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Constraint Switching and Stability Issues in I mpedance
Display Force Feedback Device
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(1 . Robotics Institute , Beijing University of Aeronautics and Astronautics , Beijing 100083 , China ;
2. Computerized Dentistry Center, Stomatology School , Peking University , Beijing 100081 , China)

Abstract : This paper discusses stability problem of haptic device in haptic display systems . Based on the analysis of impedance
display device , the interaction between tools and arbitrary-shaped objects is simplified as a dynamic unilateral constraint contact

(® a5 the experiment platform , force distribution relative to time and to device position in several typical

problem . Using Phantom
unilateral constraints is compared, and the reasons leading to vibration in complex unilateral constraint are uncovered. Compared

with passivity- based stability analysis method, a force filtering method based on force- position gradient is proposed . Experiment re-

sults indicate that the proposed method can effectively eliminate vibration and stable interaction can be realized .

Keywords : unilateral constraint ; impedance display ; gradient of force signal in space domain ; stability

1 5|5 (Introduction)

1A ARG AT 1 BRI AHLAC T
B AEERAE SR ARV SN IR AU 2 BIAL
FOSFERHRAE ) A B T b SNSRI = 4 KR
AN ) A (R )0 S T R R B R v
YRR 1WA LECRAENLE NIE A T AN
T RS AR R o AU B BT A
AT Z N TR

DU B ARG EERBAE S e
T EIAE Ll o LR T — PR IR L3 A &R
g8 AH SO R IREOF BRI 42540
Frics I R A7 AR AN R (0 g PR A
BN L5 AN RS AR AZ T 10 0 0 2 AR i L
AP, DA ARG RA WA — 2

O BEGTH - K AR LS BB I H (50275003)
Wi H 30 2003 - 07 - 12

SRWNCTIE -YNER: S | SN PSE IR YNINEZS: 38
VEB RN RN 7 AR, T BOS AL N2
HOIRDE AT 3 - K UL A SRAU L% A% 1l
v BT A R G I A SR A 22 AR K P il
FIRERBL I N AR AR et 254y 1 I AE ) AL T
BRI, 2 th B IR e 4 K AR E TR 1
O X AN BUD B S e K ik ]
RE SR BRAE 3 e 5 7, BT A D A8 T R L (M AR
PER RGBT H AR

D3RS AR GE IR P R T ) AT Lk
F BV AR RSB A ) i 32
WG RIS R S AT AL B ek RAN B )27
B it s 1 AL e A SR DR 5 4% 1) RE RV S
L M REEEH R EARE ACE TR



98 Lo A

2004 £ 3 H

WAL L %% Phantom ™ I R A8 Ik i) 1 2 5 B A ML
WAL S AT .

FES3 M R e M I R FULPR B ()R 7R K 4 v 7
“ PR EE ) L SE I BT L A HOR R A B
R I 7 ) f . Gillespie 7 T A v] R 12 50 1)
Bl )24 0 B AY X AT g R G Ak i R AU
— AR AR e AR R 2 T S5O0 000 RE AL
PR R AL | Adams 53 H 3% 14t 8 P 1
DR N 3 VAN R W e I G NE = (8 )
b7 N e S NI G (SR Y Y NERPS B PO el i)
SO R H M 0L DC e ok B8 v, ARE A H R
G AT PSRRI M e 2 fE TR 58
FIERI = YY) AS B B 21 RS BE R IR A B
upsZ ST EET N X ANV E 2 dPS =Sl o N =
JE RIS AR 3 Bl 1) AR AN R 9 ), R S A%
REPAIR S T A A %o R Mk R 5
2 MU Z WA H (Unilateral corstraint inter-

action )

TIBEAE H R G R U 1 BT (3% A R0 B A
TRA RG A H W AR TAF AR 4 o BT
s TN et

X5 T\ j‘

Kl Jioisg H AR G4 R 1

Fig.1 Components of force interaction system
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Fig .2 Phantom'® impedance display device
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Fig.5 Force-time gradient in model 2
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Fig .6 Force- position gradient in model 2
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Fig.7 Force time gradient in model 4
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Fig .8  Force- position gradient in model 4
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Fig .9 Position signal after force filtering in model 2
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Fig .10  Force- position gradient after force filtering in model 2
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Fig .11  Force signal during surface probing
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Fig.12 Force signal during cutting
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