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Multi-Objective Optimization for Structural Parameters of
Swing-Compliant Hook

GE Shicheng . GUO Zhuoyu, LIANG Xi, MO Zonglai, LI Jun
(School of Mechanical Engineering, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract: To solve the problems of alignment for launch container loading in field-artillery rocket, a novel
end-effector, i. e. , a swing-compliant hook, is proposed, whose structural parameters are optimized.
First, the theoretical model describing the performance of the swing-compliant hook is established based on
the node displacement method. The static displacement, static stress, and swing curve of the swing-
compliant hook are analyzed by MATILAB., which verifies the rationality of the model. Then, the main
structure parameters on the performance of the swing-compliant hook are obtained by using the
experimental design method. Additionally, a response surface model characterizing the comprehensive
performance of the swing-compliant hook is established. The optimization results show that when the
length and the installation height of the compliant mechanism are 90 mm and 23 mm., and the end height of
the lifting hook is 110 mm, the swing-compliant hook has an excellent performance in docking, lifting,
transferring, and locating.

Key words: launch container; loading system; compliant mechanism; node displacement method; experi-

mental design method

s B #A:2020-09-08
EE B B R (1996-) , 55, 7 PH % B A XM 77 A B AR 32 A T T M R A 1 B R G I A AL AE.
BEEE.Z .8 .82 M40, 85 (Tel. ) : 18936030573 ; E-mail; leejun_nust@163. com.



1468 E EH X @&

X F F

555

S K A ) P2 SR R S ORI
B RS A T 22 18] AT 22 O RS B As R
VR I LE SR AR R KSR R I DR IR G e
SR S RIS ol 2 A T L IR A R I AR I B
{3 FL 45 K 6 22 ) R 5L 45 2 AT 249 AR BIE A L 0
Y IR B DR 45 o B L RS JEE T AT 4 R R A
A T 4R A AL TR W I B A S A A 5% 18 A K
X S LA 2L A AR AS g e 2 R R (R R
2R TR R M) P R 8 oL % Bk e TIOR8 5 52 2% Y
AR S AT fe L i A RE 8 B P i AT AR 5 R
S A 01 X e AR AR A i B a2 EL T X B K
WAV 18 3 B o ) A LA ) 3 1) 45 ) AR 0 4 L2
P R 2 o i P ST i T 5 B8 ARG 2 2 S400 By
23 AR I NI, T S B i OCHE B T R i
AT UG A P2 T R 7 LAAMEE 15 224 R (i 40UFT %
.

FEMLZS LR AR AN B Sh AL RGeS AERT AL
WE LA T Bz BN, SCHRES T3t i — b
2 A RIS 3 IF BRALAY L AR A BRI A2 17 - 32
i 2 1 Ff3 J3E O 25 175 D0 T 4T3 RE 52 AR U 2. SCHkL9 ]
Bt Xk 22 LB AL 2 () R i — o g S o Ok
A% AV 9 AL ) ) 42 ik g SCRRE 10 J R 17 — ol 232 W X
He S5 HOBCHLR L 32 5 BL AR N 15 R RE O 6 3% L i
FIBSC 83 T AP Y 52 2% D S A A ) o 22
SRPAT PR A B K 1Y) B 22 28 VR T 1] » [R] I 3 fiE 7K 2
SRS AR B B L SR LA b B SRO0E 3 B A 25 % LA A2
TE /N R g X ML s AT SR R AL PR
LA TR PR TR 22 AV R BRAT T B I R SRR
LIV 7 —Fh TR v X PLA L BETE 20 mm A
T o 42 4 2 R 57y JIE 7% 2 Y [ P S B AT S 0 4%

F T LR A AR BRI 00 4 R A X T A SO
FEHUR A9 5 LA 23 A7 il 4308 O = o A 00 X R AL
FIE T /R TR 0 AR R e BEAT A3 L Ak A
K Ao FUVF BRI AR 0] e U e b T
XTI 4 12 Bl P R A7 i B4 F 7t b, 2
IR A EE AT HEAT 2O S LA 9 B 1
IG BB A R R LA 2 285 PERE Y 2K

AR SR X ST A U R B R Y e U SR it
Tl T R A S R SRR G 9 43 8l SR K
A R B AT ML S ot 42 ) S A ) 2 ke
(7 If 3R AR SR AT 85 T 75 00 B2 Sy 4045 428 20 2 =X
LR SR AR DN B = IV S i E VA 275 = VA E LT
T 2 s 40 1) 2 Al PR A IR L 0] 422 Bl 2 X
s B0 ) 45 K 2 Bk A7 0 30 » e Jm R D 2 S Mo ar
M o7 A5 TR 6 G HE AT O Ak P A 45 5 n] D ik — 2

B 17 4 5 M 0 A T 2B AR (B R B
1 ZEEHERIR 53 TERE

2 2) R #4 K SRR SRR I R G0 2
e er . anp 1 proR. HE E T 2 6 . TARR
55 e AR b R SR X S BN e S A B SEL B
TAR RIS B8 KR BRI e 2R
SHAE BT (8 845 A A RS U 2 — 2 A
U 3z 3l 58 185 16 28 9 X 45 91 I SGR /6 & S 4. 1
T L2 v 1 5 0 S A s R A BT L A R
R B4 67 1 AL 5 K S B o7 B 0 ofE )
I T iz B S8 I . TR SE R B AR U Bz )
SE IR 5.

fEEIES
s s

B 1 RMERIRG R A
Fig. 1 Schematic diagram of compliant loading system
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Fig. 2 Geometric model of swing-compliant hook



5113

BER.EF . BHFMXPAHLEMALSG S B KA 1469

JRE e B SRR IR 42 5 T BIR A o A 4R B[] E SR
e sy S ) R LA I B B e BB L i i 4 T
PATEZS [ HEAT 2 [ A3 5.

22 M 3 B B T AR BN ] 3 R, 25 3K
R L 3Ca)) . 7R LA B BRI T . i 44 PR
HEARE HLRE R 5 [ 78 A o7 ¢ AR L IV B Al
fadie/N s UK M 2208 2° . iR T (L
B 3Ch) ) f B4 75 S0 A B0 = 0 A T Bl sh R =
R DR 00 7 2 4288 A £ 3% 5 ) ) 4 0 -
7 - RISl i A e R VR IO B R B i 22 O 2° L LA
T AR 11 21 15 0 28 00 A S A 0 RS

TR AL

S
22

AT AR

(a) LN (b) FAR LB

B3 3 Eh X 48 TR R B
Fig. 3 Working principle of swing-compliant hook

2 BEHEINX FAEREE

2.1 BHRLRREX

TEA S8 R AE MRS FR 1T s 4 B 122 sl e PR ol
7 18 i S5 (19 2 A A (S £ B8 428 8 SR X i A 1
LS D0 L 12 B X A B B 0 25 g AL R 4 B
A Lok TRy 0 5 O SR AILAR B R | e
FIZEAE TG JE 500 N by S FEAERLRG 121 % 58 BE 7 v 948 5

P4 2 s 0 i A TR AL
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Tab.2 Parameter settings of swing-compliant hook
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[8.47X10° —2X107° 4,02 X107 —4.5x10° 1.17X10° —1.4x10° 2.15x10° 3.73X10° —2.6X10°
—1.1x10" —1.2x10" 5.07 X107 1.91 X107 —4.8X10°% —3.7X107 4,71 X107 9.12X107 —3.5x10°
4,67 x 10" —3.8x10" 9.65 X 10" 2.44X10° —5.6X107 3.13 X107 —1.6X10° —4.6X107 —7.6x10°
—5.4X10" —4.3x10" 1.6 X 10" —6.7X10°7 1.83x 1077 5.86 X 1077 2.35X10°° 2.37X107 —3.2x107
—0.316 9 0.3589 2.71x10° —1.63x 10" 0 0 1.12X10°%  3.64X10°% —9.7x10°
—0.044 2 0.084 3 —4.7x10" —3.5x10" 0 0 1.12x 10" 7.86 X 10° 1.66 X 10
—0.0027 0.1275 1.31 X10° —2.45x10°"° 7.81 10" —7.8xX10" 8.47 X 10" 1x10° 1.61x10°

0.037 5 0.006 0.018 —1.6x10° 3.59 X 10" —5.8xX10" —2x10" 4,13 X 10" 7.76 X107 |
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JE.R® T 1. 37 e L TA] 30T RS 2 5 Jir A 7R A )
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Tab.5 Error analysis of response surface model

x®7T RUERER

Tab.7 Comparison of optimization results

i 14 i R Rig
R 0.999 1 0.9980
R, 0.998 4 0.996 3
R; 0.996 9 0.9930
R, 0.999 4 0.998 7
R; 0.999 6 0.9991
Rs 0.999 9 0.999 9
R; 0.9985 0.996 6
Rs 0.998 1 0.9956

3.4 kst

DI 1 By ge o H As 47 S 800k Ak, 38 i De-
sign-Expert 3 {4 v (1% 0 7 [ 45 73 K i 52 56 [R5 1
ACAE 3 e g B 20 G an sk 6 s, hs BYME 2
oAk v B B /ML RS 2 e IR A, 5 B R i R
by = 110 mm. XF4EPERR T 00 X T 8 1) 52 i 44
KHATHEN 0, BESWRE . SEL X R 0 R iEs%
Wi 280 by RPN 6, A TUE IR, T 0 TR/
{H, EH L. = 90 mm. Ak, = 23 mm. S50 b, F b, XTH
N 0, R SASE A 2 R B A5 R RS R AR,
BICR 70 mm. S8 h, XFWRL 00 Al ¢, R T2 B
H AR AE H 100 mm.

®6 XREFHBIALUBRE

Tab. 6 Partial optimal solutions of the experimental factors

75 l./mm h1/mm hs/mm
1 90. 61 22.39 110
2 94. 87 23.32 110
3 106. 05 28.49 110

28t BRISHETY op A D0 AR e B0 48 Bl 20 2 4
PEREAN SR 7 B, DAL e B 438 3 20 X i 4 39 A2 i
Py 2 A3 A 28 D K TR IR 23 R I R I
[F1) R G A SPGB ) /0N, 5 00 di R BT Ee T LA
A RS O R AR B T —E R R
(7 Fk S R AL IO 3 11 s B A I TR 3445 3] 1 8.

TERES B MR RE S BOIE AL S Pt RE S EURE
ar/rad —0.025 —0.012
pi/rad 0.005 0.007
az/rad —0.189 —0.180
B /rad 0.158 0. 169
Geum/MPa 25. 21 20. 33
Gmax/MPa 5.37 4.91
to/s 10. 35 8.38
15/ 6.51 5.73
4 Hig

Zoad LIRHETE AR SCE EAR R,

(1) XPBUA 10 S 368 46 5 3005 X HE AT 70 A s 42 1
— P P T D S R 2 R0 T Y SR R S R R AR I
Senb b Bt TR sh K

(2) DAk 132 3 2 05X i 44 1) P BB - A 1 s Ao
Ptk BEa Bt S 1 LASS S B0 2 B SR e
R IEL U i A R AR B SR AILAG I ) A R A s ) 2
J1A AL

(3) N T LA DA 42 8 2 X i 40 P B8 L AR 4
i 30 1 X R 52 ) A5 1) OC i 2 Bk S R AR 43 8 3
I s P A1 o o TR A A AR 45 R T L 2
LA B 90 mm, 2238 & O 23 mm, i $4K Ui
20 110 mm i, 32 428 3l 32 0 2 4 1) 25 1k e
AR,

(4) ZRSCHR A Y 0 A% 1 R L O 0 o6 i 4G
2 i oz TR R ARG A F 5 7 5 18 T T LR R 4
BRI (9 45 K 2 B AL« mT i — 28 i A Ak Cn 4
LA 2 L BRI K 3

S LAk
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