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Development of Tuning Technology for Servo Driver
Parameter Based on Stability Analysis and Simulation

HARADA Hiroyuki, EGI Mamoru, FUJIOKA Takumi and KAIDA Sota

In order to meet the diversifying needs of today’s consumers, there is a growing effort to realize variable-type,
variable-volume production at a cost no less than that of mass production. To this end, it is necessary to shorten
tact time and start-up time for individual manufacturing equipment. In particular, the servo drivers, which are
important parts of manufacturing equipment, are expected to achieve maximum manufacturing equipment perfor-
mance in a short period of time. However, most servo parameters tuning method based on time response do not
quantitatively evaluate the stability of the control system. Therefore, there is a problem that the achievable perfor-
mance of the manufacturing equipment, such as achievable positioning time and tracking error, cannot be fully
realized, or that the control system becomes unstable due to slight changes in the operating environment such as
individual differences in manufacturing equipment or workpiece changes.

To address this problem, we have developed an auto-tuning method for servo parameters that can bring out the
maximum performance of manufacturing equipment in a short time without the need for a tuning expert by con-
ducting a frequency analysis of the control system including manufacturing equipment and quantitatively evaluat-
ing the stability based on stability margins. For stability analysis, we utilized simulation as well as actual manu-
facturing equipment to reduce the number of vibration tests, thereby minimizing tuning time and manufacturing

equipment damage. By utilizing simulation, about 400 combinations of servo parameters, such as notch filters,
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can be evaluated in a single vibration test, making it possible to realize achievable performance in a few minutes,

which is difficult to reach even for tuning experts due to the limited tuning time.

This method eliminates the need for on-site operators to set difficult tuning completion conditions and reduces

tuning time from several days to a few minutes. As a result, customers can concentrate on building the original

competence of their manufacturing equipment.
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Perform vibration test
on the manufacturing
equipment with known
servo parameters.

Calculate the frequency
transfer function of the
velocity closed-loop
by FFT analysis.

Calculate the frequency
transfer function of the
velocity open-loop.
Refer to Eq. (1).

[Calculate the frequency|
transfer function of the|
control target.
Refer to Eq. (2).

Change the servo
parameters.

Draw a Bode diagram of
the velocity closed loop.

Search for peak gain (=
stability) of the Velocity|
Closed Loop.

tability analysis
completed for all
parameter sets?

Draw a stability map.
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(a) Generate
Velocity Loop
Stability Map.

(b) Select Velocity
Proportional gain
and Velocity Integral
gain according to
the Tuning Level.

(c) Re-Generate
Velocity Loop
Stability Map.

(d) Try to expand
Stable Region by
modifing notch
filter parameter.

‘e) Can the
Stable Region be
expanded?.

(f) Select Position
Proportional gain
according to the
Tuning Level.
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2, B ARAE S IRF I E > BB L <L E S (X
13 DFEHR © wlo offset cancel) ,

LEWMNTE > S 2L =2 a VRIGN L 72— R B 74 /087 A — & TR O S

50
—w/o offset cancel
0 (—F———F———F—F— T = w/ offset cancel
---offset cancel signal
30
T 20
Z 10
2
E 0
= -10
20
-30
-40
0 0.5 1 15 2 25 3 3.5 4 45
Time [s]
12 {EEKEXKRZES L7 SweptSine K
4
35 —w;/o offset cancel
----- w/ offset cancel
3
= 25
E 2
c
£ 15 -
wv a
8 1 """‘-‘aﬂ.b
or T
-0.5

0 0.5 1 1.5 2 2.5 3 35 4 4.5
Time [s]

13 SweptSine FIAJIFDAIEZ1L

T, AREEFECE. MR T AE 2 RGO E
ISR 0 & U 7o BARIYICIX, SweptSine D INHRHIH
KX YVELMEA 7Y PEXF Y vEeLT 5 X5 K
IR # BEE L7z, X 12 1T 58 (w/ offset cancel) T
JE B IE %% % BB L 7= SweptSine 12, X 13 12 fifp (w/
offset cancel) T* D & X D ELEE FNFINRT,

HET IMMEAKEZREOREFEEZUTICRT, 3R
DX CHRIEE Vo AR 0 Wi & L CHES
AR R 2 EF T B,

Ve SIN O (3)

H/EHTD SweptSine B IC X o THE LU B EA 7Y + &
L, IR 2T, 0 32 &, BET 2 EEKEFREO®
FREIT(DRD k5 cke 3,

Vinas [, sin(e,0) di = V;—"’L“"{l —cos(o T ) =L (4)
FIEAEREC 7 B Z L BT, EURNEA 7 2y b
RO T D BB 3 RE LKL ERT 5,
o0& FEET 5 IEHKBUL AR T, & %25 D
T AP 0, 2GR E B,

T
T ©

G)HXz @ HMRAL TEIT 2 &, (6) KD DIRIE Ve

w; =



P 14T 120
HENTE S,
L

VLmax_Finv (6>
B)., OXEQ)XICRATZ L, EETZIELKIZ(T)
Hens,

oL . (=&

27;v“n(ﬂmtj @
4, ERHER

4.1 FEBRICKE RS E 2 @R L =0E

B L 726 E 2 AT 5 2 L o REZ R T
2o, (ERO R OR/IMEE BIE 3 E & . HuEiEait
MEOR/MEE BIETHBEZEM L, HIHFhE0EWIC X
2 EHEREDZZ IR L 72, A& OERTIIR 14 1ICRF
M AMRE, REOERRTIIM 15 1TRFR—rhalx
ZTNENHA W, L 720, £ 7 VB 5EH i E
(Model Following Control) & 100% 7 4 — F 7 + 7 — Fifil
& (100% Feed Forward) @ 2 5 TH %,

®M15 F—rhl (BRPNE~DBRBEDLE)

BEMBHTE > T a b =2 a Y Z2IE LY — KR F 7423087 A — & FPEEAT o 5

16 1R 7S D8 IC X B L8 koo RS 0 i v %R
T DT, BHIGREEIC BT P v 2 AR % 2 7
WA CER AR o0 HE#LEY 52 Tw 2, £ 11
FEEEEE R T, =7 VBREHIE <. BEREE & NERTE
SllcTREEFeAET 2, FDO—/T, A== a—} %
Mz cernc, HE~ODFA -V E2HOLE D, F
72 bPA 7N ZIGICTE 20 CIRAKEEEZ KE (ET
L2 EWAERICAR S, ZOME, 100%7 4 —F7 47—
F il & o LT, Mo BB % 1% © &
T3,

1900 = = 250
— —Command velocity (Model Following Control)
— --Command velocity (100% Feed Forward)

1700 ——Actual veloity (Model Following Control) L 200

=== Actual velocity (100% Feed Forward)

1500 ~ = Actual torque (Model Following Control)

= - -Actual torque (100% Feed Forward) + 150
\

il r—— i —— \ N\ ooo-Terpe mie 210006 | 00
E‘_'I'IOO 3 o p——— e i o = | g
2 900 - g
§ N e e e\ A /,--1—\7;--..-'..-.—_-, 0 g
<L 700 " ' =

" i L
k! t -50
500 s \\. =
300 [rHHfmmmmmmme s D o e e + -100
\ Over shoot
100 |/ \(affects abrasion)l -150
3 ' P
-100 : | -200
0 50 100 150 20q 250
Time [ms]

11% reduction of positioning time

16 FIEEDEWNIC L 2B RD O LK

F1 EREM GIEEEOEWIC L 2 MER S RHE O HE)
SHER | 1

BARRE (E7I/LBREHIE) | 1070 rpm

BAEE 100% 74— K7+

7 — Kl H400 rom

DR R 50 msec

HEN R 3 revolutions

b o HAHIR +100% (£0.318 N.m)
Advanced Auto-Tuning D% |

P Middle

17 1 HI R E 0B I X 3 HAZEE ~ 0Bt 7
ZRTHOT, AEHIE L OREX 200f5EKL b 0%
HESE N L 23812 oR L Twb, X 18 ihai
FEDEA L 72 B RIBIEIS OIKKTH 3, £ 2 ICER
b K 3 it G o HAEIE & o FERRE, KA
EEEINZIRT, K325, HEED OHEE L 72 405
b2 %74 —=F747—=FT522%100%7 4 —F7 %
7 — PRS0 A, &7 BRI 0 42%8 5658
ERNI W LN DB, 2D EH o, BIEFEICNS
20— X7 4N RZNRNR B B T IVBHERIEE L, B



LT 1T 32

EWLEEEHERO 7 7Y 7 —v a VI3 L Twirn Z

LB,

40

—Error*200+command (Model Following Control)
==-Error*200+command (100% Feed Forward)

30 — -Command

20

-10

Y-axis position [mm]
o

-20

-30

-40

-40 -20 0 20 40
X-axis position [mm]

17 SIEBEDEZVIC L 5 BRIENDERERED LR

-22

—Error*200+command (Model Following Control)
0% -=-Error*200+command (100% Feed Forward)
— -Command

-23

-235

'
n
N

-24.5

Y-axis position [mm]
N}
[9,]

<285

-26

-26.5

=2

-10 -5 0 5 10
X-axis position [mm]

18 FIEEEDEVICL 2 BRNEBE~DBRBREDLER (K
17 DRI A & LK)

%2 EBREHF HHEBEOEVICK 2 BEHNE~DEBHEED

#)
SHER I
F=E 25 mm
BENRE 2m rad/s

Advanced Auto-Tuning O @ E Middle

BEWBHTE Y T a b= a Y ZIE LY — R F 74 23085 A — & FPEEART o5

&3 FHHBEDEVICL 2 BEINENDERERE

) — . 100% 7 4 — F
THIE & DRE | BT ILVEHE “ s
BHiZ9E & DFEE 7T ILIEHEH 5 T — R
FigRE 1.1 um 0.7 um
RARGRE ‘ 4.1 um ‘ 2.4 um

4.2 REMBITICEDCHZRDHR

19 ICHER D R E R IB IC D 7 A4 v il%E 5 ik
(Easy Tuning) & . ATk (Advanced Auto-Tuning) IZ X %
FEOE e o LL RS SR % 7R 97, Easy Tuning @ il filFE, H
ERCGERR IS F 7+ ML L, 20FN [£F0
BREHIEL, [50ms] &3 2, AFECORBHEMIZ, 67
i R EA . FAESRE 1L TMiddle] & L7z, Z ofth
DERRGAFIFER 4 IR L, HlfifEEzE b5 dET LB
PEREE CE I R v, AFETE 74— FANY 7 RD%
EEAEREMCTHOL 2030, 74 —FNXv o754 vk b
A CHlEwIEZILKT %, 2D & T, Easy Tuning
XL T 90% b 0 BE5E R 0 BN AT 2 726

500 — - 500
—Position error (Advanced Auto-Tuning)
---Position error (EasyTuning)
400 - - Velocity command - 400
S_ 300 + 300 =
5 =y
g 200 90% reductionof [ 200 %
S | settling time 2
8 100 - 100 ~
o
0| VS ——amea 0
Settling time
-100 - . -100
450 500 550 600

Time [ms]

19 REMMBITOEEICL 2 TEBO LR
LEMREN A L : EasyTuning, REMMITH Y : Advanced Auto-
Tuning

K4 EBRFH (REEBNTOEEICL 2EERHEOLLE)

PV | &
RAIRE 500 rpm
DRLER FF ] 50 msec
BEnEEak 3 revolutions

20 IC Easy Tuning & A F7% (Advanced Auto-Tuning) IZ
X 2 WuEBREED B R GREM) 2R3, AFETO
HEE 91 [HoEBAEEERL ), WA [Middle] &
Lize ZOMOFEREMFIZ. R2IRLZDDLFAKTH



LT 1T 120

%, ARFEFETIE, FIEEEC 100%7 4 — F 747 — Fil
HHED IR I N B 720, WEICHIEIEZ 7 4 V2 Y
VTR, £ 4—-F 77 —=FbbAsick
DIENE L HEEMECHES 2 2 L PHEICR %, B
I, LB % E BRI EEM U 72 28 & HIHAR IR & & AR R
THILT, HEETMCEINEVLRBELZICHLTD
EH I EEEDMT 2 5. % DOFfER, Easy Tuning I3 L
T 98% b DWLEERERZE DB AT 2 720

&9 —Error*100+command (Advanced Auto-Tuning)
-=-Error*100+command (EasyTuning)
- -Command
40 -:- Max_error*100+command (EasyTuning)
‘E 20
E
| =
=
ﬂg‘ 0
o
E
> -20
48 98% reduction of following error
-60
-60 -40 -20 0 20 40 60
X-axis position [mm]
20 LREUMBTOBERICK 2 BIREE & DBHEEDLE

RIEEMBNTA L ¢ EasyTuning, LEMMRENTH Y  Advanced Auto-
Tuning

4.3 FRERFBFEERROHR

(] 21 iC. SweptSine DIIRIETZIC L W 2E U 2 (& A 7
Y bEFy v T 2EERIEREOEENREERT,
AL T (Advanced Auto-Tuning) Tix, FEET £ T
IC% W d 40 MIFRE o B NIRRT 5, ) —
FeyF10mm OF—rhnloge, RIERFHFCID
A, PR T £ 0IC 35 mm FLEE O EEB ) ATEE
T2, —f. AREFECE, 1 RoMRHE coRAB
Bt 2.5 mm, 39 BFIIRZONMEDO A 7€ v b =iZFEH
fET08mm ICHIZ b, TDT & iF, HE A BHE R
BN TR T 2 Y X7 2 ONS Kz b, A
REFEIA L =20 LENEHEBRICERTE 2 2 L
EEKRT 5,

10

LEWMNTE > T2 L=y a Y RIG L 72Y — R F 74 /3087 X — & TR o S

40
35 —w/o offset cancel
30 (simulated position)
----- w/ offset cancel
= 25 (actual position)
E20
=
o
=15
I
&
10
5 n "
PR (TN VAU WY WV VO GO V| G W WO G W Al cons Ao
-5
0 20 40 60 80 100 120 140
Time [s]

K21 fIBA 7ty b¥v > L ESOEEICLIBHEOLK

5. 30

PR DRERIGE R ICFE S =R T 2 — xFc
. T RFEREEESE LN R 572 D REIEEREE
DEALTCHBEN AL EIC o720 T 2L WS ERD 3,
CORBEHICR LT, $—FR T X — 2O EHMHFR %
e g2 e KRB ZI8ET 572 1) THEO RN
BEZEHE Y —R AT A — 2T HEEREL 72,

AREFECH, ZEEZEOHEROLEREICD VT,
JEEEEIT RN 2 W CEBMICEHIE 3 5 2 & T, EHE
BEELZTEMD P L —FA 72N> T3, REMMEITIC
X, FHA TRy Iab—vavERIERL, EEOM
IREIE A BT 2 2 & TR OHIR & HEE L2 -2 D
A >77, YIalb—YavaiEftaszec, /v
FTIANRBEDI =K AT XA =2 DfHAAEDLREITD N
T, — B DOIHREIE TR 40058 b Dz IGEIc &2 b, 3
BOHEMERCTH o T HFEIFH OFIF 2> & BEHE L v
TAERE % $05 CHRERATREIC L 72, THIC, JERERNT iR
B THRIC X Y 208 o B FHiFH 2 20 mm DAPICHIH] L,
AEREIC X BEENEY R 2 LB AL — 2 D LA
HOBRICERACTE 72, MW, KEEICODWTT7 4 —F Ny
ITAVEERETIEEEy T LR XL 72,
TNIC & o T, FEIIATRE A flHHE O R L LE T DR R
FEDERH I E © & | B AR PERE 208\ R fot 1T
% L DREGEE, HEE O BT o S BT IS 3 %
TR CTE B,

Sk, LR ORENBITE Y I 2L —v 2 VEIGHAL
T =R ETANNT A= 2PREF L% HBOE— 20
BB IR & S B IR L. MICHARER T 7Y &7 —
vavoiERER - TWw L,
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