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One. Introduction to basic application of servo driver

1. The servo driver mainly has three working modes: position mode, speed mode and
torque mode.

The position mode takes the motor target position as the control target. Position
instructions can be set by external pulses, the number of pulses determines the final motor
target position, and the pulse frequency determines the motor rotation speed. A position
instruction can also be given by an internal position instruction program. The user sets the final
target position, target speed, acceleration and deceleration time, and triggers the action through
the input function bit.

Speed control takes motor speed as control target. Speed instructions can be set by analog
voltage or parameters.

Torque control takes the output torque of the motor as the control target. Torque
instructions can be set by analog voltage or parameters.

Each mode is controlled by the corresponding control parameter Pxx.xx and the
corresponding input function bit INFnxxx. The running result will be output to the corresponding
monitoring parameter Pxx.xx and the output function bit OUTFnxxx.

The control parameter Pxx.xx can be set by VECobserve, by modbus master, by keyboard, or
by the PLC program assigned to Dxxx. The last setting prevails.

The input function bit INFnxxx can be bound to the entity input terminal DIx. The entity
input terminal drives the input function bit.For example, P06.01=1: binds the input function bit
INFN0O1 (enable) to DI1, and the input terminal DI1 drives INFN0O0O1.When DI1 is activated,
INFN0OO1 (enable) is activated.

For example, P06.02=1 binds the input function bit INFNO01 (enable) to DI2. INFn0O1 is
driven by input terminal DI2. When DI2 is activated, INFN0O1 (enable) is activated.

The INFn input bit cannot be bound to two DI terminals. If two DI terminals drive the same
input bit, conflicts may occur.

The input function bit can also be operated directly through the PLC Mxxx. If an input bit is
already bound to Entity DIx, the PLC cannot operate the input bit through Mxxx. That is, the
entity terminal has the highest priority of the operation input bit.

The monitoring parameter Pxx.xx can be displayed on the panel or obtained by reading the
PLC Dxxx.

The output function bit OUTFnxxx can be bound to the entity output terminal DOx and its
effective state can be output by the entity output terminal, or its effective state can be obtained
by Mxxx of PLC.

(1) Examples of simple application of speed mode.

If you want the motor to move at 500rpm. You need to set the following parameters:

P02.01=1(Select Speed Mode)

P04.01=0(The speed instruction is derived from the main speed instruction A)

P04.02=0(The main speed instruction A is derived from P04.03)

P04.03=500(Set the value of the main speed instruction A)

After activating the input function bit INFN001 (enable the motor), the motor will rotate at a
speed of 500rpm. The real-time speed of the motor is shown in P09.09.
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(2) Examples of simple application of location pattern.
If you want to trigger a signal to make the motor rotate 10 times forward, the rotation speed
is 2000rpm. You need to set the following parameters:
P02.01=0(Select Position mode)
P03.01=1(Location instructions are derived from internally planned locations)
P03.08=0 P03.10=10000(Set 10000 position instruction units to make 1 turn of the motor)
P13.01=0(Stop after a single trigger motion)
P13.02=1(Run 1 segment position after triggering)
P13.05=1(Run in relative position mode)
P13.10=10 0000 (The position instruction is positive 10 turns, if negative set to -100000)
P13.12=2000 (Command speed is 2000rpm)
Then activate the input function bit INFN001 (enable motor). The rising edge triggers the
INFn27 motor to rotate forward for 10 turns.

Two. Built-in PLC function description

Based on the general servo, VC600 series servo has added PLC function. PLC function is
enabled by parameter P01.90=1. PLC program through GX Works 2 development download test.
PLC support ladder diagram language programming. VC600 also supports the parsing of multiple
formats of RS instructions. The data completed by parsing is placed in the parameters and
provided to PLC for use. The function of RS instruction parsing is referred to "VC600 Introduction
to RS Instruction Parsing".

The CN5 monitoring port (serial port 1) of the VC600 series servo can be used as the servo
monitoring port to communicate with VECobserver, can also be used as the PLC download
debugging port to communicate with GX Works2, and can also be used as the RS instruction
receiving port to communicate with the RS upper computer, which can be selected by parameter
P01.91. When connecting to the monitoring port (serial port 1) of CN5, you need to set P01.91
correctly to communicate with related software.

VC600 series servos add a RS232 interface (serial port 2) in the CN1 network port, which is
used to realize the RS instruction communication with the machine tool. Run P01.94 to select the
serial port from which the RS command originates. The signals of the CN1 network port are
defined as follows:

PLC program operation, through the INFn171 control, the default parameter P06.04=171, by
DI4 control PLC start and stop. P06.24=1, the DI level is reversed, so the system will run PLC by
default when there is no connection.

PIN CN1 define illustrate
| = 1 CANH High signal of CAN bus
i ; 2 CANL Low signal of CAN bus
— o© 3 GND Power supply ground
4 SG+ Signal positive of RS485
5 SG- Signal negative of RS485
CN1 Definition of signal 6 ™D Send of serial port 2
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2.1. Explanation of PLC related parameters

RXD

Receiving of serial port 2

GND

Power supply ground

Parameter L. Set Read and Effective
Parameter Description Default .
No. Range write mode method
Enabling  parameters of  PLC . )
) o~1 0 RW immediately
functions
PO1. 90
0-The PLC function is not enabled
1-Enable PLC function
Serial port 1 (micro usb) protocol ) )
0~2 0 RW immediately
type
PO1. 91 0-VEC debugging software protocol
1-PLC program download protocol
2-RS instruction protocol
PLC non-standard function 071 0 RW immediately
PO1. 93 0-Universal RS function
1-Non - standard RS instruction parsing function
Serial port source of RS instruction | o~1 0 RW immediately
PO1. 94 0-Serial port 2 (RS232 inside the network port)

1-Serial port 1 (R$232 in the monitoring port)

Special note: Drive default, P06.04 (DI4 function configuration) =171 (PLC operation DI function

number), P06.24 (DI4 level) =1, DI level is inverted, so in the case of unconnected, the system

default PLC operation.




VECTOR

Operating instructions for VC600 cases

2.2, Introduction of PLC software components

The content of this section is very important and relates to the programming of the built-in

PLC. PLC contains the following soft components.

Interna .
Drive
Istart | ¢ I Common | common | Power-down | Power-down
interna
element description addres 4 start end save starting save end
en
s of the address address address address
) address
drive
Auxiliary
M 0 511 512 3071 512 1535
relay
C16 bit Counter 0 199 100 199
. High-speed
C32 bit 200 255 200 255
counter
T Timer 0 255 246 255
Data Register 0 2047 2048 7999 2048 3071
Input Relay 0 10
Output Relay 0 6

2.2.1 X soft component, Y soft component, M soft component detailed

introduction

X0~X9 Valid status of the physical DI terminals DI1 to DI10 of the drive.

Y0~Y5 Valid status of the entity DO terminals DO1 to DO6 corresponding to the drive.

MO to M511 are the input and output function bits inside the drive, which have specific

functions.Among them, M41~M116 correspond to the servo input function bits INFNO1~INFn76;
The fixed offset address of the INFn is 40.
M141~M173 correspond to servo output function bits OUTFn01~OUTFn33; OUTFn has a fixed
offset address of 140.
Other input function bits of MO~M511 are reserved for the servo.

The M512 to M1535 are universal M bits that can be maintained after power failure.
The M1536 to M3071 are universal M bits, which will be lost in a power failure.

(1) Application Example 1

X0

M41

—0)

After DI1 is activated, the servo drive is enabled.
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(2) Application Example 2
X1 M67

—O

After DI2 is activated, internal location planning is triggered.

2.2.2 Introduction to Area D

D0~D2047 Corresponding to servo parameters P00.00-P20.47, some parameters are not used,
reserved for the servo.
D2048~D3071 It's the address of the power-off hold.
D3072~D7999 It's the address of the power failure.
(1) Application Example 1

M8000
| || [MOvV K500 D403]

| | L _

Run the PLC program to automatically assign 500 to D403, that is, servo parameter P04.03=500.
(2) Application Example 2

M1600

| | | [MOV K500 D2500]

| || L _

Run PLC program and close M1600, power off, power on again, D2500 value is still 500. Because

the D2500 has power failure hold function.

2.2.3 Introduction to other soft components

TO~T245 It is a universal T bit, which will be lost in a power failure.
T246~255 Is the universal T bit, which will be retained after power failure.

100ms

100ms type 10ms type 1ms Cumulative*4 1ms type
Cumulative*4
0.1~3276.7sec 0.01~327.67sec 0.001~32.767sec 0.001~32.767sec
0.1~3276.7sec
TO~T199
T246~T249
200 point T250~T255
T200~T245 For 4-point T256~T511
For 6 points
46 point Execution 256 point
Subprogram hold*4
Interrupt saving*4
T192~T199
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(1) Application Example 1
M1600 K1000

| | | [ T246)
| || o
Run PLC program and close M1600, and T246 starts counting. When the value

reaches 1000, T246 is effective and remains at 1000. Generally, the counting value of
T246 should be cleared within one cycle after the operation.

Three. Engineering create and connect PLC download

procedure steps

3.1 Creation of project

1. Click on Project and select New Project

I8P | #8E =|E/EAO H/EIEO R

) [FRIRN.. Ctrl+N
B 17 1IR©OQ).. Ctrl+0O
-

FE/METEEM) »

i T(D)...

TEEXNERHE »

2. Choose simple engineering type, FXCPU for PLC series, and click "OK" after
selecting ladder diagram for programming language
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FrTE X

TH2EP): WE
LENEH =
™ #BiEEL

B
PLCEI(S):
|Fxcpu -]
PLCERIM):

FX3U JFX3UC v

BRES0):
7= =l

3.2 Connect the PLC to download the program

1. Click "Connection Target" -> "Current Connection Target" in the left navigation
window, double-click "Serial USB", select RS-232C mode, set the COM port number
and baud rate as 9.6Kbps, press "OK" button, click communication test, click "OK"
button after successful communication test. This indicates that the PLC is successfully
connected.

fo| g H
Seny CCECot OOk Bhemet  CCIEFed G Senes NETH FLC
Usé NET/OH)  Boad Boad Boant Bus Bosrd Board
Boar L
COM [COME ez [1152000s
] i i
PIC  CCECm  CCirk et [+1] GoT CCIEFed  CCIEFed
Modde  NET/I00Y  Mode Modue Master/Local  Communication
Modue Modde  Head Modde |*|
cPugizt [CPU
E - i el 0
RN F RTEEeE X |
o Soeckcl SRS AR IR
& Rs2C e 4
el (& X USEAW/FX3U-USEED) = ittt
€ uss —j cruge |
Jcomsa [oome - _wEen | ¥
CC ECont
NETA0M) | 44 FiRERG)
fiRER e}
TEL (FXCPU)
H R R —
CCIECot CCERed  Bhemet  CClnk c2 5
NETA10M) r L]
Eikihds e -
| 1] —3

2. Once you've written the program, you need to convert it

Rt b L EIEEY T RN JEE EEY PEsis- s |
sl b it SRR A e 38 5 I B M| [smpraes chit-ak-ral] 60 25 B R SE|
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3. After conversion, you can download the program to the PLC

m-—_mm-ml !_mnﬁtm:l:-mm

BFTFEEEIIROMLED).

BETaREItRieEE)
IR L)

CPUIEERIA (D)
R EHO)...
BR/MmEBETESER0)...

M)
=80

IEECSTERLEHERD « CSVISTRA)

‘mru«n FEAW) o

L1

& culie | BARSSRYER &/

)

LR #0E / 208) LWRE F 0 / BRE)

B n# I

==

A ITEMSTOPSS . BEFWITPLCEAN ?

Then wait for PLC program download can be completed.
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Four. The built-in PLC servo motor is used to drive the

fixed speed

4.1 Servo speed mode is briefly introduced

Speed mode is a control mode with motor speed as the control target. It is often used for
driving the spindle. The speed command can be set by simulating voltage or parameters. The
implementation of the speed mode is shown below.

Torque feedfarword
Speed
source Speed | Clurrent B R
select - loop — P
Speed Current
feedback feedback

The servo has two speeds to choose from, the main speed A and the auxiliary speed B,
which can be superimposed on each other or switched between each other. Both primary
velocity A and secondary velocity B have multiple sources of velocity. This is shown in the figure
below.

Source of PO4. 02 maln speed A main speed A

0- From FPO4. 03
1- From AIl
2— From AIZ

FO4. 01 Speed Source
0- From the main speed A
1- From Auziliary Speed B

Source of PO4. 04 auxiliary

Auxiliary 2- From A/B switching
=besd b speed B 3- From A+B
0- From POO. 05 3 ) .
1- From &1 4- From commgnlcatlon PO&. 17
o- Frem AL 5- From multi-spesd

£- From UPDOWN speed mode
Y- From internal sine wave

milti-speed
Fll group parameters

By default P04.01=0, P04.02=0, size of speed instruction (rpm) set by P04.03, positive
P04.03, positive turn, negative P04.03, reverse.
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Related parameters are as follows:

Parameter | Parameter Set . Set Effective Read and
No. Description Range unit Mode method Default write mode
P04. 01 Source of
velocity 0~7 - any time immediately 0 RW
Select the source of the speed instruction
0- Main velocity A
1- Auxiliary velocity B
2— Perform A/B switchover using INFn. 12
3- A+B
4- communication
5- Multiple segment velocity
6— UP/DOWN speed mode
7- Internal sine wave
P04. 02 The source of
the primary o~4 - any time immediately 0 RW
velocity A
Set the speed instruction source for the main speed instruction A source
0- Source from P04.03
1- Derived from AIl
2— Derived from AI2
3=Derived—FfremAL3 (AI3 is not supported on hardware)
4- Derived from pulse rate
P04. 03 The set value of N
the main 2167 5 rpm any time immediately 500 RW
velocity A 701
Set the speed instruction value via P04. 03 when the main speed A source selects the number given
source.
P04. 04 Auxiliary
velocity B 0~4 - any time immediately 0 RW
source
Set the speed instruction source for secondary speed instruction B.
0- Derived from P04. 05
1- Derived from AIl
2— Derived from AI2
3=DerivedFromAL3 (AI3 is not supported on hardware)
4- Derived from pulse rate
P04. 05 The set value of -
the auxiliary et a2 rpm any time immediately 500 RW
speed B 701

10
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given source.

Set the speed instruction value via P04. 05 when the auxiliary speed B source selects the number

P08. 17 Speed -
] ] -32767 32 ) ) )
communication 267 rpm any time immediately 0 RW
given
In speed control mode, the source of speed instruction is communication timing, and the value

of speed instruction is set.

When the speed instructions come from Alx, see ”6.3.1 Simulated Input AI” in the
VEC VC210 servo manual for details.

4.2This section describes the click function

The dot function is widely used in the field. Operators often use the dot function in trial
operation or when they want to manually make the material run to a certain position. There are
two kinds of point-moving, namely forward point-moving and reverse point-moving, which are
respectively controlled by INFn.09 and INFn.10. When INFn.09 or INFn.10 is in effect with servo
drive enabled, the speed output will overlay a point speed P04.16 over the current speed

instruction.

source of &

i e
command i

Enable positive nable negative

JOG INFr.09 JOG INFn.10
JOG speed
P0D4.16

4.3 Commonly used input function bits

bits Bit description

INFN.01 | Enable servo controller after activation, otherwise disconnect enable

INFn.02 | The rising edge resets the servo controller

INFN.09 The speed output will overlay a forward point speed P04. 16 on top of the
n.
current speed instruction

INFn.10 The speed output will overlay a reverse point speed P04. 16 on top of the
n.
current speed instruction

INFn.11 | The speed command is reversed from the original.

INFn.13 | The speed command is zeroed directly.

XX in INFn.XX is the parameter value of the sixth DIX function control register

11
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4.4 Commonly used output function bits

bits Bit description

OUTFn.01 | OUTFn. 01 is valid when the servo controller is enabled

When the absolute value of the actual output speed P04.21 is greater
OUTFn.02 | than the speed arrival threshold P04.23, the speed arrival signal

OUTFn. 02 is effective.

The zero speed signal OUTFn. 05 is valid when the amplitude of the actual
OUTFn.05 .

output speed P04.21 is less than the zero speed threshold P04. 25.

When the actual output speed P04.21 is greater than the zero speed
OUTFn.07 . . .

threshold, the forward turn signal OUTFn. 07 is effective

When the actual output speed P04. 21 is less than the negative zero speed
OUTFn.08 . . .

threshold, the reversal signal OUTFn. 08 is effective

When the difference between the actual output speed P04. 21 and the speed
OUTFn.32 | given instruction is less than the speed consistency threshold P04. 24,

the speed consistency signal OUTFn. 32 is effective

XX in OUTFn.XX is the parameter value of DOX function control register in group 6

4.5 Common control parameters

Parameter Parameter Set " Set Effective Default Read and
. . uni erau .
No. Description Range Mode method write mode
P04. 03 The set value of -
-32767 32
the main 267 rpm any time immediately 0 RW
velocity A
Set the speed instruction value via P04. 03 when the main speed A source selects the number
given source.
PO4. 16 JOG speed 0732767 | rpm | any time | immediately 20 RW
When using the DI jog function, set the jog speed command value
PO4. 17 Acceleration - any time immediately 500 RW
0 32767 ms
time
The time when the speed is commanded to accelerate from 0 to rated speed.
P04. 18 deceleration N any time immediately 500 RW
) 032767 ms
time

The time when the speed is commanded to decelerate from the rated speed to 0.

12
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4.6 Commonly used monitoring parameters

Parameter description of Set - Reading and
ni
number parameter range writing mode
Displays the
P04. 21 filtered value of 0732767 rom RO
the speed.
Real-time speed ~
P09. 09 ) . 0 32767 rom RO
monitoring

4.7 Servo mode parameter setting process

PO2.01=1 ——x P04.01=0 P4, 02=0 P04, 03=500

This flowchart means that the driver control mode selects the speed mode, and the speed

comes from the main speed A, which comes from P04.03

4.8 Mitsubishi programming case.

[Tite] speed mode

M1004  M1003  M1005
( 279) f 7 it [MOV K1 p201 ]
[Tite] Positive JOC
X003
( 288) I { M49 }
[Tite] R ¢
X004
( 291) } { M50
[Tite] Fixed speed
M8000
( 294) } {MOV Ko D401 1
{ MOV Ko D402 ]
MOV K500 D403 1
* < JOG speed >
[MOV K20 D416 ]
[Title] Enable the servo
X001 w
( 231) } { M41 )
[Tite] Reset the servo

X002
( 228) } M42 }

13
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Case Notes:
Set the drive control mode to speed mode, speed from speed A, speed A from P04.03,P04.03
set to 500, that is, the motor will run at the speed of 500rpm/min after enabling. There is also a
JOG function, when INFn.09 or INFn.10 is effective, the speed output will overlay a point speed
P04.16 on top of the current speed instruction.
This PLC programming case is based on the "servo speed mode parameter setting process"
to write. You can press Un000 on the panel to check whether the speed is correct.

M1004 | This command is used to set the driver | M8000 | Used to set speed mode
control mode to speed mode parameters

X001 Used to enable a servo driver X002 Reset servo driver

(Can also reset the fault)

X003 Positive JOG button X004 Reverse JOG button

Five . use the built-in PLC servo control motor for

positioning control

5.1 Brief introduction of servo position mode

Position mode is a control mode in which the motor target position is taken as the control
target and is often used to achieve high precision positioning. Position instructions can be set by
external pulses, the number of pulses determines the final motor target position, and the pulse
frequency determines the motor rotation speed. A position instruction can also be given by an
internal position instruction program. The user sets the final target position, target speed,
acceleration and deceleration time, and triggers the action by inputting function bit INFn27. The
implementation of the location pattern is shown below.

Positi Speed feedfoward
osition wE >
o Position Electroni — Position
—— 5 o 5 G guar i loo speed Current
direction ratio cmd filter [>| Error | P P L
count Proportional loop loop
gain F
Postion Speed
feedback feedback

14
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The position instructions in the figure above can be derived from pulse instructions or
internal planning position instructions. Only instructions from internal location planning are
introduced here. That is to say, the user sets the user position instruction size, instruction speed,
acceleration and deceleration time. After the trigger position is executed, the motor will act
according to the setting. After the action is completed, the signal of positioning completion is

output.
Parameter Parameter Set . Set Effective Read and
o unit Default .
No. Description Range Mode method write mode
P03.01 Source of
position 0~6 - any time | immediately 0 RW
instruction

0- Derived from the external pulse instruction

Directive)
2~6 Refer to the detailed instructions

There are two kinds of internal planning position instruction: absolute position instruction
and relative position instruction, both of which are called user position instruction.

The absolute position instruction refers to the position relative to the zero. Before the
absolute position instruction, it must be returned to zero to calibrate the zero of the absolute
position, while the relative position instruction refers to the position relative to the current
position.

For example, if three absolute position instructions are run, the size of the first position
instruction is set to 10000, the second position instruction is set to 20000, and the third position
instruction is set to 0. First, the zero return operation is carried out, and then the position of 3
sections is triggered. The motor first goes forward 10000, then forward 10000, then reverse
20000, and finally returns to zero.

For example, if the relative position instruction is taken for 3 sections, the position
instruction of the first section is set to 10000, the position instruction of the second section is set
to 20000, and the position instruction of the third section is set to -10000. After triggering the
multi-section position, the motor first goes forward 10000, then forward 20000, then reverse
10000.

The locating action is triggered by INFn27. OUTFn13 takes effect after the locating is
complete. The output condition can be set by P03.45.

The parameters set by the internal planning location directive are shown in the following
table.

15
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Parameter | Parameter Set ) Set Effective Read and
. unit Default .
No. Description Range Mode method write mode
P13.01 Multi-segment
location
(internal Stop to ) )
0~2 - immediately 0 RW
planning set
location)
working mode

1- Run in cycles

0- Stop after a single run

2- The DI switches and reads the values of INFn.31, INFn.30, INFn.29, and INFn.28 as segment

numbers
P13.02 Total number of ) )
1~16 - any time immediately 16 RW
segments
P13.03 Idle waiting
. . 0~1 - any time | immediately 1 RW
time unit
0- ms
1-s
P13.05 Absolute or
relative
position 0~1 - any time immediately 1 RW
instruction
Settings
0- Absolute position instruction
1- Relative position instruction
P13.10 Number of 1st | -2147483
segment 647 ~ User ) )
. any time immediately 10000 RW
position 21474836 unit
commands 47
P13.12 Running speed
of the first ) )
0~32767 rpm any time immediately 500 RW
segment
position
P13.13 The
acceleration
. . 0~32767 ms anytime | immediately 500 RW
time of the first
position run
P13.90 The
deceleration 0~32767 ms any time immediately 500 RW
time of the first

16




VECTOR Operating instructions for VC600 cases
position
operation
P13.14 The free time in
the first
position 0~32767 ms(s) any time immediately 1 RW
(Usually set
to 0)
Parameter | Parameter Set ) Set Effective Read and
.. unit Default .
No. Description | Range Mode method write mode
Locate the
completed 0~3 - any time immediately 0 RW
output
condition
In the position control mode, when the servo is running, when the absolute value of position
error P03.17 is within the set value of P03.46(positioning completion threshold) and keeps
P03.49 (positioning completion/approaching time threshold), the servo can output the
positioning completion signal. The output condition of the positioning completion signal can be
P03.45 set through P03.45.
0-If the position error is less than the threshold of positioning completion, the output will be
cleared;
1-When the position error is less than the threshold of positioning completion and the speed
instruction P03.95 in position mode is zero, the output will be cleared otherwise;
2-When the position error is less than the positioning completion threshold and the filtered
speed instruction P03.96 is zero in position mode, otherwise the output will be cleared;
3-If the position error is less than the positioning completion threshold and the speed
instruction P03.95 is zero in position mode, the output will be cleared if the speed instruction
P03.95 is not zero in position mode
Positioning
completion 0~32767 0'9001 any time | immediately 10 RW
threshold circle
P03.46 Set the threshold value of the absolute value of the position deviation when the servo driver

outputs the positioning completion signal.
(The positioning completion signal is only valid when the servo driver is in the position control

mode and in the running state)
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5.2 Introduction to electronic gear ratio

The electronic gear ratio is used to convert the user's position command unit to the motor
encoder's position unit. It has two settings.

(1) The first is to set how many user position commands are required to make the motor
rotate for 1 circle, or how many user position commands are required to make the motor rotate
for 1 circle. Set P03.08=0, P03.10 value is the user position command value to make the motor
rotate for 1 turn.

(2) The second is to directly set the numerator and denominator of the electronic gear ratio. l.e

User position command x

Electronic gear ratio numerator .
= Location of motor encoder

Electronic gear ratio denominator

For example, assuming that the pulse tracking mode is used, the user PLC sends XY pulses

to the servo driver, which stipulates that a pulse motor must travel 1 micron, but the actual

motor needs to rotate 100 pulses to travel 1 micron, then the electronic gear ratio (numerator

ratio denominator) is 100.

If the numerator of the electronic gear ratio is set to 0, then how many pulses the motor

needs to make one revolution depends on the denominator.

For example, the encoder resolution of the motor is 10000, and the denominator of P03.10

electronic gear ratio 1 is set to 5000. When the motor receives 10000 pulses, the motor rotates

twice.

If the numerator of the electronic gear ratio is not 0, the motor encoder position is

calculated according to the above formula.

The system has two sets of electronic gear ratios to choose from, and Related parameters

are as follows.

Parameter | Parameter Set i Set | Effective Read and
.. unit Default .
No. Description Range Mode method write mode
P03.08 Electronic gear | .
) 121474 ) )
ratio 1 - anytime Immediately 0 RW
83647
numerator
A molecule that sets the first set of electronic gear ratios for the position
instruction to divide/double the frequency.
P03.10 Electronic gear ~
) 121474
ratio 1 - anytime Immediately 1000 RW
. 83647
denominator
Sets the denominator of the Group 1 electronic gear ratio for the position
instruction sub/double frequency
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5.3 Positioning function parameter setting process

Set P02.02=0 as position
mode

|

Set P03.01=1 from multi-
segment position

!

Set Electronic gear ratio

!

Set multi-segment position
parameter

|

Enable

INFn.27 rising edge trigger start
operate

I

INFn.27 falling edge trigger
stop operate

5.4 Function Description of JOG

In the speed mode, there are two kinds of forward jog and reverse jog, which are
controlled by INFn.09 and INFn.10 respectively. When INFn.09 or INFn.10 is valid, the speed
output will superimpose a jog speed P04.16 on the basis of the current speed command. As
shown below.

(The point function in position mode is a little different from that in speed mode, that is, if the
multi-segment position mode is used in position mode, the point function does not need to
consider the speed command when enabled.)

source of &
xinn e oo
command N
Enable positive nable negative
JOG INFR.09 JOG INFn.10
JOG speed
P04.16
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5.5 This section describes the return to zero function

In some applications, it is often necessary to set an origin. You need to return to zero during
the first power-on. When zero is returned, the position of origin switch, reverse operation limit
switch or forward operation limit switch can be calibrated, or the current position can be
calibrated. For a variety of applications, our servo developed a variety of back to zero mode. The
zero-back mode is set by P03.51. Commonly used are return to zero mode 17, return to zero
mode 18, return to zero mode 35. The return to zero action is triggered by INFn26. OUTFn15 is
set after the return to zero. The user position P03.90 after the return to zero is equal to the
return to zero offset P03.55. The following describes the three common return to zero modes.

(1) Homing method 17: Origin return depending on the reverse operation limit switch

Case 1: When the user triggers the execution of homing, if the negative
position limit switch state is in the low level, the axis starts to move in the
reverse direction at the first speed. When the negative limit switch is in the high
level, the moving direction changes and starts to move at the second speed;
the position when the negative limit switch state is in the low level is the zero
point position.

Case 2: When the user triggers the execution of zero return, if the state of
the reverse operation limit switch is at a high position, the axis starts to move
forward at the second speed, and the position when the reverse operation limit
switch state is at a low position is the origin position.

s I . .
Starting point
f 1
Case1 % > Positive
direction

Starting point :

Case? @ > Positive
= direction

The negative
limit switch

Homing method 17: Homing on the negative limit switch

(2) Homing method 18:Homing on the positive limit switch

Case 1: When the user triggers the execution of homing, if the positive
position limit switch state is in the low level, the axis starts to move forward at
the first speed, and when the positive position limit switch is in the high level,
the moving direction changes and starts to move at second speed, and the
position at the time when the positive limit switch state is at the low level is the
zero point position.

Case 2: When the user triggers the execution of the zero return, if the
forward running limit switch state is at a high position, the axis will directly start
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reverse movement at the second speed, and the position when the forward
running limit switch state is at a low position is the origin position.

Starting point

Casel Reverse

direction

Reverse ¢——{@——starting point

ase2 A :
Laae direction

The positive
limit switch

Homing method 18: Homing on the positive limit switch

(3) Homing method 35: depends on current location

In mode 35, when the user triggers the home return, the axis does not
move, and the current position of the axis is considered to be the home
position.

For details of the zero-back mode, please refer to the 5.2.10 "Zero-Back Function of Origin"
section of "VC210 Servo Manual".

Note: When using the origin return to zero mode with operating limit switch (limit switch),

before using the origin return to zero function, it is necessary to set P03.73 to 0 or 2. When

setting to 1, the positive and negative limit will trigger the servo motor directly into the fault

protection state and cannot continue to complete the return to zero operation.

Related Parameters

Parameter | Parameter Set . Set Effective Read and
.. unit Default )

No. Description | Range Mode method write mode

P03.51 Return to zero
mode
Set the origin
Stop to
back to zero 0~99 - ‘ Immediately 0 RW
se
mode and
trigger signal
source.
P03.52 Acceleration
and
. any
deceleration 0~32767 ms . Immediately 500 RW
ime
time back to
zero
Set the time for the motor to accelerate from 0 to the rated speed when
the origin returns to zero. Therefore, when the origin runs back to zero,
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the actual acceleration time of the motor t = P03.53/ rated speed *
(P03. 52)
P03.53 The return to
zero velocity of any
. 0~32767 rpm ] Immediately 500 RW
the first time
segment
Also called high speed return to zero speed, set the origin return to
zero, search deceleration point signal when the motor speed.
P03.54 The second
segment any
0~32767 rpm . Immediately 100 RW
returns to zero time
velocity
Also known as low speed return to zero speed, set the origin return to
zero, search the origin signal when the motor speed.
P03.55 Bias it back to
zero Set the
absolute -2147483
L User any
position value | 647~2147 . ) Immediately 0 RW
unit time
of the motor 483647
after the origin
returns to zero.
When BIT9 of PO1.46 is set to 1, the motor does not go to the offset
position after the origin is found, and the origin is directly set to
the offset position. When BIT9 of P01.46 is set to 0, after the origin
is found, take the origin as zero and the motor moves to an offset
position.
P03.57 o 0.0001 | any
Range of origin 0~32767 . ] Immediately 5 RW
circle time

When the position of the motor encoder is within the origin range, and the speed is given
P09.89=0 in the position ring mode, and P03.49 time is maintained, the output is returned to

zero completion signal.
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5.6 Process for setting the return to zero function

5.7 Travel limit function

Set the mode to zero

v

Set the acceleration and deceleration time back to zero

v

Set the return to zero speed for the first segment

v

Set the return to zero speed for the second segment

v

Sets the bias after returning to zero

v

Setting the origin Range

In position mode, the servo has the software limit function. When the software limit is

enabled, the position value of the encoder is detected to be less than the lower limit value of the

software limit (P03.74) and the motor moves in the negative direction, and the software limit

fault (Er207) is reported. When the position value of the encoder is detected to be greater than

the upper limit of the software limit (P03.76) and the motor moves in the positive direction, the

software limit fault (Er207) is reported.

In position mode, the servo also has hardware limit function. After hardware limit is enabled,

set INFn.43 and INFn.44 to a certain DIx. When the DIx is valid and the speed is greater than or

less than zero (see INFn.43 and INFn.44 below), a hardware limit fault Er208 is reported.

Parameter
No.

Parameter
Description

Set
Range

unit

Set
Mode

Effective
method

Default

Read and
write mode

P03.73

The  software
and hardware
limits are
enabled
0-Software and
hardware limits
are not enabled
1-The hardware
and  software
limits are
directly enabled
during

0~2

any time

Immediately

RW
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power-on
2-Enable the
software  and
hardware limits
after the value
is returned to
zero
The software/hardware limit function and the way to enable the software/hardware limit
function
P03.74 -21474836
Software limit 47~ User ) -1000
L . any time Immediately RW
lower limit 21474836 unit 0000
47
Set the lower limit of the software limit
P03.76 o -21474836
Upper limit
47~ User . 1000
value of ] any time Immediately RW
L 21474836 unit 0000
software limit
47
Set the upper limit of software limit
The relevant input function bits are as follows.
bits Bit description

INFn. 43 | Under the position mode, the forward hardware limit switch will
report hardware limit fault when the speed is greater than zero
and INFn. 43 is valid

INFn. 44 | Reverse hardware limit switch in position mode, when the speed
is less than zero and INFn When 44 is valid, hardware limit fault
is reported

XX in INFn.XX is the parameter value of the sixth group of DIX function control registers
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5.8 Common input function bits

bits Bit description

INFn.21 | The position command is prohibited. When it is valid, the position command is
prohibited to be input into the servo. It can be used for emergency stop operation.

INFn.22 | The position command is reversed. If it is valid, the reverse position command is
input into the servo.

INFn.26 | Trigger return to zero

INFn.27 | Trigger multi segment position command
The rising edge triggers the execution of the multi segment position command, and
the falling edge stops the execution of the multi segment position command, or only
the rising edge triggers the execution of the multi segment position command, and
the falling edge does not act. Refer to P13.92 for details

INFn.34 | Zero return origin switch input

INFn.43 | Position mode forward operation limit switch (forward limit switch)

INFn.44 | Position mode reverse operation limit switch (reverse limit switch)

XX in INFn.XX is the parameter value of the sixth DIX function control register

5.9 Commonly used output function bits

bits Bit description
OUTFn.1 | Servo enabled, output effective signal
OUTFn.13 | Positioning complete output, positioning complete when valid
OUTFN.15 | Return the origin to zero to complete the output. When the encoder position of the

motor is within the origin range, and the speed is given P09.89=0 in the position
loop mode, and P03.49 time is maintained, the output is returned to zero to
complete the signal.

XX in OUTFn.XX is the parameter value of DOX function control register in group 6

5.10 Common Setting Parameters

Parameter o
. Parameter Description

P03.01 Used to select the source of the position instruction.
P03.02 Used to select the pulse instruction count mode.
P03.06 Set the position to a given median filtering time constant
P03.07 Set the position for a given low pass filter time constant
P03.08 Electronic gear ratio is 1 molecule
P03.10 Electronic gear ratio 1 denominator
P03.45 Set the output condition for positioning completion
P03.46 Set the positioning completion threshold
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P03.49 Set the positioning completion/approach time threshold
P03.51 Set the mode to zero

P03.52 Set the acceleration and deceleration time back to zero
P03.53 Set the speed of the first segment back to zero

P03.54 Set the speed of the second segment to zero

P03.55 Set bias back to zero

P03.57 Setting the origin Range

P03.73 The software and hardware limits are enabled

P03.74 Software limit lower limit

P03.76 Software upper limit

P13.XX Set the multi-segment location mode parameters

5.11 Common monitoring parameters

Parameter o
- Parameter Description
P00.13 View motor encoder position (encoder unit)
P03.04 View the number of instruction pulses received
P03.17 Position error monitoring (unit: 0.0001 turn)
P03.90 Mechanical position (user position unit)
P03.95 Speed command monitoring in position mode
P03.96 Speed instruction monitoring after filtering in position mode
P09.09 Real-time speed monitoring
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5.12 Mitsubishi PLC programming case

5.12.1 Positioning case (2500 line incremental encoder motor)

[Title] Position mode

( 234)

[Tide] Multiple segm

M8000

M1005
LA

Drive control mode is set to position mode

—|

nent position

M8000

AT

{mMov Ko D201

{mMov K1 D301

The instruction pulse type is AB pulse

{mov K2 D302

The electronic gear ratio is 1 molecule

{omov  K10000 D308

Electronic gear ratio 1 denominator

[DMOV K10000 D310

Set the click speed

{Mov K20 D416

— |

{Mov Ko D1301

{Mov K2 D1302

Set the walting time unit to seconds

MOV K1 D1303

{MOV Ko D1304

[Mov Ko D1305

The first position instruction is set to 50000

27

{DMOV KS50000 D1310

]

Position instructions are derived from internal position planning

]

]

]

]

The multi-segment position mode is set to run in a loop

]

Multi-segment position The number of segments is set to 2

]

1

The residual processing mode is set to restart

]

Position mode is set to relative position mode

]

]
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The first acceleration time is set to 500ms

{mov  Kso0 D1313  }

The first deceleration time is set to 500ms

[MOV K500 D13%0 ]

{MoOV K1 D1314 ]
The second position instruction is set to 0

{pmov ko D1315  }
The second run speed is set to 500rpm

{mMov  Ksoo D1317  }

The second acceleration time is set to 500ms

{mov  Ksoo D1318  }

The second deceleration time is set to 500ms

[MOV  KS00 D1391 ]

The second idle period is set to 1s

{mov K1 D1319 ]

[Title] Return to zero mode
Set the mode to zero

M8000
( 429) . {MOV K35 D351 1

Return to zero bias

{MOV Ko D355 1

[Tide] Enable return to zero

X005 .
( 443) } { M66 )

[Tite] Positive JOG

X003 )
( 293) — | {M49 )
[Tide] Reverse JOG
X004 )
( 296) — | M50 )

[Tite] Trigger multi segment position

X008 .
( 231)—| (M67 )

[Title] Reset servo
X002 |
( 228)— | {M42 )

[Titde] Enable servo
X001 |
( 231 — | {M41 )

Case Notes:

The driver control mode is set as the position mode, the position instruction comes from the
internal multi-segment position, the pulse type is AB pulse, the electronic gear ratio is set as
1(10000/10000), the multi-segment position is the relative position mode (if it is the absolute
position mode, it should be returned to zero before starting, pay attention to whether the return
to zero is successful, To converge P03.90 to the value of P03.55(back to zero bias), first turn
forward 5 times at the speed of 500rpm/min and then reverse 5 times at the speed of
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500rpm/min. In this way, the acceleration and deceleration time is 500ms, and there is 1s idle

time in the middle of the two positions. In position mode, the point function can also be

performed. When INFn.09 or INFn.10 is effective with servo enabled, the speed output will

overlay a point speed P04.16 on the basis of the current speed instruction

X001 | Enable servo driver X002 | Reset servo driver (can be used to reset fault)
X003 | Positive jog button X004 | Reverse jog button

X005 | Enable return to zero X006 | Trigger multi segment position

Six. Gain adjustment

6.1 Control loop gain adjustment

There are three sets of loop gains to be adjusted inside the servo, namely current loop gain,

speed loop gain and position loop gain. The current loop gain generally does not need to be

adjusted. There are six gain adjustment methods (adjustment modes) for speed loop and position

loop.

P07.20=0, the first set of gain is used for fixation. In this mode, the user can manually modify

the three values of P07.03, P07.04 and P07.05 to optimize the control performance.

P07.20=1, gain switching. Similar to type 0, it can be used for gain switching.

P07.20=2 or P07.20=3, the gain is automatically calculated according to the set rigidity level

and load inertia. P07.20=2 is generally used for normal mode, and P07.20=2 is generally used for

positioning mode.

P07.20=4, the gain is automatically calculated by setting the speed loop bandwidth P07.03

and the position loop bandwidth P07.05.

P07.20=5, no adjustment function. The gain is calculated automatically according to the

adjustment free parameter P07.78.

When using the 2/3/4/5/6 gain adjustment method, the motor rated current P00.01, motor rated

torque P00.25, motor rotor inertia P00.27, load inertia ratio 07.29, and driver rated current
P01.03 must be set.
The characteristics and adjustable parameters of different gain adjustment modes are as

follows:
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Adjustment mode

Adjustable speed ring/position ring parameters

P07.20=0 Gain adjustment

High the
performance that can be adjusted,
and high

professionalism.

adjustability, best

requirements for user

P07.03 (Speed loop proportional gain)
P07.04 (Speed loop integral gain)
P07.05 (Position loop proportional gain)
P07.08 P07.10 (Torque feedforward)
P07.09 P07.11 (Speed feedforward)

P07.20=1 Gain switching adjustment
High adjustability, the performance
that can be adjusted is the best, and
the user's professional level is highly
required.

P07.03 P07.04 P07.05P07.08 P07.09 P07.10 P07.11

(First set gain)

P07.21 P07.22 P07.23 P07.24 P07.25 P07.26 P07.27

(Second set of gain)

P07.20=2/3 Adjustment of rigidity
grade

Low adjustability, can only meet the
general application needs, and has
users'

low requirements for

P07.28 (Rigidity class)

P07.29 (Load inertia ratio)

P07.08 P07.10 P07.41 (Torque feedforward)
P07.09 P07.11 (Speed feedforward)

professional level.

P07.29 (Load inertia ratio)

P07.03 (Speed loop bandwidth)

P07.04 (Speed loop integral gain)

P07.05 (Position loop bandwidth)

P07.08 P07.10 P07.41 (Torque feedforward)
P07.09 P07.11 (Speed feedforward)

P07.20=4 Bandwidth adjustment
High adjustability, the performance
that can be adjusted is the best, and
the user's professional level is highly
required.

P07.20=5 No adjustment

The lowest adjustability can only )
P07.78 (Adjustment free parameters)

meet the general application needs,
P07.11 P07.09 (Speed feedforward)

with low requirements for users'

professionalism.

6.1.1 P07.20=0 Gain adjustment method

Adjust parameters Adjustment method

When the response is slow, very soft, low frequency

) ] oscillation, and the speed is unstable, increase the value.
Speed loop proportional gain

Reduce this value in case of abnormal noise and high
P07.03

frequency vibration.
It is generally adjusted within the range of 200 to 5000.

) The response is slow and very soft. Increase the value.
Speed loop integral P07.04 .
In case of low frequency jitter, decrease the value.
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It is generally adjusted in the range of 20 to 500.

Position ring proportional gain
P07.05

The response is slow and very soft. Increase the value.
In case of low frequency jitter, decrease the value.
It is generally adjusted in the range of 20 to 500.

Torque feedforward filter
P07.08
Torque feedforward
coefficient P07.10

P07.08 is set to 10, which is generally not adjusted.

P07.10 The greater the inertia, the greater the value. This
value can be adjusted in a wide range. Generally, it is set to
0. Increasing this value will speed up the response, but
may cause noise problems.

Speed feedforward filter
P07.09
Speed feedforward coefficient
P07.11

P07.09 is set to 10, generally not adjusted.

When the follow-up error is required to be 0, P07.11 must
be set to 100%, otherwise it can be set to 0% to 50%.
Generally, no adjustment is made.

The higher the value is, the faster the position response
will be, which is easy to cause position overshoot.

Adjust within the range of 0-100%.

6.1.2 P07.20=4 Gain adjustment method

Adjust parameters

Adjustment method

Speed ring band width P07.03

When the response is slow, very soft, low frequency
oscillation, and the speed is unstable, increase the value.
Reduce this value in case of abnormal noise and high
frequency vibration.

It is generally adjusted in the range of 10 to 500. The larger
the machine, the smaller the value. The greater the
inertia, the smaller the value.

Speed loop integral P07.04

When the response is slow and soft, increase the value.
When low-frequency oscillation occurs, reduce this value.
It is generally adjusted in the range of 1 to 50.

Band width of position ring
P07.05

When the motor response is slow and soft, increase the
value.

When low-frequency oscillation occurs, reduce this value.
It is generally adjusted in the range of 5 to 200.

Load inertia ratio P07.29

Load inertia ratio P07.29

Learned from or roughly evaluated. The general setting is
1-50.

Torque feedforward
filter P07.08

Torque feedforward

P07.08 is set to 10, which is generally not adjusted.
P07.10 Not set, automatically calculated according to

inertia ratio, motor parameters and driver parameters.
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coefficient P07.10 The torque feedforward percentage P07.41 is generally set
Torque feedforward to 0.
percentage P07.41

P07.09 is set to 10, generally not adjusted.

P07.10 When the follow-up error is required to be 0, it
must be set to 100%, otherwise it can be set to 0% to 50%.
Generally, no adjustment is made.

Speed feedforward
filter P07.09
Speed feedforward

o The higher the value is, the faster the position response
coefficient P07.11

will be, which is easy to cause position overshoot.
Adjust within the range of 0-100%.

6.1.3 P07.20=2/3 Gain adjustment method

First, use Fn007 to self-learning inertia, and the operation steps are as follows.

(1)Press the MODE key to switch the mode to the functional operation mode. At
this time, the first two digits of the nixie tube display Fn;

(2)Set the display value of the nixie tube to Fn007 by pressing three keys: ”
A~ (increase), "d<4” (shift) and “V¥” (decrease):

(3)Click SET to display SEL4; (Self-Learn 4)

(4)Press the "4 4” (shift) key to start self-learning. The servo enters the
state of automatically learning inertia, and the learned inertia will be
automatically displayed on the panel.

(5)Press “A” to rotate the motor forward for 2 cycles, and press " V¥” to rotate
the motor backward for 2 cycles. The load inertia value will be updated to the panel
once every revolution. Press repeatedly until the inertia is stable. The inertia
at this time is the learned load inertia. After stabilization, long press ~d<«”
(shift) to save the learned value to the servo.
be careful:

» When the driver is enabled, this function is invalid.

» When the load inertia is very large, the self-learning may have low—frequency
oscillation. You need to manually increase P07.03 and reduce PO07.04 before
self-learning.

» When the load inertia is small, reduce the inertia self-learning acceleration
and deceleration time PO7. 33.

\4

When the machine shakes, it is necessary to reduce the position loop gain P07. 05

» If the overcurrent Er.100 is reported in the learning process, P07.01
(proportional gain of current loop), P07.02 (integral gain of current loop),
P07. 03 (proportional gain of speed loop) and P07. 04 (integral gain of speed loop)
can be appropriately reduced.

» If the load inertia is large, low frequency oscillation may occur during

self-learning. At this time, it is necessary to manually increase P07.03 and

decrease P07.04 before self-learning.

Second, use Fn006 to self-learn the rigidity level. The operation steps are as follows.

(1) Press the MODE key to switch the mode to the functional operation mode, and
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the first two digits of the nixie tube will display fn;

(2)Combine A (increase), ¥ (shift) and ¥ (decrease) to set the display
value of the digital tube to Fn006; ;

(3)Click SET to display the value of rigidity grade P07.28;

(4)Press the 7”7 (shift) key, and the motor starts to rotate forward and backward;

(5)Press “A” or ”¥” to gradually increase or decrease the value of the rigidity
level until the rigidity of the servo meets the practical application. In general,
the rigidity level can be gradually increased until the motor makes abnormal noise,
and then the rigidity level can be reduced by 1-2.

(6)After the rigidity of level modulation reaches an appropriate value, press
and hold the ” €4 €” (Shift) key to save the adjusted rigidity level into the servo.
note:

» This function is not valid when the drive is enabled.

» Every time the rigidity level is adjusted, the parameters will not be
automatically saved into the servo. If the adjustment is completed, the user

(Shift) key to save the adjusted rigidity

e

needs to manually press and hold the

level into the servo.

6.1.4 P07.20=5 gain adjustment method

When P07.20=5, the load inertia ratio is invalid. All gains are invalid. Torque feedforward is
invalid.Adjust P07.78 online. P07.78 is A.B format.

A represents the stiffness, and the setting range is 0-7. The greater the value, the greater the
stiffness, generally set below 4.

B represents the load inertia, and the setting range is 0-7. The greater the load inertia, the

greater the value to be set.

6.1.5 P07.20=0 adjustment example

In many cases, the gain adjustment is carried out in the position mode, and there are several
important indicators of the movement in the position mode. 1. Whether the speed can meet the
requirements; 2. Whether the positioning time (that is, the time from the position instruction to
the position error converging to zero) meets the requirements; 3. Whether the whole movement
time (that is, the time from the position instruction to the position error converging to zero)
meets the requirements; 4. Judging whether it meets the requirements according to the
customer's or the actual site requirements.

The three loops for adjusting the gain are generally the current loop first, then the speed
loop and finally the position loop, but they should also be flexible. In many cases, the three loops
have to be adjusted together until the action meets the site requirements.

Here we will briefly explain the gain adjustment process with the first set of gain. (The test
condition is that the motor rotates forward and backward for 10 cycles, the speed is 1000
rpm/min, and the acceleration and deceleration time is 100 ms)

(1) Commissioning current loop
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X1-25 X1-25 AX:1,316.00ms0.76hz
X2.0 X20 AYT7056
455 - -
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186.1 : :
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2618 i
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A 008 015 023 037 038 046 054 061 069 077 084 092 098 107 115 122 130 138 145

—Torque current giveno —Torque current feedback%%e

It can be seen from the above figure that the current setting and feedback deviation is
large when the motor is starting and decelerating, and it is OK when the motor is running at a
constant speed. In this case, due to the weak gain of the current loop, the current loop
proportion (P07.01) and integral (P07.02) can be increased. After increasing the proportion and
integration of the current loop, as shown in the figure below, the deviation between the current
setting and feedback is reduced a lot, and the acceleration and deceleration are in an overlapping

state. In the process of debugging, if howling occurs, reduce the value of the current loop ratio.

X1-23 X1:-24 AX874.00ms1.14hz
X2:16 X2:14 AY8514
509

410

311 :
212 : In\
113

14 Z X

-283 :

-382

jaks 005 010 015 020 025 030 036 041 046 051 056 061 066 071 076 061 086 097 50 =
—Torque current givend%o  —Torque current feedback%o s

(2) Commissioning speed ring
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X1:0 X10 X1-21 X1-21 AX:1,204.00ms0.83hz
X2:0 X2:0 X2:13 X214 AY.1015.66

703 -

5849

466.8

3487

5 7 \
2306 : \
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-5.58 : =F

-123.6 5 \\]I
-2418 §

-359.9 g

-478 5

0.07 0.14 021 028 0.35 0.42 049 056 0.63 0.70 077 084 0.91 098 1.05 112 1.19 126 133
—Speed loop given%e Speed loop feedback%s Torque current given%. ——Torque current feedback%. s

It can be seen from the above figure that the speed loop feedback lags behind the given
speed loop, and it takes a long time for the speed loop feedback to coincide with the given speed
loop at a constant speed. At this time, it is necessary to increase the speed loop ratio (P07.03)
and integral gain (P07.04). After increasing the proportion and integral gain of the speed loop, as
shown in the figure below, the curves given by the speed loop are basically consistent with those
fed back by the speed loop. It should be noted that the proportion and integral cannot be added
too much or there will be howling or vibration.

X1:0 X10 X121 X1:-22 AX:1,062.00ms0.94hz
516 X2:1 X2:0 X2:16 X2:16 AY.72154
1

4321

3482

2643 : \
180.4 é \
96.5 E l
126 : E k

-71.29

—ly

-185.1

-239

-323

006 012 018 025 031 037 043 049 056 062 068 074 080 087 093 089 105 11 117
——Speed loop given%%s Speed loop feedback%. ——Torque current given%. ——Torque current feedback%o ]

(3) Commissioning position ring
The adjustment of position loop gain involves whether the motor can reach the specified
position, whether it can reach the specified position within the specified positioning time, and
whether it can overshoot after the position command is issued. At this time, it is not only
possible to adjust the gain of the position loop. For point-to-point position control, the real-time
process is generally not required, and filtering can be added (for some cases of large inertia, the
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filtering time of P03.06 and P03.07 should be increased more), When the position loop gain is
adjusted to the point where the motor overshoots or the position error does not converge to
zero for a long time, the position loop gain should be reduced and the gains of the speed loop
and current loop should be increased on the original basis until a suitable gain is found.

Addres Description Value
701 : Current loop proportional gain . 90
702 qummt loop integral gain -60
703 |Speed loop proportional gain 700
704 Speed loop integral gamn 7 20
740 | Speed loop differential gain 0
741 I Torque feed forward percentage . 0
742 Speed loop proportional gain percentage 0
705 Position loop proportional gamn 200
706 Position loop maximum output speed perce... |0
707 Output voltage filtering time - 0
708 Torque feedforward filter time constant 0
709 Speed feedforward filter time constant 0
710 j Torque feed forward coefficient 90
711 : Speed feedforward coefficient -6{3
m | Torque filter type 0
713 jTn:mne low pass filter time constant 3
714 jNotch filtter 1 notch frequency 0
715 INotch filter 1 notch depth - 10
716 | Notch filter 1 notch width 50
717 | Notch filter 2 notch frequency o
718 SNotch filter 2 notch depth I 10
719 |Notch filter 2 notch width 7 50

I?EG | Gain adjustment mode 0
721 | Second set of speed loop proportional gain |0

The above figure shows the gain parameters after adjusting the current loop and speed loop
gain, and the waveform obtained is as follows:
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4291

2022

1553

184

-1184

-2553

-3922

-529.1

-803

X1-4 X1-10 X118 X1-3 X1-26 AX:1,822.00ms0.55hz
X210 X2:0 X23 X23 X2:0 AYMTT34
- - - —— ~— i - - ——
017 033 050 067 083 100 117 133 150 167 183 200 §217 233 250 267 283 300 317
—Speed loop given¥%e —Speed loop feedback¥e —Torque current given%o —Torque current feedback%o —Position error monitoring (0.0001 turn)

The figure above shows the waveform obtained by increasing the proportional gain of the

position loop after adjusting the current loop and the speed loop before. From the waveform

(orange font stands for "speed command monitoring rom", that is, position command, and brown

font stands for "position error monitoring"), it can be seen that the position error converges to 0

after 1822ms after the position command is issued. Obviously, this does not meet the

requirements of most sites and the motor has overshoot (when the position command is issued,

the position error has a negative value).
07-control loop related parameters

Addres Description Value
701 Current loop proportional gain 90
702 Current loop integral gain 60
703 Speed loop proportional gain 1000
704 Speed loop integral gain 50
740 Speed loop differential gamn 0
741 Torque feed forward percentage 0
742 Speed loop proportional gain percentage 0
705 Position loop proportional gam 100
706 Position loop maximum output speed percentag 100
707 Output voltage filtering time 0
708 Torque feedforward filter time constant 10
709 Speed feedforward filter time constant 10
710 Torque feed forward coefficient 90
711 Speed feedforward coefficient 60
712 Torque filter type 0
713 . Torque low pﬁQs filter time constant 3
714 Notch filter 1 notch frequency 0
715 Notch filter 1 notch depth 7 10
716 Notch filter 1 notch width 30
n7 Notch filter 2 notch frequency 0
718 Notch filter 2 notch depth 10
719 Notch filter 2 notch width 50
720 Gain adjustment mode 0
721 Second set of speed loop proportional gain
7 Second set of speed loop integral gain
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X129 X124 X1-28 X1-43 X1.298 AX538.00ms 1.86hz
X2:0 X2:0 X2:19 X2:20 20 AY.1806
1100 v

g - 0 O 0
|

680

470 &

260

50 L

4 e

-160

-370

-580

-1000

095 104 1.13 121 130 139 14'; 156 165

—Position error monitoring (0.0001 turn|

009 017 026 035 043 052 061

—Speed loop givene

As shown in the figure above, the convergence time of position error is greatly reduced and
no overshoot occurs after the ratio of position loop is reduced first, then the ratio of speed loop
is increased to 1000 and the integral is increased to 50. However, this situation still can't meet
most site requirements, and the positioning time is still relatively long, generally within 100m:s.

In this case, the speed loop integral and the position loop proportional gain can be
appropriately increased. To increase these two parameters, generally increase the speed loop
integration (adjustment step: 50) until the positioning time of the speed loop integration has not
changed. At this time, reduce the speed loop integration by 100 and then increase the position
loop gain appropriately (adjustment step: 50). When the positioning time is close to 100ms, fine
tune (adjustment step: 10) the integral of speed loop and the proportion of position loop.

The waveform obtained from the final gain adjustment is as follows

Addres Description Value
701 Current loop proportional gain 90
702 ‘ Current loop integral gain ‘ 60
7703 Speed loop proportional gain 1050
704 Speed loop integral gain 300
740 Speed loop differential gain 0
741 ‘Torque feed forward percentage ‘O
742 Speed loop proportional gain percentage 0
705 Position loop proportional gain 350
706 ‘Posiﬁon loop maximum output speed percentag | 100
707 ‘ Output voltage filtering time ‘ 0
7708 VTurque feedforward filter time constant 10
709 Speed feedforward filter time constant 10
710 ‘Torque feed forward coefficient 90
m Speed feedforward coefficient 70
712 Torque filter type 0
713 Torque low pass filter time constant ‘3
714 Notch filter 1 notch frequency 0
7715 Notch filter 1 notch depth 10
716 ‘Notch filter 1 notch width ‘50
n? ‘Notch filter 2 notch frequency ‘0
718 Notch filter 2 notch depth 10
718 |Notch fiter 2 notch width 50

720 Gain adjustment mode

0
721 Second set of speed loop proportional gan 0
0

722 Second set of speed loop integral gain

mnn o 4 P PR a
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X111 X1-2 X195 X187 X131 | EX70.00ms 14 !!HZ'
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—Speed loop given%. —Speed loop feedback%e —Torque current given%s —Torque current feedback%o € —Position error monitoring(0.0001 turn)

It can be seen from the waveform above that after adjusting the gain parameters, there is

no overshoot and the positioning time is less than 100ms.

6.1.6 The use of position instruction filtering

The filtering of P03.06 and P03.07 is to make the position curve softer. It is usually used in the
positioning function. For real-time tracking, P03.06 and P03.07 should be set to 0 and P07.11
should be set to 100.

X1:1000 X1:994 X1:1000 X1 AX:128.00ms7 81hz
X2:1000 X2:998 X2:1000 X2:0 AY574.48
EE T T CE R SR r,‘ a P o A, N E O TR R PR PEEEEEY PR
;
4792 . H : N
/ 3 1 \
4124 H : %

3456 /

27838 / -
212 - -
1452 / - T \\
784 : . > \

o : : \
16 o T : + \\
-55.19 ¥ 0
122 3 PR Jb i i N

48 95 143 191 239 286 334 382 429 477 525 572 620 668 716 763 811 859 906

—Speed command monitoring in position mode —Real time speed monitoring —Speed command after filtering in position mode —position error(0.0001 turn

The above figure shows the waveform with P03.06 and P03.07 set to 0 and P07.11 set to

100. It can be seen that the position error of the motor is equal to 0 when the speed is constant.
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—Speed command monitoring in position mode —Real time speed monitoring —Speed command after filtering in position mode —position error(0.0001turn)

The above figure shows the waveform of P03.06 and P03.07 set to 5 and P07.11 set to 100.
It can be seen that the position error of the motor is not 0 when the motor is at a constant speed.
This is because the actual position lags behind the target position after filtering. We think that
the position curve is relatively soft.

6.1.7 Function of 4th power position curve

Generally speaking, the trapezoidal speed curve is used for position planning in the servo
system. The trapezium speed curve has a certain impact on the machine. In order to reduce the
impact of the trapezium speed curve on the machine, the position curve function of the fourth
power can be enabled. After enabling, the position curve is planned with a fourth power curve,
which can greatly reduce the impact on the mechanical system.

Parameter | Parameter Set ) Set Effective Read and
L. unit Default .
No. Description Range Mode method write mode
P03.82 Enable 4th power
curve planning
0- Adopt
Stop to
trapezoidal speed 0~1 - Immediately 1 RW
set
curve
1- Use the 4th
power curve

Set the method of position curve planning, which can be modified only when it is disabled.
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—Speed command menitomig in position mode —Real time speed monitoring —Speed command after filtering in position mode —position error(0.0001turn)

The above figure shows the T-shaped speed curve for position planning. It can be seen from
the waveform that the turning point is at the same angle. In this case, there will be fluctuations at
the turning point, which will have a little impact on the mechanism.
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—Speed command monitoring in position mode —Real time speed monitoring —Speed command after filltering in position mode —posisto error(0.0001turn)

The above figure shows the position planning of the 4th power speed curve. It can be seen
from the waveform that the curve is an arc when turning. In this case, it is relatively soft when
turning, and the impact on the mechanism is greatly reduced.

6.2 Common setting parameters for gain adjustment

Parameter .
Parameter Description
No.
P03.06 Set the given median filter time constant of position command
P03.07 Set the given low-pass filter time constant of the position command
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P03.82 Set the method of position curve planning
P07.01 Set current loop proportional gain

P07.02 Set integral gain of current loop

P07.03 Set speed loop proportional gain

P07.04 Set speed loop integral gain

P07.05 Set position loop proportional gain
P07.10 Set torque feedforward coefficient

P07.11 Set speed feedforward coefficient

P07.20 Set gain adjustment mode

P07.28 Set Rigidity Level

P07.29 Load inertia, obtained through inertia self-learning

6.3 Common monitoring parameters for gain adjustment

Parameter .
Yo Parameter Description
P03.17 Check the position error (unit: 0.0001 circle)
P03.96 Speed command monitoring after filtering in position mode (this parameter is
equivalent to "speed command monitoring")
P09.09 Real time speed monitoring
P09.20 Check the given speed loop
P09.21 Check speed loop feedback
P09.30 Check the current loop setting
P09.31 Check current loop feedback

When adjusting the gain, you can record relevant waveforms in the following places:

Trigger mode Axis control

(O Conditional © Continue Ymin 409 Load
Ymax :

Pa Op () Constant / Parameter ) ll}l}D— - Save
Ycen

455 < v |[902 = T— Refre

Yrange s '

Enable motor Disable motor
wave Help Reset “

8! Load wave configure file

Please double click to Load wave configure file!

01-Postion mode. wvmcfe

01-§

peed mode wyvmcfe

{}S-Cmmnl loop tune .wvmcfg
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