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[T]=I:A>' S } (3)
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sinf, = % (8)

cosf, = — C €)

M P.RXTFB-XYZHLEN
RgcosA, — ALsinA, — Csin(8, + Af,)cosi
P, = Q, + Q.P, = | RysinA + AL,cosd, — Csin(§, + Af,)sini 10)
H + AH, — Ccos (8, + 46)
AR WERVOEABEATEMFHBXCORATRE .
26, = 1

Ct — R}
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[C,] = Rot(z' ,A)Rot[y';, (6, — —’25)]

(cosAAzp + sinddyy) (i =1,2,3) an
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[C]= (12)

sinAsinf, — cosA;, — sindcosf, 13

cosAsing, — sinA —-cosk,cosﬂ,]

cosf, 0 sinf,
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cosAsin(f, + A8,) — sind, — cosAcos(d, + Ad,)
= |sinAsin(f, + Af,)  cosA, — sinAcos (6, + 46,) (14
cos (0, + 4A0,) 0 sin(g, + AF,)
B2 R[E4 T BHFTRE:
(T1C.] = [C,I[C)]
[C.] = [CT([TIC.] (1%)
HRAUNDPREBMEICEMLEHEETTR sindfi=~A0, ,cos N~ T HH
A8, = cosf,AY + sinfl,(cosA Aa + sinA A0)
Af, = — Af, — sindAa + cosA AB
Af,, = sind,AY — cosl,(cosA da + sind A3)

(i =1,2,3) 16)
RUOEHH(A0.,40,,00.)RFTERE S FLRA R XY Z HEWI UM AR, JF A6,
A AT, A0,.00. K5 WAL, BREX G {E TR B A LB W LA (A6, A6,
80, )RR

4 &ip

#305E i # PP-R-S BIFFEAN B 1 B IS DL 2 B2 s B0 B 3 T 4 A s b S 18 7
B, 77 RIS /R W BB LA 0 — 8% A, BVHE AT KR R O SRR, G TR0 R HE A EL 3 AT 5T
BAMUTEZAEBRRNHRHEHRATROET ERRE. AR EHREERE ALBEL K
iE I F LA Y (F {7 (7 7 o B W7 LA A oot 0 K {3 B A ME A 7 o B SO AR S TR A 07 9 KR
BRAUBHET —5. A ORELEAREMBIITE 11T P 0RO R RE T F R (&
TG

£ 5 X R

1 Nguyen CC, Antriazi S S, Park ] Y, Zhou Z L. Trajectory Planning and Control of a Stewart Platform-based End-effec-
tor with Passive Compliance for Part Assembly. Journal of Intelligent and Robotic Systems, 1992,6(2,3): 263 —281.

2 Kobli D, Soo-hun Lee, Kao-Yueh Tsai. Manipulator Configurations Based on Rotary-Linear(R-L) Actuators and Their
Direct and Inverse Kinematics. ASME Journal of Mechanisms, Transmissions, and Automation in Design, 198%,110
(2): 397—404.

3 Fariborz Behi. Kinematic Analysis for a Six-degree-of-freedom 3-PRPS Parallel Mechanism. IEEE Journal of Robotics
and Automation, 1988,4(5): 561 —565.

4 Arai T, Stoughton R et al. Micro Hand Module Using Parallel Link Mechanism. Proceedings JAPAN/USA Symposium
on Flexible Automation, 1992,1; 163—168.

5 Stoughton R, Arai T. Kinematic Optimization of a Chopstick-type Micromanipulator. Proceedings JAPAN/USA Sympo-

sium on Flexible Automation, 1992,1; 151—157.

Paros ] M, Weisbord L. How to Design Flexure Hinges. Machine Design, 1965,37(27):151—156.

GHRS. i US X ERXBHAMTR. HL# A,1994.16¢1):37—39.

HHRS ME_LiRMuBENE. G AREIR.1993,3(5) 2021

KRk . ZEUHAASRSES(EM. 1984, LR T L M.

w o =N &

(T3 308 3D



308 o8B A 1995 9 A

APPLICATION OF BIONICS TO THE STUDY OF
ARTIFICIAL MUSCLES

XU Wei
(Second Engineering Research Institute of PLA 100850)

SUN Xuliang HE Lijuan
(Harbin Institute of Technology 150006)

Abstract From the piont of view of bionics, an artificial muscle with magnetic rubber, which has some
similar functions to living things® muscle, is presented in the paper and the construction and specialities are
also analysed.

Key words Bionics, robots, artificial muscle
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KINEMATIC ANALYSIS OF A SIX-DEGREE-OF-FREEDOM
MICROMOTION PARALLEL MECHANISM

XU Weiping
(Chinese Helicopter Research and Developments Institute, Jingdezhen 333001)

ZHANG Yuru
(Robot Research Institute, Beijing University of Aeronautics & Astronautics 100083)

Abstract This paper developes a method for the kinematic analysis of a six-degree-of-freedom mechanism
for micromotion. The mechanism has three PP-R-S parallel chains in which all the kinematic pairs are de-
signed as flexure hinges to avoid mechanical clearance. By means of coordinate transformation, the relation-
ship between the input and the output micro-displacements of the mechanism is obtained. Because the range
of motion of the flexure hinges is limited by material intensity, the micro-displacements of the flexure hinges
are also established in relation to the output micro-displacements for the purpose of design.

Key words Robot, micromotion-platform, parallel mechanism
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