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Research on lightweight of three hinge parts of

exoskeleton robot knee
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China; 2. Jiangsu Key Laboratory of Green Process Equipment, Changzhou University, Changzhou
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Abstract: In order to meet the structural lightweight requirements of rehabilitation training exoskele-
ton robot, a structural optimization method combining topology optimization and response surface
method was proposed. Through lightweight research and multi-objective optimization design of three
hinge points on the knee of a rehabilitation training exoskeleton robot, topological optimization tools
were used for preliminary optimization of its parts. Mass, maximum displacement and maximum ulti-
mate stress aresubsequently taken as objectives, and component size was taken as design variable to
carry out multi-objective optimization design. The results showed that, on the premise of meeting the

stiffness and strength, the mass of the three-hinge points was reduced by 26. 14 % after two optimiza-

WS HEA: 2022-12-26,

fEER T BUEAR963 ), T, WILGA, it #d2, Email: 85183004@qq. com

SIAASC: WAk, . I, & SMEEILEE AR =808 B Lirst )], &N K23 (A SR Bl
M, 2023, 35(3): 71-77.



<72 - FMKFFIR (ARAFR) % 35 %

tions, which provided a new way for the lightweight and practicability research of the rehabilitation
training exoskeleton robot.
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Fig.1 Exoskeleton robot Fig.2 Knee three hinge parts
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IG5 196 A4, i 3 Fras. FA% B0 5 K I E /N T
0.95, Jf H4 RKE A& AL T 0. 45~0. 8, HIMWBEE (Skewness) 5 PIA% &, fE(E N 0~1, 1



% 34 BHEM, N BRIBATRIN 4 8 BRI R .73 .
2e, B KW /NT 0. 95 BF, UL AE B E AT A K

2 BRTHH

2.1 ﬁ%lb‘ﬁ*ﬁ

FET PR, X —LE PR PR CAAERRE B L ub SE )« LSS ET5 1] 9 7 phy LR BB A% 388 25 /)N
h»mFﬂL%mIﬂTA%%QEﬁW%ﬁ,Eﬁﬁﬁﬂﬁﬁ%ﬁk%%ﬁ LA HE N R0 %
PLES BT A sh B N RS TS . I HORBR R 2B EORAS . Ui =8 AR Z 3y . AT %2 J10y
Br. MRIEZ IGO0, 78 =B n R AR E LT S A LR B LA RN 750 N AR EL A T A .
Wl 4 PR . AT S s . A8 ERRFEALANA RIS . R AZAZ 0 0. 004 974 mm,
TE N B R RIS, e RAA N 3. 454 7 MPa, {HAPRHAYJE IRAR FR 195 MPa, i K F ek
WL E. Al A, BRI AR AR =B B R LR R RN 7 56 43 i) LA A L AR

B:Static structural

Tota] deformation

pre ‘total deformation
nit: mm

B:Static structural

Equivalent stress

Type:equialent (von-mises) stress
Unit: MPa

Time:

B:Static structural

Static structural 2021/5/7 1534

Time:1s 2021/5/7 15:40

2021/5/6 19:21 0.004 974 Max 3.454 7 Max
0.25326 3.0712

A Force:750 N 0.221 61 26876

[B] Fixed support 0.189 95 23040

PP 0.15829 X 1.920 4 ¥

0.126 63 15369 -
0.094 974 ® 1.1533
0.063 316 ® 0.769 72 @
0.031 658 % 0.386 15
0 Min A [} 0.002 575 4 Min P Y

5 BAKSTREAERERE

Fig.5 Stress and strain nephogram under static state
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Fig.6 Mode shapes of the first four natural frequencies
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Fig.7 Three hinge point optimization cloud image Fig.8 Improved stress and strain nephogram
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Fig.9 First four natural frequencies after improvement
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Table 1 Experimental design results

R Di/mm  H/mm  Dy/mm  L/mm  omex/MPa  Smax/mm m/kg P,/Hz P;/Hz P3;/Hz P,/Hz

1 12.938  25.875 7.24 12. 06 4.2727 0.003 721 0. 206 84 36.561 105.211 237.182 437.230
2 11.563  23.125 8. 04 12. 54 4.918 7 0.008 465 0.168 66 32.452  119.231 252.352 470. 201
3 11.938  23.875 8. 12 10. 86 4.448 4 0.005 326  0.193 02 38.655 126.231 223.620 472.301
4 11.813  23.625 8. 28 12. 30 4.6435 0.006 294 0.18588  30.231 109.362 232.366 442.201
5 11.563  26.875 7.64 11. 10 3.4020 0.003 812 0.202 83 32.353 108.362 238.520 502. 366
6 11. 312 26.125 8. 44 13. 14 4.289 5 0.003 898  0.209 22 43.215 116.352 256.320 482.593
7 11. 688  27.125 8. 36 12.18 4.859 6  0.004 872  0.204 49 40.258 110.231 238.321 421.435
8 11. 438  24.625 8.68 13.02 4.024 2 0.005446 0.190 64  48.961 108.325 232.321 482.365
9 12.188  22.625 7.96 11. 58 3.409 0  0.007 929 0.166 01 46.320  92.302 222.251 433.694
10 12.688  23.375 8.52 11. 46 4.282 0 0.005 803 0.186 41 38.365  91.201 240.321 455. 360
11 12. 428  22.875 8. 20 11. 82 4.127 8 0.007 723 0.171 64  35.354 106.321 238.963 478.410
12 12.063  26.375 7.48 11. 34 4.2918 0.003 948 0.238 58  46.352 110.201 252.321 516.149
13 11. 688  27.375 8. 60 11. 94 3.3576 0.003982 0.255 21 49.621 118.328 262.320 494.513
14 11.438  24.875 7.32 12. 66 4.006 4 0.005 146  0.197 73 39.561 105.210 242.210 420.922
15 11. 603  24.125 7.88 11. 70 3.8880 0.004 729 0.198 24  35.232 108.320 238.210 460.638
16 11.813  25.375 7.72 12. 90 4.070 0 0.004 129  0.211 59 45.363  100.202 237.520 456. 756
17 11.720  25.625 7.80 12.78 4.642 0 0.004 635 0.208 36 36.634  91.211 242.301 460. 688
18 11.288  25.125 7. 40 12.42 4.863 1 0.004 748  0.203 66 32.355  98.963 238.963 432.690
19 12.012  24. 375 7.56 11. 20 3.793 6 0.004 166  0.204 89 39.352  105.325 229.520 477.892
20 11. 364  24.625 7.76 10. 98 4.108 5 0.003 840  0.198 81 34.021 101.231 235.201 414.953
x2 ZBHRMLAR
Table 2 Multi-objective optimization scheme
A4 1 AR o 2 A% 5 3 A%
m/kg 0. 198 81 0. 200 25 0.199 17
Omax/Mm 0.003 840 4 0.002 787 4 0.002 941 2
omax/ MPa 4.108 5 4.358 6 4.732 9
P, /Hz 35. 794 36. 804 35. 852
P;/Hz 101. 56 102. 87 101. 88
P;/Hz 232.18 235. 44 231.58
P,/Hz 412.52 428. 560 415. 36
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Table 3 Comparison of size parameters before and
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after optimization
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