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% Leadshine
Software manual of the ACS306, ACS606 V2.0 / ACS806 V2.0

Introduction

This document provides necessary information on how to use the setup software to configure and tune the
leadshine’s AC brushless servo drive ACS306, ACS606 V2.0 and ACS806 V2.0.

Workspace

% Digital AC Servo Drives [ACS806] — =HAC X |
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Start

Menus and Toolbar

Menus and toolbars are at the top of the workspace. You can click the menu bar to view the pull-down menu. The
toolbar provides the most frequency used commands.
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Menus and Toolbar (Continued)

Menu Pull Down Toolbar Function
Communication 113« Open the serial port and connect to drive
Option ->
Exit X Exit from the setup software
i . Configure the operating mode, 1/0, filter,
Configuration ?i
motor & feedback parameters
Current Loop M Tune the current loop parameters
wnings | e
Velocity Loop Tune the velocity loop parameters
Position Loop @ ‘ Tune the position loop parameters
Display the motion variables like position
Show Curves A Py _ P
bk error, feedback velocity & current
Display->

Show Parameters Parameter list

Help-> Product Information Setup software information

Error Trace-> - ﬁ Check drive error(s)
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Using the Software

Connecting Drive

Communication =] Communication =]

Serial Part; COM1 - Serial Part: COmM1 -

Baud Rate: Baud Rate:

Open

Driwe Address: |4 - Drive Address: |4 -

Cloge

Click Option -> Communication to open the “Communication” window. Select the serial port number and click on

the Open button. The baud rate must be 38400 for the ACS306, ACS606 V2.0 and ACS806 v2.0. The software will try
to communication with the drive. It may take several minutes.

Before connecting the drive, please make sure:

1) The RS232 cable has been connected between the drive and PC serial port.

2) The power supply has been applied to the drive. The green LED is on.

The motor is needn’t be connect to the drive if you just want to configure the parameters.

Do not connect or disconnect the RS232 communication cable when powered is on.
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Configuration Window

To open the “Configuration” window, click Tuning -> Configuration on the menu bar. In the “Configuration” window,
the parameters are separated into three regions. The 1% region is the “Operating Mode” tab. The 2™ region is the
“Filter Setting” tab and the 3" region is at the half bottom of the whole window.

Operating Mode Tab

In the “operating mode” tab you can select the pulse mode (type) and the active level/edge of the digital
inputs/outputs. The table below provides detailed information for each option.

Configuration =]
Pulze Mode Pulze Edge Direction Signal Polarity limit Signal
" Double Pulze Mode " Active at rising edge ™ High level for positive " Active high
f+ Pulse+Direction + Active at faling edge (% Low level for poszitive " Active low
Enable [nput Alarm Sighal In-position Signal
" Active high £ Active high impedance {¢ Active high impedance
o+ pctive low ¥ Active low impedance ™ Active low impedance
J\ Filter Setting J
totor Parameters Pogition Loop Settings
Input Smoother: Mode 0 Rated Currentia]. |6 Torque ConstantMmaa]: 0,000 Electronic Gear Numeratar, |1
Dead Band(mt]: 0 Phase Inductance(mH]: 20.00 tator Pole Pairs: |4 Electionic: Gear Denominator: |1
Olff st i - !
[wi] ] Matar Shaft Inertia(ka.m™2) |p.oo00o0 Rated Powerly: Encader Lina("4}: 10000
Preak CunentlA) 0.0 Phase ResistancelJhms]: 10.00 B o
Peek Velociy{iom: IUi Position Following Limit[P).  |65535
: Back-EMF constantlyKrpml: [15.00
I In-position threshold: 4
r tator Type  |Stardard Phase

Operating Mode tab- Input and output parameters

Double Pulse Mode :
Positive Move Negative Move

PUL M % HighLEVE'
DIR _ S I <—— LowLevel

Pulse Mode

Pulse + Direction :

Positive Move Negative Move

UL LML i S Hohlewl
DIR J] S I <—— LowLevel
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Operating Mode tab - Input and output parameters (Continued)

Pulse Edge

Specifies the active edge of the pulse signal. The motor moves one micro step at each
active edge of the pulse signal. Note that the actual setting is also related to the
connection circuitry between the drive’s input and the controller’s output. For
example, the PNP (sourcing) connection is on the converse to the NPN (sinking)
connection.

Direction Signal Polarity

This option affects the actual motion direction as per the DIR signal level. You can use it
to change the rotation direction when it is converse.

Limit Signal Specifies the active level of the end limit inputs.
Enable Input Specifies the active level of the enable input.
Alarm Signal Specifies the active impedance of the alarm output.

In-position Signal

Specifies the active impedance of the in-position (Pend) output.

Filter Setting Tab

In the “Filter Setting” tab, you can specify the cutting frequency for the digital filters. The table below provides
detailed information for each parameter. Note that the default value of those parameters is suitable for most of the
applications. It is unnecessary to change the default value if the motion system works well.

Configuration

&l

Cutting frequency

Operating Mode J\

Cutting frequency of velacity sampling filker:

Cutting frequency of command current;

Cutting freguency of cormmand velocity:

Cutting frequency of pulze filker: |D

Cutting frequency of encoder input filker: |g

Filter Setting Tab — Cutting frequency of the filter

Cutting frequency of the
velocity sampling filter

Specifies the cutting frequency of the velocity sampling filter. Make it as high as
possible but big value will introduce high motor noise.

Cutting frequency of
command current

Specifies the cutting frequency of the command current. Make it as high as possible but
big value will introduce high motor noise. Too low value may lead to motor vibration.

Cutting frequency of
command velocity

Specifies the cutting frequency of the velocity command velocity

Cutting frequency of . . :

i Specifies the cutting frequency of the pulse filter
pulse filter
Cutting frequency of

encoder input filter

Specifies the active impedance of the encoder input filter.
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Motor Parameters

Rated Current (A)

Specifies the motor’s rated (continued) current. It is actually the drive’s continuous
current limit.

Phase Inductance (mH)

Specifies the motor’s phase inductance.

Motor Shaft Inertia
(Kg.m"2)

Specifies the inertia of the motor shaft

Phase Resistance(Ohms)

Specifies the phase resistance of the motor

Back-EMF
(V/Krpm)

constant

Specifies the back-EMF constant of the motor

Motor Type

Specifies the communication type of the motor

Torque Constant (Nm/A)

Specifies the torque constant of the motor

Motor Pole Pairs

Specifies the pole pairs of the motor. It is the motor poles divided by 2.

Rated Power (W)

Specifies the rated power of the motor.

Current Loop Window

To open the “Current Loop” window, click Tuning -> Current Loop on the menu bar. In the “Current Loop” window,
you can adjust the Kp (proportional gain) and Ki (integral gain) then start a step test. The window will display a
green curve which represents the actual motor current to indicate the test result.

Current loop tuning parameters

KP Proportional gain of the current loop. Increase it to make the current rise fast.

K Integral gain of the current loop. Set a proper value to lower down the difference between the red curve
(target current) and the green curve (feedback current).

|-test Test current value. It should be greater than 0.5A and less than the motor’s continuous current.

Start Click this button to issue a step command to the current loop

Current Loop @

Start

|-test:

KP: [15000 K |00 3
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To open the “Position Loop” window, click Tuning -> Potion Loop on the menu bar. In the “Position Loop” window,
you can adjust PID parameters and then start a trapezoid velocity motion to view the effect the PID parameters. The
window will display the actual current curve, the actual velocity curve and the position error curve for each
trapezoid velocity motion test. There are two gain sets for the PID parameters. One is for the low-speed (standstill)
performance and the other is for the high-speed (dynamic) performance. These two gain sets are separated into
the ”"Pos Loop Low Speed” tab and the “Pos Loop High Speed” tab, respectively.

Paosition Loop

]

Current: A | Welocihy: t/min | Position Error: p | Time: ms
Currentia) Fosition Errar(F)
4.000 500
3.200 400
2.400 ———— 300
renn - I I O S O T el 200
0,600 i 100
] a
-0.800 -100
-1.600 -200
-2.400 -300
-3.200 -400
-4.000 500

1000 1200 1400 1800 1800 2000
Time(ms) “elocity(ram)
Fosition Loop Control “elocity Loop Contral
Kp 200 Kuff: [200 ke [0 Vp{1000 i [200 Kat. |0 Start
l Foz Loop Low Speed l T apezoid Yelocity Profile l Image Display J

Pos Loop High Speed Tab

The configuration in the “Pos Loop High Speed Tab” tab affects the dynamic performance of the drive’s position
loop. When the motor starts to move, the PID parameters in this tab starts to take effect.

Position Loop Control (Dynamic performance)

Kp Proportional gain of the high-speed position loop. Increase it to make the actual motor position response
fast.

Kvff Velocity feed-forward gain of the high-speed position loop.

Kd Derivative gain of the high-speed position loop.

Velocity Loop Control (Dynamic performance)

Vp Proportional gain of the high-speed velocity loop. Increase it to make the actual motor velocity response
fast.

Vi Integral gain of the high-speed velocity loop.

Kaff Acceleration feed-forward gain of the high-speed velocity loop.
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Pos Loop Low Speed Tab

Software manual of the ACS306, ACS606 V2.0 / ACS806 V2.0

The configuration in the “Pos Loop Low Speed Tab” affects the standstill performance of the drive’s position loop.
When the motor starts to move, the PID parameters in this tab starts to take effect.

Position Loop =
Current: A [Welocihy: rfmin | Position Errar: p | Time: ms
CurrentiA) Fosition Error(F)
4.000 =]
3.200 400
2.400 SN U P S N M N Mo F— 300
1.600 200
0.800 100
a 0
-0.800 <100
-1.600 -200
-2.400 -300
-3.200 -400
-4.000 -500
800 1000 1200 1400 1600 1800 2000
Timelms) Yelocity(ram)
Fosition Loop Control “elocity Loop Control Feed-forward Contral
ke L: 200 KiL[o KeL: [0 vel:tooo vk o Kaff L: [0 Keff_L: [0 2l
Pos Loop High Speed l di l T apezoid Velocity Profile l Image Dizplay J
Position Loop Control (Standstill performance)
Kp_L Proportional gain of the low-speed position loop. Increase it to make the actual motor position response
fast.
Ki L Integral gain of the low-speed position loop.
Kd_L Derivative gain of the low-speed position loop.
Velocity Loop Control (Standstill performance)
Vp L Proportional gain of the low-speed velocity loop. Increase it to make the actual motor velocity response
fast
Vi L Integral gain of the low-speed velocity loop

Feed-forward Control (Standstill performance)
Kaff L Acceleration feed-forward gain of the low-speed position loop.
Kvff L Velocity feed-forward gain of the low-speed position loop.
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The motion test for the PID tuning is defined by the trapezoid velocity profile in the “Trapezoid Velocity Profile” tab.
You can configure the velocity, acceleration, move distance, dwell and repeating times for the trapezoid motion.

) Move

Velocity —> -

Distance
1 2
Acceleration
_—
Interval !
<— Repeat Times
Trapezoid Velocity Profile
Velocity (RPM) Specifies the velocity of the trapezoid motion
Acceleration (r/s/s) Specifies the acceleration of the trapezoid motion
Distance (Pulses) Specifies the acceleration of the trapezoid motion
Inverval (ms) Specifies the interval (dwell) of the trapezoid motion
Repeat Times Specifies the repeat times of the trapezoid motion
Trapezoid Velocity Profile Window
Position Loop =]
Current: A [Welocity: rfmin | Fosition Error: p | Time: ms
Current(A) Fosition Error(F)
4.000 = 500
3.200 - 400
2.400 - L 300
7R00 RSN S N S T S - e 200
DEOD - ] 100
] — 0
0800 - -100
1600 - -200
2400 - -300
3200 - -400
-4.000 -500
i] 200 1000 1200 1400 1600 1800 2000
Time(ms) Yelocity(rpm)
Welocity(RPM]: (300 Acceleration(r/s/s): [200 Distance(Pulzesz) |40000
Start
Intervalime): (100 Repeat Times: |1
Pos Loop High Speed l Pos Loop Lov Speed l :Japezoid Velocity Prohle l Image Display J

Image Display Tab

In the “image display” tab, you can chouse which curve to be displayed and even change its color. The selectable

curves are actual current, actual velocity, position error, actual position and command position. The sampling time
for those curves is defined by the “Trace Time”.
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Position Loop =]
Current: A [Welocity: rimin | Position Error: p | Time: ms
Current(4) Fosition ErronF)
2.00 400
1.60 320
1.20 240
0.a0 160
0.40 a0
0.00 a
-0.40 20
-0.80 160
-1.20 -240
-1.60 320
-2.00 -400
800 1000 1200 1400 1600 1800 2000
Time(ms) “elocity(ram)
= L] = _.| ™ Position Erar =l Trace Time: [2000ms -
v Actual Current ! v Actual Welocity J I Actual Fosition ! e
Arl
[ J = J I Command Position J
P'oz Loop High Speed l Pos Loop Low Speed l T apezoid Velocity Profile l J
Show Curves Window

To open the “Show Curves” window, click Display-> Show Curves on the menu bar. You can use open this window to
monitor the actual current, actual velocity and position error when the drive is controlled by external step/direction

signal. Click the “Start” to start the monitoring of these selected curves. Click the “Stop” button to stop the
monitoring.

Curves @
Cument[s] Welocity(rpm]
2.000 400
1.600 iy 320
1.200 n 240
0.800 b 180
0.400 | a0
0.000 - ]
-0.400 = B0
-0.800 = 160
-1.200 | -240
-1.600 - 320
-2.000 -400
Time{ms) 0 200 400 £00 800 1000 1200 1400 1600 1800 2000 Position EmorPulses)
Mode
v Actual Current v Actual Welocity v Position E mrar = Trace Time: Start
Filter Setting
The 1zt notch filker bandwidth : [ The 13t notch filker center frequency: |0
The 2nd notch fiter bandwidth : [0 The 2nd notch filker center frequency: |8
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Show Parameter Window

To open the “Show Parameters” window, click Display-> Show Parameters on the menu bar. You can view the all
configurable parameters in this window. However, the most significant functions of the “Show Parameters” window

are.

I  Write the parameter values to the drive’s EEPROM. Thus they will not be lost after repowering the drive.
I Save the parameters as a configuration file to the PC.

Parameters =
Servo Drive Parameters
Farameterarme Farameteryalue Range - Read
Current loop Kp 15000 0732767
Current Ki 600 0™32767
Welocity loop high speed Kp 1000 0~32767 Dowmlnad
Yelocity loop high speed Ki 200 0™32767
Acceleration high speed feed-fore: 1] 0™32767 Save
Fosition loop high speed Kp 1000 0~32767
Fosition loop high speed Ki 0 0~32767 Save b=
Fosition loop high speed Kd 0 0~32767
Welocity high speed feed-forward K 1] 0™32767 sictsn
Electranic gear numerator 1 1732767
Electronic gear denaminator 1 1732767
Fosition following error limit 55535 0™~32767
Welocity loop low speed Kp 1000 0™32767
welocity loop low speed Ki 1] 0™32767
Acceleration low speed fesd-forwa 0 0~32767
FPosition loop low speed Kp 500 0~32767
Fosition loop low speed Ki 0 0™~32767
Fasition loop low speed Kd ] 0™32767
welocity low speed feed-forward ko 1] 0™32767
In-position threshold 4 0~1000
Encoder Count per one resvolution 10000 0~32767
hotor Pale Pairs 4 1732767
Fated Power 0 400, 750V, 1 000, 1500w
Fhase Resistance 10 0.01™3270hms .
Phase Inductance 20 0.01~327mH % Exit
Read Read the parameter values from the drive
Download Download the parameter values to the drive’s RAM (will be lost after repowering the drive)
Save Write the parameter values to the drive’s EEPROM
Save As Save the parameter values to a PC file (need to read the parameter first)
Open Open a configuration file
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Error Trace Window

To open the “Error Trace” window, click Error Trace on the menu bar. You can check the drive error status in this
window. When there is drive error occurs (Red LED blinking), this window helps you figure out the cause of the
problem.

Error Trace [E]
(oo 19|0]|0]0|0]©000|@
[Owevdlaee | @ @ Q| @ @ @ S @ G| &
[ Lowvokage | @ | D (OO O O O O OO
[Motar Carrection | @ | @ | @ | @ | @ | @ | @ | @ | @ | @
(et @900 @0 @0ee
(@0 e e e e eeee
rewEe @O0 0@ e eolelele
| Brake Eror &LLLLLLLLL
o @@ 0|0ee/e/o[e]e
[ EEPROME | @ | @ @1 @G0 @ @@ @

Errar Count: 0 1 2 3 4 ] E 7 ] 9
Clear History Ermars
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Configuring the Drive

Typically, you can follow the steps below to configure the drive.

Step 1: Configure the motor parameters & position loop settings.

Step 2: Configure the inputs/outputs option according to the connection circuitary.

Step 3: Tune the current loop gain Kp and Ki according to the supply voltage and connecting motor.
Step 4: Tune the loop gains for the standstill performance according to the load.

Step 5: Tune the loop gains for the dynamic performance according to the load.

Step 6: Write parameters to Drive’s EEPROM and save it to a PC file.

Step 1: Configure the motor parameters and position loop settings

The motor parameters and position loop settings are very important for the drive to perform a correct operation.
The most significant parameters are listed as follows:

The rated current which is actually the continuous current limit

The pole pairs which affects the motor commutation

The encoder line which is actually 4 times of the actual encoder lines

The position following limit which defines the threshold of the position following error.

Click Tuning->Configuration to open the “configuration” window. These parameters and the recommended value
can be found in the configuration window as follows.

Configuration =
Pulse Mode Pulze Edge Direction Signal Polarity lirnit Signal
(" Double Pulse Mode " Active at rising edge " High level for positive (¢ Active high
(¢ Pulse+Direction (¢ Active at falling edge ¢ Low level for positive ™ Active low
Enable Input Alarm Signal In-position Signal
T Active high ™ Active high impedance O el e For the Leadshine ACM series
@ fctive low ¢e) Poetide I ok o For the Leadshine ACM series motors, the “encoder line” value
motors, the “motor pole is 10000. The recommend value
Dperating Mode [ Filter Setting pairs” value is 4. of the position follow error is
Matar Parameters 65355 for a first time setup.
Input Srocther: Mode 0 Rated Currentla):  |& Torgue Cons A8 (i nnn
Dead Band(m]: i Phase InductancemH): 20,00 totor Pole Pairz: 4 Electronic Gear Denon,_«for. |1
Dffzet{r] 0 Matar Shatt Inertialk.g.m™2): (3 0onono Flated Powerl] | = Encoder Line(d): 1000n
Peak Cunent{] 0.0 Fhaze Registance(0hms]; 10,00 » R ,—
PaskSdoet it lﬂi Pozition Fallowing Lirmit{P): EG535
d Back-EMF constantly'/Krprl [15.00
I In-position threshold: 4

w tator Type  |Stardard Fhaze
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Step 2: Configure the inputs/outputs options

The ACS306, ACS606V2.0 and ACS806 V2.0 support the position mode only. Uses can apply either the
pulse/direction command or the CW/CCW (double pulse) command to rotate the motor. The “pulse edge” option
defines the active edge of the pulse input. The motor shaft rotates one micro step per each active edge. If the
motion direction is not correct, try to toggle the “Direction Signal polarity” which represents the active level for the
positive direction. There are also options for the active level the enable input, end limit input, alarm output and
in-position (Pend) output.

Configuration

&l

Pulze Mode

(¢ Pulze+Direction

Enable Input
" Active high

o+ Active low

Operating Mode

" Double Pulze Mode

Pulze Edge

(" Active at rising edge
v Active at faling edge

Alarm Signal

" Active high impedance

% Active low impedance

Direction Signal Palarity

" High level for positive

% Low level for positive

In-pozition Signal

¢ Active high impedance

" Active low impedance

lirnit Signal

" Active high

" Active law

Filter Setting
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Step 3: Tune the current loop gain Kp and Ki

The following procedure illustrates the typical tuning process of the current loop based on the ACM602V36-2500
and the ACS806 V2.0 with a 36VDC power supply.

Step 3.1: Set “I-test” to 1 and start the tuning with small Kp and “zero” Ki. Here we set Kp = 5000 and Ki = 0. The
“|-Test” is the amplitude of the target which is based on the required current for the application but it should be less
than the motor’s rated current. The recommended range for I-test is 20% to 50% of the rated current. Here we set it
to 4A for the ACM602V36-2500.

Current Loop =)

v\ Step Response

Kp-=5000
Ki=[0

kP |5000 K [a I-test: F] Start

Step 3.2: Click the Start button and the plot window will show the step response of the current test. As the red
curve increases from 0 to target slowly, it indicates that a large Kp needs to be introduced. If there has been big over
shoot or vibration over the target line for your application, you need to set lower I-test value for the test.

Step 3.3: Increase Kp to 8000 and click Start. The red curve change faster from 0 to the target. Note that the
increment for Kp is depending on the supply voltage, motor inductance and resistance. If you are not sure about it,
just use a small value such as 100 at first then goes higher.
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Step 3.3 (continued): Increase Kp of the current loop

Current Loop

I

V\ Actual
_| Faster |Response
Kp—=-8000
Ki =0

KP: |eo0n kI o |-test: F] Start

Step 3.4: Set Kp to 10000, 14000 and 18000, respectively. Then click the Start. The red curve is changing faster and
faster. The over-shoot appears when Kp is 16000. It indicates that you need to stop increasing Kp and back off. So
we decrease Kp to 16000 until the actual value is exactly over the target value.

Current Loop @

V\ Actual
Faster/Response

2 Kp = 10000
Ki=0

kP [1ooon kl: o |-besat: Il Start
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Step 3.4 (continued): Increase Kp of the current loop

Current Loop @

Actual

Faster|Response

2+ Kp = 14000
Ki=0

KF: 14000 KI: g I-kest: 4 Start

Current Loop =

=
Faster Response

2 Kp = 16000
Ki=0

kP [1ga00 kl: o |-test: 4 Start

Step 3.5: Now the Kp is relatively good enough. But there is still error between the actual current and the target
current. So we need to introduce Ki to reduce the steady error on the constant part. It follows the same procedure
as Kp. High Ki causes big vibration, system lag and makes the performance worse. The following figures show how
to tune the integral gain.
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Step 3.5 (Continued): Increase current loop Ki

Current Loop =

kP [1ga00 kl: o |-test: 4 Start

Current Loop =]

Steady Error, Kp 516000, Ki =0

kP |1e000 Kl [o Hest [ Start
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Step 3.5 (Continued): Increase current loop Ki

Current Loop @

Steady Error-Kp=-16000,Ki=-100

3

KP: [1g000 KI: [1o0 |-test: 4 Sart

Current Loop =]

/\ Steady Error, Kp-= 16000, Ki =200

-

KP: |1e000 Kl [200 Hest  [& Start

The current loop tuning is basically finished now. You can continue to adjust the Kp and the Ki if necessary.
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Low-Speed Gain Set VS. High-Speed Gain Set

The ACS 2.0 series drive adopts two gain sets in order to solve the contradiction between fast system response and
lower motor noise. The two gain sets are switched automatically according to the motion status. Generally speaking,
the low speed gain set which locates in the “Pos Loop Low Speed” tab takes effect when the system goes into

low-speed or standstill state. The high speed set which locates in the “Pos High Speed” tab takes effect when the
motor starts a motion.

Step 4: Tune the low speed gain set when motor shaft is locked

Click Tuning->Position Loop on the menu bar to open the position loop tuning window. Click the “Pos Loop Low

Speed” tab to start the tuning. The most significant gains are Vp_L, Vi_L and Kp_L. You can set the Kvff L, Kaff L,
Ki_LandKd_L to zero.

The most significant parameters for the low-speed gain set
Pasition Loop =]

Current: A |Velocity: timin |Position Errar: g | Time: ms

CurrentA)
2.00 o

1.60 =
1.20 -
0.80 - 1E0
0.40 - 20
0.00 - ]
0.40 -
-0.80 =
-1.20 -
-1.60 =
-2.00

Position Errar(F)
400

320
240

-80

160
-240
-320
-400

a 200 1000 1200 1400 1600 1800 2000
Time(ms) “elacity(rorm)

Position Loop Contral “elocity Loop Contral FeedHforward Caontral
KoL [500 | KiLo Kd_L [0 val[too0 Wik |50 Kaff L |0 KvitL: [0 2t

Pz Loop High Speed l Pos Loop Low Speed l Tapezoid Yelocity Profile l Image Display J

The typical tuning procedure of the low speed gain set:

Step 4.1: Set small value of Vp_L, ViL and Kp_L. Assign Ki_L, Kd_L, Kaff L and Kvff L to zero. Here we set Vp L =
1000, Vi_L =50 and Kp_L = 500. The initial values of these significant parameters are depending on the motor, the
supply voltage of the drive, the transportation system and the load inertia.

Step 4.2: Increase the Vp_L to increase the holding torque (stiffness) of the motor shaft (or load) until the motor

noise or vibration can not be accepted. You can feel the holding torque by moving the motor shaft and the load in
positive and negative direction.
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Feel the holding torque by
moving the motor shaft and
the load in positive and

e

negative direction.

Servo Motor

In this example, we get relatively good torque at Vp_L = 5000.

Step 4.3: Increase the Kp_L to improve the holding torque. You can follow the same way as increasing the Vp_L in
step 4.2 to determine the suitable Kp_L for your system.

Step 4.4: Tuning of the low speed gain set is finished.

The values of the low-speed gain set after tuning in step 4

Position Loop

Current: A [Welocity: rimin | Position Error: p | Time: ms

Current(4) Fosition ErronF)
2.00

400
1.60 320
1.20 240
0.80

160
0.40 g0
0.00 0
0.40 80
-0.80

160
-1.20 -240
-1.60

320
-2.00 -400

200 1000 1200 1400 1600 1800 2000
Time(ms) “elocity(ram)

Fosition Loop Control Yelocity Loop Control Feed-forward Cantral
kpL: [1500  KiL|o KeL: [0 vp L:[so00 Wil [5D Kaft L [0 kff L: [0 tat

Pos Loop High Speed l Pos Loop Low Speed l T apezoid Yelocity Profile l

=

Image Dizplay J

Step 5: Tune the high speed gain set and start the trapezoid motion

Click the “Pos Loop High Speed” tab to start the tuning. The most significant gains are Vp, Kp and Kd. You can set the
Kvff, Vi and Kaff to zero.
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The most significant parameters for the high-speed gain set

13.200
14.400
9.600
4.800
0
-4.800
9600
-14.400
-19.200
-24.000

Position Loop

Current(A]
24000 -

Poz Loop High Speed l Poz Loop Low Speed l T apezoid Velocity Profile l

=]

Current: A |Velocity: timin | Position Errar: g | Time: ms
Position Errar(F)
500

400
_____ I L I [ e [ 1| 200

| 200
100

100
-200
300
-400
-500

i} 200 1000 1200 1400 1600 1800 2000

Tirmeims) “elocity(rom)
Fosition Loop Contral “elocity Loop Control
kp [200 ket 0 | ke [0 ve[1000 | vi |0 Kait. |0 L Sat

Image Display J

The typical tuning procedure of the high speed gain set:

Step 5.1: Trapezoid Velocity Profile Setting and the Image Display Setting:

The tuning of high speed gain set requires the motor shaft (or load) to perform a forward and backward

|g motion. Make sure initial motion direction is correct and the move distance will not exceed the traveling

limit in both directions. If you are not sure about it, manual move the load to the center of the total

travel and set low value for the velocity and move-distance. If the initial direction is converse, move the
load the other side of the machine.

@ Load

| Move Distance
|‘

'I

%
T Y Load @

In this example, the trapezoid motion is defined as follows:
Velocity = 1500RPM, Acceleration = 1000 R/S/S
Distance = 140000, Interval = 100ms, Repeat Time =1
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The trapezoid velocity profile setting

Position Loop

Current: A |Velocihy: rfrnin | Position Errar: g |Time: ms
Current(A) Faosition ErrarF)
2.00 2 400
1.60 - 320
1.20 - 2400
0.80 - 1E0
0.40 - a0
0.00 - a0
-0.40 - 80
-0.80 - 160
-1.20 - 240
-1.60 - 320
-2.00

0 200

1000
Time(ms)

Yelocity(RPM]: {1500

100

&cceleration(rés/s) |1000
Repeat Times: |1

Pos Loop Low Speed

Intervallms);

Faz Loop High Speed l

l Tapezoid Yelocity Profile l

-400
2000
“elocity(ram)

1200 1400 1600 1800

Distance(Pulzes)|140000

Stark

Image Dizplay J

Step 5.1 (continued): Check the “Actual Current”, the “Actual Velocity” and the “Position Error” in the “Image

Display” tab. The “Trace Time” is set to 1500ms.

The Image Display Setting

Position Loop

Current: A [Welocity: rimin | Position Error: p | Time: ms
Current(4) Fosition ErronF)
2.00 400
1.60 320
1.20 240
0.a0 160
0.40 a0
0.00 a
-0.40 20
-0.80 -1E0
-1.20 -240
-1.60 320
-2.00 -400
800 1000 1200 1400 1600 1800 2000
Timeims) Velocity(rpm]

B LI E _.| ¥ Positian Emror [ | eeniimm

v Actual Current ! v Actual Welocity J I Actual Fosition !

[ J = J [ Command Position J

Pos Loop High Speed l Faoz Loop Low Speed l T apezoid Yelocity Profile l Image Displap J
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Velocity The MAX operating speed of your application
Acceleration The required acceleration for your application
Move distance The max travel ( or the move distance) in the normal operation
Interval 100ms or other value for a special test
Repeat time 1 recommended
Trace Time Adjust it to make the total trapezoid curve been displayed in the full window

Step 5.2: Set small value for Vp and Kp. Let Kd equal to zero at first. Assign Kvff, Vi and Kaff to zero. Here we set Vp =
1000 and Kp = 200. The initial values of Vp and Kp are depending on the motor, the supply voltage of the drive, the

transportation system and the load inertia. Big vibration may occur at acceleration stage due to low Vp, shown as
the following figure.

System vibration due to low Vp and Kp at the tuning of the high-speed gain set
Position Loop =

Current: A [Welocity: rimin | Position Error: p | Time: ms
Current(4) Fosition ErronF)
24.000 - 800
£40
430
320
180
1]
-160
-320
-480
-B40
-g800

19200 -
14400 -
9600 -
4800 -
1] i
4800 -
9600 -
14400 o
19200 -
-24.000

a 800 1000 1200 1400 1800 1800 2000
Time(ms) Welocity(rprm)

Fosition Loop Control “elocity Loop Control
Kee [200 Kett |0 ke: [0 vpl200 i |0 Ka: |0 . Sop

Pos Loop High Speed l Pz Loop Low Speed l Tapezoid Yelocity Profile l Image Dizplay J

Step 5.3: Increase the value of the Vp to make the actual velocity curve (green one) rise as rapid as possible thus
reducing the position following error. Click the “Start” button to issue a trapezoid motion. It may take several
seconds for the plot window to update the motion curves. The curve of the actual velocity is closing to an ideal
trapezoid curve with increasing Vp. The tuning process is shown as follows:
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Step 5.3 (continued): Increase Vp

High Speed Gain Tuning: Kp = 200, Kd =0, Vp = 1000

Position Loop

Current: A [Welocihy: rimin | Fosition Error: p | Time: ms
CurrentA] & [ e ; - Fosition Error(P)
2000 < Position Following Error = 6000 pulses et
17.600 2000
13.200 1500
8.800 1000

4.400 500
i}
-4.400
-8.800 .
-13.200 Click the “Stop” button
o again to make it change to
-22.000 !
500 750 a0 1200 1350 “Start” button.
Time(ms) Weld
Fosition Loop Control “elocity Loop Control
Ke: 200 Keft |0 ke |0 wp{1000 i [0 Kaff. |0
Pos Loop High S5peed l Pos Loop Low Speed l Tapezoid Yelocity Prafile l Image Display J

High Speed Gain Tuning: Kp = 200, Kd =0, Vp = 2000

Position Loop
Current: A [Welocity: rimin | Fosition Error: p | Time: ms
Current(4) Fosition Error(F)
22000 o 2000
17600 - - Position Following Error = 5230 pulses 1600
13200 - b 1200
8800 - g0a
4400 - 400
] — - | —_—
4400 o -400
)
800 -B Velocity Overshoot = 165 rpm 0
13200 - f -1200
7600 - 1600
-22.000 -2000
a EO0 7a0 900 1080 1200 1380 1300
Time(ms) elocity(rom)
Fosition Loop Control “Welocity Loop Control
Kp: |200  Keft |0 ke |0 Vp{2000 i [0 Kaif. |0 o
Pos Loop High S5peed l Pos Loop Low Speed l T apezaid Yelacity Prafile l Image Dizsplay J
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High Speed Gain Tuning: Kp = 200, Kd =0, Vp = 3000

Position Loop

=]
Current-21.3500 A |Welocity-19400886 | t/min | Position Eror-5822.657 |p | Time:305.1 ms
Current(4) Faosition Error(F)
22000 o 2000
17.500 Position Following Error = 4757 pulses 1600
13.200 1200
2.800 a00
4.400 400
a 1]
-4.400 -400
-8.800 -800
-13.200 1200
-17.600 1600
-22.000 -2000
EO0 7a0 900 1080 1200 1380 1500
Time(ms) “elocity(rpm)
Position Loop Contral “elocity Loop Contral
Kee 200 Kett |0 Ka |0 wp{3000 i |0 Kaif. |0 Start
Pos Loop High Speed l Pos Loop Low Speed l T apezoid Yelocity Profile l Image Display J
High Speed Gain Tuning: Drag a triangle to zoom in
Position Loop =
Current:19.3330 A Welocity: 1763547 |r/min | Position Errorb290638 |p | Time:b0.0 ms
Current(4) Fosition ErronF)
22.000 2000
17.600 1800
13.200 1200
2.500 200
4.400 400
a ]
-4.400 -400
-8.800 -800
-13.200 -1200
-17.600 -1600
-22.000 -2000
B0 7a0 300 1aa0 1200 1350 1500
Time(ms) “elocity(rpm)

Fosition Loop Control “elocity Loop Control

kp [200 ko [0 Kd |0 Ve{3000 Vi [0 Kaif [0 g

Pos Loop High Speed l Paz Loop Low Speed l Tapezoid Yelocity Profile l

Irmage Dizplay J
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Step 5.3 (continued): Increase Vp

High Speed Gain Tuning: Check the peak value of the actual velocity

Position Loop =]

Current:17.3260 A |Welocity: 1578122 [rfmin |FPosition Errord725.367 [p | Time:109.1 ms

Current(A) Fosition Errar(F)

19.415 176G
18.615 1692
17.815 1619
17.015 1546
16.215 1473
Tt Put the curse to the peak of the L
14.615 ) 1327
s velocity curve and check the value .

13.015
12.215
11.415

You an only check the curve when
the “Start” button appears

132 152
Time(ms)

Fosition Loop Control “elocity Loop Cantrol
Ke: 200 kit |0 ke [0 Vp{3000 i [0 Kaft: 0 el

VDT

Pos Loop High Speed l Pos Loop Low Speed l Tapezoid Yelocity Praofile l Image Dizplay J

High Speed Gain Tuning: Check the peak value of the position following error

Position Loop =
Current:17.4450 A [Welocity: 1585870 | rfmin || Position Errord?57. 617 |p | Time:89.9 ms

Current(A) Fosition Error(F)
13.415 1765

18.615 1632

17.815 1619

17.015 1548

16.215 e 1473

el Put the curse to the peak of the position -

14615 1327

s error curve and check the value .

13.015
215
11.415

You an only check the curve when
the “Start” button appears

132 152
Time(ms)

Position Loop Contral “elocity Loop Contral
Kp: 200 Kuft |0 ke [0 wp{3000 i [0 Kat. |0 Start

Pos Loop High Speed l Paz Loop Low Speed l T apezaid Welacity Prafile l Image Dizplay J

R=] [ L
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High Speed Gain Tuning: Kp = 200, Kd =0, Vp = 5000

Position Loop =]
Current:8.9950 A [Welocity:817.734 timin | Position Error:2044.335 |p | Time:200.1 ms
Current(A) Fosition ErronF)
22000 o 2000
17600 o : Position Following Error = 4367 pulses 1600
13200 - 1200
g.800 - =]
4400 = 400
] - ]
4400 - -400
8800 - -800
13200 - 1200
ATEID — -1600
-22.000 -2000
1] £00 750 300 1200 1350 1300
Time(ms) Welocity(rpm)
Fosition Loop Control “elocity Loop Control =S
Kpe 200 K |D Kd |0 Vp{S000 i [0 K. |0 -
Pos Loop High Speed l Poz Loop Low Speed l Tapezoid Yelocity Profile l Image Display J

Step 5.4: Increase the Kp to reduce the position following error. You can follow the same way as increasing the Vp in
step 4 to determine the suitable Kp value for your system.

High Speed Gain Tuning: Kp =500, Kd = 0, Vp = 5000

Position Loop =]
Current-1.1920 A |Welocity-108.374 | rfmin |Position Error-135.468 | p | Time:385.1 ms
Current(A) Fosition Error(F)
22000 o 2000
17600 - Position Following Error = 2098 pulses 1600
13200 - 1200
8.800 - 200
4400 - 400
1] — e . e o a
4400 - , . ' 400
13200 4 1200
7600 1600
-22.000 -2000
] B0 750 1200 1350 1500
Time(ms) Welocity(rpm)
Pasition Loap Control “elocity Loop Control
Kes (500 kit |0 ke [0 vp{5000 i [0 Kaff. 0 Sl
Pos Loop High Speed l Pios Loop Low Speed l Tapezaid YWelocity Prafilz l Image Display J
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High Speed Gain Tuning: Kp = 1000, Kd = 0, Vp = 5000

Position Loop
Current:10.43860 A [Welocity:953.302 rimin | Fosition Error1191.627 (p | Time:79.9 ms
Current(4) Fosition ErronF)
20000 o 2000
16.000 1600
12.000 1200
8.000 200
4.000 400
0 U e || 0
b -
o Velocity Overshoot = 75 rpm ! i
SR e ' 1200
-16.000 A 1600
-20.000 -2000
£00 7al 300 1060 1200 1380 1500
Timeims) “elocity(ram)
Fosition Loop Control Yelocity Loop Control
Kp [1000  kutt |0 Ke: |0 Wp{S000 i [0 Kaff: |0 . Siep
Pos Loop High S5peed l Fos Loop Low Speed l T apezoid Yelocity Profile l Image Display J
High Speed Gain Tuning: Kp = 1500, Kd = 0, Vp = 5000
Position Loop =]
Current-11.5980 A |Welocity-1054.187 | rfmin |Position Error-1054.187 | p | Time:290.1 ms
Current(4) Fosition ErronF)
22000 o 2000
17,600 Position Following Error = 817 pulses 1600
13.200 1200
8.800 200
4.400 400
0 = . I
4 Velocity Overshoot = 75 rpm \ i
-13.200 1200
-17.600 1600
-22.000 -2000
300 1060 1200 1380 1500
Time(ms) “elocity(ram)
Fosition Loop Control Yelocity Loop Control
Kp: [1500 kit |0 ke [0 Wp{S000 i [0 Kat. |0 . St
Pos Loop High Speed l Foz Loop Low Speed l Tapezoid Velociy Profile l Image Display J
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Step 5.5: Increase the value of Kd a little to suppress the velocity over shoot if necessary.
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High Speed Gain Tuning: Kp = 1500, Kd = 500, Vp = 5000

Position Loop

=]
Current-19.3990 A |Welocity-1763.547 | rimin |Position Error-881.773 |p | Time:1157.4 ms
Current(A) Fositian ErrarF)
22000 2000
17.600 1E00
13.200 1200
8.800 800
4.400 400
] 1]
-4.400 -400
-8.800 -800
-13.200 1200
-17.600 <1600
-22.000 2000
750 300 1050 1200 1350 1300
Time(ms) welocity(rpm)
Fosition Loop Control YWelocity Loop Control
Kp: 1500 Kuft |0 Ke: [500 wp{5000 i [0 Kat. |0 Start
Pos Loop High Speed l Paz Loop Low Speed l T apezaid Yelacity Prafile l Image Display J
High Speed Gain Tuning: Kp = 1500, Kd = 700, Vp = 5000
Position Loop =]
Current-4.4430 A [Welocity-403.941 | rfin | Position Eror-201.970 | p | Time:872.8 ms
Current(A) Position Errar(F)
22000 o 2000
17.600 Position Following Error = 833 pulses 1600
13200 - 1200
2.800 200
4400 - 400
] - a
4400 -400
8800 -300
13200 1200
7600 1600
-22.000 -2000
1] 500 750 300 1050 1200 1350 1500
Tirme(ms) “elocity(rom)
Fosition Loop Control “elocity Loop Control
K 1500 kit |0 K [700 Vp{5000 i [0 Kaf. |0 Start
Pos Loop High Speed l Pos Loop Low Speed l Tapezoid Yelocity Profile l Image Display J

Step 5.6: Tuning of the high speed gain set is finished. You can continue to adjust the high speed gains if necessary.
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Step 6: Save parameters to drive’s NVM.

All the parameters are just stored in the driver’s RAM. Otherwise they will be lost after repowering the driver. Click
Display->Show Parameters to open the “Parameters” window. Then click the Save button to write the parameters to
the drive’s EEPROM.

Parameters |

Servo Drive Parameters

Farameter™ame Farametervalue Range -

— - Read
Click the Save button to write ]| ————
the parameters to the drive’s Dowmload
EEPROM. . .

\_ ave
Save the parameters to a PC e
file. Open

ProTuner — =

e .'.
[0] All the parameteres will be written to the EEPROM, continue?

=(Y) E(N)

o Exit
« b

Prompt Iﬁ

Writed to the EEPROM succeeded!

R’z
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Contact Us

China Headquarters
Address: 3/F, Block 2, Nanyou Tianan Industrial Park, Nanshan District Shenzhen, China
Web: http://www.leadshine.com

Sales Hot Line:

Tel: 86-755-2641-7674 (for Asia, Australia, Africa areas)
86-755-2640-9254 (for Europe areas)
86-755-2641-7617 (for America areas)

Fax: 86-755-2640-2718

Email: sales@leadshine.com.

Technical Support:

Tel: 86-755-2641-8447, 86-755-2641-8774, 86-755-2641-0546
Fax: 86-755-2640-2718

Email: tech@leadshine.com(for All)

Leadshine U.S.A

Address: 25 Mauchly, Suite 318 Irvine, California 92618

Tel: 1-949-608-7270

Fax: 1-949-608-7298

Web: http://www.leadshineUSA.com

Email: sales@leadshineUSA.com and support@leadshineUSA.com.
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