@'z

TEMRN TR # 16 % 22 4] 2012 -05- 27 iR
Chinese Journal of Tissue Engineering Research May 27, 2012 Vol.16, No.22

BB SRS BAFH AR

M

Multi-objective optimization design of the institutions of the prosthetic knee joint

Sun Bai-yang

Department of
Mechanical and
Electrical
Engineering, Wuhan
University of
Technology, Wuhan
430000, Hubei
Province, China

Sun Bai-yang,
Department of
Mechanical and
Electrical
Engineering, Wuhan
University of
Technology, Wuhan
430000, Hubei
Province, China
bcl660501@163.com

Received: 2012-02-19
Accepted: 2012-03-22

KX L K FAM
W IAZFE, #db
eSS
430000

FMaAy, F, 1990
A, LT H A
A, Rk, KRR
%lkiﬁﬁi
#t.

bcl660501@
163.com

h g4y 25:R318
SCERAR A
L4 11673-8225
(2012)22-04010-05

WA B 3: 2012-02-19
1521 B #1: 2012-03-22
(20120206008/

WLM - C)

4010

Abstract

BACKGROUND: Nowadays, how to achieve the comfortableness and flexibility is the focus of the studies on artificial knee joint.
OBJECTIVE: To analyze the law of the instantaneous center of the knee during exercise and to construct a suitable evaluation
function to make it better meet the requirements of the wearer comfort and natural, then get the prosthetic knee joint structural
parameters.

METHODS: This paper focused on the four-bar linkage mechanism of artificial knee joint, the kinematics of mechanism model was
constructed and the centrode of connecting rod was deduced on the basis of three centrosomes theorem. Regarding the
comfortableness, the marking system model was established as the evaluation function; further regarding the flexibility, the
multi-objective optimization model was established based on the dual optimization objective gained from the minimum total
departure of actual and ideal instantaneous center in the process of bending knee and on the maximum value of evaluation
function, as well as on the restriction of artificial knee joint mechanism bionics and the restriction of the double rocker linkage size.
RESULTS AND CONCLUSION: Utilizing primary target method and MATLAB program, the parameter of optimal artificial knee
joint mechanism was gained. The designed four-bar mechanism can well realize the coordination of the comfortableness and
flexibility.
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Figure 1 Vectorgram for mechanism motion analysis
1 HUE )/t o B

PRI, 1T et R B
[T+ -0 ®
) X 5, Y B B a1

{Il cosé, +1,cos6, —1,cosa, —1,c0s6, =0 @

l,sing, +1,sing, —1,sina, —1,sin6, =0

BQRIATE IR, WRLFALHE 05715

[ a2 2 _ (2 3
HA:Zarctanw @)
B-C
o A=2l1,sing —2ll,sin6,

B=2l1,cosg, -2l,l,cosg,
) CoNe tp_ppo( Ay, By 2
C=(l,sing, —1,sin6,)" +(l,cos g, -1, cos 6,)* +1; —I; :(?) +(Z) +1y 13
s H o, ()i “27 S+ S, K

T 00 SSEBEATT, T, A% A “-7
BEMT, HP 1 RTS8 AN R R AR AR A

¥
X, =lcos8,y, =1 sing (4)
Xg =X, +1,€080,,y, =y, +1,sin6, (5)
X, =1,¢086,, Y, =1,5sin 6, (6)
=0 E, AL B P AR ERRIE S
L
Xp = YoXs —*oYs X,
Xa (Yo = Vo) + Ya(Xp —X5) ™
Y =X tan g,

F(R)~(6) s A B, RIRT 3 2IBE0 P B
1.2 BMIEXT % Bkt HhABIITH RS
2 SR A AR P IR, BRI AN E AR O B
MR, R 2 0 A0 AT S 5 25 o B B P 8 3 12 1)
), Doy s i e — ML H AR . P55 S SRR RO
s 55 BRACEE O AR, LS 2 ) B MELAE R o —
R ASE T Y ) la = A N €y R IV AEA B K (8
NGNS 2 AR G2 F 22 H bRk
2 H bR N S B AR, ik MATLAB SRg#S
FVRAL S IR S 3. Bl A T i o A7 O3, AR ) B
DA L2 1M,

K1 IEF RIS BARE O AL R
Table 1 Ideal coordinates that normal knee'’s transient rotation

heart

No. i Xpq Yrq No. i Xpq Yrd
0 2 133 6 14 129
1 5 133 7 16 127
2 7 132 8 18 124
3 9 132 9 21 118
4 11 131 10 26 107
5 12 130
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Table 2 Ideal degree of correspondence to the ideal
coordinates of normal knee’s transient rotation heart
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Figure 2 The flow chart of the first step
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Figure 4 Centrode contrast between the actual
instantaneous centre of prosthetic knee joint and
ideal instantaneous centre of the normal knee joint
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Figure 3 The flow chart of the second step
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Table 3 Optimized design parameters

Design variables Final results
I 54 mm
I 43 mm
I3 46 mm
Iy 21 mm
ay 43°
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