DOI;10.13878/].cnki. jnuist.2019.02.010

Bimal Bharati' F4%'

B - I e g gl ) 27 i B e Pl

HE

AR T LA TAIA GG d
BEFI =R IEHNN BN F oM A3
AFABREBRARTKHRAELXLT N
FaI & LB AL R 4548 45 i ad af 6 1
BRI EAZ A K IIE S P AT
VAL A Shak b K T AE AR EILET &
0 Z Y K 4235 3. )8 B R LA AR L aY
LR ELABRARAE NG Y AL
ST FAER 8 a4 8] 2F
P30 3h ) AR 69 FA = M AT T 4%
1847 A SR B I,
KEiE

kILIE B R, M E L F
HFRA

hE 4SS R87;G804.6
SCRRARERD A

KR EH 2019-02-25
BB L4 TR ERE4 T H (BK2017
1019)
EEE N
Bimal Bharati, 5 , B+2E | B 58 J7 6] 1A
1535 bimalbharati@ yahoo.com
FIFGRAEIEHR ), Zo, WL, #F5E )
A5 #8 il wangting0310@ njtech.edu.cn

1 mR TR R TR SR 226,
B aT, 211816

0 3l

BRI E I E AR R S Bl E AR HEEN AT
i T RESE A B2 BT 2 AT AR IR A58 AR -0 i i e L
e LR e [ e/ A A X ) 6 AT A S BG4, B I 48
RENERIJARIZ B b— 2 R R B T A LA AL, e
iz gt B £ 45 FIAREE AR 2 3 B 7R AR 0 LA DL 52 Bt
FEBIAE, BI04 0 LA 23 38 3k 7™ A= P4 0 ok 9 15 OG5 25 [a] 9 BHLJE 2%
7RSI R TG T RE S B N TR BAS R e iz o ST A OUAY
WL By abE -4 1 3h ) 2 R B o Y

C A B K 2 S 248 % 23R 12 3 iz s R = F T
TAER S Y 248128 2= M3l 1 22 AR DG I, £ 1 R 8 B 2 TR
AT DL A i it P A SR T =2 (] VR Bl = A= Ry 1 SRR i Jediia
3, AW T 2489 )1 SRS B AR Z R SC &R, DL BT RE #2
T 1/ JAE A Bicehi BRI T — A2 A W N T8
et = HEWIA BBl 1 AR A i T T — AT HLAY finger-thumb opposi-
tion , LASEINAS SE B IR SR Arimoto 25 °) 18 3 B (AL I IEAS T —
A= HEE IR SIS AE AT A TAE AR, 904 %) Ik A e 2 e 461 58 7 —
iz [a] v, T 0 R AT DAAE = 2 2 1) v R () AR AR e T R T
Arimoto %5 Y TAE , AR SC5 H % JE T S1 5200, SR ] Tahara 8 2 H 1
TURNURRERL ST T B48-1hHE Je i = AERIAIZ S 8l ) A8, 43 Hr
T IAR B SRR E Ve I Tl R A AT BRI BN LA IE.

1 XV Z=EPFIREHFESN

ANTFHRNUAGEFANE 1 Frzs , 57 A bR 22T B 98- Racanf& 2
J7s SRR EAT 2 A H B, i 1 B oG LR 2 BRI
AR (i=1,2) ETHFES ) REINRF S (j=1,2,3). 1 L&
55 i LR I e R'.q, AURES i IRTHRMIER AL, ¢, e R E
2SR N
l(q,) = ‘)V;'rqz )

T

7, 2
a; +a,+2a,a;,co8q,

l:(q,)= aiz3 +a,.24 +2a53L51( cosq"! +cosq;, ) +L?2 +2@i3ai4005( 41%9,)

2, 2 2
astag—2a,l;, cosq,=2a;L; cosq, +L; +2a5a,4cos ( 9,179, )

(1)



B AR 25 22 4 ERRRERD ,2019,11(2) 1192-197

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2019,11(2) :192-197 193

X, Ly Flay, (B=1,--,6) 70 HR TR K EE AL

PIBGHR A . W) e R S A1 2% [ B L P 23 6] 14
AT A R SE T R TR 6T A T, e R® 5L
W HF, e R AGWTFER,

T,=WF,. (2)

Extensor indicis

Flexor superficialis Flexor profundus

BT FHRALALE

Configuration of muscles in human index finger'>

Fig. 1

2 P LA Wi BT Y LR AN, AS SCR T T
A /R EERI LAY 7R K

fla,l) =p(1 = ch)a = pe,l

a=af,, 0<as<lI,

0.25

92y,
0.91, 0.91,,
p=———, ¢= (3)
0.9, + || 25 )
0.9,
Muscle’ s 7

via point

B2 RAARPR AR T T4

Fig. 2 Configuration of human index finger in joint coordinate
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Table 1  Physical parameters of the object
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Dynamics and stability of pinching movements
by dual fingers with redundant muscles

BHARATI Bimal' WANG Ting'

1 School of Electrical Engineering and Control Science,Nanjing Tech University ,Nanjing 211816

Abstract This study investigates the dynamics of 3-dimensional pinching movements by dual two degree-of-
freedom fingers with redundant muscles.The pinching movements are realized by the finger-thumb opposition. Both
the thumb and index finger adopted the model with one monoarticular muscle and two biarticular muscles. During the
pinching movements, the object may rotate along two axes so that it may achieve time-varying in 3-dimensional pinc-
hing.The dynamics and stability of the pinching movements are analyzed taking into account the co-contraction be-
tween the flexor and extensor muscles as well as the nonholonomic constraints. The numerical simulation is
performed with a simple control signal to verify the effect of gravity.

Key words pinching movements ;monoarticular muscles ; biarticular muscles ; dynamic model



