control | Reference
L] mode
Select regeneration method of OA and OB
pulse output when using AB phase output type
A2 e stk S
6 22 |scale pulse output — 0-1 2 : 9 li g d R Position, 4-2-5
method selection L: Signa 1S regenerate Lo
* When signal regeneration is selected, the
driver reproduces duty of OA and OB,
minimizing waveform distortion.
23 Load change . % -100-100 2 Set the compensation gain for a load change. B Posmpn, 5-2-10
compensation gain Velocity,
24 Load change . 0.01 ms 10-2500 2 Set the filter time constant for a load change. B POS't".)n' 5-2-10
compensation filter Velocity,
Determine whether to latch warning state.
General warning and Extended warning can be
. specified.
27 | varning latch state | __ 0-3 2 |bit 0 Extended warning c All 73
P 0: unlatched 1: latched
bit 1 General warning
0: unlatched 1: latched
30 E;)er manufacturer’s — — 2 Permanently set at 0. — — —
Real time auto tuning Set up the load characteristics estimation speed 511
31 P — 0-3 2 - - - . - B All 5-1-3
estimation speed with the real time auto tuning being valid. 5.1.4
. - . - . . 5-1-1
3 Real time auto tuning | -32768-32767 5 Set up details of real time auto tuning customize B All 5.1.3
custom setup mode. 5.1.4
34 E;)er manufacturer’s — — —  |Permanently set at 0. — — —
35 E:er manufacturer’s — — — | Permanently set at 0. — — —
Set enable or disable dynamic brake (DB)
Dynamic brake operation input by I/O.
36 |operation input - 0-1 2 0: Disabled 1: Enabled R All 6-3-3
setup Note) This function is available only when the
main power is turned off.
Set up the oscillation detecting level.
Upon detection of a torque vibration whose
37 Oscillation detecting 0.1% 0-1000 5 Ievgl |s_h|gher the_ln this setup_value_, the B All 7.3
level oscillation detection alarm will be issued.
If set to 0, oscillation detection warning is
disabled.
38 |Alarm mask setup — | -32768-32767 2 Set up the alarm detection mask. Placing 1 to R All 7-3
the corresponding bit position disables
39 [Alarm mask setup2 - -32768-32767 2 detection of the alarm condition. All 7-3
41 |1st damping depth — 0-1000 2 fSup:Cctlifcl)ﬁs the damping depth of the 1st damping B Position, 5-2-6
Specifies the filter time constant for the torque
2-stage torque filter command. The filter is disabled if the setting
a2 | et 0.01ms|  0-2500 2 |valueisO. B All 5-2-12
This setting remains valid irrespective of gain
selection state.
2-stage torque filter Specifies the attenuation term of the 2-stage Py
43 | attenuation term B 0-1000 2 torque filter. B Al 5-2-12
(To be continued)
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Class

No.

Title

Unit

Range

Size
[byte]

Function / Contents

Attribute

Related
control
mode

Reference

47

Function expansion
setup2

-32768

32767

Set respective functions in unit of bit.
bit0 2 degrees of freedom control mode
O:Invalid  1: Valid
bit1-3 For manufacturer's use
Permanently set at 0.

bit4-7 Not used
Permanently set at 0.

bit8  For manufacturer's use
Permanently set at 0.

bit9-11 Not used
Permanently set at 0.

bit12-13 For manufacturer's use
Permanently set at 0.

bitl4  Quadrant glitch inhibit function
0: Invalid 1: Valid

bitl5 Not used
Permanently set at 0.

* The least significant bit is bit0.

* Bit3 can be used only when bit0 is set to 1
For details on the types, see 5-1-3 “Real-time
auto tuning (Two-degrees-of-freedom control
mode, standard type)” and 5-1-4 “Real-time
auto tuning (Two-degrees-of-freedom control
mode, sync type)”.

All

5-2-13
5-2-14
5-2-15
5-2-16

48

Tuning filter

0.1ms

0-2000

Set the time constant for the tuning filter in 2
degrees of freedom control.

Position,
Velocity,

5-2-14
5-2-15

49

Command / tuning
filter damping

0-99

Set the attenuation term for the command filter
and tuning filter in 2 degrees of freedom control.
A decimal number indication is used. The first
digit sets the command filter and the second digit
sets the tuning filter.

Target digit

0 to 4: No attenuation term, { (operated as primary
filter) 5 to 9: Secondary filter (Attenuation terms
will be 1.0, 0.86, 0.71, 0.50, and 0.35 in order.)

Example) To set the command filter to (=1.0 and
tuning filter 1 to (=0.71, the setting value should
be 75 (first digit=5 (£=1.0), second digit=7
(&=0.71)).

For the time constant of the command filter,
Pr2.22 "Positional command smoothing filter" will
be applied.

Position,

52-14

(To be continued)
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. Related
Class | No. Title Unit Range Sl Function / Contents Attribute control Reference
[byte] mode
The command velocity is multiplied by this
Viscous friction 0.1%/ setting value, which becomes a correction Position 5.9.14
6 50 compensating dain (10000r/ | 0-10000 2 amount added to the torque command. B Velocit ' 5.2.15
P 99 min) The unit is [rated torque 0.1%/ (10000 Y
r/min)].
Set the time to maintain the motor
energization after the brake release output
Wait time for (BRK-OFF) is turned OFF in the event of
51 emergency sto ms 0-10000 2 an alarm requiring emergency stop. B All 6-3-6
gency stop * Enabled even when Pr6.10 "Function
expansion setup™ is set to a value other
than bit10=1.
52 Es?er manufacturer’s - - 2 Permanently set at 0. - - -
53 Es?er manufacturer’s - - 2 Permanently set at 0. - - -
54 Eger manufacturer’s - - 2 Permanently set at 0. - - -
Set the torque saturation error protection
detection time.
Torque saturation error If torque saturation continues for the set Position
57 | protection detection ms 0-5000 2 time or more, Err16.1 “torque saturation B Velocit ' 6-4
time error protection” occurs. Y
When 0 is set, the value set for Pr7.16 is
enabled.
58 Egg manufacturer’s - - 4 Permanently set at 0. - - -
59 Egg manufacturer’s - - 2 Permanently set at 0. - - -
60 | 2nd damping depth - 0-1000 2 fj;g:‘izr?amp'”g depth for the 2nd damping | g Position, |  5-2-6
1st resonance Set the resonance frequency of the load for . Y
61 frequency 01Hz 0-3000 2 the 1st model type damping filter. B Position 5-2-7
1st resonance Set the resonance attenuation ratio of the .
62 | attenuation ratio ) 0-1000 2 load for the 1st model type damping filter. B Position 5-2-7
1st anti-resonance Set the anti-resonance frequency of the i, Y
63 frequency 01Hz 0-3000 2 load for the 1st model type damping filter. B Position 5-2-7
. Set the anti-resonance attenuation ratio of
1st anti-resonance - .
64 attenuation ratio - 0-1000 2 ;I:lstaelroad for the 1st model type damping B Position 5-2-7
1st response Set the response frequency of the load for . .
65 frequency 01Hz 0-3000 2 the 1st model type damping filter. B Position 5-2-7
2nd resonance Set the resonance frequency of the load for .
66 frequency 01Hz 0-3000 2 the 2nd model type damping filter. B Position 5-2-7
2nd resonance Set the resonance attenuation ratio of the -
67 | attenuation ratio ) 0-1000 2 load for the 2nd model type damping filter. B Position 5-2-7
2nd anti-resonance Set the anti-resonance frequency of the .
68 frequency 01Hz 0-3000 2 load for the 2nd model type damping filter. B Position 5-2-7
: Set the anti-resonance attenuation ratio of
2nd anti-resonance - .
69 attenuation ratio - 0-1000 2 }E\l&:elrcwd for the 2nd model type damping B Position 5-2-7
2nd response Set the response frequency of the load for . .
0 frequency 01Hz 0-3000 2 the 2nd model type damping filter. B Position 5-2-7
71 | 3rd damping depth - 0-1000 2 ijr:CtEgr(]jampmg depth for the 3rd damping B Position, 5-2-6
72 | 4th damping depth - 0-1000 2 ijr:CtEgr(]:Iampmg depth for the 4th damping B Position, 5-2-6
S Set the filter time constant for load Position,
73 | Load estimation filter | 0.01 ms | 0-2500 2 estimation. B Velocity, 5-2-9
Torque compensation Set the filter frequency 1 for speed control Position, >y
“ frequency 1 0.1Hz 0-5000 2 output. B Velocity, 5-2-9
Torque compensation Set the filter frequency 2 for speed control Position, >y
® frequency 2 0.1Hz 0-5000 2 output. B Velocity, 5-2-9
76 Load estimation B 0-8 2 Set' the_number of times regarding load B Posmgn, 5.9.9
count estimation. Velocity,
85 Retracting operation ) -32768- 5 Select retracting operation activation and c Al 67
condition setting 32767 stop determination conditions.
86 Retracting operation ) 07 2 Set retracting operation alarm clear c Al 67
alarm setting attributes.
87 E:; manufacturer’s - - 4 Permanently set at 0. - - -
(To be continued)
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Related
Function / Contents Attribute | control | Reference
mode

Size

Class | No. Title Unit Range
% | [oyte]

For manufacturer's

6 | 88 — — — | Permanently set at 0. — — -
use

Sets the threshold value for detecting the
warning as the overload factor increases.
Sets with the overload factor.
If 0 is set, overload warning detection is
performed under conventional conditions
(85% of overload protection level).
In addition, if other than “Pr6.96 <= Pr6.95 <
(Overload level)” is set, overload warning
detection is performed under conventional
conditions (85% of overload level).
Sets the threshold value for releasing the
warning when the load factor decreases from
the state when the overload warning is
occurring.
Sets with the overload factor.
If 0 is set, overload warning detection is
performed under conventional conditions
(85% of overload protection level).
In addition, if other than “Pr6.96 <= Pr6.95 <
(Overload level)” is set, overload warning
detection is performed under conventional
conditions (85% of overload protection level).
Set various functions on a bit basis.
bit0: Enables/Disables quadrant projection
compensation function extended.
0: Disabled, 1: Enabled
* To set the compensation amount of
quadrant projection by inversion
direction when the direction of the
velocity has changed, set Pr6.97 bit0 to
1.
bitl: Deterioration diagnosis warning
function:
0: Disabled, 1: Enabled
bit2: Expansion of Allowable motor
operating range abnormal
protection:
0: Disabled, 1: Enabled
bit7: For manufacture use.
Permanently set at O.
- bit8: Extension of the subject control
97 Function expansion ) 2147483648 4 mode for 607Fh (Max profile
setup 3 - velocity). *1)
2147483647 0 : standard specifications
(pp,hm,ip,pv)
1 : expansion specification
(pp,hmip,pv,tg,cst)
bit9-11 : For manufacture use.
Permanently set at 0
bit12: Velocity limit priority function during
torque control *2)
0: Torque command priority
1: Velocity limit priority
bit13: Toggle output of the Touch Probe latch
completion state *2)
0: Disabled, 1: Enabled
bit14: Over-travel inhibition warning *3)
0: Invalid, 1: valid
bit15-31 : For manufacture use.
Permanently set at 0.
*bit 0 is the least significant bit.
*1) The first edition of the software version (Ver1.04) does not support it.
*2) It is not supported in versions corresponding to function extended edition 4 or earlier.

*3) It is not supported in versions corresponding to function extended edition 5 or earlier.

Over-load warning

9 detection level

% 0-114 2 A All 7-3

Over-load warning

96
release level

% 0-114 2 A All 7-3

4-4-1
5-2-13
B All 6-2
6-6
7-3
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Size : : Related
Function / Contents Attribute | control | Reference
i) mode
Sets various function in bit units:
bit 0 to7: For manufacture use. Permanently
set at 0.
bit8: Control mode switching function
expansion
0: Conventional specification
1: hm operation expansion
specification
- bit9: For manufacture use.
Function expansion 2147483648 |, Permanently set at 0. R All
setup 4 - bit10to 20 : For manufacture use.
2147483647 Please set fixed to 0
bit21 : Extension of conditions for releasing
over-travel inhibition *3)
0 : Conventional specification
1 : Expansion specification

bit22-31 : For manufacture use.

Please set fixed to 0
*bit 0 is the least significant bit.

Class | No. Title Unit Range

For
manufacturer's — — 2 | Permanently set at 4000. — — —
use
For
manufacturer's — — 2 | Permanently set at 0. — — —
use

100

101
*1)

Sets the absolute value of the position deviation
Setting of over- amount to release the over-travel inhibition state.
102 . Command 0 - If the position deviation amount is greater than
*2) travel inhibition unit 2147483647 4 | the set value, the over-travel inhibition state will
release level not be released. When Pr5.04 "Over-travel
inhibition input setting" # 1, set Pr6.102 to 0.
*1) It is not supported in versions corresponding to function extended edition 1 or earlier.

*2) It is not supported in versions corresponding to function extended edition 3 or earlier.

B Csp 631
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9-1-8 Class 7: Special setting 2

Class

No.

Title Unit Range

Size

[oyte]

Function / Contents

Attribute

Related
control
mode

Reference

00

Display on LED — 0-32767

Select type of data displayed on front panel
7-seg LED.

% Please do not change the shipment value
setting with V frame.

All

3-2

01

Display time setup
upon power-up

100 ms 0-1000

Sets node address display time at turning on
of control power.

When the setting value is 0 to 6, it is
processed in 600ms.

% Please do not change the shipment value
setting with V frame.

All

03

Output setup during
torque limit

Set up judgment condition of output while

torque is limited by torque control.

0: Turn ON at torque limit including torque
command value

1: Turn ON at torque limit excluding torque
command value

Torque

04

For manufacturer’s use — —

Permanently set at 0.

05

For manufacturer’s use — —

Permanently set at 0.

06

For manufacturer’s use — —

Permanently set at 0.

07

For manufacturer’s use — —

Permanently set at 0.

08

For manufacturer’s use — —

NIN|ININN

Permanently set at 0.

09

Correction time of

latch delay 1 2

Set the correction time for delay of the latch
trigger signal detection.
This parameter can be switched by Pr7.24
bit5.
bit5 is 0: The correction time is reflected in
both the latch signal rising edge
detection and the latch signal falling
edge detection.
bit5 is 1: The correction time is reflected in
the latch signal rising edge
detection.
*Signal state of edge detection means the
following
The rising edge detection means the
photocoupler is turned ON.
The falling edge detection means the
photocoupler is turned OFF.

All

EtherCAT
Spec.

10

For manufacturer’s use — —

Permanently set at 3.

11

For manufacturer’s use — —

Permanently set at 0.

12

For manufacturer’s use — —

Permanently set at 0.

13

For manufacturer’s use — —

AN

Permanently set at 0.

14

Main power off

warning detection time ms 0-2000

When a main power supply interception state
continues, time until it detects main power
supply OFF warning is set up.

0-9, 2000: Warning detection is disabled.

10-1999: Unitis [1 ms]

Note: Set this parameter so that Pr.7.14
becomes smaller than Pr.5.09 in order
for the warning detection is
performed before shut-down
detection. If the voltage between P
and N of the main power convertor is
decreased to below a specified value
before the warning is detected
because the setting value is long, the
main power low voltage error
(Err13.0) occurs before the warning.

% Please do not change the shipment value
setting with V frame.

All

7-3

15

For manufacturer’s use — —

Permanently set at 0.

(To be continued)
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Class

No.

Title

Unit

Range

Size
[byte]

Function / Contents

Related
control
mode

Attribute Reference

16

Torque saturation error
protection frequency

time

0-30000

If torque saturated is continued during a
preset frequency, Err 16.1 “Torque saturation
protection” will be activated.

The number of times is counted up every
0.25 ms. For example, when 30000 is set,
Errl6.1 occurs if the torque saturation
condition continues for 7.5 seconds.

The count is cleared when the torque
saturation condition is removed.

When the value set for Pr6.57 is other than 0,
the value set for Pr6.57 is enabled.

Position,
Velocity

18

For manufacturer’s use

Permanently set at 0.

22

Communication
function
extended setup 1

-32768
-32767

bit 0-4: For manufacturer’s use
All bits permanently set at 0.
bit 5: 6080h(Max motor speed) on csp mode
(Amount of change saturation function
of command position)
0: Invalid on csp  1: Valid on csp
bit 6: Homing return speed limit function
enabled
0: Invalid 1: Valid
bit 7: In Z phase homing Over-travel inhibit
input setup
0: Invalid 1: Valid
bit 8-10: For manufacturer’s use
All bits permanently set at 0.
bit 11 : LINK establishment mode selection
0: mode0 1 : model
If link establishing is late, it might
be improved by changing the
setting.
bit 12-15: For manufacturer’s use
All bits permanently set at 0.
*Set up the properly according to the
specifications of the host controller.
If the setting is not proper, the operation is
not be guaranteed.

3-3

R All T

23

Communication
function
extended setup 2

-32768
—32767

bit0-13: For manufacturer's use
All bits permanently set at 0.
: Command positional deviation
[Command unit] output setting
0: Internal command position (after
filter) [Command unit]
- Actual position [command unit]
1: Internal  command  position
(before filter) [Command unit]
- Actual position [Command unit]

bit14

B All 3-4

(To be continued)
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. Related
Class | No. Title Unit Range ST Function / Contents Attribute | control | Reference
[byte] mode

bit 0 : Specifies output status of EX-OUT1
during communication shut-down
after EtherCAT communication is
established. (*)
0: Hold
1: Initialized (Output when EX-OUT1
is0.)
(*)ESM state is more than PreOP.
bit 1-3: For manufacturer’s use
Permanently set at 0.
bit4 : For manufacturer’s use
Permanently set at 1.
bit5 : The correction function for detection
delay of latch position.
0:The correction time of both the
latch signal rising edge detection
and the latch signal falling edge
detection is set by Pr7.09
1:The correction time of the latch
signal rising edge detection is set

Communication by Pr7.09, the correction time of 2-2
- -32768 the latch signal falling edge 6-3-6
7 24 | function — 2 A C All
extended setup 3 -32767 . detection is set by Pr7.92. EtherCAT
bit 6 : For manufacturer’s use Spec.

Permanently set at 0.
bit 7 : Internal value state selection of
objects 60B2h(Torque offset) in
servo-off(Fall prevention function in
the event of Servo-ON)
0: Clear
1: Updated with the set value
of 60B2h
bit 8-10 : For manufacturer’s use
Permanently set at 0.
bit11: The setting condition of 6041h
bit12(drive follows command value).
0 : Limiting torque and speed limit
(only cst) is included.
1: Limiting torque and speed limit
(only cst) is not included.
bit12-13 : For manufacturer’s use
Permanently set at 1.
bit 14-15: For manufacturer’s use
All bits permanently set at 0.

39 |For manufacturer’s use — 2 Permanently set at 0. — — —
40 (S;fgtf)” alias setting — 0-255 2 | Define the higher 8 bits of station alias. R All Etg%rei_AT
Select the setting origin of a station alias.
41 |Station alias selection — 0-2 2 0 : RSW(lowen)+Pr7.40(higher) R All EtherCAT
1:Sl Spec.
2 : For manufacturer’s use
Set up the maximum of times of continuation
communication error occurrence.
4 | Maximum continuation B -32768 5 bit0-3 : Err80.7 detection threshold R Al |EtherCAT
communication error - 32767 bit4-7 : (Reserved) Spec.
bit8-11 : (Reserved)
bit12-15 : (Reserved)
An ESM state after Init->PreOP changes,
When either Port0 or Port1 carries out this
parameter setup time progress in the state
(Port which is Lost link removes from an EtherCAT
43 |Lost link detection time ms 0-32767 2 Init->PreOP changes time) where it was set R All Spec
to Lost link, Err85.2 "Lost link detection ’

unusual protection™ occurs.
When 0 is set up, detection of Err85.2 "Lost
link detection unusual protection" is disabled.

(To be continued)
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Class

No.

Title

Unit

Range

Size
[byte]

Function / Contents

Related

Sl control mode

Reference

44

Software version

-2147483648-
2147483647

The software versions 1 and 2 of a
product are displayed.
bit 31-28:Reserved(Permanently set at 0)
bit 27-16:Software version 1

(in hexadecimal three-digit notation)
bit 15-12:Reserved(Permanently set at 0)
bit 11-0:Software version 2

(in hexadecimal three-digit notation)
For example, in the case of
Software version 1: 1.23 and
Software version 2: 4.56,
the value of this parameter will be
01230456h (19072086).

EtherCAT

X All Spec.

79

For manufacturer’s use

Permanently set at 0.

87

Communication
function
extended setup 5

-32768 —
32767

bit 0-9: For manufacturer’s use

All bits permanently set at 0.
bit 10-11: For manufacturer’s use

All bits permanently set at 1.
bit 12-15: For manufacturer’s use

All bits permanently set at 0.

C All —

92

Correction time of
latch delay 2

25ns

-2000 — 2000

Set the correction time for delay of the
latch trigger signal detection.
This parameter can be switched by
Pr7.24 bit5.
bit5 is 0: Invalid
bit5 is 1: The correction time is
reflected in the latch signal
falling edge detection.
*Signal state of edge detection means
the following
The rising edge detection means the
photocoupler is turned ON.
The falling edge detection means the
photocoupler is turned OFF.

EtherCAT

B Al Spee.

93

limit value

Homing return speed

r/min

0-20000

Sets the Homing return limit speed.
When the set value is less than the
internal minimum speed, it is limited by
the internal minimum speed.

When setting value is greater than the

maximum motor speed, it will be limited

by the maximum motor speed.

(Note) The value is converted into
[command unit/s] during internal
computation.

The converted value is limited
within the following range.
00000001h to 7FFFFFFFh

(1 to 2147483647)

If 0 is set for this parameter, 1 is
internally set for control.

EtherCAT

c Al Spec.

99

Communication
function
extended setup 6

-32768 —
32767

bit0: Activation of operation command
(test run, FFT, etc.) execution by
USB communication
(PANATERM) when EtherCAT
communication is established:
0: Invalid 1: Valid
bitl-2: For manufacturer’s use
All bits permanently set at 0.
bit3: Command pulse accumulation
value [command unit] output
setting
0: Before filter ~ 1: After filter
bit4-15: For manufacturer’s use
All bits permanently set at 0.

EtherCAT

B Al Spec.

100

For manufacturer’s use

Permanently set at 0.

101

For manufacturer’s use

Permanently set at 0.

102

For manufacturer’s use

Permanently set at 0.

103

For manufacturer’s use

Permanently set at 0.

104

For manufacturer’s use

Permanently set at 0.

108

For manufacturer’s use

SN SN N O N LS

Permanently set at 7.

(To be continued)
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Class | No. Title Unit Range Sl Function / Contents Attribute RElELE Reference
[byte] control mode
7 109 |For manufacturer’s use - — 2 Permanently set at 0. - — —
110 |For manufacturer’s use - — 4 |Permanently set at 0. - — —
. ] Set up the time constant of the 1st delay -
113 | Torque offset filter 001ms 0-6400 2 filter for torque offset(60B2h). B All
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9-1-9 Class 8: Special setting 3

: Related
Class | No. Title Unit Range I Function / Contents Attribute [ control Reference
37l mode
8 00 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
Set the acceleration of retracting
Profile linear 10000 operations.
01 - command | 1-429496 4 L - B All 6-7
acceleration constant unit/s? Make sure thgt thls is set before retracting
operation activation.
02 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
03 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
Set the deceleration of retracting
04 Profile linear 10000 d| 1-429496 4 operations. B All 6-7
deceleration constant comfza? Make sure that this is set before retracting )
univs operation activation.
05 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
10 |For manufacturer’s use — — 4 |Permanently set at 0. — — —
12 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
13 |For manufacturer’s use — — 4 |Permanently set at 0. — — —
14 |For manufacturer’s use — — 4 |Permanently set at 0. — — —
15 |For manufacturer’s use — — 4 |Permanently set at 0. — — —
Set the amount of movement at the time of
retracting operation based on the pre-filter
command position.
If the movement amount is O after the
processing by the electronic gear, after
. -2147483647 emergency stop, no retracting operation is
17 Eil!ggt\ilﬁgmo%\/ei;‘ie:r: of COT;?? nd - 4 |performed and Err87.1 or Err87.2 occurs. B All 6-7
2147483647 Make sure that this is set before retracting
operation activation.
* This is a signed data, and thus caution is
required on the direction of retracting
operation.
Set the speed of retracting operations.
If 0 is set for this parameter, 1 is set
internally.
18 Retracting operation Command 0- 4 The maximum value is set internally to a B All 6-7
speed unit/s 2147483647 smaller value between 6080h (Max motor
speed) and the maximum motor speed.
Make sure that this is set before retracting
operation activation.
19 |For manufacturer’s use — — 2 |Permanently set at 0. — — —
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9-1-10 Class 9: Linear-related

. : Size 8 - Related control | Referenc
Class | No Title Unit Range byte] Function/Contents Atfribute e
9 00 | Motor type selection - 0-2 5 Select the type of a motor that will be R Al 47
connected.
Feedback scale am [Motor type (linear)]
resolution 0- Set up the resolution for the feedback scale.
01 53687091 4 R All 4-7
Number of scalepulses 2 [Motor type (Rotary)]
per pulse Set the number of pulses of the feedback
rotation scale per revolution.
[Motor type (Linear)]
. 0.01 N Set up the magnet pole pitch.
02 | Magnet pole pitch mm 0-32767 2 * For the rotary type, no settings are R All 47
required.
[Motor type (Rotary)]
. Set up the pole logarithm per motor
03 Pole'loganthm per que 0-255 2 rotation for the motor. R All 47
rotation pairs - . .
For the linear type, no settings are
required.
Mass of motor's [Motor type (L"?ear)] .,
. 0.01 kg Set up the moving portion’s mass of
movable section
04 0-32767 2 | motor. R All 47
L 0.00001 [Motor type (Rotary)]
Motor inertia kgm”2 Set up the motor inertia.
[Motor type (Linear)]
Rated motor thrust 0.IN Set up the rated thrust for the motor.
05 0-32767 2 R All 47
Rated motor 0.1 Nm [Motor type (Rotary)]
torque ' Set up the rated torque for the motor.
[Motor type (Linear)]
Rated effective motor 0.1 B [Motor type (Rotary)]
06 current Arms 0-32767 2 Set up the rated effective current for the R Al 4
motor.
Maximum Set up the maximum instantaneous current
07 | instantaneous motor 0.1A 0-32767 2 for the motor. R All 47
current
Motor phase 0.01 B Set up the phase inductance for the motor.
08 inductance mH 0-32767 2 R All 47
09 | Motor phase resistance | 0.01Q | 0-32767 2 Set up the phase resistance for the motor. R All 47
i mm/s i .
10 Maximum i 0-20000 2 Set up the maximum over-speed for the R Al 47
over-speed level r/min motor.
Carrier frequenc Select the carrier frequency.
11 r requency — 03 2 | 0:6kHz, 1: 12 kHz, 2: 8KHz, R Al 47
selection A
3: For manufacturer’s use
Set up the criteria for current response for
Automatic current o the automatic setup of Pr 9.13
12 response adjustment % 0-100 2 “Proportional current gain” and Pr 9.14 R Al 4
“Integral current gain”.
13 ;;ci)rﬁ)ortlonal current B 0-32767 2 Set up the proportional current gain. B Al 47
14 | Integral current gain — 0-32767 2 Set up the integral current gain. B All 47
17 | For manufacturer’s use — — — Always set to 0. — — —
18 | For manufacturer’s use — — — Always set to 0. — — —
19 | For manufacturer’s use — — — Always set to 0. — — —

(To be continued)
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. ; Size 8 . Related control
Class | No Title Unit Range Function/Contents Altribute Reference
[byte] mode
9 20 Magnet pole detection - 0-3 2 Select the detection scheme for magnet R Al 47
scheme selection pole position.
Electrical .
i Set up the phase difference between the
21 | CS phase setup a’(‘g)'e 0-360 2 induced voltage of the motor and CS signal. R Al 4
Magnet pole .
22 | Position estimation ms 0-200 2 Set up the Comm.""?d thru_st time for B All 47
; Magnet pole position estimation.
thrust command time
Magnet pole position
A Set up the command thrust for magnet
0, -
23 | estimation command % 0-300 2 nole position estimation B All 47
thrust
Magnet pole
21 position estimation pulse 0-32767 2 Set up the zero tlfa'vel pu!se V\(ldth for B Al 47
zero travel pulse magnet pole position estimation.
width setup
rl:lql;mnt;etr %flepmossiii];%r Set up the number of pulses for motor
25 gnet pote p pulse 0-32767 2 stop judgment for magnet pole position B All 47
estimation motor stop estimation
judgment
Time for magnet
26 pol_e p0§|t|on ms 0-32767 2 Set up the motor stop Judgmgnt time for B Al 47
estimation motor magnet pole position estimation.
stop judgment
Time for magnet
27 pol_e p0§|t|on ms 0-32767 5 Set up the motor stop I|n_1|tat|_on time for B Al 47
estimation motor magnet pole position estimation.
stop limitation
Magnet pole Set up the ti tant for filt
it At et up the time constant for filter
position estimation N
28 0.01 ms 0-2500 2 B All 4-7
thrust command respective Ito the'c'omma_nd thrust for
filter magnet pole position estimation.
. Setup value 0: According to standard
Overload protection specifications
29 | timing characteristic - 0-7 2 Select the overload protection timing R All 72
selection characteristic from eight types of
characteristics.
Linear motor information can be set
inpulses, which is valid for linear-type
0- settings. This parameter cannot be used
30 | Number Oft p“||ses pulse | 3276700 | 4 | atthe same time with Pr9.02 R Al 47
per magnet pole 00 (Magnetpole pitch).
Use either of these parameters for
setting
31 | For manufacturer’s use — — 2 Always set to 0. — — —
32 | For manufacturer’s use — — 2 Always set to 0. — — —
33 | For manufacturer’s use — — 2 Always set to 100. — — —
34 | For manufacturer’s use — — 2 Always set to 0. — — —
Set a Voltage feed forward gain 1.
The higher the setting, the higher the
current response to the change in torque
command becomes. However, since it
48 V;;:]talge feed forward - 0-32767 | 2 | may cause oscillation or any other faulty B Al 47
9 operation, select an appropriate value
according to the operating conditions.
There is no compatibility with the
automatic setting by the use of Pr9.12.
Set a Voltage feed forward gain 2.
The higher the setting, the higher the
current response to torque command.
However, since it may cause oscillation
49 Vac;:]tazge feed forward — 0-32767 2 or any other faulty operation, select an B All 47
Y appropriate value according to the
operating conditions.
There is no compatibility with the
automatic setting by the use of Pr9.12.
50 | For manufacturer’s use — — — Always set to 0. — — —
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9-1-11 Class 15: For manufacturer’s use

Class | No. Title Unit Range Slrze Function / Contents Attribute Egﬁtrgclj Reference
[byte] mode
15 00 |For manufacturer's use - - 2 |Permanently set at 0. - - -
02 |For manufacturer's use - - 2 | Permanently set at 0. - - -
16 |For manufacturer's use - - 2 |Permanently set at 2. - - -
17 |For manufacturer's use - - 2 |Permanently set at 4. - - -
30 |For manufacturer's use - - 2 |Permanently set at 0. - - -
31 |For manufacturer's use - - 2 |Permanently set at 5. - - -
33 |For manufacturer's use - - 2 | Permanently set at 0. - - -
34 |For manufacturer's use - - 2 | Permanently set at 0. - - -
35 |For manufacturer's use - - 2 |Permanently set at 1. - - -

Note) Class 15 cannot be referred to in EtherCAT communication.
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9-2 Timing Chart

9-2-1 Servo-on signal accept timing on power-up : When magnet pole position estimation is invalid (Pr9.20=2)

Control power supply OFF

(L1C, L2C)

Internal control power supply OFF

Action of driver CPU Reset

Main power supply

(L1, L2, L3)

Servo-Ready

Servo-ON command

Dynamic brake

Servo-ON state output *4

Motor energization

Brake release output

(BRK-OFF) *5

Estimated pole
position output (CS-CMP)

Position/Speed/Torque instruction

ESM State

ON
|
1
1Approx.100 to 300ms
Established
. Approx.2 to 3s !
1
! 'Approx. 1.5s1 1
1
1 1
1
I Initializationi *3 Usually operation
1
1 1
1 1
1 1
: 0's or longer! !
| Ty
! OFF, ON
T *2 1
le—L £ 4
1 1
1 10ms orlonéer
: : |
| e—————
OFF :lO ms or longer ON
*2 1
1
l«—0s or longer
OFF ON
1
L-»:Approx. 2ms
1
1
Engaged ! Released
S ! | :
Approx. 25ms:‘—:_’:
1 1
OFF ! ON
]
Approx.60ms
T
No-energized ' Energized
1 T
. 14— Approx. 4ms
1
Output Tr ON
Output Tr OFF(brake engaged) : (brapke released)
1 1 1
:Magnet pole posit:on estimation executed *7
Magnet pole position estimationI unfinished Completed
i
1 | T
No instruction entry "Approx. 100ms or more *1 | Instruction
entry
Init state | PreOP or more

60FEh-01h bitl

]

Ini

(set brake command)

set brake output *6

Output Tr OFF(brake engaged) |

ON(1)

OFF(0)

Output Tr ON (brake released)

* The above chart shows the timing from AC power-ON to command input.
« Input the servo-On command, position/velocity/torque commands according to the above timing chart.

after the completion of preparation.

It is shown that an instruction input receptionist is not ready in this section.

The servo ready is turned on when all the following conditions are satisfied: “Initialization of microcomputer is

completed”, “Main power supply is established”, “No alarm is issued”, and “EtherCAT communication is

*1.

Please input instructions
*2.

established”.
*3.

After Internal control power supply, protective functions are active from approx. 1.5 sec after the start of

initializing microcomputer. Please set the signals, especially for protective function, for example over-travel
inhibit input (POT, NOT) or external scale input, so as to decide their logic until this term.
The lapse time can be changed with Pr 6.18 Power-up wait time.
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*4,

*5.

*6.

*7

Note that the servo-on status output (SRV-ST) signal is to let you know of the receipt of servo-on command
(SRV-ON) and is not an output to let you know that command input is possible.

A brake release output (BRK-OFF) is different from the set brake of 60FEh via EtherCAT communication.

The set brake output is output controlled by the set brake of 60FEh via EtherCAT communication.

For information on the set brake output details, refer to the section 6-9-3 in the Technical Reference EtherCAT

Communication Specification (SX-DSV03307).
The set brake output can be released in the servo-off state.Therefore, please control the set brake output in

consideration of safety.

. Time for magnet pole position estimation depends on parameter settings. Check that the magnet pole position
estimation completion output will turn ON and then apply the command. If magnet pole position estimation has
not completed correctly, the magnet pole position estimation completion output will not turn ON.
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9-2-2  Servo-on signal accept timing on power-up: When magnet pole position estimation is invalid (Pr9.20=0, 1, 3)

1 Approx.100 to 300ms

Internal control power supply OFF Established
! Approx.2 to 3s |
' LADPIOX. 159 i
Action of driver CPU Reset; Initializationt *3 Usually operation
i 0's or longer: |
Main power supply ' OFFE ON
(L1, L2,L3) e : *2 )
E 10ms or longer
Servo-Ready OFF ilO ms or lonker ON
*2 :
1« 0s or longer
Servo-ON command OFF ON

—» Approx. 2ms

Dynamic brake | Engaged E Released

Approx. 25msi+———

Servo-ON state output *4 OFF o ON

—
Approx.60ms !
Motor energization No-energized Energized
!‘—’éApprox. 4ms
Brake release output Output Tr OFF(brake engaged) Output Tr ON

(BRK-OFF) *5

Estimated pole Magnet pole position

. . . - C leted *7
position output (CS-CMP)  estimation unfinished omplete

1
1
1
1
1
i
1
| (brake released)
:
1
:
1
1
i

Position/Speed/Torque instruction No instruction entry 'Approx. 100ms or more *1 |Lr:]5t::/UCti°n
ESM State Init state | PreOP or more
60FEh-01h bitl Indefinits”  _~ _—| ON(1) | OFF(0)

(set brake command)
Output Tr ON (brake released)

set brake output *6 Output Tr OFF(brake engaged) |

* The above chart shows the timing from AC power-ON to command input.

* Input the servo-On command, position/velocity/trque commands according to the above timing chart.

*1. It is shown that an instruction input receptionist is not ready in this section.

Please input instructions after the completion of preparation.

*2. The servo ready is turned on when all the following conditions are satisfied: “Initialization of microcomputer is
completed”, “Main power supply is established”, “No alarm is issued”, and “Synchronization (phase matching)
between EtherCAT communication and servo is completed and EtherCAT communication is established”.

*3. After Internal control power supply, protective functions are active from approx. 1.5 sec after the start of initializing
microcomputer. Please set the signals, especially for protective function, for example over-travel inhibit input (POT, NOT) or
feedback scale input, so as to decide their logic until this term. The lapse time can be changed with Pr 6.18 “Wait time after
power-up”.

*4. Note that the servo-on status output (SRV-ST) signal is to let you know of the receipt of servo-on command (SRV-
ON) and is not an output to let you know that command input is possible.

*5. A brake release output (BRK-OFF) is different from the set brake of 60FEh via EtherCAT communication.
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*6. The set brake output is output controlled by the set brake of 60FEh via EtherCAT communication.

For information on the set brake output details, refer to the section 6-9-3 in the Technical Reference EtherCAT
Communication Specification (SX-DSV3307).

The set brake output can be released in the servo-off state. Therefore, In consideration of safety, please

control the set brake output.

*7. If Err 61.2 “Magnet pole position estimation error 3 protection” is activated or with Pr 9.20 = 0, the magnet pole
position estimation completion output will not turn ON. The timing (condition) at which the magnet pole position
estimation completion output turns ON depends on the setup value for Pr 9.20 “Magnet pole detection scheme
selection”. For more information, refer to Section 2-2

R8.1 Motion Control Business Unit, Panasonic Industry Co., Ltd.




No. SX-DSV03306 -241-

9-2-3 Servo-ON/OFF action while the motor is at stall (servo-lock)
(To turn on/off the servo during normal operation, first stop the motor.)

Servo-ON ON
command OFF OFF
— .1 . Approx.2ms i
"o 1
. ——g ] il~6ms[_ o
Dynamic brake Engaged Released . Engaged 2
1 Approx. 23ms .
Servo-ON state ON !
output *4 OFF | | | +1 | OFF
1 Approx.60 ms h
o o Energized _
Motor energization Non-energized; Non-energize
! Approx.4 '
L pprox.4ms
Brake release output Output Tr OFF Output Tr ON Output Tr OFF
(BRK-OFF) *5 (Brake engage) (Brake release) (Brake engage)

*1. t1 depends on the setup value of Pr 4.37 (Mechanical brake action at stalling setup).

*2. The operation of dynamic brake during servo off depends on the setup value of Pr 5.06 (Sequence at Servo-Off).

*3.  Servo-ON will not be activated until the motor speed falls below approx. 30 r/min.

*4.  Note that the servo-on status output (SRV-ST) signal is to let you know of the receipt of servo-on command
(SRV-ON) and is not an output to let you know that command input is possible.

*5. A brake release output (BRK-OFF) is different from the set brake of 60FEh via EtherCAT communication.
For information on the set brake output details, refer to the section 6-9-3 in the Technical Reference EtherCAT
Communication Specification (SX-DSV03307).
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9-2-4 Servo-ON/OFF action while the motor is in motion
(Timing at emergency stop or trip. Do not repeat this sequence.)

Servo-ON ON OFF
command O—lFF ! | ;
4 *4 = + Approx.1to 5 ms
Dynamic brake Engaged =3 Release ; Engaged
; ,, Approx. 23ms :
Servo-ON state OFF ; ON OFF
output *6 —_—
Motor energization Not-energized 55 Energized Not-energized *5
Approx 60 mg i
Output TrOFF  —r<aPprox 4ms SeupvalleofPra38 oy Tr OFF
Brake release output (Brake engage) | Output Tr ON : | (Brake engage)
(BRK-OFF) *7 ; (Brake release) 5 N S
i Motor rotational d :
Mojorrottonelspeed *) s;ugrvr;ueﬁ%\\ When setup value of
/ Approx.30 tfmin & L Pr4.38 is shorter
_,T\_Xi_ - Setup value of Pr 4 38
Motor rotational speed 0 v -%
_V_Senvovalidated _ _ __ Out—'—put TroN 1 Output Tr OFF
(Brake releasie) | (Brake engage)
No servo-ON until the motor speed '
falls below approx. 30 r/min.
PP Motor rotational Speed When time to fall below
Setup value OfPM— ——{ value of Pr4.39 is shorter

*1. t1 will be a shorter time of either the setup value of Pr 4.38 (Mechanical brake action at running setup) or
elapsing time for the motor speed to fall below Pr 4.39 (Brake release speed setup).

*2. Even when the servo-ON command is turned on again while the motor is decelerating, transition to servo-ON is
not performed until the motor stops.

*3. For the action of dynamic brake at servo-OFF, refer to an explanation of Pr 5.06 (Sequence at Servo-Off) as
well.

*4. Servo-ON will not be activated until the motor speed falls below approx. 30 r/min.

*5. For the motor energization during deceleration at Servo-OFF depends on the setup value of Pr 5.06 (Sequence at
Servo-Off).

*6.  Note that the servo-on status output (SRV-ST) signal is to let you know of the receipt of servo-on command
(SRV-ON) and is not an output to let you know that command input is possible.

*7. A brake release output (BRK-OFF) is different from the set brake of 60FEh via EtherCAT communication.
For information on the set brake output details, refer to the section 6-9-3 in the Technical Reference EtherCAT
Communication Specification (SX-DSV03307).
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9-2-5 When an error (alarm) has occurred (at Servo-ON command) (DB/Free run deceleration movement)

Alarm

Dynamic brake

Motor energization

Servo-Ready

Servo-Alarm output
(ALM)

Brake release output
(BRK-OFF)

Normal Alarm
E :EO.S to5ms
1 *2
Released | Engaged
Energized : Non-energized
Ready | Not ready
Not Alarmi Alarm
izl trazs,
Output Tr ON | Output Tr OFF (Brake engage)

(Brake release)

.
Motor rotational_s&di\'_\
value of Pr4,39__ .
- T
.

Output Tr ON
(Brake release)

When setup value of
Pr 4.38 is shorter,

Output Tr OFF (Brake engage)

s RS

\When time to fall below value
— — — —|of Pr 4.39 is shorter,

- Timing of the figure above changes in the setting of various sequence operation.

*1.

t1 will be a shorter time of either the setup value of Pr 4.38 (Mechanical brake action at running setup) or

elapsing time for the motor speed to fall below Pr 4.39 (Brake release speed setup).

*2.
*3.

When an alarm is generated, the dynamic brake operates according to Pr 5.10 (Sequence at alarm).
A brake release output (BRK-OFF) is different from the set brake of 60FEh via EtherCAT communication.

For information on the set brake output details, refer to the section 6-9-3 in the Technical Reference EtherCAT
Communication Specification (SX-DSV03307).
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9-2-6 When an error (alarm) has occurred (at Servo-ON command) (Emergency stop movement)

Alarm Normal Alarm
E 550.5t05ms i
Dynamic brake Released ' Engaged *2
| ValueofPréda
Motor energization Energized | | Non-energized
Servo-Ready Ready | i Not ready
Servo-Alarm output Not Alarm: ! Alarm
(ALM) " :
L Valeof Prass !
Brake release output - Output Tr ON } i | Output Tr OFF (Brake engage)
(BRK-OFF) (Brake release); . :
*3 Pt t
*4 i

Motor rotational g)eedﬁ\
value of Pr4.39__ 3+

Pr 4.38 is shorter,

[ When setup value of ]
and Pr4.38>Pr6.14

Value of Pr4.38 ¢ E

Output Tr ON | Output Tr OFF (Brake engage)
(Brake release): b

pout
Motor mtational_s&di\u\ When setup value of

L S — [ p—— [Pr 4.38 is shorter, ]
: b and Pr4.38 <= Pr6.14
E Value of Pr 4.38

Output Tr ON |

(Brake release); X
Pttt

Motor rotational speed
value of Pr4.39

'
]
'
'
'
'
v
JF
[l
'

Output Tr OFF (Brake engage)

hen time to fall below value
of Pr 4.39 is shorter,

+ For the operation timing when the Slow Stop function is valid, refer to section 6-3-7.

+ Timing of the figure above changes in the setting
*1.

of various sequence operation.

t1 will be a shorter time of either the setup value of Pr 4.38 (Mechanical brake action at running setup) or

elapsing time for the motor speed to fall below Pr 4.39 (Brake release speed setup).

When an alarm is generated, the dynamic brake operates according to Pr 5.10 (Sequence at alarm).
A brake release output (BRK-OFF) is different from the set brake of 60FEh via EtherCAT communication.

, refer to the section 6-9-3 in the Technical Reference EtherCAT

*2.
*3.
For information on the set brake output details
Communication Specification (SX-DSV03307).
*4,

Pr6.14 (Emergency stop time at alarm).

We recommend the setting in which Pr4.38 (Mechanical brake action at running setup) becomes equal to

If Pr4.38 is set to less than or equal to Pr6.14, the brake operates after the length of time set for Pr4.38 elapses.
If Pr4.38 is set to greater than Pr6.14, the brake does not operate after the length of time set for Pr4.38 elapses,
but the brake operates at the time of transition to non-energizing.
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9-2-7 When an alarm has been cleared (at Servo-ON command)

Setting value of Pr 5.15 or more *1

alarm clear input *2
(A-CLR)

-

16 ms or longer

i

Alarm-clear instruction *2
(EtherCAT, USB)

_()
@D
QD
=

Dynamic brake Engaged Approx. 2ms Released

pprox. 60 ms
«—» Energized

Not-energized

Motor energization

>

Output Tr OFF i
Brake release output (Brake engage) ' Output Tr ON
(BRK-OFF) *3 ; (Brake release)

I Approx. 4 ms
Servo-Ready Not ready i Ready
Servo-Alarm output Alarm Not alarm
(ALM) b
{100 ms or longer

Position/Velocity/ No input entry o Input enabled

Torque instruction

*1. The length of time for identifying alarm clear input is the length of time set for Pr5.15.

*2. When clearing an alarm from EtherCAT communication or USB communication(PANATERM),
turn OFF alarm clear input (A-CLR) once.

*3. A brake release output (BRK-OFF) is different from the set brake of 60FEh via EtherCAT communication.
For information on the set brake output details, refer to the section 6-9-3 in the Technical Reference EtherCAT
Communication Specification (SX-DSV03307).
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