Tuning

This chapter contains information about One Touch tuning, Auto tuning, and gain
adjustment modes. Advanced users can also tune the servo system in Manual mode.
In addition, this chapter also describes how to deal with the mechanical resonance and

noise and the adjustments for application functions.
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5.1 Tuning procedure

You can tune the servo drive by following this flowchart. First, start from One Touch Tuning.

If you are not satisfied with the tuning results, then use Auto Tuning, Gain Tuning, and Manual

mode in sequence to meet the requirements.

Motor runs smoothly
without load

!

{ One Touch Tuning ]

Satisfactory
performance?

{ Auto Tuning ]

!

Satisfactory
performance?

{ Gain Tuning ]
Y

Satisfactory
performance?

——( Manual adjustment ]

!

Satisfactory

performance?
.
No { Complete ]
Function Description
When you use the functions of One Touch Tuning, Auto Tuning, or Gain adjustment
| . mode 1 (Level adjustment - Auto) with ASDA-Soft, the servo drive automatically estimates
nertia L . - i S h
estimation the load inertia during the tuning process. Or you can estimate the inertia with the Inertia
(Weight) Estimation function. Whether the load inertia ratio (P1.037) is correctly set
affects the speed loop bandwidth of the servo drive.
You must use the One Touch Tuning function with ASDA-Soft. During the tuning
One Touch . . . :
. process, the motor slightly moves and makes high-frequency noise. For the detailed
Tuning . .
operation procedure, refer to Section 5.3.
You can use the Auto Tuning function with ASDA-Soft or through the panel. The
Auto tunin command source can be the servo drive or the controller. During the tuning process, the
9 | drive controls the motor to run back-and-forth between the two positioning points. For the
detailed operation procedure, refer to Section 5.4.
Gain The servo provides five gain adjustment modes (not including Manual mode and Gain
. adjustment mode 4 (Reset to the default gain values)), which is set with P2.032. For the
adjustment ; . - .
detailed operation procedure and parameter adjustment, refer to Section 5.5.
In Manual mode (P2.032 = 0), users can fine-tune all the gain parameters for optimal
Manual . . . :
adjustment performance of the machine. For the detailed parameter adjustment, refer to Sections 5.6

and 5.7.
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5.2 Inertia estimation

Whether the load inertia ratio (P1.037) is correctly set affects the speed loop bandwidth of the
servo drive. If set incorrectly, the system’s performance cannot be optimized after tuning.
When you use the functions of One Touch Tuning, Auto Tuning, or Gain adjustment mode 1
(Level adjustment - Auto) with ASDA-Soft, the servo drive automatically estimates the load
inertia during the tuning process. If not using the preceding functions, you can directly use the
Inertia (Weight) Estimation function.

The estimation of load inertia can be done without the controller's command. During the
estimation process, the motor runs back-and-forth in the forward and reverse directions. If the
inertia estimation cannot be done or the inertia cannot be correctly estimated in the system,

estimate the load inertia ratio by yourself and set P1.037 with the estimated value.

5.2.1 Precautions for inertia estimation

Recommended settings for inertia estimation

1. Jog speed: 500 rpm or above.

2. Acceleration time from O rpm to 3000 rpm or deceleration time from 3,000 rpm to O rpm:
within 200 ms.

3. Traveling distance: 1 revolution or above.

Description: if the estimated load inertia cannot be reduced to a stable value, increase the jog

speed first. If the traveling distance is too long, the estimation time is longer, too.

Inertia estimation cannot be done in the following systems

1. The mechanical part only moves in a single direction.

2. The movement speed of the mechanical part is lower than 200 rpm.

3. The effective stroke of the mechanical part is shorter than the traveling distance when the

motor rotates 0.5 revolution.

Inertia cannot be correctly estimated in the following systems

1. The load inertia ratio of the mechanical part changes drastically.
The load inertia ratio of the mechanical part is greater than 50 times.
The bandwidth of the mechanical part is lower than 10 Hz.

The viscous friction of the mechanical part is high.

a M DN

The torque limit of the mechanical part is too low.

5-5
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5.2.2 Inertia estimation with ASDA-Soft

Go to Delta’s website to download ASDA-Soft for free to tune the servo drive. After installing

ASDA-Soft, start the executable file and the screen is as follows.

®
File Setting Tools Window Help
‘ The selected device : ~ m
Scope P
» | Function List RER
o
% Device Status m"' Mew Drive - ] *
=
[Device#01]
Select Device B3 -
----- Device List
Ch4: USB CH3: Modbus
Com port [COM7] USE Driver for A( ~ ’;) Search

[J offdine Operation 1

Device Manager Add Cancel

a Show hints for COM troubleshooting

Make sure your servo drive, servo motor, and power are all properly connected. Click Search,
and the software automatically selects the corresponding communication port (USB Driver for
Delta AC Servo Drive). Then, click Add for the ASDA-Soft to be in online mode.
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When ASDA-Soft is in online mode, the program window appears as follows. Click Inertia
(Weight) Estimation in the Function List tree view.

() Delta ASDA-Sof(VE)V6.4.0.0
File Setting Tools Burn Window Help
ice : i . B3- & ON LINE o
‘ T3 T FEE G0 [DEVIEE#DI] B3-M o Scope Parameter Editor Digital
Function List
% uncten b =l E Parameter Editor1 : [Device®01] : B3-M
@ The selected device :>>>>> -~ @ 3
i : =E 941 TZEI eEE A
[Device 01§10, POKKX  PLYXX  P2XNX  PIXNN PAXXX  PEXNX  PEXXN  PT.MX
IServo Off
Servo Off_| e Defred Groupsetp bl | (20703 AGAIG]  resdliake ~ oot e
Alarm : ALO13 | P0.000 2.0703 2.0703
e ;- Norml Groups P0.001 = .ﬁ 0x0000 0%0000
~ . Device List User Defined Groups FONieE ,{ 7 200
v 1 [Device#01] : B3-M-SN:0x0001 (onli| | | Parameter Information P0.003 Gn0000 00000
~{B% PC Connection Setting P0.004 [ [P [0x00000000 000000000
v 48 Parameter Wizards P0.005 [ I [ox00000000 0x00000000
44 Mode Setting P0.006 | 000000000
-4} General Setting P0.007 [ ¥ [px00000000
-} Command Source po.008 |k Y [ox00000000 Hour 0%00000000
nn Pulse Output Po.00s ok | [ 0 -2147433648
.4y E-gear Ratio po.010 |k [ I o 2147433648
%/ Filter po.011 [ | [ o -2147433648
7Y Notch Filter Po.012 ok [P i -2147483648
] Umit po.013 |k | [t o -2147433648
A\ Analog 10 Po.014 |k Y o -2147483648
[ Feldbus po.015 |y Y o -2147483648
" po.016_|g o o 2147483648
% PUT'“D” Loop r — o o o o — — e — -300
-~k Velocity Loop 300
£ Current Loop I E Tuning -300
~ @ scape E Gain Tuning -300
-8 Contour Error -300
[P Parameter Editor I _g Auto Tuning 33763
£ Digital 10 / Jog Control @ : : I -32768
¢y Alarm Information Inertia I:WEIth] Estimation -32788

I w -3l Tuning
- Gain Tuning I
I £% Auto Tuning
-{# Inertia (Weight) Estimation I
I N System Analysis
'il; One Touch Tuning I
I v Motion Control
-I¥ PR Mode Setting I
I --J] High Speed Position Capture
%, EtherCAT Diagnosis I

* Read-'

Firmware Versic

----- % One Touch Tuning
Motion Control

..... [¥ PR Mode Setting

E-CAM

-J1] High Speed Position Capture/Compare

----- & Motor Parameter Identification Wizard

----- . EtherCAT Diagnosis

Volatile Paramet
ble-click the \
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Perform the inertia estimation according to the following descriptions.

1.
2.

Set the system to the Servo ON state.

The default jog speed is 20 rpm and the default acceleration / deceleration time is 200 ms.
For mechanical parts with limited strokes, low speed movement reduces the risk of
collision. Executing positioning between two points at low speed is recommended. For
mechanical parts with longer strokes or without limits, you can set the movement speed
higher. After completing the settings, click the  pownizd §  button, and then use the Left
() or Right (&) button to rotate the motor to Position 1 and Position 2.

Check the acceleration / deceleration time and jog speed again. It is advisable to set the
jog speed to no less than 500 rpm. Then click the  pownload §  button. After the download
is complete, click Start Moving, and the motor regards Position 1 and Position 2 as the
positive and negative limits and starts rotating in the forward and reverse directions.

After the estimation is complete, click Stop Moving and then Download to download the
estimated load inertia ratio to the servo drive.

Since the new inertia ratio (weight) causes a change in the equivalent bandwidth,
resonance may occur in the system. Thus, you need to use the Gain Tuning function to

set the bandwidth and gain again when writing the new inertia ratio to the system.

(%) Inertia Estimation[Device#01] - =N E=R }
Step 1 sevooff IS 1. Set the Servo to
Alarm Reset | [IPYCTN Servo ON.

ACC./DEC. time (0 - 3000 rpm) =l ms (1~5000) 2. Download the speed
settings to the servo

S-curve EI Download ‘ \/ i

Step 2 log Speed RPM (1~5000) ' j ~

drive.
N J
Step 3 Motor feedbadk position[user unit]
Posion 1| 1 N\
240374 AR
eostion 2 3. Set the two positioning
" points and click Start
- Current Position -1 Movlng
Time Interval ms /\ ' )
) &
/4. After the estimation is
Estimated JL/Jm: UK P— < done, click Stop
Moving and then
Hint: If_this process _fails to estimate the inertia ratio or it calj't determine a stable inertia ratio, Download to download
please increase the jog speed, or decrease the ACC. [DEC. time. the data to the servo
Exit @ HELP drive.
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5.3 One Touch Tuning

You must use the One Touch Tuning function with ASDA-Soft. During the tuning process, the

motor slightly moves and makes high-frequency noise. The following table lists the parameters

which settings change according to the results of one touch tuning. In One Touch Tuning mode,

the vibration elimination function is enabled and the low-frequency vibration suppression function

is disabled. If the two functions are enabled simultaneously, the response becomes slower.

Gain parameters

Parameter

Parameter

No. Function No. Function
P1.037 Load inertia ratio or total weight P2.032 Gain adjustment mode
P2.000 Position control gain P2.089 Command response gain
P2.004 Speed control gain P2.090 Two degree of freedom mode -
anti-interference gain
Special bit register 3
P2.006 Speed integral compensation P2.094 (enable the two degree of freedom
control function)
P2.031 Bandwidth response level - -
Filter and resonance suppression parameters
Parameter . Parameter .
Function Function
No. No.

P1.025 Low-frequency vibration P2.044 Notch filter 2 - attenuation level

suppression frequency 1

Low-frequency vibration )
P1.026 suppression gain 1 P2.045 Notch filter 3 - frequency

Low-frequency vibration ' .
P1.027 suppression frequency 2 P2.046 Notch filter 3 - attenuation level
P1.028 Low-frequency vnpratlon P2 049 Speed detection flllter and jitter

suppression gain 2 suppression

P2.023 Notch filter 1 - frequency P2.098 Notch filter 4 - frequency
P2.024 Notch filter 1 - attenuation level P2.099 Notch filter 4 - attenuation level
P2.025 Resonance supf)iﬁ;erssmn low-pass P2.101 Notch filter 5 - frequency
P2.043 Notch filter 2 - frequency P2.102 Notch filter 5 - attenuation level
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5.3.1 Precautions for one touch tuning

One touch tuning cannot be done in the following system

B The mechanical part only moves in a single direction.

One touch tuning cannot be correctly used in the following systems

B The load inertia ratio of the mechanical part changes drastically.

The load inertia ratio of the mechanical part is greater than 100 times.
The viscous friction of the mechanical part is high.
The torque limit of the mechanical part is too low.

The gear backlash in the mechanical part is too large.

5.3.2 One touch tuning with ASDA-Soft

Go to Delta’s website to download ASDA-Soft for free to tune the servo drive. After installing

ASDA-Soft, start the executable file and the screen is as follows.

w

File Setting Tools

‘ The selected device :

Funiction List

Device Status

| Message

..... Device List

Scope P
It New Drive - O
[Device #01]
Select Device B3 w
CN4: USB CHN3: Modbus
Com port [COMZ7] USE Driver for AL ~ ) Search

[ offdLine Operation

Device Manager Add Cancel

a Show hints for COM troubleshooting

Make sure your servo drive, servo motor, and power are all properly connected. Click Search,

and the software automatically selects the corresponding communication port (USB Driver for
Delta AC Servo Drive). Then, click Add for the ASDA-Soft to be in online mode.
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When ASDA-Soft is in online mode, the program window appears as follows. Click One Touch

Tuning in the Function List tree view.

{§} Delta ASDA-Soft(VE)V6.4.0.0
File Setting Tools Burn Window Help

| The selected device :| [Device#01] : B3-M v|/© on ume H

Scope Parameter Editor Digital

Function List £
unction Lis! 2 E Parameter Editorl : [Device#01] : B3-M

¥ The selected device =>>>>> FE 9 TaE 00888

| Message |

-I¥ PR Mode Setting
1] High Speed Position Capture
EtherCAT Diagnosis
-_— e s e .

‘ [Device#01] : B3-M POOCE  PLXXX PRI P3N P4XXX  PSIOO0 PEXXX  PT.X
L [User Defined Group Setup List] | | 2.0703 mm Read |Value = |unit |[min
Cwaa. | [P bt P 2.0703 2.0703
jormal Groups
P0.001 | lox0000 0x0000
Device List v User Deﬁnedr(imups P0.002 i i 300
~ i [Device#01] : B3-M-SN:0x0001 (onlil Parameter Information 0.003 Srom0 0x0000
- PC Connection Setting PO.0D4 W [ox00000000 0x00000000
~ ¥ Parameter Wizards P0.00S WL lox00000000 0x00000000
~¥# Mode Setting P0.006 WL lox00000000 0x00000000
A} General Setting P0.007 e [ox00000000 0x00000000
.Y Command Source Po.008_ | P loxa0000000, Hour 0%00000000
i Pulse Output Po.009_[v | [ o 2147483648
.. ¥d5 E-gear Ratio Po.010_ | | I o 2147483648
57 Filter Fo.011 [ [ P« o -2147433648
A Motch Filter po.012 [l [ ¥ o 2147483643
+ L p0.013 [l W o 2147483643
- imit
"y Analog /0 — |l a2 — 5
I Fieldbus W EI Tuﬂiﬂg
- @ Position Loop I
4 Velocity Loop E Gain Tuning
=
--fL2 Current Loop I .
vMscope b e ﬂ Auta Tuning
"B Contour Error @ : ; ; :
] Porometer Editor | Inertia (Weight) Estimation
£ Digital 10 / Jog Control System Analysis
A& Alarm Information =
il St MO N e g g One Touch Tunin
~ [l Tuning N
M _ - Motion Control
E Gain Tuning J Read-only
Batotunng R ¥ PR Mode Settin
I ) Tnertia (Weight) Estimation Firmware Version vzo:rl g
A system Analyss M i QL. a. E-CAM
I 4, One Touch Tuning

----- .& Motor Parameter Identification Wizard
----- . EtherCAT Diagnosis

|
|
~. Motion Contral I | i] High Speed Position Capture/Compare |
|
|

Click Start.

(j) Onetouch tuning[Device#01] : B3-M (DLL Ver1031) — O e

Condition Setting

Start Tuning
——————— —
I Start i

Update Parameters

@ HELP
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Carefully read the content in the warning window and make sure you have checked all the items

one by one. Select the check box for | have read the warning above and click Yes.

(l‘) Cnetouch

tuninalDewice#011 - B3-k (DI

O e (324

Werl (151

Condi

(I‘) System Analysis Wizard

Warning!

e motor will slightly rotate when this function is in operation. Please make sure it does not cause
personnel injury or damage to the machine.

Please execute homing procedure after complete the function operation. Otherwise it might cause
unforeseen dangers.

IClick "Yes" to switch the servo to on or click "Cancel” to return.

IClick "Yes" to immediately enable this function. Or, diick "Cancel” to return.

1 have read the warning above

Cancel

fes

(Please check "I have read” to continue)

The screen shows a table comparing the parameter values before and after tuning. In the

screen, you can fine-tune the gain level, and the adjustments affect the settings of other

relevant parameters.

(I‘) Onetouch tuning[Device#01] -

Condition Setting

Start Tuning

Update Parameters

Ihlh

B3-M (DLL Ver1031

)

Gain Level [ | Inertia
Lowe nigh  182(Hz) 0.3
Gain tuning parameters
Drive Suggestio|Description ~
P2.032 |3 3 Gain adjustment mode
P2.031 |20 32 Bandwidth response level
P2.089 |54 186 Command respanse gain
P2.090 ISSU 350 Two degree of freedom mode - anti-interference gain
P1.037 |1 0.3 Load inertia ratio or total weight v
Vibration and suppression filter parameters
Drive Suggestio|Description -
P2.023 |1000 1000 Motch filter frequency (1)
P2.024 |0 i} Motch filter attenuation level (1)
P2.085 |5 5 Motch filter bandwidth (1)
P2.043 |1000 1000 Motch filter frequency (2)
F2.044 |0 o Motch filter attenuation level (2)
P2.0%6 |5 5 Motch filter bandwidth {2} .
I | | . e - r— —
@ HELP [ Download Exit

Click Download to complete one touch tuning.

Note: if you click Exit without clicking Download first, the suggested values estimated by the one touch

tuning function are not written to the servo drive.
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5.4 Auto tuning

The auto tuning function enables the system to perform real-time machine inertia estimation and

downloads the optimized parameters to the servo drive. You can start auto tuning with ASDA-

Soft (software) or through the drive panel. The following table lists the parameters that change

according to the results of auto tuning.

Gain parameters

Parameter B Parameter EIeiE
No. No.
P1.037 Load inertia ratio or total weight P2.031 Bandwidth response level
P2.000 Position control gain P2.032 Gain adjustment mode
P2.002 Position feed forward gain P2.089 Command response gain
. Two degree of freedom mode -
P2.004 Speed control gain P2.090 anti-interference gain
Special bit register 3
P2.006 Speed integral compensation P2.094 (enable the two degree of freedom
control function)
P2.026 Anti-interference gain - -
Filter and resonance suppression parameters
Parameter Function Parameter Function
No. No.
P1.025 Low-frquency vibration P2 025 Resonance suppression low-pass
suppression frequency 1 filter
P1.026 Low-frequency vibration P2.043 Notch filter 2 - frequency
suppression gain 1
P1.027 Low-frquency vibration P2.044 Notch filter 2 - attenuation level
suppression frequency 2
P1.028 Low-frequer_lcy V|b_rat|0n P2.045 Notch filter 3 - frequency
suppression gain 2
P1.029 Auto Iow—frequ_ency vibration P2.046 Notch filter 3 - attenuation level
suppression mode
P1.061 Viscous friction compensation P2.049 Speed detection f||_ter and jitter
suppression
P1.062 Percentage of friction compensation P2.095 Notch filter 1 - Q factor
P1.063 Constant of friction compensation P2.096 Notch filter 2 - Q factor
P1.089 Vibration elimination 1 - P2.097 Notch filter 3 - Q factor
anti-resonance frequency
P1.090 Vibration elimination 1 - P2.098 Notch filter 4 - frequency
resonance frequency
P1.091 Vibration el|m!nat|on L- P2.099 Notch filter 4 - attenuation level
resonance difference
P1.092 Vibration elimination 2 - P2.100 Notch filter 4 - Q factor
anti-resonance frequency
P1.093 Vibration elimination 2 - P2.101 Notch filter 5 - frequency
resonance frequency
P1.094 Vibration el|m!nat|on 2- P2.102 Notch filter 5 - attenuation level
resonance difference
P2.023 Notch filter 1 - frequency P2.103 Notch filter 5 - Q factor
P2.024 Notch filter 1 - attenuation level - -
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5.4.1 Precautions for auto tuning

Recommended settings for auto tuning

1. Jog speed: 500 rpm or above.

2. Acceleration time from 0 rpm to 3000 rpm or deceleration time from 3,000 rpm to 0 rpm:
within 200 ms.

3. Traveling distance: 1 revolution or above.

Description: it is advisable to set the traveling distance as the minimum distance for the motor to
accelerate from zero speed to the constant speed zone, with the constant speed equal to the
set jog speed. If the traveling distance is too long, the estimation time is longer, too. For
mechanical parts with long strokes, it is recommended that you set the traveling distance as the

working range for operation.

Auto tuning cannot be done in the following systems

B The mechanical part only moves in a single direction.

B The movement speed of the mechanical part is lower than 200 rpm.

B The effective stroke of the mechanical part is shorter than the traveling distance when the

motor rotates 0.5 revolution.

Auto tuning cannot be correctly done in the following systems

The load inertia ratio of the mechanical part changes drastically.

The load inertia ratio of the mechanical part is greater than 50 times.

[ |
B The bandwidth of the mechanical part is lower than 10 Hz.
B The viscous friction of the mechanical part is high.

[ |

The torque limit of the mechanical part is too low.
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5.4.2 Flowchart of auto tuning

You can complete auto tuning through the drive panel or with ASDA-Soft. The Auto Tuning

function helps you to find the most suitable parameters for your system according to the

Auto tuning
A 4

With the controller: the Without the controller: the servo
controller configures the path drive sets the back-and-forth path

! }

A 4
The servo drive automatically
estimates the inertia and starts tuning.

machine characteristics.

4

v

Complete

Note: when the path is configured by the controller, make sure the delay time is added to the operation

cycle. Otherwise, ALO8B occurs and the servo drive cannot complete auto tuning.

You can use P2.105 and P2.106 to adjust the stiffness and response in Auto Tuning mode. See

Start

Y

the following flowchart.

Enter Auto Tuning |
mode with ASDA-Soft [«
or through drive panel I

Satisfied with the
stiffness?

Change the
setting of P2.105

Satisfied with the
response?

Change the
setting of P2.106
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5.4.3 Auto tuning through the drive panel

You can use the drive panel to start auto tuning. Make sure the emergency stop and positive

and negative limit switches work properly before you start to tune the system.

Flowchart of auto tuning Press and hold the M key
Mode) and Shift key ( <
S A A

for 4 seconds to enter the

&E) Auto Tuning mode.

“S-Cmd” displayed on the
MR drive panel is blinking. You
can select the internal or
®E external command with the Up

N —— or Down key.
Y
Press the S key (Set) to set Mma)«) [N E) Press the S key (Set) to set
the external command. FE FE the internal command.
v Check the 0.4
servo status. No )
Servo On? Servo On? [ U'Dl'l It reminds you to change the
2 servo status to Servo On.
The blinking “Servo Off” Yes Yes
reminds you the (M(a)a) Press the S key to set the
controller has not @ drive to Servo On.
issued the Servo On vy
d. Then, th - _ The blinking “JOG-S” reminds you to
comman en, the JOG 5 g y

servo drive exits the set the JOG speed.

Auto Tuning mode.
9 | ED | (M2)&J| Then, you can set the JOG speed

[(&)(S)| with the Up, Down, and Shift keys.

(2)) Press the S key to complete setting
E) the JOG speed.
2

P ! MEE Press the Up and Down

=3 keys to set Position 1.

Press the S key to complete the

(2]
%] setting of Position 1.

P E‘ @@ Press the Up, Down, and S
=E] keys to set Position 2.

(M(2)(@])| Press the S key to complete the setting of
@ Position 2. Then, the motor starts moving back-

and-forth between the two positioning points.

The blinking “SPEED” reminds you to adjust the
positioning speed.

Then, you can set the
™ ,
% positioning speed with the Up,

Down, and Shift keys.
&E &E Press the S key to complete

setting the positioning speed.

Press the Up and Down keys to
select YES or NO. Select “YES”
to complete the setting. Select
“NQO” to keep adjusting the
speed.

&
B
(2]

Press the S key to continue the
tuning process.

The panel shows the progress in percentage.

Press the M key to
keep the original
parameter settings

and exit the Auto ¢7'

Tuning mode. [P ()|  Press the S key to adopt the

(2)
@ DV parameter settings after Auto
| Tuning.

Complete

When the panel displays “Set”, you can press
the S key or M key to keep or discard the
tuning results.
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5.4.4 Auto tuning with ASDA-Soft

In addition to executing auto tuning through the drive panel, you can go to Delta’s website to
download ADSA-Soft for free to tune the servo drive. After installing ASDA-Soft, start the

executable file and the screen is as follows.

File Setting Tools Window Help
‘ The selected device : ~ m
Scope P
» | Function List RER
o
% Device Status m"’ Mew Drive — O »
=
[Device#01]
Select Device B3 -
----- Device List
Ch4: USB CH3: Modbus
Com port [COM7] USE Driver for A( ~ ’;) Search
[J offdine Operation
Device Manager Add Cancel
a Show hints for COM troubleshooting

Make sure your servo drive, servo motor, and power are all properly connected. Then click Add
for the ASDA-Soft to be in online mode.
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When ASDA-Soft is in online mode, start auto tuning according to the following steps. The

following describes two auto tuning procedures, one using the controller and the other using the
servo drive.

Auto tuning with the controller: the controller sends the commands to drive the motor.

Step 1:

When ASDA-Soft is in online mode, the program window appears as follows. Click Auto Tuning
in the Function List tree view.

5-18

{§} Delta ASDA-Soft(VE)V6.4.0.0

File Setting Tools Burn Window Help

| The selected device : [Device#01] : B3-M

~| © ON LINE

"% Contour Error
-.[P.] Parameter Editor
& Digital 10 / Jog Control
A& Alarm Information

Tuning
E Gain Tuning
Q Auto Tuning

Iy =

System Analysis
I 4, One Touch Tuning
Mation Control

I¥ PR Mode Setting

L. EtherCAT Diagnosis

W T T R —

#) Inertia (Weight) Estimation

] High Speed Position Capture

-

& Read-only
Firmware Version vao'fl

Scope Parameter Editor Digital
Function List 2
"gj 2 E Parameter Editorl : [Device#01] : B3-M
a The selected device :>>>>> I .
g = =E 99 %@l & B i
(D-ETesie ] ELEA POXXX  PLXXX  P2XXX  P3JOX  P4XXX  PSXXX  PEXXX  PT.XX
Iservo off -
Sorvo OFf_| [User Defined Group Setup List) | 20703 |l AJ@MlbA]  Fexc|vaie = [unit [[pan
Alarm : ALD13 ool @ [ Y [2.0703 2.0703
jormal Groups
f [0x0000 0x0000
v Device List i User Defined Groups .:ﬁ lx —;DE-
: - B3-M-SN: i Parameter Information
~ i [Device#01] : B3-M-SN:0x0001 (onli lox0000 0x0000
B PC Connection Setting | %4 [ox00000000 0x00000000
~ 5 Parameter Wizards WL lox00000000 0%00000000
£ Mode Setting D W [ox00000000 0%00000000
A} General Setting ) e [ox00000000 0x00000000
f\'.: Command Source 10 * 94 [0x00000000 Hour 0x00000000
i Pulse Output bat | P o 2147433648
..¥d5 E-gear Ratio bt | I o 2147433648
-5 Filter b [ [ o 2147483648
™ Notch Filter L T o 2147483648
L | WL & 2147483648
imit %
Yy Analog /O - e — £ P —-— .
[I2 Fieldbus " E; TLlrlirlg
- @ Paosition Loop I :
4 Velocity Loop q E Gain Tuning
=
-l Current Loop =
~ @l Scope 3L Auto Tuning

--(#) Inertia (Weight) Estimation
N System Analysis
----- %, One Touch Tuning
Motion Control
----- I¥ PR Mode Setting
..... A E-caM

= ’ E, Motor Parameter Identification Wizard
----- . EtherCAT Diagnosis
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Step 2:
Click Controller: Motion Command from Controller and check for the motion / machining
path.

£ Auto Tuning[Device#01] : B3-M - m] X

|

o A Ap—— Controller: Motion Command from Controller

MH

Drive: Motion Command from Drive

m E

@ HeLP Exit

Suggestions: set the motor to operate at least one cycle in both forward and reverse directions.
The delay time for reaching the positioning points in both forward and reverse directions should

be no less than 1000 ms with the running speed no less than 500 rpm.

Step 3:

Repeatedly run the motor with the path you just set. Make sure no personnel is standing close

to the machinery, and then you can click Next to start the auto tuning procedure.

g Auto Tuning[Device#01] : B3-M — [m] *

Select the command source.

Receive Motion Command

s

Start the tuning procedure.

Enable the servo system by the controller and press Next to start auto tuning.

Update Parameters

@ HELP Prev Next Exit
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Wait until the tuning progress bar reaches 100%, and a window with “Auto tuning completed.”

appears as follows. Then click

OK.

Select the command source.

Set Motion Profile

Start the tuning procedure.

Monitor Status
Stabilizing time 34 ms

Max. overshoot [ FUU

Tuning Complete

I 100%

162.58 5
Emergency Stop

Max, motor current 140

Overload warning level

Delta ASDA-Soft(VE)WVE.4.0.0

Update Parameters
Auto tuning completed.

0%

T @wmp |
@ HELP Next

The screen shows a table comparing the parameter values before and after tuning.

£ Auto Tuning[Device#01] : B3-M

Select the command source.

Set Motion Profile

Start the tuning procedure.

Update Parameters

@ HELP

Update

— [m| X

Control Gain

Before After |Parameter Description
P2.031 20 43 Bandwidth response level
P2.032 3 3 Gain adjustment mode
P2.089 154 1380 Command response gain
P1.037 1 ] Load inertia ratio or total weight
P2.000 158 1380 Position control gain
P2.002 0 a Position feed forward gain
F2.004 232 4385 Speed control gain
£ >
Suppression Filter Parameters

Before After |Parameter Description
P1.025 1000 1000 Low-frequency vibration suppression frequency (1)
P1.025 0 a Low-frequency vibration suppression gain {1)
P1.027 1000 1000 Law-frequency vibration suppression frequency (2)
F1.028 ] 0 Low-frequency vibration suppression gain (2)
P2.023 1000 1000 Motch filter frequency (1)
P2.024 0 a Motch filter attenuation level (1)
P2.043 1000 1000 MNotch filter frequency (2)
P2.044 0 a Motch filter attenuation level (2)
P2.045 1000 1000 Motch filter frequency (3)
P2.045 a ] Motch filter attenuation level (3)
<

Click Update to complete auto tuning.
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B Auto tuning with the servo drive: the servo drive sends the commands to drive the motor.

Step 1:

When ASDA-Soft is in online mode, the program window appears as follows. Click Auto Tuning

in the Function List tree view.

£ Delta ASDA-SoF(VE)VE.4.0.0
File Setting Tools Burn Window Help

+..Z& Contour Error

The selected device : [Devi : B3- ~||© on une [
| [DEVIEE#DH B3-M O Scope Parameter Editor Digital
Function List 3
g neen e 2 [P.] Parameter Editor - [Device#01] - B3-M
@[ ¥ The selected device :>>>>> s @ fE—
gl zme: @ 449 BLE 60059 E
L FOLINCIEI PONXX  PLXXX  PZXXX  P3XNX  PAXXX  PSXXX  PEXXX  P7.XX
[Servo Off
fervo off_| Rser Deined roup seup s | (20705 (MA@ ool [t [
Alarm : ALO13 P0.000 [l e [2.0703 2.0703
= Normal Groups P0.001 WL [ox0000 %0000
« [B] Davica List - User Defined Groups T o 3 0
; i t. parameter Information .
~ -iff [Device#01] : B3-M-SM:0x0001 (onlil P0.003 loxo000 0x0000
{4 PC Connection Setting PO.004 | [ [0x00000000 0x00000000
~ % Parameter Wizards P0.005 [ lox00000000 0x00000000
9 Mode Setting P0.006 [ ¥ [0x00000000 0x00000000
.4} General Setting P0.007 [ [0x00000000 0x00000000
Y Command Source po.00s_ | » lox00000000 Hour 0x00000000
-na. Pulse Output po.00s_ |k | [ o 2147483698
K3y E-gear Ratio Po.010 [ [ o 214748368
57 Filter Po.011 [ W o 2147483648
-7 Motch Filter Po.012 [ [ I o -2147483648
- P0.013_[¥k e o -2147483648
=+ Limit Fo.01% ¥ & 2147483648
-y Analog /O - - - — A — — =
I Feldbus ~ -f3i Tuning %%
@ Position Loop :
& velocity Loop E Gain Tuning
p-4
+L» Current Loop -
v 0 Scope AL Auto Tuning
I -} Inertia (Weight) Estimation

[P Parameter Editor
g Digital I0 / Jog Contral
- @ Alarm Information
i S's MO e s
-
~ fal Tuning
: E Gain Tuning

I
I L.&% Auto Tuning
|
|

{7} Inertia (Weight) Estimation

|
-GN system Analysis I
|
|

-3 One Touch Tuning
- Motion Control
! L.I¥ PR Mode Setting

1] High Speed Pasition Capture
. EtherCAT Diagnosis
-_— e s e .

Step 2:

Click Drive: Motion Command from Drive to enter the setting screen of motion profile.

| o
- Read-only

Firmware Version: VZOYI

| -J] High Speed Position Capture/Compare |

N System Analysis

----- % One Touch Tuning
Motion Control

----- ¥ PR Mode Setting

----- E-CAM

| .& Motor Parameter Identification Wizard

----- &, EtherCAT Diagnosis
L g

£% Auta Tuning[Device®01] - B3-M

Select the command source.

U

<

4
—————

Set Motion Profile

Start the tuning procedure.

Update Parameters

Controller: Motion Command from Controller

O

Drive: Motion Command from Drive

mi-

*

@ HELP

Exit
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Follow these steps to set the motor running path:

1.

Set P2.105 and P2.106 based on the application condition. Refer to Section 5.4.5 for details.

B P2.105: the higher the setting value, the higher the bandwidth after auto tuning, which is
applicable to devices with high stiffness or high response. On the other hand, the lower
the setting value, the lower the bandwidth after auto tuning, which is applicable to
devices with complex structure or low stiffness.

B P2.106: the lower the setting value, the smaller the overshoot after auto tuning. But if
the setting value is too low, the settling time may be too long.

Set the system to the Servo ON state.

The default jog speed is 20 rpm and the default acceleration / deceleration time is 200 ms.

For mechanical parts with limited strokes, low speed movement reduces the risk of collision.

Executing positioning with two points at low speed is recommended. For mechanical parts

with longer strokes or without limits, you can set the movement speed higher. After

completing the settings, click the  pownlead §  button, and then use the Left () ) or Right

(/C¥) button to rotate the motor to Position 1 and Position 2.

Check the acceleration / deceleration time and jog speed again. It is advisable to set the jog

speed to no less than 500 rpm. Then click the ~ pownbad § | button. After the download is

complete, click Start Moving, and the motor regards Position 1 and Position 2 as the

positive and negative limits and starts rotating in the forward and reverse directions.

After completing the settings, make sure no personnel is standing close to the machinery.

Then, click Next.

If the tuning results do not meet the requirements, modify the setting values of P2.105 and

P2.106, or refer to Section 5.6 to manually adjust certain parameters and then perform the

auto tuning again.

ﬂ Auto Tuning[Device#01] : B3-M

Step 1 2. Set the Servo to
Select the command source. Alarm Reset Servo ON.
l Step 2 Jog Speed RPM (1~5000)

= ms (1~5000)

_ B v

Set Motion Profile

= S-curve EI Download 'v \/
Step 3 Motor feedback position[use

Postion 1]  [24 3. Download the

the servo drive.
Current Position 19665 k

Time Interval 1000 ms
P2.105 Automatic gain adjustment level 1 (1~21) 4. Set the two
P2.106 Automatic gain adjustment level 2 (1~50331648) 3000 positioning
1 points and click
Start Moving.
X T
@ HELP Prev Next Exit
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Step 3:

Wait until the tuning progress bar reaches 100%, and a window with “Auto tuning completed.”

appears as follows. Then click OK.

— [m} hs
Tuning Complete
Select the command source.
I 100%
162.58 5
Emergency Stop
Set Motion Profile
Monitor Status
Stabilizing time | 34 ms Max. motor current | 140 %
Max. overshoot | PLU Overload warning level 0%
Start the tuning procedure.
‘ Delta ASDA-Soft(VE)V6.4.0.0
Update Parameters
Auto tuning completed.
-
@rer || e

The screen shows a table comparing the parameter values before and after tuning.

£ Auto T

Select the command source.

Set Motion Profile

Start the tuning procedure.

Update Parameters

| Control Gain

O

Before After |Parameher Description A
P2.031 18 37 Bandwidth response level
P2.032 0 0 Gain adjustment mode
P2.089 25 75 Command response gain
P1.037 2 0.1 Load inertia ratio or total weight
P2.000 35 535 Position control gain
P2.002 50 0 Position feed forward gain
P2.004 500 2142 Speed control gain v
< >
Suppression Filter Parameters
Before After |Parameter Description "
P1.025 1000 1000 Low-frequency vibration suppression frequency (1)
P1.026 0 0 Low-frequency vibration suppression gain (1)
P1.027 1000 1000 Low-frequency vibration suppression frequency (2)
P1.028 0 0 Low-frequency vibration suppression gain (2)
P2.023 1000 1000 Notch filter frequency (1)
P2.024 0 0 Notch filter attenuation level (1)
P2.043 1000 1000 Notch filter frequency (2)
P2.044 0 0 Notch filter attenuation level (2)
P2.045 1000 1000 Notch fiter frequency (3)
P2.046 0 0 Notch filter attenuation level (3) v
< >
Qrer | | ipi

Click Update to complete auto tuning.

5-23



Tuning ASDA-B3

5.4.5 Parameters related to auto tuning

Before the auto gain adjustment starts, first set the automatic gain adjustment level 1 (P2.105)

and automatic gain adjustment level 2 (P2.106), which are only available for Auto Tuning.

5.4.5.1 Automatic gain adjustment level 1 (P2.105) - stiffness adjustment

Gain (dB)

Frequency

— \ (Hz)
\ P2.015 > 11
P2.015 = 11

P2.015<11

P2.105 defines the servo stiffness after auto tuning. The higher the setting value, the greater the
bandwidth after auto tuning. On the other hand, the system margin becomes smaller, which
means resonance is more likely to occur when the system is degrading. You can first use

P2.105’s default setting of 11 and then change the setting according to the following conditions.

1. Itis advisable to increase P2.105 if the machine has all the following characteristics.
B The load inertia (weight) changes slightly during machine operation.
B Connected to transmission components with high stiffness (for example, they are
direct-coupled or connected with couplings).
B The machine requires high responsiveness.
2. ltis advisable to decrease P2.105 if the machine has one of the following characteristics.
B The load inertia (weight) changes constantly during machine operation (such as
transport equipment and robot arms).
B The machine has a transmission component with long strokes (such as a lead screw

with the length of 3 m or longer or a belt with the length of 1 m or longer).

P2.105=1 P2.105 =11

= Command position

= Feedback position
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5.4.5.2 Automatic gain adjustment level 2 (P2.106) - response adjustment

P2.106 sets the maximum overshoot. A proper setting of the amount of overshoot increases the

system response. The higher the setting value, the greater the allowable amount of overshoot.

For mechanical parts with higher stiffness, the setting of P2.106 affects the position loop

parameters P2.000 and P2.089 instead of the parameters related to speed loop gain and filters.

.. A
Position

/.

— Position command
— Position feedback

P2.106

»

»

Time

Parameter setting range: 1 - 50331648 (unit: pulse); default: 2000

P2.106 =1

... == Command position

. == Feedback position‘,"”-
(pulse)

P2.106 = 30000

Allowable amount of overshoot < 1 pulse
Settling time: 59.2 ms

Allowable amount of overshoot < 30000 pulses
Settling time: 12.4 ms
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5.4.6 Alarms related to auto tuning

In Auto Tuning mode, it is vital that you program the command path. The path must contain the

operation cycle (including acceleration, constant speed, and deceleration) and dwell time as

shown in the following figure. When any of the settings is incorrect, the servo drive stops tuning

and displays an alarm. Check the alarm causes and take corrective actions.

A
Speed SR Operation [ Operation
cycle cycle
Max. speed
I N » Dwell time -
. Time
------ > Acc. time 4

Alarm Alarm name
ALO8A Auto tuning function - command error
ALO8B Auto tuning function - dwell time is too short
AL08C Auto tuning function - inertia estimation error




ASDA-B3

Tuning

5.5 Gain adjustment modes

In addition to the Auto Tuning function, the servo drive also provides the following gain

adjustment modes. You can easily complete tuning by increasing or decreasing the bandwidth

response level (P2.031) or the bandwidth for speed loop response (P2.126). Follow the tuning

procedure in Section 5.1.

5.5.1

Differences between gain adjustment modes

Level adjustment: set the response level with P2.031 to adjust the servo bandwidth. With the

load inertia ratio increased or decreased, the bandwidth corresponding to the response level set

by P2.031 changes as well.

Bandwidth adjustment: set P2.126 to directly determine the servo bandwidth, which fine-tunes

the bandwidth.

Rt Adjustment mode Mode name el Parameter
value estimation Manual Auto
P1.037, P2.000,
P2.004, P2.006,
P2.023, P2.024,
Fixed set P2.025, P2.043,
0 Manual Manual mode value of P2.044, P2.045, N/A
P1.037 P2.046, P2.049,
P2.089, P2.098,
P2.099, P2.101,
P2.102
P1.037, P2.000,
P2.004, P2.006,
P2.023, P2.024,
Gain adjustment . Level Real-time P2.025, P2.043,
1 mode 1 adjustment - estimation P2.031 P2.044, P2.045,
Auto P2.046, P2.049,
P2.089, P2.098,
P2.099, P2.101,
P2.102
P2.000, P2.004,
P2.006, P2.023,
. . Level Fixed set P2.024, P2.025,
5 Gain adjustment adjustment - value of P1.037 P2.043, P2.044,
mode 2 Semi-auto P1.037 P2.031 P2.045, P2.046,
' P2.049, P2.089,
P2.098, P2.099,
P2.101, P2.102
P2.000, P2.004,
Gain adjustment P2.006, P2.023,
mode 3 . Level Fixed set P1.037 P2.024, P2.025,
3 (Available when adjustment - value of P2.031 P2.043, P2.044,
two degree of Two degree P1.037 P2.045, P2.046,
freedom control of freedom ' P2.089 P2.049, P2.098,
function is enabled) P2.099, P2.101,
P2.102
4 Gain adjustment ) E:f:lfl,:%ta?s i )
mode 4
values
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P2 Adjustment mode Mode name Inertlg Parameter
value estimation Manual Auto
P1.037, P2.000,
P2.004, P2.006,
Gain adjustment P2.023, P2.024,
mode 5 Bandwidth Real-time P2.025, P2.043,
5 (Same as setting adjustment - estimation P2.126 P2.044, P2.045,
P2-32 = 1 for the Auto P2.046, P2.049,
A2 series) P2.089, P2.094,
P2.098, P2.099,
P2.101, P2.102
P2.000, P2.004,
P2.006, P2.023,
Gain adjustment P2.024, P2.025,
mode 6 Bandwidth Fixed set P1.037 P2.043, P2.044,
6 (Same as setting adjustment - value of P2.126 P2.045, P2.046,
P2-32 = 2 for the Semi-auto P1.037 : P2.049, P2.089,

A2 series)

P2.094, P2.098,
P2.099, P2.101,
P2.102

Note: when the two degree of freedom control function is disabled (P2.094 [Bit 12] = 0), the effect of Gain

adjustment mode 3 is the same as that of Gain adjustment mode 2, so setting P2.089 is invalid in

that scenario.
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5.5.2 Flowchart of gain adjustment mode

No Inertia is
known?
Yes
Y
Adjustment Adjustment
mode 1 mode 2

Set the motor to perform point-to-
point motion and adjust the
bandwidth response level (P2.031)

Requires
synchronous
gperation?

Adjustment
mode 3

Consistently set the
command response
gain (P2.089) for
each axis

atisfied with the
response?

Requires the
bandwidth between
two levels?

Inertia is
known?

Yes
A 4
Adjustment Adjustment
mode 5 mode 6
I I
2

Set the motor to perform point-to-
point motion and adjust the
bandwidth for speed loop response
(P2.126)

Satisfied with the

response? Manual mode

Set the motor to perform point-
to-point motion and manually
adjust the gain parameters

» Complete

Note: Gain adjustment modes 5 and 6 are similar to Gain adjustment modes 1 and 2 respectively. The

main difference is that you can set the bandwidth for modes 5 and 6.
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5.5.3 Gain adjustment mode 1

You can use this mode when the load inertia is unknown or the inertia changes during machine

operation.

The servo drive continually estimates the machine inertia and updates the value of P1.037. To

reach the expected response, simply adjust the bandwidth response level (P2.031).

Adjustment Inertia Parameter
AL mode (e METE estimation Manual Auto
P1.037, P2.000,
P2.004, P2.006,
P2.023, P2.024,
Gain Level . P2.025, P2.043,
. . Real-time
1 adjustment adjustment - estimation P2.031 P2.044, P2.045,
mode 1 Auto P2.046, P2.049,

P2.089, P2.098,
P2.099, P2.101,
P2.102

5.5.4 Gain adjustment mode 2

When the inertia cannot be successfully estimated in Gain adjustment mode 1, it is probably

because the machine inertia ratio is greater than 100 times or the speed and acceleration /

deceleration of the actual motor operation are too low. In this case, you can use Gain

adjustment mode 2 to tune the servo system.

In Gain adjustment mode 2, you need to correctly set the machine inertia ratio in P1.037 first

and then adjust the bandwidth response level (P2.031) to reach the expected response.

Note: inertia estimation is available for most machines. However, when the machine does not comply with

the requirements for inertia estimation, you have to set the correct inertia ratio in P1.037.

. ; Parameter
P2.032 AT Mode name Ir)ertlg
mode estimation Manual Auto
P2.000, P2.004,
P2.006, P2.023,
Gain Level P2.024, P2.025,
. . Fixed set value P1.037 P2.043, P2.044
2 adjustment adjustment - ' '
mode 2 Semi-auto of P1.037 P2.031 P2.045, P2.046,

P2.049, P2.089,
P2.098, P2.099,
P2.101, P2.102
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5.5.5 Gain adjustment mode 3

When Gain adjustment modes 1 and 2 cannot meet the requirements, try Gain adjustment

mode 3 to tune the servo system. P2.089 (Command response gain) is available for manual

adjustment in this mode. You can increase the gain value to shorten the response and settling

time for the position command. However, if you set the parameter value too high, it might cause

position overshoot and machinery vibration. This parameter is effective only when the

commands are changing, such as in the acceleration / deceleration application, and adjusting

this parameter can improve the response. However, when the two degree of freedom control
function is disabled (P2.094 [Bit 12] is set to 0), the effect of Gain adjustment mode 3 is the

same as that of Gain adjustment mode 2, so setting P2.089 is invalid in that scenario.

. Inertia Parameter
P2.032 | Adjustment mode Mode name estimation M | Aut
anua uto
Gain adjustment Egggg Egggg
A Tok()jle 3 ) Level P1.037 P2.024, P2.025,
3 ( Va'c? ew efn adjustment - | Fixed set value 2031 P2.043, P2.044,
ftWOd egree 0 | Two degree of P1.037 ) P2.045, P2.046,
re? om contro of freedom P2.089 P2.049, P2.098,
unction is P2.099, P2.101,
enabled) P2.102
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5.5.6 Gain adjustment mode 4

When P2.032 is set to 4, the setting value of P2.032 is restored to the value set before
initialization other than the default value after parameter reset (P2.008 = 10). For example, if
P2.032 is 1, P2.032 is still 1 after gain initialization (P2.032 = 4).

Original setting value of P2.032 0 1 2 3

Setting value of P2.032 after parameter reset 1 y 1 1
(P2.008 = 10)

Setting value of P2.032 after gain initialization 0 y 2 3
(P2.032=4)

When P2.032 is set to 4, if the notch filters are set to Manual for manual resonance suppression,
the related notch filter parameters are not reset. If the notch filters are automatically set, the
related notch filter parameters and the parameters in the following tables are reset to the default.

The default values of other related parameters are as follows.

Gain parameters Filter and resonance suppression parameters
PEIEIIED? Default Function PRI Default Function
No. No.
P1.037 6.0 Load |ngﬂla ratio or P1.025 100.0 Low-freql_Jency vibration
total weight suppression frequency 1
P2.000 36 Po_S|t|on control P1.026 0 Low-freql_Jency _\/lbratlon
gain suppression gain 1
P2.004 144 | Speed control gain P1027 | 1000 | Low-frequency vibration
suppression frequency 2
P2.006 23 Speed |ntegral P1.028 0 Low-freqL_Jency _\/lbratlon
compensation suppression gain 2
P2.031 19 ~ Bandwidth P2.023 | 1000 | Notch filter 1 - frequency
response level
P2 089 23 Command . P2 024 0 Notch filter 1 - attenuation
response gain level
P2.105 1 Au_tomatic gain P2.025* 5.0 Resonancg suppression
adjustment level 1 low-pass filter

Automatic gain

P2.106 2000 adjustment level 2

P2.043 1000 Notch filter 2 - frequency

Notch filter 2 - attenuation

P2.044 0
level

P2.045 0 Notch filter 3 - frequency

P2.046 0 Notch filter 3 - attenuation
level

P2.047 1 Auto resonance suppression
mode

P2.049* 50 Speed detection filter and

jitter suppression
P2.098 1000 Notch filter 4 - frequency

Notch filter 4 - attenuation

P2.099 5

level
P2.101 100 Notch filter 5 - frequency
P2.102 0 Notch filter 5 - attenuation

level

Note: when P2.032 is set to 0 and then 4, the default settings of P2.025 and P2.049 are both 0.8.
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5.5.7 Gain adjustment mode 5

You can use this mode when the load inertia is unknown or the inertia changes during machine

operation.

The servo drive continually estimates the machine inertia and updates the value of P1.037. To

reach the expected response, simply set the bandwidth for speed loop response (P2.126) to

adjust the servo stiffness or reduce the noise.

i Inertia Parameter
P2.032 | Adjustment mode | Mode name L
estimation Manual Auto
P1.037, P2.000,
P2.004, P2.006,
Gain adjustment P2.023, P2.024,
mode 5 Bandwidth Real-ti P2.025, P2.043,
5 | (Sameassetting | adjustment- =~ “CE-S P2.126 P2.044, P2.045,
P2-32 = 1 for the Auto

A2 series)

P2.046, P2.049,
P2.089, P2.094,
P2.098, P2.099,
P2.101, P2.102

5.5.8 Gain adjustment mode 6

When the inertia cannot be successfully estimated in Gain adjustment mode 5, it is probably

because the machine inertia ratio is greater than 100 times or the speed and acceleration /

deceleration of the actual motor operation are too low. In this case, you can use Gain

adjustment mode 6 to tune the servo system.

In Gain adjustment mode 6, you need to correctly set the machine inertia ratio in P1.037 first

and then adjust the bandwidth for speed loop response (P2.126). Setting P2.126 higher can

increase the servo stiffness and setting P2.126 lower can reduce the noise.

) Inertia Parameter
P2.032 | Adjustment mode | Mode name L
estimation Manual Auto
P2.000, P2.004,
P2.006, P2.023,
Gain adjustment P2.024, P2.025,
mode 6 Bandwidth . P2.043, P2.044
¢ P1.037 ' '
6 (Same as setting | adjustment - F|x§fdpslet0\$lue P2 126 P2.045, P2.046,
P2-32 = 2 for the Semi-auto ’ : P2.049, P2.089,

A2 series)

P2.094, P2.098,
P2.099, P2.101,
P2.102
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5.5.9 Parameters related to gain adjustment modes

5.5.9.1 Bandwidth response level (P2.031) - stiffness adjustment

This parameter enables you to tune the servo drive in a simple and instinctive way. When the
inertia is fixed and you increase the bandwidth response level (P2.031), the servo’s bandwidth
increases as well. If resonance occurs, decrease the setting value of P2.031 by one or two
bandwidth response levels (you should adjust the bandwidth response level according to the
actual situation). For instance, if the value of P2.031 is 30, you can lower the setting to 28.
When you adjust the value of this parameter, the servo drive automatically adjusts the

corresponding gain parameters, such as P2.000 and P2.004.

Note: enabling the bandwidth response level reversion function (P2.125 [Bit 3]) is recommended when you

are adjusting the bandwidth response level (P2.031).

Servo
bandwidth
Increase the bandwidth
response level
A
84 Hz
A,
€0
>
7\
N
26 Hz ) D
.0&
7
N
)

Inertia ratio
(P1.037)

Bandwidth response level reversion (P2.125 [Bit 3])

When the bandwidth response level reversion function is enabled (P2.125 [Bit 3] = 1), the servo
automatically sets the upper limit for the setting value of P2.031 to reduce hazards caused by
resonance.

When the bandwidth response level reversion function is enabled, resonance caused by
increasing P2.031 can be suppressed with the Notch filter. When any of the 5 sets of Notch
filters is not set, the servo automatically sets that Notch filter for resonance suppression. If the
resonance cannot be suppressed when P2.031 is increased, the servo automatically decreases
P2.031 to the level where the resonance does not occur, and then the servo sets the last set
value of P2.031 before it is decreased as the upper limit of P2.031. If requiring to further
increase P2.031, disable the bandwidth response level reversion function and the upper limit is
lifted.
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5.5.9.2 Command response gain (P2.089) - response adjustment

P2.089 adjusts the command response gain to improve the response to the servo command.
Increasing the gain can reduce the transient error between the position command and
command response (in acceleration and deceleration zones). That is, the setting is effective
only when the commands are changing. This parameter is available only when the two degree
of freedom control function is enabled (P2.094 [Bit 12] = 1) in Position mode. (The two degree of

freedom control function is enabled by default).

Position Position
A —— Command

Command response
—— Command feedback

—— Command
Command response
—— Command feedback

» Time Z - > Time
Low command High command
response gain response gain

5.5.9.3 Bandwidth for speed loop response (P2.126) - bandwidth adjustment

P2.126 sets the bandwidth for the speed loop, and the corresponding position loop bandwidth
and the speed loop bandwidth are at a fixed ratio. To fine-tune the ratio between the position
bandwidth and speed bandwidth (P2.000 and P2.004) or the ratio between the proportional gain
(P2.004) and integral gain (P2.006) of the speed loop, switch the system to Manual mode for

operation.

Assuming that the bandwidth setting of P2.126 = BW, the recommended settings for the gain

parameters are as follows.
B P2.000=P2.004/4
B P2004=BW*2*m
m  P2.006 = BW

B P2.026 =BW
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5.6 Manual tuning of gain parameters

The position or speed response bandwidth is determined by the mechanical stiffness and the
application. Generally, for applications or machines that require high-speed positioning and high
precision, higher response bandwidth is required. However, increasing the response bandwidth
is likely to cause mechanical resonance. Thus, machinery with higher stiffness is used to solve
this problem. When the response bandwidth of the machine is unknown, you can gradually
increase the gain parameter values to increase the response bandwidth. Then, decrease the
gain parameter values until you hear the sound of the resonance. The following are the

descriptions of the gain adjustment parameters.

] Position control gain (KPP, P2.000)

This parameter determines the response of the position control circuit. The bigger the
KPP value, the higher the bandwidth of the position loop. This lowers the following error
and position error, and shortens the settling time. However, if you set the value too high,
it can cause machine jitter or cause overshoot when positioning. The calculation of
position loop bandwidth is as follows:

KPP

Position loop bandwidth (Hz) = S

[ | Speed control gain (KVP, P2.004)
This parameter determines the response of the speed control circuit. The bigger the KVP
value, the higher the bandwidth of the speed loop and the lower the following error.
However, if you set the value too high, it is likely to cause mechanical resonance. The
speed loop bandwidth must be 4 times (or more) the position loop bandwidth; otherwise,
it can cause machine jitter or cause overshoot when positioning. The calculation of

speed loop bandwidth is as follows:

. KVP (1+P1.037/10)
Speed loop bandwidth (Hz) = ( ) x

21 (1+JL/JIM)
JM: motor inertia; JL: load inertia

The following table illustrates the changes in position feedback when the speed loop

bandwidth is 1 time, 2 times, and 4 times the position loop bandwidth.

Speed loop bandwidth: 100 Hz Speed loop bandwidth: 100 Hz Speed loop bandwidth: 100 Hz
Position loop bandwidth: 100 Hz Position loop bandwidth: 50 Hz Position loop bandwidth: 25 Hz
Position — Position command Position — Position command Position — Position command
— Position feedback — Position feedback — Position feedback

Time Time Time
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When P1.037 (auto estimation or manually set value) is equal to the actual load inertia

ratio (JL / JM), the actual speed loop bandwidth is:

. KVP
Speed loop bandwidth (Hz) = (F)

u Speed integral compensation (KVI, P2.006)

The higher the KVI value, the better the elimination of the deviation. However, if you set

the value too high, it can cause machine jitter. It is advisable to set the value as follows:

KVI < 1.5 x Speed loop bandwidth (Hz)

[ ] Resonance suppression low-pass filter (NLP, P2.025)

A high load inertia ratio reduces the speed loop bandwidth. Therefore, you must
increase the KVP value to maintain the speed loop bandwidth. Increasing the KVP
value might cause mechanical resonance. Use this parameter to eliminate the noise.
The higher the value, the better the capability of reducing high-frequency noise.
However, if you set the value too high, it can cause instability in the speed control circuit

and overshoot. It is advisable to set the value as follows:

p< 10000
~ 6 x Speed loop bandwidth (Hz)

NL

] Anti-interference gain (DST, P2.026)
Use this parameter to increase the ability to resist external force and reduce overshoot
during acceleration / deceleration. The default value is 0. Adjusting this value in Manual

mode is not suggested unless it is for fine-tuning the results of auto tuning.

Note: this gain parameter is not available when the two degree of freedom control function is

enabled (P2.094 [Bit 12] = 1).

u Position feed forward gain (PFG, P2.002)
This parameter can reduce the position error and shorten the settling time. However, if
you set the value too high, it might cause overshoot when positioning. When the
resolution of the pulse command is low, adjusting this parameter might cause noise. In
this case, try using P2.003, P1.008, and P1.068 to eliminate the noise.
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5.6.1 Flowchart of manual tuning in Speed mode

)

Start

Inertia
estimation

Increase speed
loop bandwidth

Resonance Yes

occurs?

Satisfied with
the response?

Yes
[ Refer to Sections 5.7.1 and ]
5 n

.7.2 for resonance suppressio

esonance
eliminated?

Decrease the bandwidth
until no resonance occurs

Adjust parameters based on
application needs
Reduce !
. Reduce speed .
transient speed Reduce noise
error overshoot

!

[Increase P2.006] [ Decrease ] Increase P2.025 and

and P2.007 P2.006 P2.049
Decrease P2.004
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5.6.2 Flowchart of manual tuning in Position mode

J

Start

T

Inertia
estimation

Increase speed
loop bandwidth

Satisfied with
he response?

Refer to Sections 5.7.1 and 5.7.2
for resonance suppression

[

eliminated?

Decrease the bandwidth until
Nno resonance occurs

[ )
+

[ Set P2.000 = P2.089 = P2.004/ 4 }:

Low-frequency No
vibration during

positioning?

System Analysis
provides optimal
vibration elimination
ettings?2

Yes

Refer to Section 5.7.4 for
low-frequency vibration
suppression settings

Vibration elimination setting
with System Analysis

[

Adjust parameters based on
application needs
|

}47

L

]

Yes

-

Point-to-point positioning Contour following
Reduce | Reduce Improve the Reduce angle | (Reduce contour
overshoot || transient error response contour error in error
‘ ‘ circular motion
Adjust P2.000 Increase Adjust P1.062 Decrease
I P2.002 *
and P2.089 nerease P2.00 P2.000 and P1.063 P1.008 and
Increase P1061 and P2.089 P1.068
| S —

Note: it is advisable to set P2.004 four times (or more) the setting value of P2.000; otherwise a jitter occurs

in the corner contour.

5-39



Tuning

ASDA-B3

5-40

5.6.3 Manual tuning with ASDA-Soft

Note:

Select [Mode 0] Manual Mode.

Click Inertia estimation.

Set the bandwidth, click Gain Calculation, and the Calculation Result field on the right

shows the corresponding parameter settings according to the set speed loop bandwidth.

Fine-tune the values in the Calculation Result field. It is advisable to set P2.004 four times

(or more) the setting value of P2.000.

After fine-tuning the parameters, click the === button to write the parameters to the

servo drive.

for parameter settings of the two degree of freedom control function in Manual mode (P2.032 = 0),

refer to Section 5.7.5.3.

[ Gain Calculation[Device#01] : B3-M
[0x00] PT: Position control mode

Level adjustment | Bandwidth adjustment

P2.094.8it12 Two dimensional control function

(®)[0] : disable two dimensional control function

([1] : enable two dimensional control function
Update Inmediately (Set when Servois off)

P2.032 Gain tuning Mode

[ ]
(O [Mode 2]Level adjustment - Semi-auto
(@l ]

(@® [Mode 0]Manual Mode (Selected Mode) « (1 )
(O [Mode 1]Level adjustment - Auto

Mode 3]Level adjustment - Two-degree-of-freedom

A 4
P1.037 Inertia Ratio
2.0 Inertia estimation (2)
v

Bandwidth: Hz {1~1300)

Gain Calculation

®)

P2.031 Frequency response level

-
< [8]] >

1

Update Immediately

[JP2.125.8it3 response upper level limited

P2.089 Command responsiveness gain

25 Write

Gain Parameters ' Command smoathing and fitering

«

4

Calculation Resuft In Drive
P1.037 Load/Motor Inertia Ratio: 2.0
P2.000 Position Loop P gain: Ijl 35
P2.002 Position feedforward gain: I:l 0
P2.004 Speed control gain: [ o 500
P2.006 Speed integral compensation: Ijl 100
P2.025 Resonance suppression low-pass fitter: 1.0
P2.026 AntHnterference gain: I:l o
P2.049 Speed detection fiter and jitter suppre 1.0
0
Bandwidth(Hz): 80
P2.047.X=1: auto resonance suppression 1 [non ~
Resonance suppresion parameters:
P2.023 Notch filter frequency (1):  [Manual 1000 1000 Hz(50~5000)
P2.024 Motch fiter attenuation level (1): 0 0 -dB(0~40)
P2.043 Notch fiker frequency (2):  [JManual 1000 1000 Hz(50~5000)
P2.044 Notch fiter attenuation level (2): 0 0 -ds{0~40)
P2.045 Notch fiiter frequency (3):  [Manual 1000 1000 Hz(50~5000)
P2.046 Notch fiter attenuation level (3): 0 0 dB(0~40)
P2.098 Notch fiter frequency (4):  [JManual 1000 1000 Hz(50~5000)
P2.099 Notch fiter attenuation level (4): 0 0 -d8(0~40)
P2.101 Notch fiiter frequency (5):  [Manual 1000 1000 Hz(50~5000)
P2.102 Notch fiter attenuation level (5} 0 0 d{0~40)
(5) | ==l] =B

e
Monitoring Status
Stabilzing time
0 ms

Max. overshoot
0 PuU

Max. current of the motor
103 %

Overload warning level

0%

Servo Status

Q Help
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5.7 Mechanical resonance suppression and noise elimination

When mechanical resonance occurs, it is probably because the stiffness of the servo drive
control system is too high or the response bandwidth is too great. Eliminating these two factors
can improve the situation. During the tuning process, when you gradually increase the servo
response bandwidth, the frequency at the resonance point is likely to be reached, causing noise
and vibration. In this case, use the following filters to effectively eliminate the noise and vibration

and therefore increase the response bandwidth.

Block diagram of filter setting

Position command

\

Position command - Position command - 1st set of low-frequency 2nd set of low-frequency 1st set of model-controlled 2nd set of model-controlled
moving filter = low-pass filter  —| vibration suppression filter —# vibration suppression filter —#  vibration suppression filter ~ {— vibration suppression filter
P1.068 P1.008 P1.025, P1.026 P1.027, P1.028 P1.089, P1.090, P1.091 P1.092, P1.093, P1.094
Torque Torque mode
command filter —e Current
Speed mod Speed Speed mode P1.007 Current command controller | ] PWM
peed mode !
Speed command ™1 comFr;nland filter F———e low-pass filter
.006 Speed P2.025 1
e
controller
+ Position Position mode Position / Speed votor
—
controller ¥ mode B
- +
1st set of 2nd set of 3rd set of 4th set of 5th set of
notch filter >  notch filter >  notch filter |  notch filter > notch filter Encoder
P2.023, P2.024 P2.043, P2.044 P2.045, P2.046 P2.098, P2.099 P2.101, P2.102
Speed detection filter Speed
P2.049 observer
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5.7.1 Notch filter
5.7.1.1 Function restriction

1. The Notch filter frequency settings (P2.023, P2.043, P2.045, P2.098, and P2.101) must be
2 times (or more) the speed loop bandwidth (P2.004 / 21r), or it might lead to system
divergence.

2. ltis recommended that the notch depth (magnitude) of the resonance point should remain

at -15 to -10 dB after resonance suppression.

Note: it is recommended that you set the Analysis Type to Speed Open-loop in the System Analysis of

ASDA-Soft; the zero-crossing frequency is the speed loop bandwidth.

5.7.1.2 Function description

The servo provides 5 sets of notch filters with the frequency setting range of 50 to 5000 Hz.
Each set of notch filter supports the function of auto resonance suppression (P2.047 and
P2.048). In addition, you can suppress the resonance manually. The precautions and operation
procedure for manual resonance suppression are as follows.
B Use the System Analysis function in ASDA-Soft V6 to find the resonance frequency.
B The sudden loss of load inertia is likely to cause resonance. It is advisable to tune the servo
drive at maximum load.
If the resonance frequency is incorrectly set, the noise and vibration might be worse.
The higher the attenuation level and Q factor, the better the effect of resonance
suppression. However, if the values are set too high, it results in phase lag and causes

resonance at other frequencies.

Flowchart of manual resonance suppression:

Use the System Analysis in ASDA-Soft to
display the resonance frequency point.

]

The motor accelerates and \
decelerates alternatively. ‘

|

igh-frequency
resonance?

Yes

According to the value displayed in the
ASDA-Soft, set the resonance frequency in
P2.023 and set the initial value of P2.024 to 4.

J

Resonance
eliminated?

Constantly increase
the notch depth
(P2.024).

Complete
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5.7.1.3 Parameter descriptions

A notch filter is used to remove frequencies within a specific range. You can set the three
parameters, including frequency, attenuation level, and Q factor, for each set of notch filter. The
following describes the parameters of attenuation level (notch depth) and Q factor.

Q factor

f—]-

Attenuation
level

D

Frequency
Attenuation level of notch filter

The attenuation level of the notch filter determines the notch depth (magnitude) of the frequency
to be filtered. Properly set the attenuation level to effectively suppress the vibration. The higher
the setting value, the better the effect of resonance suppression, but the phase margin of the
system becomes smaller. When you set the value too high, the phase margin may become
insufficient, causing resonance at other frequencies.

When the attenuation level of the notch filter is set to 0, it means the filter function is disabled.

0

.
o
T

Notch depth = 10 (dB)
Notch depth = 20 (dB)
Notch depth = 40 (dB)

Magnitude [dB]
, K
o

@
o

A
S

10°
Frequency [Hz]

=
o
™

Phase [deg]

10° 10°
Frequency [Hz]
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Q factor of notch filter

The Q factor of the notch filter determines the frequency range (amount of signal) around the
specific frequency to be filtered. The higher the Q factor, the narrower the filtered frequency
band, and thus the phase margin of the system is less affected. In general, for systems with
higher inertia or lower stiffness, the Q factor at the resonance point is relatively high.

If the Q factor is set too high, the resonance cannot be completely suppressed, and it is likely to
cause resonance at the cut-off frequencies around the resonance point. In this case, set the Q

factor lower to improve the condition.

-10 +

= Qfactor=1
Q factor=5
— Qfactor = 10

Magnitude [dB]

-15 +

-20

10° 10°

Frequency [Hz]

10% 10°

Phase [deg]
o

Frequency [Hz]

5-44



ASDA-B3 Tuning

5.7.1.4 Application example

It is advisable to perform domain-frequency analysis and time-domain analysis alternately for

comparing and monitoring the results.

Frequency-domain analysis

Draw Bode plots by setting the Analysis Type to Speed Open-loop in the System Analysis of
ASDA-Soft. The following figure shows the speed open-loop gain with resonance. Set the
frequency at the resonance point as the frequency of the notch filter and gradually increase the
attenuation level (notch depth) of the notch filter in the corresponding parameter. When
increasing the notch depth, you can set the Analysis Type to Speed Open-loop in the System
Analysis* to check if the resonance point is neutralized. If the notch depth is too shallow,
resonance might occur in the system again. If the notch depth is too deep, the phase margin of
the system will be sacrificed, making it difficult to increase the bandwidth afterwards. It is
recommended that the notch depth (magnitude) of the resonance point should remain at -15 to

-10 dB after resonance suppression.

Note: when the frequency setting is lower than 100 Hz, it is advisable to select the check box for Enable
Low Frequency Analysis in the System Analysis of ASDA-Soft. If the check box is not selected, the
zero-crossing frequency might not be correctly detected or the low-frequency resonance point might

be ignored or regarded as noise.

Gain /‘/(1) Gain @ Gain /‘/ ®3
I Bw E + I P2.024W — I

1
1
1
1
BW 1

\fr\lzrequency
1

(1) Resonance point; (2) Notch filter; (3) Resonance point after resonance suppression

F'requency P2.023 I;requency
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Time-domain analysis

1. Execute the Scope function in ASDA-Soft and select Motor Current: Percentage [%] for
the channel.
Click Run, and the scope collects the current data when the motor is operating.
Click Stop, and the operation status of the motor is displayed in the software interface.

4. Select the check box for FFT Display, then left-click and drag the mouse to select the area

with data displayed, and the spectrum appears on the screen.

W scope =
H AR - EEV| &0 H| [ Ern ||| [wuksener o[ s ]| |
@
‘ : y Condition |properties

Stop Condiion
Enable Stop Condition
Channel Condition

e set Reset

Condition satisfied, last 50 ms

1K © 20K

%) e (0% Norme = | @b (] CH, (0] Norm: ~ 713288 | [ 43| (0] term: ~ | 182 :
[Motor Current : Percentage [5 v || Command Positon (UL 'Feedbadk Position [PUL ' Command Position [PUU]
Datz : K vtz : TSR Data : [TRRR Data :
Rel. val.: DG Relvol.: IENETTNE  Relvol: NN ke v :

Firmware Version: V0.53.03.13

According to the spectrum, we can find two resonance points at the frequencies of 1015 Hz and
2890 Hz. In the following figure, P2.047.X is set to 1 or 2 for the servo to automatically fill in the
resonance suppression parameters. To set the resonance points for manual resonance
suppression, select the check box for Manual under the specific set of notch filter, and then the
corresponding bit of P2.047.Y or P2.047.Z is automatically set to 1. In this case, you can

manually set the resonance suppression parameters.

PP 4096 Points 0 0 | | =
Q0000 H
V7 Notch Fitter =8 ol =
Notch Filter Virite Selected Item virte AlParameters || Read Al Parameters
Notch Filter 1 Notch Fiiter 2
Width Manual Manual
>
0d8 P2.023 Resonance Frequency P2.043 Resonance Frequency
P Hz 101 Hz
Depth P2.024 Resonance Depth P2.044Resonance Depth
3 <« <«
P2.095 Resonance Width P2.096 Resonance Width
CH1:Moto Frequency - :
o
¢t NotchFiter 3 Notch Filter 4 Notch Filter 5
Manual Manual Manual
P2.045 Resonance Frequency £2.098 Resonance Frequency P2.101 Resonance Frequency
Hz 0 Hz 1000 Hz
P2.046 Resonance Depth P2.099 Resonance Depth P2.102 Resonance Depth
0 <& 0 « <«
P2.097 Resonance Width P2.100 Resonance Width P2.103 Resonance Width
0K : :
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Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameters.

Parameter Function
P2.023 Notch filter 1 - frequency
P2.024 Notch filter 1 - attenuation level
P2.043 Notch filter 2 - frequency
P2.044 Notch filter 2 - attenuation level
P2.045 Notch filter 3 - frequency
P2.046 Notch filter 3 - attenuation level
P2.047 Auto resonance suppression mode
P2.048 Auto resonance detection level
P2.095 Notch filter 1 - Q factor
P2.096 Notch filter 2 - Q factor
P2.097 Notch filter 3 - Q factor
P2.098 Notch filter 4 - frequency
P2.099 Notch filter 4 - attenuation level
P2.100 Notch filter 4 - Q factor
P2.101 Notch filter 5 - frequency
P2.102 Notch filter 5 - attenuation level
P2.103 Notch filter 5 - Q factor
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5.7.2 Resonance suppression low-pass filter
5.7.2.1 Function restriction

It is recommended that the filter bandwidth (1000 / P2.025) should be 8 times (or more) the
speed loop bandwidth (P2.004 / 2).

Note: it is recommended that you set the Analysis Type to Speed Open-loop in the System Analysis of

ASDA-Soft; the zero-crossing frequency is the speed loop bandwidth.

5.7.2.2 Function description

The current command generated in the speed loop is filtered by the resonance suppression
low-pass filter, which reduces the interference of high-frequency resonance or noise to current
control. Since the filter causes a delay in the current command, when increasing the servo
response bandwidth, you must set the time constant for the low-pass filter (P2.025) smaller.

However, it causes greater noise during motor operation.

5.7.2.3 Application example

Draw Bode plots by setting the Analysis Type to Speed Open-loop in the System Analysis of
ASDA-Soft. When there is more than one resonance point and the distribution of the resonance
points is not wide, it is advisable to use the resonance suppression low-pass filter to suppress
the resonance occurring at the resonance points within a specified range.

If the resonance frequency is known, the Notch filter works better than the resonance suppression
low-pass filter for resonance suppression. If the spectrum displays multiple resonance points
which are densely distributed, or the resonance frequency drifts significantly with time or due to
other causes, use the resonance suppression low-pass filter instead.

When P2.025 is gradually increased, the filter bandwidth becomes smaller. Although resonance
does not occur in this condition, the servo response is slower and the phase margin is reduced.
If the ratio between the filter bandwidth (1000 / P2.025) and speed loop bandwidth (P2.004 / 21r)

is too small, the system becomes unstable.
(1)

Gain /‘/

Gain Gain (3)
A (2)

+ \’\‘. i _ —_— [ BW
Frequency SdB\\;\ Frequency ‘

(1) Resonance point;

Frequency

(2) Resonance suppression low-pass filter (Cut-off frequency of low-pass filter = 1000 / P2.025 Hz);
(3) Resonance point after resonance suppression
Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameter.

Parameter ‘ Function

P2.025 ‘ Resonance suppression low-pass filter
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5.7.3 Speed detection filter
5.7.3.1 Function restriction

It is recommended that the filter bandwidth (1000 / P2.049) should be 8 times (or more) the
speed loop bandwidth (P2.004 / 2).

Note: it is recommended that you set the Analysis Type to Speed Open-loop in the System Analysis of

ASDA-Soft; the zero-crossing frequency is the speed loop bandwidth.

5.7.3.2 Function description

When the motor speed is unstable, use this function to reduce the jitter in the motor speed. You
can obtain the speed information after the position feedback signal from the encoder is processed
by the speed observer. You can use the Scope function of ASDA-Soft to monitor the speed signal

processed by the speed detection filter by setting the channel to Motor speed: real-time [rpm].

Position command

l

Filter

Low-frequency
vibration
X . Current
suppression filter controller [ PWM
* ‘>—> Position Speed controller —» Low-pass filter (> Notch filter 4&7 Motor
Y controller + p p -
Encoder
ASDA-Soft Speed detection
Motor speed: filter «— Speed observer «
real-time [rpm] P2.049

You can set P2.084.U to select the speed observer.

P2.084.U Speed observer Filter bandwidth Applicable range
0 Speed observer 1 1000 / P2.049 Available for high resolution encoders.

The bandwidth cannot Available for encoders or linear scales

1 Speed observer 2 be adjusted. with low resplution,_such asrotary
encoders with the single-turn resolution
smaller than 40000 pulse/rev used in
low speed (< 100 rpm) application, or

2 Speed observer 3 1000/ P2.049 linear encoders with the resolution

greater than 5 pm/pulse.
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5.7.3.3 Application example

The following figure illustrates the difference between setting P2.049 to 0.8 and 10.8 when the
speed observer 1 is used (P2.084.U = 0). You need to select a suitable speed observer for

different installation methods for mechanical parts or different motors and then verify if the

results meet the requirements.

Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameters.

Parameter Function
P2.049 Speed detection filter and jitter suppression
P2.084 Special function for low resolution motor

5-50



ASDA-B3 Tuning

5.7.4 Low-frequency vibration suppression filter
5.7.4.1 Function restriction

1. Set the control mode (P1.001.YX) to Position mode (PT or PR).
2. Frequency range: 1.0 Hz to 100.0 Hz.
3. If the low-frequency vibration suppression function and the vibration elimination function are

enabled simultaneously, the system response becomes slower.

5.7.4.2 Function description

The low-frequency vibration suppression filter is also called position command notch filter. The
low-frequency vibration suppression function filters the frequencies causing mechanical
vibration but delays the system response time.

If the machine stiffness is insufficient, mechanical vibration persists even when the motor stops
after the positioning command is complete. The low-frequency vibration suppression function
can reduce the mechanical vibration. The suppression range is between 1.0 Hz and 100.0 Hz.
The servo provides both manual and auto settings for the function of low-frequency vibration
suppression. During the auto tuning process, the auto low-frequency vibration suppression

function is enabled and properly set.

Auto setting:

If you have difficulty finding the frequency, enable the auto low-frequency vibration suppression
function to automatically search for the vibration frequency.

If you set P1.029 to 1, the system automatically disables the auto low-frequency vibration
suppression function (P1.026 and P1.028 are set to 0) and starts to search for the frequency
which causes low-frequency vibration. When the detected frequency remains at the same level,
the system automatically changes the settings in the following order.

1. Automatically resets P1.029 to 0.

2. Sets P1.025 as the first set of frequency and P1.026 to 1.

3. Sets P1.027 as the second set of frequency and P1.028 to 1.

When P1.029 is automatically reset to 0, but the low-frequency vibration persists, check if
P1.026 or P1.028 is enabled automatically. If the values of P1.026 and P1.028 are both 0, it
means no frequency is detected. Lower the value of P1.030 (Low-frequency vibration detection)
and set P1.029 to 1 to search for the vibration frequency again. P1.030 sets the detection range
for the peak-to-peak amplitude of low-frequency vibration. When the frequency is not detected,
it is probably because the setting value of P1.030 is higher than the vibration of the machine. If
so, it is suggested that you decrease the value of P1.030. Note that if the value is set too small,
the system might mistakenly regard noise as the low-frequency vibration. In this case, you can
use the Scope function of ASDA-Soft and set the channel to Position error (pulse) to observe

the peak-to-peak amplitude of the signal during positioning for reference of setting P1.030.
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Flowchart of auto low-frequency vibration suppression:

Repeatedly
execute
positioning

Vibration occurs
during positioning?

Set P1.029to 1

A

Decrease the Increase the
value of P1.030 *1 value of P1.030%2

T A
Yes Yes

Is P1.029 No
setto 0?

Are P1.026 and
P1.028 setto 0?

Vibration
reduced?

Set P1.029to 0

Y

- Complete

Note:

1. When the values of P1.026 and P1.028 are both 0, it means no frequency is detected. It is probably
because P1.030 (Low-frequency vibration detection) is set too high so that the low-frequency vibration
is not detected.

2. When the value of P1.026 or P1.028 is greater than 0, but the vibration persists, it is probably because
P1.030 is set too low, causing the system to mistakenly regard minor frequency or noise as the

low-frequency vibration.

Manual setting:

When the auto suppression procedure is complete, but the vibration persists, you can manually
set P1.025 or P1.027 to suppress the vibration if you have identified the vibration frequency.
There are two sets of low-frequency vibration suppression parameters: one is parameters
P1.025 - P1.026 and the other is parameters P1.027 - P1.028. You can use these two sets of
parameters to reduce two different low-frequency vibrations. Use P1.025 and P1.027 to set the
frequencies for low-frequency vibration suppression. The filter function works only when the
parameter setting is close to the actual vibration frequency. Use P1.026 and P1.028 to set the
response after frequency filtering. The bigger the values of P1.026 and P1.028, the better the
response. However, if you set the values too high, the motor might not operate smoothly. The

default values of P1.026 and P1.028 are 0, which means the two filters are disabled by default.
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5.7.4.3 Application example

During position settling, if a vibration with the frequency lower than 100 Hz (not the
high-frequency noise when the motor is moving) occurs and it is difficult to identify the frequency
with the System Analysis function in ASDA-Soft, use the low-frequency vibration suppression
function to suppress the vibration caused by the specific frequency. Setting the low-frequency
vibration suppression filter makes the system more stable but lowers the response. When the
frequency setting is the same for the two sets of low-frequency vibration suppression filter, the
effect of vibration suppression is doubled.

If the frequency of the low-frequency vibration in the system varies during the operation, such
as in the long-distance belt drive system, the vibration frequency may be different at two

positioning points. In this case, set two sets of low-frequency vibration suppression individually.

Feedback
Position position
i Lowi 1. SetP1.025 and P1.026.
Ccomman ow-frequency _
position vibration cycle P1.025=1/T
T P1.026=1
N2
7 <
Time
Feedback
osition) '\ . position 2. If the vibration is smaller but not completely
Command eliminated, you can set another set of low-frequency
position | Low-frequency vibration suppression with the same frequency. The
vibration cycle effect of vibration suppression is doubled.
T P1.027=1/T
] N~ N N P1.028=1
Time
Position Feedback position
after low-frequency . L. .
o vibration suppression 3. If the vibration is completely eliminated but the
Command . .
bosition response is too slow, gradually increase P1.026.
P1.026 =2
-
Time

Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameters.

Parameter Function
P1.025 Low-frequency vibration suppression frequency 1
P1.026 Low-frequency vibration suppression gain 1
P1.027 Low-frequency vibration suppression frequency 2
P1.028 Low-frequency vibration suppression gain 2
P1.029 Auto low-frequency vibration suppression mode
P1.030 Low-frequency vibration detection
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5.7.5 Model-controlled vibration suppression filter

The idea of model-following control is to build a virtual model of the real physical system in the

servo drive in digital format. The virtual model processes the position command planned by the

user and generates an optimized position command. At the same time, the model designs

optimized position feed forward and speed feed forward, so the feedback system follows the

optimized position command, achieving the expected response. If the response designed by the

system does not meet your requirements, fine-tune the parameters P2.091 and P2.092.

Position command | P2.089 | Vibration suppression
"| P2.090 "| model in the system
Optimized
command
N 2 y
P2.091 P2.092
ty Position N Speed N Mechanical
O—> Motor —>
-4 controller + controller + parts

5.7.5.1

Motor speed

Motor position
N

Position
feedback

Restrictions of the two degree of freedom control function

Setting P2.094 [Bit 12] to 1 enables the two degree of freedom control mode, but you need to

pay attention to the following restrictions.
1. Set the control mode (P1.001.YX) to Position mode (PT or PR).

2. Set the inertia ratio (P1.037) correctly when using this function.

3. The setting of anti-interference gain (P2.026) is invalid when this function is used.
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5.7.5.2 Function description of two degree of freedom control function

When the two degree of freedom control function is enabled (P2.094 [Bit 12] = 1), set P2.000
and P2.089 for better position response.

Set P2.089 to adjust how well the command response follows the command. Setting P2.089
higher can reduce the transient error between the position command and command response,
but the error between the command response and feedback does not change. Thus, P2.089 is
valid only when the position command changes. To reduce the difference between the
command response and feedback, or to reduce the position jitter when the motor stops, adjust

P2.000 or other control gain parameters.

Command Position feedback
~~~~~~~~~~~~~~~~~~~~~ Command response Original gain setting
Position Position Position

Command
response not

Command
response not

changed changed
Time Time Time
Original gain setting P2.000 =40 P2.000 =50
Command Position feedback
..................... Command response Original gain setting
Position Position Position

Error not changed;
better response

Error not changed;
better response

Time Time Time
Original gain setting P2.089 =40 P2.089 =50

Setting P2.090 (Two degree of freedom mode - anti-interference gain) can adjust the position
settling waveform but does not change the command response time. Setting P2.090 to a
smaller value lowers the response after the command is complete but reduces the position

feedback overshoot.

B Feedback position
Position ~  when P2.090 = 0.85

Feedback position
when P2.090 = 0.5

Time

5-55



Tuning

ASDA-B3

5-56

5.7.5.3 Application example of two degree of freedom control function

This section describes the parameter settings when the two degree of freedom control function

is used in Manual Mode (P2.032 = 0). Refer to the following steps.

[ Gain Calculation[Device#01] - B3-M =8 BB
[0x01] PR: Position control mode Gain Parameters  Command smoothing and fittering
e - e Monitoring Status
Loves Calculation Result In Drive
Stabilizing time
P2.094.Bit12 Two dimensional control function P1.037 Load/Motor Inertia Ratio: 2.0 =
— 0 ms
([0] : disable two dimensional control function EZ 0 oAt iopiuon Bl [ o 55
(®)[1] : enable two dimensional control function . P2.002 Position feedforward gain: [ o 0 Max. overshoot
Update Inmediately (St when Servo s off) $2.004 Speed control gain: o 500 5 L
(P;.UEZdGam tumng‘MDT ——— P2.006 Speed integral compensation: I:l 100
Mode 0]Manual Mode (Selected Mode Max. it of th it
L ! ( ) P2.025 Resonance suppression low-pass fitter: 1.0 3. current ofEne motor
(O [Mode 1]Level adjustment - Auto o 0 %
O [Mode 2]Level adjustment - Semi-atto P2.049 Speed detection fitter and jitter suppre 1.0 Overload warning level
(O [Mode 3]Level adjustment - Two-degree-of-freedom $2.089 Command responsiveness gain ljl 25 -
v Bandwidth(Hz): 80
Servo Status
P1.037 Inertia Ratio P2.047.X=1: auto resonance suppression 1 [non +
Inertia estimation Resonance suppresion parameters:
P2.023 Notch fiter frequency (1): [ Manual 1000 1000 Hz(50~5000)
P2.024 Notch fiter attenuation level (1): 0 0 B(0~40)
v P2.043 Notch fiter frequency (2): [ Manual 1000 1000 H7(50~5000)
P2.044 Notch fiter attenuation level (2): 0 o
Bandwidth: Hz (1~1300) 0 oB(0~40)
P2.045 Notch fiter frequency (3): [ Manual 1000 1000 Hz(50~5000)
Gain Calculation P2.046 Notch fiter attenuation level (3): 0 0 -B(0~40)
P2.031 Frequency response level S0 P2.098 Notch fiter frequency (4): [ Manual 1000 1000 Hz(50~5000)
_ P2.099 Notch fitter attenuation level (4): 0 0 B (0~40)
1 = = 50 P2.101 Notch fiker frequency (5): [ Manual 1000 1000 Hz(50~5000)
P2.102 Notch fiter attenuation level (5) 0 0 -dB(0~40)
[JP2.125.8it3 response upper level limited @ hel
Update Immediately X Help
P2.089 Command responsiveness gain -
25 Write

Switch the servo status to Servo ON and then start tuning. Change the parameter settings and

at the same time use the Scope function to verify if the settings meet the requirements. It is

advisable to increase the bandwidth gradually. To adjust the bandwidth significantly, enable the
auto resonance suppression function (P2.047.X # 0), set P2.047.Y and P2.047.Z to auto

resonance suppression, and do not set the corresponding resonance parameters.

1.

4.

Increase the setting values of P2.000 and P2.089 while maintaining the ratio of P2.000 to
P2.089 at approximately 1:1.

When the mechanical parts start to vibrate or generate high-frequency sounds, stop
increasing P2.000 and decrease P2.000 until the mechanical parts are stable.

To increase the servo response, setting P2.089 higher reduces the transient error of
command response, but the position overshoot becomes greater. It is recommended that
the setting value of P2.089 should be no more than two times the setting value of P2.000.

To fine-tune the positioning behavior, you can adjust P2.090.

Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameters.

Parameter Function
P2.000 Position control gain
P2.089 Command response gain
P2.090 Two degree of freedom mode - anti-interference gain
P2.091 Two degree of freedom mode - position feed forward gain
P2.092 Two degree of freedom mode - speed feed forward gain
P2.094 Special bit register 3 (enable the two degree of freedom control function)
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5.7.5.4 Restrictions of vibration elimination

1. The two degree of freedom control function must be enabled (P2.094 [Bit 12] = 1).

2. Frequency range: 1.0 Hz to 400.0 Hz.

3. You can enable two sets of vibration elimination functions simultaneously for -E and -F
models, while you can enable only one set of vibration elimination function for -M and -L

models.

5.7.5.5 Function description of vibration elimination

The vibration elimination function uses a special algorithm, which can eliminate the vibration in
the machine endpoint without slowing down the system response. This function is automatically
set during the One Touch Tuning process, or you can set this function in the System Analysis
window of ASDA-Soft.

The vibration elimination function builds the flexible mechanical vibration model in the servo
drive under the two degree of freedom control mode, so you need to enable the two degree of
freedom control function before using the vibration elimination function. When the connection
between mechanical parts is not rigid enough, the response between the motor endpoint and
the machine endpoint is not consistent, resulting the condition where the motor has stopped but
the machine endpoint still vibrates. As for this condition, you can use the System Analysis
function in ASDA-Soft to provide optimal settings for the vibration elimination parameters, and
set P2.097 [Bit 8] and [Bit 9] to enable one or two sets of the vibration elimination functions.
After the vibration elimination function is enabled, the servo adjusts the motor command
according to the internal model. When you monitor the motor position feedback in the scope,

there might be a jitter, but the machine endpoint is stable when settling.

Vibration elimination not enabled Vibration elimination enabled
== Motor endpoint .- = Motor endpoint
Position renepam Position Orencpon
==== Machine endpoint ==== Machine endpoint
Time Time
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5.7.5.6 Application example of vibration elimination

1. Start ASDA-Soft and enter the System Analysis function window.

2. Select the check box for Enable Low Frequency Analysis and select [2]: System Module
for the Analysis Type, and then click Run to start analyzing.

3. After the analysis is complete, go to the Vibration Elimination tab and click the radio button
of Enable to enable the vibration elimination function. Then, click Write to Servo to

complete the procedure.

D System Analysis[Device#01] : B3-M EIIEI
=S @

Run | | [ |_Analysis Type: [3): System mocule | Rated Current|s0 ||

Bode
Parameters Data  Vibration Elimination  System Diagnosis Chart
Group 1
() Disable
(®)Enable

Lower frequency Higher frequency
2807 | [30.823 |

dB of dB of higher frequency
i 13.263 | [28.783 |
Group 2

(CDisable

(®Enable

Lower frequency Higher frequency
[z0163 ] [3m4 |

dB of lower frequency  dB of higher frequency

[-18.521 | [7.007 |

Write to Servo

M [] A-Line : Analysis Data 2.13 Hz 41 Deg 32.99 dB

[] B-Line : Compare Data 213 gz 63 Deg 33.65 dp

Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameter.

Parameter Function

P2.094 Special bit register 3 (enable the two degree of freedom control function)
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5.7.6 Position command filter
5.7.6.1 Function restriction

Set the control mode (P1.001.YX) to Position mode (PT or PR).

5.7.6.2 Function description

If the position command changes too drastically, the speed command or current command may
become saturated, causing the machine unable to operate according to the expected response.
If the resolution of a pulse command is low, it may cause unexpected machine vibration.

Adjusting the position command filter can improve the previous two conditions. It is advisable to

use the position command filter with P1.008 and P1.068.

Position command - smoothing constant (low-pass filter) (P1.008)
After the position command is processed with the first-order low-pass filter, the unwanted

high-frequency response or noise is attenuated, and the command becomes smoother.

Position command

Position - before filtering
Position command
Target after filtering
position*0.998
Target
position*0.002

\ /4 : Time

Time constant set in P1.008

Position command - moving filter (P1.068)
This function distributes the position commands evenly within the set time. When the resolution
of the position command is low, using the filter function of P1.068 is recommended. If you use

P1.008, it will cause drastic speed changes.

Position command
before filtering
Position command
after filtering

Position —

S—

4_‘\> 47’ Time

Time constant set in P1.068
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5.7.6.3 Application example

When the resolution of the position command is low (for example, the command resolution is
lower than 10000 pulse/rev), using the position command filter reduces the jitter in the

command feedback caused by low resolution.

e== (Qriginal position command
Position command after filtered
by P1.008 and P1.068
Position command after filtered
Position by P1.068
__ Position command after filtered
by P1.008

/

Time
Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameters.

Parameter Function
P1.008 Position command - smoothing constant (low-pass filter)
P1.068 Position command - moving filter
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5.7.7 Speed command filter
5.7.7.1 Function restriction

Set the control mode (P1.001.YX) to Speed mode (S or Sz).

5.7.7.2 Function description

After the speed command is processed with the first-order low-pass filter, the unwanted
high-frequency response or noise is attenuated, and the command becomes smoother.

Speed command
before filtering
Speed command
after filtering

Speed

Target speed*0.998

Time

\

Time constant setin P1.006

5.7.7.3 Application example

When the position control circuit of the machine is built in the controller, the servo is in analog
Speed mode (S) and receives the external analog voltage speed command issued by the
controller. To reduce the analog voltage noise, which can be detected by setting the channel to
Speed command: Voltage [Volt] in the Scope function of ASDA-Soft, increase the setting
value of P1.006. However, if the filter time is set too long, the position control response of the
controller becomes slower. If desiring to keep the position control response stable, set the filter

bandwidth 8 times (or more) the position bandwidth of the controller.

Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameter.

Parameter Function

P1.006 Speed command - smoothing constant (low-pass filter)
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5.7.8 Torque command filter
5.7.8.1 Function restriction

Set the control mode (P1.001.YX) to Torque mode (T or Tz).

5.7.8.2 Function description

After the torque command is processed with the first-order low-pass filter, the unwanted

high-frequency response or noise is attenuated, and the command becomes smoother.

Torque command
before filtering
Torque
Torque command

after filtering

Target torque*0.998

Time

N

Time constant setin P1.007

5.7.8.3 Application example

When the servo is in analog Torque mode (T) to perform force control (such as tension or
pressure control), the command value is usually a constant which changes slowly. Since the
bandwidth of the servo current loop is much higher than that of the position loop and speed
loop, it is highly responsive but is subject to noise interference. Properly adjust P1.007 to

reduce the high-frequency noise and increase the control accuracy.

Relevant parameter

Refer to Chapter 8 for detailed descriptions of the relevant parameter.

Parameter Function

P1.007 Torque command - smoothing constant (low-pass filter)
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5.8 Application function adjustment
5.8.1 Adjusting position error in constant speed zone
5.8.1.1 Function restriction

1. When using P2.002 and P2.003, set the control mode (P1.001.YX) to Position mode (PT,
PR).

2. When using P2.007, set the control mode (P1.001.YX) to Position or Speed mode (PT, PR,
S, Sz).

5.8.1.2 Function description

In Position mode, this function uses the Position command to calculate an ideal speed value
and applies this value to the Speed command. This function reduces the position error in the
constant speed zone during position control. Therefore, you can use this function to shorten the

settling time or reduce the following error.

Differentiator —»| P2.002 —> P2.003

Position
command

Position
controller

Speed
controller

Position Speed
feedback feedback

Position feed forward gain (P2.002)

This parameter converts the changes between position commands into an ideal speed value
and applies this value to the Speed command. The higher the value of P2.002, the smaller the
error in the constant speed zone, and thus the error reduces when the system performs
dynamic following. When this parameter is set to 100, it completely eliminates the position error
in the constant speed zone but causes a greater position overshoot. When this parameter is set

to 0, the position feed forward gain function is disabled.

Position

Speed Time

Time

Position
error

P2.002=0
-------- P2.002 = 50
P2.002 = 100

Time
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Position feed forward gain smoothing constant (P2.003)

The ideal speed is calculated by the position command with a differentiator, so the discontinued
noise of the position command is also magnified. The lower the position command resolution,
the more severe the noise. In this case, you can set a higher constant value to reduce the
interference from the noise. Please note that the overshoot is greater during the position settling

process if you set a higher value for the filter.

Speed feed forward gain (P2.007)

In Speed mode, this parameter calculates the ideal current using the speed command and
applies this result to the electric current command. Using this function can reduce the speed
error that occurs during uniform acceleration and deceleration. In Position mode, using this

function is not recommended because it causes a rather poor settling performance.

5.8.1.3 Application example

In the application of contour control, to reduce the geometric error caused by the servo following
error (e.g., the actual feedback radius is shorter than the command radius when a circular path
is executed), you can increase the setting of P2.002. In the point-to-point positioning
application, you can also set a higher value for P2.002 to reduce the transient position error
during acceleration. However, using the position feed forward gain function is more likely to

cause position overshoot and a longer settling time.

Important: do not use P2.002 (Position feed forward gain) for applications that do not

allow overshoot. Use P1.061 (Viscous friction compensation) instead.

Relevant parameter

Refer to Chapter 8 for detailed descriptions.

Parameter Function
P1.061 Viscous friction compensation
P1.062 Percentage of friction compensation
P1.063 Constant of friction compensation
P2.002 Position feed forward gain
P2.003 Position feed forward gain smoothing constant
P2.007 Speed feed forward gain
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5.8.2 Position overshoot adjustment
5.8.2.1 Function restriction

When using this function, set the control mode (P1.001.YX) to Position or Speed mode (PT, PR,
S, or Sz).

5.8.2.2 Function description

The position overshoot occurred during positioning may be caused by the high value of P2.002
or a great change in the system friction. Lowering the setting of P2.002 or properly setting the
viscous friction compensation can reduce the position overshoot.

When using P1.061 (Viscous friction compensation), set P1.062 (Percentage of friction
compensation) to a non-zero value. P1.061 is the torque compensation amount based on the
speed change, which unit is 0.1%/1000 rpm. When adjusting P1.061, it is recommended that
you first set it to 100, 200, then gradually increase the value. Setting the value too high may

cause an increased overshoot or a longer settling time with an unchanged overshoot.

—— P1.061=0
Position —— P1.061 = 100
—— P1.061 = 900

T
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
1 [ >
[ } \ Time
| |
| | |
| | |

Signal for On
target position
reached
DO.TPOS (0x05) Off
Time

5.8.2.3 Application example
For applications that do not allow overshoot, using this function can reduce the position

overshoot; however, a high value of P1.061 can cause a longer positioning time.

Relevant parameter

Refer to Chapter 8 for detailed descriptions.

Parameter Function
P1.061 Viscous friction compensation
P1.062 Percentage of friction compensation
P2.002 Position feed forward gain
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5.8.3 Multi-axis contour control
5.8.3.1 Function restriction

1. Inthe communication mode, settings for P1.034 - P1.036, P2.068, and P1.017 for each axis
have to be consistent.
2. The settings of the two degree of freedom control function (P2.094 [Bit 12]) for each axis
have to be consistent.
B When the two degree of freedom control function is enabled (P2.094 [Bit 12] = 1),
settings of P2.002, P2.089, P1.008, and P1.068 for each axis must be consistent.
B When the two degree of freedom control function is disabled (P2.094 [Bit 12] = 0),
settings of P2.000, P2.002, P1.008, and P1.068 for each axis must be consistent.

3. Setting the same speed loop bandwidth (P2.004 / 21) for each axis is recommended.

5.8.3.2 Function description

For the application of multi-axis contour control, make sure the servo parameter settings among
all axes are consistent. If the response settings among each axis do not match, the contour
distorts.

1. When the filter parameter settings (P1.008, P1.068) of each axis are inconsistent, the
response of the axis with a lower filter parameter setting goes ahead of the other axes.

2. When the position gain parameter settings (P2.000, P2.002, P2.089) of each axis are
inconsistent, the response of the axis set with a higher position gain goes ahead of the
other axes.

3. After all axes are tuned, if their speed loop bandwidth settings (P2.004 / 211) are
inconsistent but the contours remain undistorted, you can apply the position gain parameter

settings of the axis with the lowest bandwidth to the other axes.

Note: it is recommended that you set the Analysis Type to Speed Open-loop in the System Analysis of

ASDA-Soft; the zero-crossing frequency is the speed loop bandwidth.
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The contours in black indicate that the response settings of each axis are consistent. The

distorted contours in red and blue are generated due to the inconsistent response settings.
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5.8.3.3 Application example

Adjusting the contour errors:
If the contour becomes unsmooth when transiting from one quadrant to another, it is caused by
insufficient friction compensation of the servo. Descriptions for manually and automatically

adjusting the friction compensation are as follows.

Manual adjustment:

Take the circular motion for example. You can gradually increase the value of P1.062 until the
quadrant protrusion disappears and the quadrant becomes concave, and then start adjusting
P1.063. On the basis of the default 100% of P1.063, the lower the value of P1.063, the sooner
the system reaches the setting of P1.062; the higher the value of P1.063, the slower the system
reaches the setting of P1.062. When the contour (error) upon quadrant transition slightly
becomes concave, you can increase the setting of P1.063 to speed up the compensation. If the

contour slightly becomes convex, reduce the setting of P1.063 to slow down the compensation.

Protrusion upon quadrant
transition of X axis

%ving JMoving %oving

direction direction direction

transition of Y axis

In?rLijéft|ic(:)|re] nt Proper friction Over frictiqn
compensation compensation compensation
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Auto adjustment:

The switch for automatic friction estimation is P2.065 [Bit 4]. Set P2.065 [Bit 4] to 1 to enable
the automatic friction estimation. Use the controller or PR command and set a continuous point-
to-point motion (do not set the delay time) to maintain the estimation performance. Once the

estimation is complete, the servo automatically sets P2.065 [Bit 4] to 0.

Start the continuous

point-to-point motion

Position
Y
Set P2.065 [Bit 4] = 1
Automatically
estimate
P1.062 and P1.063
Time
Check if Speed
P2.065 [Bit 4] = 0
Yes
Stop the
point-to-point motion
Relevant parameter
Refer to Chapter 8 for detailed descriptions.
Parameter Function
P1.062 Percentage of friction compensation
P1.063 Constant of friction compensation

P2.065 [Bit 4]

Special bit register 1 (Automatic friction estimation)
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5.8.4 Gain switching
5.8.4.1 Function restriction

1. When P2.027.Xissetto 0, 1, 2, 4, 5, 6, or 8, P1.078 (Gain switching delay time) is not
supported.
2. When P2.027.X is set to 3 or 7, P1.078 (Gain switching delay time) is supported.

5.8.4.2 Function description

Increasing the gain during operation can achieve a better command following and shorter
settling time. Reducing the gain when the servo motor is in a stop state can reduce the high
frequency noise and vibration.

During the gain switching process, if the servo motor operation is not smooth, increasing the
gain switching time constant (P2.028) can smooth the gain switching process.

The servo automatically switches the relevant control parameters based on the value set for
P2.027.X (Gain switching condition); however, you need to additionally set the change rate of

the parameter (refer to the “After switching” columns in the following page).

5.8.4.3 Application example

The control mode and whether P1.078 is supported are determined by the gain switching

conditions. Refer to the following descriptions.

P2.027.X: gain switching condition

Control PR
X Condition Gain switching
mode .
delay time
0 Disable gain switching function. - -
1 Signal of gain switching (DI.GAINUP: 0x03) is on. All -
2 In Position control mode, position error is larger than P2.029. PT/PR -
3 Frequency of Position command is larger than P2.029. PT/PR Supported
4 Speed of servo motor is faster than P2.029. All -
5 Signal of gain switching (DI.GAINUP: 0x03) is off. All -
6 In Position control mode, position error is smaller than P2.029. PT/PR -
7 Frequency of Position command is smaller than P2.029. PT/PR Supported
8 Speed of servo motor is slower than P2.029. All -
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P2.027.Y: gain switching method

0: gain rate switching

1: integrator switching (switch from P controller to PI controller)

PT /PR
Y=0
Before switching After switching Before switching After switching
P2.000 x 100% P2.000 x P2.001 P2.000 x 100% P2.000 x P2.001
P2.004 x 100% P2.004 x P2.005 P2.004 x 100% P2.004 x 100%
P2.025 x 100% P2.025 x P2.107 P2.025 x 100% P2.025 x P2.107
P2.026 x 100% P2.026 x 100% P2.026 x 0% P2.026 x 100%
P2.049 x 100% P2.049 x P1.080 P2.049 x 100% P2.049 x P1.080
S/8z
Y=0

Before switching

After switching

Before switching

After switching

P2.004 x 100%

P2.004 x P2.005

P2.004 x 100%

P2.004 x 100%

P2.025 x 100%

P2.025 x P2.107

P2.025 x 100%

P2.025 x P2.107

P2.026 x 100%

P2.026 x 100%

P2.026 x 0%

P2.026 x 100%

P2.049 x 100%

P2.049 x P1.080

P2.049 x 100%

P2.049 x P1.080

When P2.027.X is setto 0, 1, 2, 4, 5, 6, or 8, P1.078 (Gain switching delay time) is not

supported. P2.027.X = 4 is taken as the example in the following figure.

P2.027.X=4

P2.029

Motor speed

-P2.029

Refer to the

Before switching
column of P2.027.Y

Refer to the
After switching
column of P2.027.Y

Refer to the
Before switching i
column of P2.027.Y }

Refer to the
After switching
column of P2.027.Y

Refer to the
i Before switching
i column of P2.027.Y
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When P2.027.X is set to 3 or 7 and P1.078 (Gain switching delay time) is set, the gain

parameter during the delay time is adjusted as follows.

P2.027.X =3
P2.029
P0.002 = 6
Pulse command
frequency
S P1.078
P2.027.Y =0 P2.027.Y=1 :
Refer to the Before P2.000 X P1.079 P2.000 x P1.079 | Refer to the After  iRefer to the Before
itchi ] f . ’ : y i switching column of  switching column of
switching column of P2.004 x P1.079 P2.004 x 100% |
P2.027.Y : : : oA o P2.027.Y P2.027.Y
e P2.006 x 100% P2.006 X 0%
P2.026 x 100% P2.026 x 0%
P2.049 x 100% P2.049 x100%
P2.025 x 100% P2.025 x 100%
P2.027.X=7
P2.029 3
P0.002 = 6 \
Pulse command :
frequency
Gain switching
delay time P1.078
Refer to the Before L p2.027.Y=0 P2.027Y=1 |  Refertothe After
Gain switching switching column of i P2.000xP1.079 P2.000x P1.079 :  switching column of
parameter P2.027.Y P2.004 x P1.079 P2.004 x 100% P2.027.Y
i P2.006 x 100% P2.006 X 0%
P2.026 x 100% P2.026 x 0%

P2.049 x 100% P2.049 x100%
P2.025 x 100% P2.025 x 100%

Relevant parameter

Refer to Chapter 8 for detailed descriptions.

Parameter Function
P1.078 Gain switching delay time
P2.027 Gain switching condition and method selection
P2.028 Gain switching time constant
P2.029 Gain switching condition
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