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A Stabilizing Method of Contact Tasks on Servo-based Impedance Control

Taisuke Sakaki*! and Susuanéchi*2

This paper proposes a new control algorithm of servo-based impedance control of robot manipulator for stabiliza-
tion of contact task. There still has been stability problem of servo-based impedance control when a manipulator
contacts to a stiff environment with a small viscosity coefficient of target impedance. The paper shows a stabilizing
method for impedance control even with a small target viscosity. The proposed control system modifies the target

dynamics model, but has no necessity to change the servo-control system.

The simulations and contact task

experiments show an extremely similar response to a target impedance and verify sophisticated contact stability with
an one-tenth target viscosity and with over two times larger velocity more than the stability conditions limited for

conventional control methods.
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Fig. 1 Motion based Impedance Control Method.
. target trajectory. d»: deviation by impedance model.
zr: reference trajectory. x : actual arm trajectory.

fe: external force.
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Fig.2 Arm-Object Contact System.
X4 target position. X : deviation by impedance model.
X, : reference position. X : actual position. X.: object
position. F.: external force. N : servo controller transfer
function. K. : object stiffness. G : target dynamics model
including target impedance model.
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Fig.3 P-PI type Position Servo Controller.
K, : proportional position feedback gain. K: propor-
tional velocity feedback gain. K, : integral velocity feed-
back gain. X : reference position. U : command torque.
V' velocity. X : position.
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(a) Conventional Dynamics Model.
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(b) Proposed Dynamics Model.

Fig.4 Conventional and Proposed Dynamics Models.
G : dynamics model. Zo : (1m0, bo, ko) : target impedance.
71, T3 time constants of numerator of dynamics model.
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Fig.5 Root Locus and Bode Plot of Conventional Method with
Small Target Viscosity.
Zs: (mu, bu, ko) = (1[kgl ZO[N/(ITI/S)], 1O[N/m]) K.=
0 —co[N/m] in Root Locus. K.=1000[N/m] in Bode

Plot.
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Fig.6 Root Locus and Bode Plot of Conventional Method with
Large Target Viscosity.
Zo: (mo, bo, ko)=(1[kel, 200[N/(m/s)], 10[N/ml).
Ko=0—co[N/m] in Root Locus. K.=1000[N/m] in Bode
Plot.
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Fig.7 Conventional and Compensated Servo Responses.
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Fig.8 Root Locus and Bode Plot of Proposed Method with
Small Target Viscosity.

Zo: (mo, bo, ko) = (1[kg], 20[N/(m/s)], 10[N/m]) with
numerator (14+0.02 s) (1+0.0208 s). Ke=0 —co[N/m]

in Root Locus. K.=1000[N/m] in Bode Plot.

JRS] Vol. 13 No. b

B

E

WET D, 0, ZEHEA Y E—F 2075 vDrn
AF = N—EFRBEUETHINETTTHS.

(4) V—XROBNE BT L AT 0. B EELT,
EE TV OSTEOEEBBERET 5. 20k
ESHFEORKZ 21T CERLLFRECL S, &
7o, BRERE, wo XV EVEBRTREES -5
VAWEREL, 0 &V EWHERTIIBEMEEEEE
BT 5L ICHET 5.

Rz, BT TAVOSTHEOREFE EOFHZO- Lo
TET. (1) EF, y—RRONEEFERRE UBEEA Y
— & A LR ORIMEORAME L B R L B E
Fig.5 DR —FHEIZRENTWE. ZOBE, V—FROE
EREENTHN M LETHS. (2) L, $—KR
DEIEHIR L2 BE0EMIIARNEETHSD. (3)22T, H
A Ve RBRET 5 BEgeEEE, 7 u X4 —N—/
WRATIED wo=>530[rad/secl £ T 2. (4)—77, H4FH1IRT

S 3 ROGEEBSCER OV — AR R, 2 KEBENRTERIL
TH22L, COBNERYF ¥ VT EHEAERELT,

B2 BEES0.02 £ 0.0208 0 2 RKEAEREHATE 5. &
EIN Y RROEERHE L B/ ELEER, ROV —K

ROMSE % Fig. TR 7. BABERC L 09— RAFEIZE
B BIEER RO L5 10k 5. JOEAEREEIHIEE TN

Tz B TFHEET B, SFH (140.025) (140.02085) &0
ZCIEELLBIRET TV Gz X % BfilZE M % Fig. 8 10m
T R =TREEB W TLERBOTIH 2 I EHRINT

3. %t ZOkSEMROEEERBRORBES 2 RER
e, Bl BUEON— T A 2B HRRYO

Al Ke R E S o THHANV - T OBRILETDH 5.
3. EM{FERER

18OV =7 R4 F2HWIERT, y—FRRER-—R L
LizAd v B — v REEOEMZTEE 2T 5. Fig. 9 w=E
BEEERTT. A4, RN A2V a—%2EBLTDCY

External

AD Force [Force sensor Force Sensor -
Desktop e Amplifier Object
Computer { |
Encoder

NECH98 |UD - .
(80386 (—-[g- Servo Motor  Luinear Slider
+180387) [

Torque
D/A | Command

Motor
Driver

r

One D. 0. F. Linear Slider and its Control Block.

Fig. 9

July, 1995



KR ER—RE Lo d v E— 2 R B 1 B Bk e s 663

—RE—FIIVEFEINE. AT 5DT—T Nz sd
EEEEL, AT7A FTIHAMERT 2040255, 5—
TVONBRE—YOREAENRSRD L. £/, 2KDT 4
VIN » T—=sNAT 4 VT B0 LW X > THED S Hll
Erxbldh, 7-7VORBZHEETS. FEETRIE B
FOTF—TNOfE «c BEEERELIBEES S E—F YA bk
5, HAUELHETS. FFEHTCIEEL, MEOPHIMEL
HEOPIFIEW LD F 4 V9V —RB2HERT L. —K
RICLD MV IIEEEE—F FIANCHIT 5. nB, R—
NWAZ ) a—D¥ v Fik 10[mm], =¥ 2 —%513 1000[p/rev]
BABBELTHWE, 272, R OFERKITS0[N], #lHEE
i 2lms] TH B, HRYEBEBOREZEB LT ARIIDD
725D ThH5.

kO FEE, BBEEFLERBIEST 2H L AL B
T30, BREETV GCOBEREEZLT, MRy EMs
H5 IOLEDMUELIIOIERFET S, 2O LAHE
BE2ECHEITLEFEET VI 2D TH 5.

Fig. 0(2) R L ERBERIT, HEOHFERIDZHD
T, BERMEENEL LBETH L. WRY~DOEMEE

0.2[m]
ANNAA_ Ao
Position [ /
0.0[m] i ) ) X
0.00 10.00s
5.0[N]
Force
—5.0[N]
0.00 10.00s

(a) Conventional Method with Small Viscosity. Zo: (#s, bo,
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(b) Conventional Method with Large Viscosity. Zo: (mo, bo,
ko) =(1[kg], 200[N/(m/s)], 10[N/ml]). Approaching
Velocity of Arm: 0.05[m/s].
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Fig. 10 Experimental Results of Contact Tasks.
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