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Interactive Basic Tuning
for the

SERVOSTAR® 600

Welcome to Danaher Motion’s interactive tuning chart.
The first three sheets of this document provide a flow
chart to describe tuning the servo gains of a

SERVOSTAR 600. The remaining sheets give more
detail.

After you start, click on the following icons:

"more... for extra detail

|| Return...| to return from “more...”

Now, let’s get started...click here: _
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Here is the velocity loop we will tune:

“Speed “Ramp Limit +" P-gain: “KP”  Filter constant:
Limit” “Ramp Limit -” [-gain: “Tn” “PID-T2"
. | Ramp |+ Proportional | _ : | Current
— Limit Limit —>C“)_—> Integral (PI) Lag Filter Lo —  Motor
Velocity ‘I —~ ‘I \ ‘i
Command — K | Filter constant:
“T-Tacho”
Low-pass |,
Filter

|
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After we tune the velocity loop, here is
the position loop we will tune*>*:

Gain:

“Ff factor”

,| Feed- ®

forward

P-gain: “KP” Filter constant:
_ l-gain: “Tn” “PID-T2”
+ Gain: “KP” +
+V 1

Position *O— Proportional PO— A9 YEDIE . Lag Filter — Current || \iotor
Generator Y ¥ _ |Integral (PI) Loop

I\i \ | Filter constant:
“T-Tacho” :

velocity feedback Low-pass

Filter

position feedback

**Those gains shown in red are in the position loop.
Those gains shown in gray are part of the velocity loop.
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la. Set up drive units. || more... MOTION
SERVOSTAR 600 1b. Put drive in velocity mode. || more...
Tuning ¥
1c. Turn off filters and integrator. || more...
STEP 1: v
Tune 1d. Enable drive. || more...
Proportional v
Gain le. Command a square wave velocity. ||| more... I
v
1f. Set up scope. || more...
v

1g. Tune KP. more...I

How is

Works well
it working? >

7>

Noise Resonance
problem Problem
Improve wiring Stiffen machine
Increase resolution Increase motor inertia
Switch to sine encoder 1i. Use PID-T2.
- more...
1h. Use T-Tacho. m "

" more...
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SERVOSTAR 600
Tuning

STEP 2:
Tune
Integral
Gain

2a. Raise Integral for 5-15% overshoot. || more...
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SERVOSTAR 600
Tuning

STEP 3: .

Tune 3a. Set mode to position loop. || more...
Position v

Loop 3b. Set position loop gains low. || more... I

3c. Home drive. || more...

v

3d. Set motion tasking most aggressive move of application || more...
v

3e. Set KV to maximum level without overshoot. || more... I
v

3f. Add Ff factor (usually 0.5) to improve response. || more...

A




This section will give a simplified approach to
setting user units. The SERVOSTAR 600 has
many variations of units; only a few will be
discussed here.

e Disable drive
e Click on Basic Setup

B Amplifier 10 "DRIVED" . w

+2| o || 2| | o Be| @
OFMODE

MOHITOF,
St | Torque . [0: Digital Speed -]

Current I—

Basic 5 etup

SHVE

=3 Analogl/0
3 [igital 140

ROD/SS1/Encoder Feedback
o FOD I| Fesolver Mator

MT3024 |

Bz

Serva Drive St .
Configuration  =tatus = 0K ”V KO 550 EM ’7 Dizable [F12] K&ble [Shift+F12] I B

|| More...




Step la
(cont.)

Tip: This selection
only affects the
display of
parameters on
screen. It has no
effect on the
operation of the
drive.

Tip: If you are
using English or
rotary units, select
counts. Here a
“count” will be one
user position unit
(for example, a
mil).

Tip: Scale units so
you will have
necessary precision
understanding that
all position entries
will not have a
decimal point.
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e Select position units, normally mm or “counts”

— PC Software

I‘»-"E.EIEI KS267_

=W Basic Setup 10 "DRIYED"

— Power Supply
FRegen Resistar
Internal hd

max. Regen Power

IEEI W

max. Maing Yoltage
230 hd

b ains Phase mizsing
IND Mezzage vI

— amplifier
Hardware

Firrnare

IDrive 3 Hardware Werzion 26.00

I‘-.-’E.#'I DRINE Rew create.d How 13 16:52:34 2002

Senal Mumber Address Field Buz Addrezz Baud Rate CAM Bus
|7a02z022s |10 o [1MBaud =]
Run Time Hame Auto Enable  Ext WD
[520:38  h  |DRIVED [on =] [100
— Unitz
Acceleration Welocity Fozition
Ims->"-‘LIM j In:n:nunts;"min

j In:n:nunts j

QF.

|| More...




e Select velocity units, normally RPM,
PUNITS/min, or PUNITS/s.

— PC Software

I‘»-"E.EIEI kS267_

=W Basic Setup 10 "DRIYED"

— Power Supply
FRegen Resistar

I [nternal - I

max. Regen Power

IEEI W

max. Maing Yoltage

IESDV "’I

b ains Phase mizsing
MoMeszage -
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— amplifier
Hardware
IDri'-.fe 3 Hardware Yersion 26.00

Firrnare
I‘-.-’E.#'I DRINE Rew create.d How 13 16:52:34 2002

Senal Mumber Address Field Buz Addrezz Baud Rate CAM Bus
|7a02z022s |10 o [1MBaud =]
Run Time Hame Auto Enable  Ext WD
[520:38  h  |DRIVED [on =] [100
— Unitz /
Acceleration Welacity P'n:nsitil:y/
| s> VLIM > | |PUNIT /min MIETC

Compatibility mode

radds

1°#sz

countz 260 pe
PUMIT /=

PUMIT #min
T000°PUMIT f2
1000<PUMIT fmin

|| More...
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e Select acceleration units, normally ms -> VLIM,
which means the time (in msec) from O to
VLIM, or PUNIT/s2.

e Click OK
=W Basic Setup 10 "DRIYED™ 2 x|
— PC Sofbware —Amplifier
[ve 00 k5257 b Izt
IDrive 3 Hardware Wersion 26.00 1
— Power Supply Firrnwuare
Regen Resistar I'\-"E.-d'l DRIVE Rew create.d Moy 13 16:52:34 2002
Ilntemal j' Serial Murnber Address Field Bus Address Baud Hate CAN Bus

max Fegen Power | | [730230226 |10 |o Baud |
w Fun Tirne M arne Auto En Ext. "D

max. MainsVoltage | | [520:38  p [DRIVED ||:|)/j 100
yd

1

230 -
) o — U nitg
Mainz Phase mizzing Acceleration "-.-"elu:gj( Faozition

Mo Meszage - jlcnunts j

]

Cancel | Apply

1000 * PUNIT /52
1076 * PLUMIT /4

|| More...




e Click “Position”; then “Position Data”
e Enter the number of position units per rev
— Example: for degrees, enter 360.
e Set system limits on acceleration and velocity

B amplifier 10 "DRIVED" x|
+ =] E.} | Basic Setup / / x|
i | ' ' iw/g_
| baotion Tazk
; - . ; Pozition D ata
€ Analog /0 : i il . : : kotion Task Tal:ule
Geanng
£ [Digital [/0
ROD/35I/Encoder ~ Limit Switch ¢ Position Threshold
O— BOD I| Pogition Fegister Pogition Axiz Type tac dec i
1. IInau:ti'-.fe j ID IH':'tE"-"I j 1 -y _max
PR 2. || : J ID InPositicn % Mas i

Serva Drive | Inactive T [4000 counts [3000 .

Configurati 5tatu$=DK| ["EMAELED : .

ORANgUration & ||na|:t|'...-e j ID modulo gtark pos. -

4: . 1[0 |-2'I 47435648 | countz |2147455647 counts
IInau:twe J I read far Field Bus
counts
Tazk 1 Tazk 2 Rezolution =
I‘I R esvalutionz]
Return...
(4 | Cancel | Apply




e Set OPMODE = “0O: Digital Speed”
e Click Speed button.

i=8 Amplifier 10 "DRIYED™

+|+| -~

MORITOF

/@/ Basic Setup

CLEAFR |

OPMODE

St |

Torgue IEI DlgltaISpeed
=3 Analogl/0 Current I—

Dvigital 10
ROD/SS1/Encoder Feedl:uau:k
o FOD I| Hesnlver Mator
T 3024
Servo Drive S1at oK ’ﬂﬁm é\% Eit
) Configuration =18tz = MO 5 EM ’7 Dizable [F12 ble [Shift+F12
Tip: Start by . | F12) | [ )|

tuning the
velocity loop.

|| Return...




Tip: Turn off the
filters for now...they
will be used later if
necessary.

Tip: Setting Th=0
makes the system
proportional control
to simplify tuning.
Vertical axes may
drift if you zero the

integral. If your
load will fall when
the integral is
zeroed, do not zero
Tn.

=8 Speed 1004

e Minimize filters:

(if T-Tacho is gray, skip setti

e Zero integral (Tn = 0)
e Set KP very low (KP o 0.1)
e Enable PI:

Set PI-

» Check top speed.

e Set accel times to 1ms

PLUS =1

Speed Limit
3000 fu]j]]

Rotamy Direction
Ipu:usitive "’I

Dverspeed

IEEEIEI {111

FI-PLLS
Setp. Bamp + |1

ms

|

Setp. Famp -

|

ms

Emerg. Ramp
ms

:

Dig. Ramp
ms

:

kP FID-T2
||11 { |n ms
Tn
IEI ms
T-Tacho
Iﬂ ms
] Cancel | Apply

PID-T2=0, T-Tacho=0

o to 0).

|| Return...
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e Enable drive

\
EW amplifier 10 "DRIVED" e x|
+| -Ir| m -| géz STOP gEE @ Basic Setup
= | MONITOR SAVE CLEAR
OPMODE
Slat | Torgue IEI Digital Speed
Il
=3 Analog /0 Current I—
Crigital 140
RODASSI/Encoder Feedl:uau:k
O— ROD I Hesnlver b atar
M T 3024 J/
Tip: The system — | z
3 Serva Drive " .
haS ve ry IOW galn 5 Configuration Statusz = OF. | ’7| WO S5 M ER ’7 Dizable [F12) I &HE [Shift+F12] I%
Expect it to be

soft. If the
system oscillates
or produces any
unexpected
movement,

remove power.

|| Return...




Set up reversal speed
e Click on the Scope button (from main screen)
e Click on the Parameters button (scope screen)
_remees jo Set reversing mode from 100 to O RP
—Range is usually < 10 RPM for DDR.
Tip: You must —For linear motion, set vl = -v2 to limi

avoid saturating

the current e Set time for 500 msec at both speeds
controller when

tuning. This is K Click OK to return to the scope screen

otion

why high inertia
systems often -
often should be Input Service Parameters x|

given just 5 or
10 RPM step
commands. If

— Reverzing Mode

v lrpm]

you aren’t sure,

jU-St pr:oceed and — Const Dirdct Current
this will be EI'_EtF":'L
- 0
corrected later in a0 pm w2l em

h r re. Electr. Angle
! epocedu € I':'_g.':I #H Irms/'ﬂlrms
— b otian Tazk ~——— ||
Mo. I-I ok | Cancel | &pply Return...




Step 1f

Tip: In high
friction systems,
the system may
not move at all
because of the
low gain. If that’s
the case, raise
gain in
increments of
50% until you see
movement.

Tip: When the
integral is turned
off, the speed wiill
often not reach
top speed
because of
friction. In the
scope shot at
right, this can be
seen where
velocity (green)
does not reach
command (red).

Efl oscilloscope 10 "DRIVED"

Set up scope

e Set Time/Division to 10m
e Trigger Level 1, Trigger Position 25%
e Select Reversing, and then Start.

0.040

— Recording

\ Resalution Chatinel Auta ik, INEES Trigger Signal ~ Trigger Level

I Ready Icoarse j .I_ 'I v IU IU IV_EMD ﬂ |1
Start | ave | e/Division & Iv_acl j 7 ID ID Trigger Position ghsgger Edge
Cancel| | Lgad | (N L M E E |25 % | pnsitiu//

— Semnvice

Cloze || Retu rn [

| Mem
| i - | 1 ' Drefault
Farameters IHeversmg Fa J |: Start I @ Stop [F9) | Settings




Step 19

Tune KP
e Start record with Start Record on scope window

e Raise KP to maximum value without overshoot
—Set KP from “Speed” screen.
_ e Ensure that the current does not saturate
Tips: A well

frore-—.
SERVOSTAR 600 e

driving a motor
with a rigid load
can respond to
speed changes as
fast as 5 ms
without

ﬁ AN I e I N
overshoot! ! /(

Ef oscilloscope 10 "DRIVED™

20 200 T T |

pm

0.0 [ = o o ——
There are two

start buttons on
the Scope screen.
One for motion
and one for
recording.

200 -200
0.040

[Return..




Step 1h

Resolution noise

e Start with KP only; ensure Th = 0.
e |f there is too much resolution noise, increase

T-Tacho to reduce noise (from “Speed” screen)

e Adjust T-Tacho and KP together. Maximize KP and
minimize T-Tacho; avoid 10+% overshoot.

— Start with T-Tacho 0.1; keep it as low as possible.

Ef oscilloscope 10 “DRIVED™

Tip: Resolution Excessive overshoot from T-Tacho filtering

noise is best T _ _
solved by getting _ l\

a more highly
resolved feedback P ,' 1
sensor. Consider A ' HK

switching to a S B \J.f’
sine encoder for [
the best
resolution
available! 200 -20

0.020 0.040 0.060 0 nan

Retorn...




Step 1i

kP FID-T2
= -

Resonance: Using PID-T2
e Use PID-T2 to allow higher KP
e Adjust both gains simultaneously to maximize KP

5 [ m| e Allow little ringing

Tip: Resonance is
a problem best
solved
mechanically by
stiffening the
load, increasing
the motor inertia,
or reducing load
inertia. Filtering
techniques work,
but they make it
harder to get a
responsive
system.

Small amount of ringing is okay

Ef oscilloscope 10 "DRIVED" e

0.060 0.

Return...




Step 2a

Tip: Some
systems don’t
need any integral
gain. Integral
gain provides
total elimination
of error at when
the system comes
to rest. If you
don’t need this,
you may want to
set Tn =0 to
simplify tuning.

Tune Tn
- = Start with Tn — 3 times the settling time of Step 1

E —Set Tn in “Speed” screen. Example, if settling
time from Step one is 10 ms, start with Th=30.

e Lower Tn for 10-20% overshoot

Efl 0scilloscope 10 “DRIVED"

200020

[Fetorn-..




e Disable drive
e Set OPMODE = “8: Position Motion Tasks”

e Click Position button. \ >

i=8 Amplifier 10 "DRIYED™ G
2
REENC =TT %al E
/ OPMODE
Slat | Torgue 4 IE Paszition Mntu:un Tazks j
a3

FOHNITOFR
Current I—

Basic Setup

=3 Analogl/0

3 [igital 140
ROD/SS1/Encoder Feedback
o FOD I| Fesolver Mator
b T 30

. Bz
Servo Drive .
Configuration  =tatus = OK. ”IND S/w EN ( Disable (F1 E]P/ &ble (Shift+F12) | B

|| Return...




e Set Mode to P Position, Pl Speed.
—Save and Coldstart if necessary.
e Set KV = 0.02 (low gain, to avoid
instability).
e Set Ff Factor = 0.
e Click Homing button (used in the next step)}7

ElPosition 1001 F /EI
Ff Factaor K
i Haoming
. e
Pogition %) . Position Diata
pr— Setpoint —_—
E E Speed Gearing

NPl
\AW /\/

me=/mnm Mode v

* P Position, Pl Speed
" P| Position, P Speed

max Fallowing Errar
|252‘I 44 i Positioh Feedback

{* Standard Feedback
™ External [ROD/551] read for Field Bus
" External [ROD/S51) for Pozition Control

k. Cancel Retu ...

—]




Home system
e Enable drive (from main screen)

e Select 0 “Set Reference Point immediately”
e Click Start and OK.

=#Homing 10 “DRIVED"

sabeference Traverse

NEET IIII Set Reference Point immediately f
. Y Direction of Motion
Stop | I'I Q000 countsds Inegative j

Ao, Rarmp Dec. Ramp Offzet
|'| 0 M- crnd |1 0 mz-v_cmd IEI counts
—Jog Mode

Y
F4 1000 counteds

] Cancel | Apply

|| Return...
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Set Motion Command

e Using Motion Tasking or Graphical Motion
Tasking, create a continuous move (see the
interactive Guide “Using GMT” for details).

e Set acceleration and deceleration rates for the
most aggressive that will be seen in the

application.
S, Vel seconds.
should use four ] o
tasks: e Start the task using “Start” (from Position
1) Move forward Screen)
2) Delay
3) Move back o s
4) Delay (back to as a8
1) »B# =y

bAotion #1 Time dela;‘

This will prevent

the system from

Graphical Motion Tasking makes

moving very far _
during this process. a continuous Ioop easy to program || Return...
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Tune Position Loop gain

e Raise KV in steps of 20% to maximum level
without overshoot (from Position screen). \

B oscilloscope 10 "DRIVED" / —10] x|
Tips: When in 5.0 1000
positioning mode,
V_CMD is an i 7
internal signal, so fprm - \/
it's best to turn it 0.0 0 e A e B
off as shown - \/—/
here.
A mechanically .0 1000
rlgld System can 0.040 0.0a0 0120 0160
respond quickly.
This unit responds
in under 15 ms - Recording Resaolution Charirel ALba mit-Tnas rriif. max.  Trigger Signal  Trigger Level
with Conservative I Ready Innrmal j .Iﬁp r I DI 0 I"\-"_I:MD j I'IEI
margins of ITI Save | Time/Divizian .Iﬁ AN I ':'I U Trigger Position  Trigger Edge
stability. Cancel I Load | |2IZI j s .Iﬁ M | I:Il 0 ||:|n the left j ||:u:n$itive j

— Service y

Parameters IHeversing Fa j Stant |. Stop [F5]| Lh Fefresh | g:{ﬁ#J Return...
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Set Velocity Feed Forward gain

e To improve command response, increase “Ff
) factor” to 0.5; lower KV eliminate overshoot.

Tip: Feed- .

forward can Overshoot is of the most concern when

Increase response Coming to rest.
20% - 50%. This
system responds
in about 10ms, Bl oscilloscope 10 "DRIVED" B ol x|
about 30% faster | \

with Ff factor = RO 1000 ' ' . . r ' r
0.5. However, ! /
feed-forward 4 L

forces KV lower, - )j\ \ /
making poorer 0.0 N I DS S

1] Ly ol —
response to i |\
disturbances like —+
friction; here, KV
was reduced 30% S0 qom
(from 0.25 to 0.040 0.080 0120 0180
0.17) because of
overshoot.

|| Return...
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Saturation

e Saturation occurs when the current
command exceeds the peak capability of the
drive. This distorts data and makes tuning
more difficult. If your system saturates with
a square wave command, reduce command
amplitude.

Watch out for saturation at every step of
tuning!

|| Return...




