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Structure Design and Workspace Analysis of 3 - RRR + (S — P) Bionic
Joint Mechanism with Offset Output

Yang Long Qiu Xuesong Hou Yulei Zhou Yulin
(School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract; The 3 — RRR + (S — P) spherical parallel mechanism is very similar to human shoulder and
hip joint. This mechanism can be taken as the prototype of the shoulder and hip joint for humanoid robot.
However, the secure workspace of 3 — RRR + (S — P) spherical parallel mechanism is so small, that
could not meet the requirements of the shoulder and hip joint for humanoid robot. According to bionics
and structure of human thighbone, the design idea of biasing output was proposed. And then, the 3 —
RRR + (S —P) bionic joint mechanism with biasing output was proposed based on the 3 —RRR + (S —P)
spherical parallel mechanism. For the bionic joint mechanism and prototype mechanism, there was a
certain mapping relation between their secure workspaces. The mapping relation was obtained based on
conversion of coordinates, and then, the secure workspace of the proposed bionic joint mechanism was
obtained. The 3 — RRR + (S — P) bionic joint mechanism with biasing output retained the kinematic and
mechanical performance of prototype mechanism, and had a substantially increased secure workspace.
The secure workspace of the proposed bionic joint mechanism could meet the requirements of the shoulder
and hip joint for humanoid robot absolutely.
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Fig. 1 Spherical parallel mechanism 3 — RRR with 3-DOF
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and central spherical pair with large workspace

2 3-RRR+(S-P)REHFKNEZET
EZESAEXTIEZN = E

2.1 3-RRR+(S-P)HREHEHMRE TS

3- RRR = H B BEBR M IF B ALY (o, =90°,
a, =90° B, =60°.B, =45°)3 443 X TAE% ] (1 52
SERRAERT Y T AL A S, ML
bR T A 23 i) 76 8 A BRI 9 — 260 BAFAEZS T . ¥
M S5 B TT B 3 B2 10 58 S A AE 25 T 1 T AR %S
6] 5 Ay LA 119 2 4 T A 25 il o

7E 3~ RRR = [ fly B BR 1 O B¢ AL T4 R &
T, R B 1 T B 2 Bl B S R R R
U MRS ¢, 0, TE( - 63°,63°) I, ¢,
TE( =90°,90°) P, HLHA ) 77 2 1 B 46 X BL 47, R
LA S, 42 3 — RRR = [ oy B Bk m JE B ML 4 22
T AEE N,

7£ 3~ RRR + (S — P) BRI JEBEHLI H , B K
3B Bl 23 6] 1 s BR TR A 28 ] S A LS T
3 — RRR= [ B2 BR i LM B 22 4 TAE 28 il ,
I#,3 — RRR + (S — P) BR i 3 B LAY 0 4 4 T4 =
0, @, fE( -63°,63°) N, 0, 1E( -90°,90°)
P, LIRS R AR X I8 5 A 2R 57 B B R 3 TR
2.2 NMEBXH BXBEz=E

B 45 (R ) ST (BB 19328 3 il
FIZ BG4 fige 1 iR .



368 & o Bl B ¥ iR

2015 4

2

SR N
A\
\;

K3 3—RRR + (S—P) Bk I BALI 194 4 TAE = A
Fig.3 Secure workspace of spherical parallel
mechanism 3 — RRR + (S — P)

ENJE AT T B g s M AH 3 - RRR +
(S — P)ERTH H-BEHLAL (1 42 4 TAE % (8] B .48/ 1
PL, R T e NTEALER A B 67T D&Y TR ) E’Jlx

TR, T A L B 1 S50 23R 2 49 4 e i £
A ARG — 2P B SE AR OEE , LA % A A= Il

3 REHHA3 - RRR + (S P){FEXTHAM

Sy M & BL,3 — RRR + (S — P) BRI 6 HLF 19
B% 4 T A 23 1] 52 4 phy s HRF 9 5 160 ( 28 o, vy, D) Y
AP, BOR RTS8 2, B0 R AR VS B B KL H
A W BB 0 i 5 Bl B8 2, Tl RS B
X B B B A T 55

N 6 10 45 1 I T 1% e Wk
1O AE R HE Bl s 6] K T AL G 2l Bk e i
T AEZS ], LSS & B, AR I 5 1% 56 W 3 Bk i
S T T A ) S T B e S R B
15 B R 1l 55° ~ 620 I S BT

2y Bk 1 £ 6 2

B4 ARG (R ) ERTY (BB ) Y18 s ik
Fig.4 Motion trail of shoulder (upper arm) and hip joint (thigh)

1 AFBXW(XE) BXT(XB)EHER
Tab.1 Motion range of shoulder (upper arm) and hip joint ( thigh)

o o i 911 1 i 917
AR st DG /(%) T i /(%)
SN (HFS) 12) 90(40) SR 9 123 130
Jitt 3 90 ORI N2 B 225
B Il i $6 4 90
i B e 5 45
Pl (B JRE) 6(7) 130(30) KT 3 123 160
ML) 8(9) 90(90) S5 B 180
P (5 ) 10(11) 40(45) TR 3 123 95
it T R ) 12(13) 120(45) SR T P2 3l 165
T A () 14(15) 30(35) S B 65

X HE AR B S5 49 7 A1,3 — RRR + (S - P) Bk
T - EATLAL) i HH A 58 2, il 19 e e 3o i b ) A T
1 3 AR AR B DR 2 < i AT O SR R X 2, B E ()
— 1A o

R 7 A B SR 5 HR LA i o T Al Y 5
TEIERE, R A b A b 2k 1) £ 07 1) B 4, BT A R AT
5% z, WA 5% Sl HLR B H B4 R, AT R AL Y
T AR 1]

LA 3 —RRR + (S —P) BRI HEALE Ay i AL,
iy 1 FFAE B °F 6 B I — 0 2 DR B PRl LS AT
AR AR G5 A e — A R o G Al 2 Ml 2 L L A
2, FR Ay i L R, T B S Y 3 — RRR + (S —
P) i AE LA, an &l 6 TR .

i 5 AT A R O R e PR
TRAE A o, o B AT AR AL P 5 BRI i
OP J& 3 Brf AT 2k, & 5 H A il 48 09 2 A



%3 1

Bk 4. W4 A 3 - RRR + (S - P) i £ R HL BT 5 704 369

CINIPNCN g7k

Fig.5 Structure of human thighbone
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Fig.6 Bionic joint mechanism 3 — RRR + (S —P) with

biasing output
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Fig.7 Secure workspace of bionic joint mechanism

3 —RRR + (S—P) with biasing output (0° <t <63°)
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Fig. 10 Secure workspace of bionic joint mechanism

3 —RRR + (S—P) with biasing output (z=90°)
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