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Optimization of vehicle protection components based on reliability

WU Kai, WANG Xianhui, ZHOU Yunbo, BI Zheng, LI Mingxing
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: In order to improve the bottom protection capability of military vehicles, a reliable optimization method was
proposed for the design of vehicle protection components. In the traditional optimization process, if the uncertainty of design
variables is not considered, the performance of design objectives will fluctuate or even fail. In this paper, multi-objective
reliability optimization was introduced into the optimization of explosion protection. The surrogate model with the highest
accuracy was constructed and chosen after the design variables were selected through experimental design and sensitivity
analysis. The reliability optimization of the protection components was achieved by the multi-objective genetic algorithm.
Eventually, through experiment and simulation verification, the optimized protective components met the requirements of
protection and lightweight, and the reliability was improved, which can provide reference for the subsequent design and
production of protective components.
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Fig. 2 Reliability optimization flowchart
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Fig. 3 Platform explosion experiment
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Fig. 4 Finite element model of platform
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Fig. 5 Comparison of substrate deformations
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Fig. 6 Maximum displacement of substrate
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Fig. 8 Beam combination types
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Table 2 Initial values and probability distributions of design variables

Wit AE SHE X W37 HILR1E MR B o/ BEORE
x THIAR R B 9.00 mm 0.1
X, BIRIEREE ERIM i 8.00 mm 0.1
X BRI Yy 8.00 mm 0.1
x, YNGR ERIM i 8.00 mm 0.1
xs Yoy TR RS 0.35 mm 0.1
X, PR B 1 12
X, REEEEL [2y¢xii 2 12,3
X TE G [Eyexii 6 4,5,6,7,8,9,10,11,16,17,18,19
X G [ 7 1,2,3,4,7,8,9,10,11,12,13,14,5,18,19
X1 THIARBA L =58 xii 7 1,2,3,4,7,10,11,12,13,14,15
X B RR B 8 1,2,3,4,5,6,7,8,9,10,11,17,18,19,20

®3 MEBY

Table 3 Material parameters

P L HEE/(kgm”)  FMEE/MPa TARALL JEMRGRE/MPa PIZfS/MPa TR A%

1 NP-500 7800 210 000 0.29 1382 33063 12

2 NP-550 7800 210 000 0.29 1540 4391.633 9.5
3 Q1100 7 800 210 000 0.29 1145 1951 13

4 Q890 7800 210 000 0.29 955 223 17.5
5 Q690 7 800 210 000 0.29 718 294.778 19

6 700E 7800 210 000 0.29 700 1683 14

7 960E 7 800 210 000 0.29 960 1991 10

8 TAS52 2600 68 000 0.34 345 1001 7

9 7B52 2 600 68 000 0.34 470 1111 7

10 Ti-6Al-4V 4 460 113 800 0.30 1100 300 11

11 Tii-6Cr-5Mo-5V-4Al 4430 113 800 0.30 1250 2564 5

12 685 1446 333 0.038 8 0.328 0.13 1.29
13 FD53 1350 203 0.070 1 0.282 0.11 19.94
14 6252 1889 4383 0.045 06 0.394 89 0.320 94 2.520 56
15 LH 1100 322 0.101 3 0.3587 0.2 7.2
16 Q620 620 524 11.1 0.54 0.59 2.12
17 H14 188 426 0.015 0.34 0.13 0.13
18 752 440 410 0.016 6 0.493 0.076 0.10
19 762 575 226 0 0.362 0.046 0.87
20 Q235 7800 210 000 0.29 235 580 0.24

3.2 WItTERTFE

AP T B S7 Jr RAE Fo VR 5 22 B0 s RN 22 20 6, LS00 40 A 24940, T DA 42 310 B B B AR,
%ﬂTi’J’?“’#%ﬂﬁTiﬁﬁiﬁ“’H—E’Jﬁz,mo A, B R BRI R B B AL B TR S SR i,
Xt 11 AN B T2 RIS, 48 1 UORBEREAR S B0 N 120 A4, 3B/ BEAS o5 5508 W26 4.
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Table 4 Optimization of Latin hypercube samples

FEA X,/mm X,/mm X;/mm X,/mm Xs/mm Xg X, Xg Xy X0 Xy
1 9.630 3 7.2269 9.848 7 8.3697 0.4529 2 3 18 3 10 9
55 10.789 9 10.7227 8.6387 7.428 6 0.3479 2 3 19 2 3 3
56 7.8151 6.1513 6.890 8 9.647 1 0.394 1 2 3 7 9 11 20
119 8.4202 6.2857 9.9832 7.697 5 0.263 9 1 2 4 8 14 11
120 10.487 4 7.294 1 6.218 5 12.000 0 0.5958 1 3 11 1 15 17
SR E A 120 dLREA S0 T, A3 8% o4

Wi 17 , 3z FH 7 220 B (ANOVA) J5 45 81 11 448
OO 2 AT B AR 0 R TTEREE, WA 9 TR .
TEFTA BT AR, X5\ Xgu X1 X0 Xy Xg XTI
H AR SR TR S, 322 R By 3 245 44 v ] e
J2 TR R N R R R R R e A R, TR
B Y3 22 5 AR AR BB AR A G Al U, TR ke
FE 5 e it #E ok LR R Tk AR R E N

Contribution rate
IS I3
o w

o
=

%ﬂﬁﬁ\ﬁo 0 Xy X9 X X9 X5 X3 Xg X1 X7 Xy Xg
3.3 1’%, EE *Eﬂ*u’% &]‘ﬂ_:_f;zr_ Design variable

o, B RO R A T R R R R, dn o Ak ik
BHEETHEAR ST b, W E % Fig. 9 Contributions of design variables
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K ZR AR AT AR BEAREAY A] L e R0 T AR 1 s ) o H A S g Ry, 28Tz 2 T as R ik ik
THAUO ARR ] 0 AR A AL R A D 3k s FH 06 2 AR A ), AR S 1o = i oAS ] ) AR RS A, %)
Ll A3 B 25 A SRR R FRRG JBE , 6 A 5 5 P AR

Wi 7 T A5 784 (response surface method, RSM) ¥ #4) 2 42 a7 B, ‘& e A 38 1 ek pR AR, el Sr iseit s 5 H
i Z (8] B3 ARG 2R, 8 FH 3 AL 1k Sy i 22 100 2 05k R B 1Y) 22 30 Qi) o7 TV o %0 Tk AR ) 91 AR
AR, (HX & B AR LR R GRS AN

#2 1) K bR BB (radial basis function, RBF ) f& — R L[5 22 1 i 153 0 28 90 2%, Helichan A M 5 1 BT )2
A JZ, i AAE T 2 e 3 RS BB 2, AR i B B — AN Br i AS ] . RBF @ HA
YRR BEPR LG G54 B SR . I B D, G 2 A8 i | MR %

o LA MR (Kriging, KRG) J&—Ff 37 76 78 57 bR ACHLS LAl L 04 2 2800k 3 U AR, i — P23 1] )
PR o B O R SR B, XA TR AR AR AT 3h A5 i BE R RN 2 , X BT BB R AR AR A i
A, B s MR G tE, X TR B I R SR B LA B

AR B TR 2 PP R A5 AR R ARG B R FAR X 3 AR IR 22 E, 4L, AT 143500 0

>G5
2 k=1

R=S— )
D=3
k=1
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Table S Accuracy comparisons of different surrogate models

" R B R Lo
FRHAE Y
So(x) Jdx)
RSM 095816  0.073 56 0.756 99 0.186 21
RBF 0.998 27 0.015 08 0.978 26 0.088 46
KRG 0.99926  0.007 45 0.983 48 0.036 04

AR 77 356 i A LA B TR A R A, 22 FARAA E P AL A 22 s TSR LA 23501 A -

F()=<100
6<x1<12
4<X2<12
minf(x) = (fp(x), fu(x)) s.t. 4 0.1<<x5;<<0.6 (6)
xo=1{1,2,3,4,7,8,9,10,11,12,13,14,15, 18,19}
x10=1{1,2,3,4,7,10,11,12,13,14,15}
j: ]’2’... .m
P(fp(x)<100)=R,
6<X1<12
4<XZ<12
minf(x) = (fp(x), fu(x)) st 0.1<x,<0.6 7
X, =1{1,2,3,4,7,8,9,10,11,12,13,14,15,18, 19}
x0=1{1,2,3,4,7,10,11,12,13,14,15}
j= 1’2’... .m
BT KRG UHLEEAY, 32 H] NSGA-1T (k% 350
S S VSN \ + Reliabl timizati
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0.9, FTA% 45 AN FEl 10 BT . HEAR IR A0 M5 I o 20} fral
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T 5 P 0 A T AT, 6 A ) S A Y e A .
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T EEIALRY .

Xt H b 0 BUE HEAT AU 5, e 10
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10 Pareto RIEXT L

Fig. 10 Pareto front comparison
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SEHG T B SRR SR AR ], S5 B 47 2H AR AR AR A 11 Fra . R UL, DA B B B LA T A
FRAE bt R OR R B R, ELEE AR RSBV AR Y B W] S R AR, B 4P PR REAS B AR T

W I AT S RS SR AEA TS L, FUARSE R LR 8 W il BEHUAS BN O AL 5 (4 By 37 20 4 R M e A9
I A fp(x) 77 97.9 mm, ARHA AL 799.22 mm, FHXT 1R 25y 1.3%, MRIBRIAERG BB . SE 005 A
Sox) 29 96.0 mm, SREIIEE RANZE 1.9%, B4 Rl i B 47 20K, APFRIRBUR £,(0) b 320 kg, HERIER{E
T 25.6%. 1E4&E B AL0E B PR RE B Rl I, oS B T PR e Ak, HLATVRBA w58

Ro6 HEMMUERLL x71 BRRITSHE

Table 6 Comparison of simulation Table 7 Optimal design parameters
optimization results Tk JELFE mm Bl
Rfbss®  ATRIENe  RAEZER ATRIE% p— T 960E

R ASED — .

S 99.26 mm 67.3 99.22 mm 99.7 B 8.0 700E
Sux) 290.8 kg - 315.4kg - YR 8.0 700E
LS4} OV 0.6 7AS52

®8 LI SRMLERILE

Table 8 Comparison of experimentand simulation results

EEREES ) 275 fo(x)/mm Julx)/kg
X B 185.9 430
WIHS
S 190.0 430
— (LD, 97.9 320
11 AR AR A T 923 - Sk 96.0 320

Fig. 11 Experiment result of substrate deformation
after optimization
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(1) ph B 3 LA P A 728 i X R P 8 A R o i 7 1) SR A0 70 Ar, DA TSI SR 2 o g 2
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(2) HeH =AM A BB A3 5 RS B2, e 9 KRG AR B0 A S v ) 22 /4% T Al 4R P T () L H AT B
25 FR N I (B

(3) AP EEPEALAARRS T 8 EVEDL AL, PriS 2 A AR 4 SR Ry, (H al 52 0wy, BE ML nh i B 9P 8031
AR R L R
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