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Abstract In order to optimize the structural strength and weight of the release joint, a multi-objective optimization design
method with stress and mass as objective functions was proposed. In this paper, the response surface methodology combined with
finite element numerical analysis was used to construct the response surface model of stress and mass respectively with respect to
structural parameters, and the interaction between the parameters was analyzed. Based on the response surface models, the
optimal structural parameter configuration of the release joint was obtained by multi-objective optimization analysis. The stress of
the optimized structure decreased by 19. 5% with a slight increase in mass. Numerical and experimental verification shows that the
optimized structure is safe and reliable. The proposed design method, which combines the response surface methodology, finite

element numerical analysis and experimental testing, can provide reference for the design of similar mechanical or engineering

structures.
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Fig.1 Geometry of release joint
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Tab.1 Initial design dimensions and response values

t /mm l,/mm L;/mm a/(°) l,/mm h /mm o/ (°) W /1 Stress S/MPa JiitE Mass M/kg
8 75 16 40.5 200 0.8 40.5 382.6 1.51
F2 MIBLXMERIE
Tab.2 Grid independence verification
FATEHE Number of element 444 1262 2176 4 396 11 408 20 860
J% 71 Stress S/MPa 289.5 336.3 354.2 382.6 388.6 393
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Tab.4 Experiment design and simulation results
5 N 71 5§y
No. A B ¢ b E Stress S/MPa  Mass M/kg
1 8 70 16 40 250 L5 402.9 1.75
2 16 70 16 40 250 .5 169. 1 4.18
3 8 8 16 40 250 L5 385.9 1.77
4 16 80 16 40 250 1.5 167. 4 4.2
B2 W5 s b = 5 8 70 16 50 250 L5 389.5 1.75
Fig.2 The structural stress nephogram of initial design 6 1670 1650 250 1.5 186. 5 4.18
7 8 8 16 50 250 L5 381.2 1.77
8 16 8 16 50 250 1.5 185.3 4.2
— N P AY ] = |
INTIRIEME & FIRZETN 9 12 70 12 45 200 1.5 233.8 2.3
RS eh 3 SR i — AR IE b g oy AR HC 9 10 12 80 12 45 200 1.5 230.3 2.32
T 11 12 70 20 45 200 1.5 236. 1 2.3
N
BAH 12 12 8 20 45 200 L.5 232.3 2.32
k k-1 k k
) 13 12 70 12 45 300 1.5 233 3.53
= + x. + XX, + X 2
y =B, 21,3 ; ;j;lﬁy % ;B ¢ (2 14 12 80 12 45 300 L5 229.5 3.55
2.2 BUEERLEISIET 15 12 70 20 45 300 1.5 254. 1 3.53
. 16 12 8 20 45 300 L5 231.4 3.55
2 7 3Ll PR s R 3 |
FE IO Sk 1) Jo 8 FPE 28 fer VE T B9 0 1 9 K 3 o2 75 1 40 250 0.5 25 .
RZER R ST 2 | B 2 Bd & 06 R 75 B 1 2 A R 18 12 75 20 40 250 0.5 25.5 3.16
Sh AU S K BE 1, AT G K L, B 19 12 75 12 50 2% 05 256 316
, o 20 12 75 20 50 250 0.5 255.2 3.16
Sl = VA =g PAWAN =AE=g
L2 AummEE e L, (B ¢, v E mmlﬁliﬁzh 21 12 75 12 40 250 2.5 244. 1 2.7
=} N Y Al Y
i AN A ET FLEH O 2R S S PO T M o 55 6 2 12 75 20 40 250 2.5 240.9 2.7
MRS R R A EEATFRENES 23 2 75 D50 %0 25 263 27
. ) A L — 24 12 75 20 50 250 2.5 252. 1 2.7
D -Expert {5 3531 F 7, 12 Box-
P o %j: es‘lgn xpert LSS BIFF 7,32 1 Box 25 8 75 16 40 200 L5 401.5 1.4
Behnken 1171 (BBD) JF Ji& 6 K2 3 7K F- M i 1 2% 16 75 16 40 200 1.5 168.7 3.31
RIGBETT, I T RALAEE 54 525, W57 27 8 75 16 50 200 L5 389.9 1.4
' - s ” 28 16 75 16 50 200 .5 185.6 3.31
KT 4 BT 25 2, PR Abaqus B
N s N \ e 29 8 75 16 40 300 L5 391.9 2.13
ﬁ:én (=) Python Sl ‘E’%lﬁ@iﬁﬁi%%ﬁ@?ﬁ*ﬁiﬁ 30 16 75 16 40 300 1.5 168.2 5.07
TF A5 BRI AH N B F7 S R R MW 8 0 i 45 31 8 75 16 50 300 1.5 384.6 2.13
\ 201 | 1. 185. }
RICRT R e
L i =L T : : :
%3 ‘lﬁf y‘%* :Fﬁ_#ﬁ ) 34 12 8 16 45 200 0.5 226.6 2.48
Tab.3 Levels distribution of design variables 35 2 70 16 45 300 0.5 226.7 383
S R L
itk R Code -1 0 . 36 12 8 16 45 300 0.5 225.9 3.84
Design variable 37 12 70 16 45 200 2.5 244.2 2.13
t/mm A 8 12 16 33 12 8 16 45 200 2.5 237.7 2.16
1,/ mm B 70 75 80 39 12 70 16 45 300 2.5 243.2 3.23
L,/mm c 12 16 20 40 12 80 16 45 300 2.5 236.5 3.26
a/(°) D 40 45 50 41 8 75 12 45 250 0.5 355. 1 1.98
l,/mm E 200 250 300 42 16 75 12 45 250 0.5 171.5 4. 44
h /mm F 0.5 L5 2.5 43 8 75 20 45 250 0.5 352.5 1.98
44 16 75 20 45 250 0.5 171 4.44
2.3 MR ERAE AT 45 8 75 12 45 250 2.5 401 1.55
e 2 N O T o S S
7 75 5 : 1.1 1.55
~ . g s s
R R TP SO IR, 3 o o e o B0Ra W
FHGE 5 % i S (%) o) o7 TEASE Y | (| ] 05 7 b A 4% 49 12 75 16 45 250 1.5 232.4 2.93
T4 25 M DL AU A BRI TR G . 3 5 FNEk 6 i 0 1275 1645 250 1.5 232.4 2.93
51 12 75 16 45 250 1.5 232.4 2.93
Q:k = -H‘):FIJ 0 ) J A4 2
27 N 7 R o e W) N7 T AR TR X N B O 25 43 B A R o 12 75 16 45 250 1.5 21 4 5 03
i, 53 12 75 16 45 250 1.5 232.4 2.93
s4 12 75 16 45 250 L5 232.4 2.93
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Tab.5 Analysis of variance table for stress S response surface model
J5 2R I ¥y 2% FiE PE
Source Sum of squares Mean square F value P value
FE Model 293 900 10 886. 05 205.5 <0.000 1
A 262 500 262 500 4955.8 <0.000 1
B 245.76 245.76 4. 64 0.040 7
D 691. 23 691. 23 13.05 0.001 3
F 1 640. 11 1 640. 11 30.96 <0.000 1
AD 711. 56 711. 56 13.43 0.001 1
AF 595.13 595.13 11.23 0.002 5
A? 16 615. 24 16 615. 24 313. 65 0.000 1
D? 1 256. 86 1 256. 86 23.73 0.000 1
52 Residual 1377.3 52.97
SN Cor total 295 300
i B R B 219 I g 7 T R K
Stress response surface function in terms of coded factors
HIRAIL R-squared 0.9953 S =232.4 - 104.59 A - 3.2B - 0.22C + 5.37D - 0. 15E + 8.27F +
EIEREL Adj R-squared 0.990 5 2.84B + 1.53AC + 6.67AD + 1. 81AE — 8. 63AF - 2.44BC +
AR 2L Pred R-squared 0.975 6 1.15BD - 1. 18BE — 1.41BF - 1.79CD + 2.34CE - 1.61CF +
{SWE L Adeq precision 44.753 0.61DE - 3. 16DF - 0.062 EF + 40. 1942 - 0.17B% + 1.97C* +

11.05D% + 0. 87E> + 0. 47F?
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Tab.6 Analysis of variance table for mass M response surface model

JTZERIR Source Sumq:‘)fjisjﬂares Meaflqu%are V:LEIF V;f P
7 Model 46.35 1.72 1. 006x10° <0. 000 1

A 35.33 35.33 2.07x10° <0. 000 1

B 2.204x1073 2.204x1073 129. 15 <0.000 1

E 9.14 9.14 5.355%10° <0.000 1

F 1.28 1.28 75 198.59 <0. 000 1

AE 0.53 0.53 31 079. 89 <0. 000 1

AF 2.45x1073 2.45%x1073 143.55 <0.000 1

BF 3.125%x107 3.125%x107* 18.31 0.000 2

EF 0.033 0.033 1 904. 96 <0.000 1

A? 0. 024 0. 024 1383.7 <0.000 1

B? 1. 143x107* 1.143x107* 6.7 0.0156

5%7% Residual 4.437x107* 1.707x107°
JBUHT Cor total 46. 36
Y PR T 3K 109 Jo 2 10 7 1T PRI 4
Mass response surface function in terms of coded factors
IR B R-squared I M=2.93+1.214+9.58 x 107B + 0. 62E — 0.23F +
EIEZREL Adj R-squared 1 0.26AE - 0.018 AF + 6.25 x 10™*BE + 6.25 x 1073BF -
TR 5 2250 Pred R-squared 0.999 99 0.064 EF + 0.048 A2 = 3.333 x 1073B> - 8.333 x 1074¢C? +
5B X Adeq precision 1 230. 595 4.167 x 107*D? - 8.333 x 107*E? + 4.167 x 107*F?
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Fig.3 Stress scatter diagram
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Fig.4 Mass scatter diagram
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Fig.6  The interaction of boss thickness ¢ and

boss step height h on stress response

The interaction of boss thickness ¢ and angle a on stress response
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Tab.7 The settings of optimize parameter
3, Hsx THR LR HE HEE
Variable Goal Lower limit Upper limit Weight Importance
t TEYE I In range -1 1 1 3
ly TEJLEN In range -1 1 1 3
Iy TEJEEHEA In range -1 1 1 3
a TEVE FEI N In range -1 1 1 3
[, TEYE I In range -1 1 1 3
h TEFE I In range -1 1 1 3
IV 77 Stress S/MPa /M Minimize 167. 4 402.9 1 3
S B Mass M/kg fz/IME Minimize 1.4 5.07 5 4

DAL A 2 4 TE 8 L) R Wi W (E AR 8 BT
HT R AT B 2 Al Xk LAY R g O 308. 2 MPa, TR
1.65 kg, NIUEAUALET R A HERG I R U TL S B 254
ZHCF A Abaqus BAFEESLBERCHSRARL IF 20 A R
JUIP AT AR AT B L g AR 23 5 O 308 MPa, iR N

1. 65 kg, 5 R 1 46 50 0 A 48 SR W A 45 e, 1 P
Bl 14 iR, 2 8 [[EF T 946 7 5 04549 2 50m
N3 B R K EAT BR T AT S SR T AL IS S5
NS R RE19. 5% , T AN 0. 14 kg, 29 9. 3% , A
R ARALSR A

®8 MAAIEEEFNE

Tab.8 Before and after optimization design variables and responses

W% ML) Jrigs
L,/ I3/ ° 1,/
Design scheme t/mm 2/ s /(%) v e/ mm Stress S/MPa Mass M/kg
k5 Optimized 9.78 80 20 45.15 200 2.5 308.2 1.65
WILH )5 2 Initial design 8 75 16 40.5 200 0.8 382.6 1.51
S, Mises

14 AR S5 =

Fig.14  The structural stress nephogram of optimized design
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(b) Shearing pin

E15  BETD I
Fig.15 The pins shear test
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