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Evaluation and optimization design of finger press deformation and lighting deformation performance of
front bumper system of automobiles
QIU Zufeng', LIU Senhai', HUANG Zhichao’, HUANG Hui', YU Xianzhong', LIU Jun'
(1. Jiangling Motors Corporation Limited Company, Nanchang 330200, China;
2. School of Materials Science and Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract : To support the design of the finger pressure deformation and lighting deformation of the automotive front bumper
system, first, a finite element model of the vehicle's front bumper system was built and the first two modals of the front bumper
system under constraint conditions were extracted and compared with the modal test results. The results show that the simulation rela-
tive error of the first two modal frequencies is within 5%, effectively verifying the accuracy of the finite element model of the front
bumper system. Then, based on the validated finite element model, the finger pressure deformation simulation of the front bumper
system was completed and its results show that the maximum deformation is 2.908 mm, meeting the design requirement target of
being less than 3 mm. For this weak point, the physical test results show that the maximum deformation is 2.71 mm, meeting the
design requirements (<3 mm). The relative error between the simulation and test results is 7.31%, within the error range (<15%) of
the stiffness benchmarking of the enterprise. Based on the lighting simulation of the front bumper system, the results show that after
lighting deformation, the absolute values of gap differences between the upper left and upper right corners at the upper grille of the

front bumper system are 0.795 mm and 0.659 mm respectively, failing to meet the design requirement target (<0.5 mm) of the enter-
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prise for lighting deformation. The thickness of the front bumper system was optimized and iterated using the multi-island genetic
algorithm. The maximum gap difference after optimization is 0.158 mm, meeting the design requirement target of lighting deforma-
tion. Finally, the lighting test was conducted on the optimized front bumper system. The results show that the maximum gap differ-
ence absolute value after lighting deformation is 0.2 mm, also meeting the design requirement target of lighting deformation. The
positions of the maximum gap difference in the lighting simulation and test are consistent, and the values are comparable, indicating
the consistency between the simulation and test results is high. The above results indicate that, a comprehensive process system has
been established for the multi-dimensional quantitative evaluation and validation of sensory performance, with both static tactile
sensation (finger pressure deformation) and visual appearance perception (lighting thermal deformation) of the plastic front bumper
system.

Keywords : front bumper system ; finite element model ; finger pressure simulation ; lighting simulation ; optimization

design ; lighting test
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Fig. 1 Finite element model of front bumper system
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Tab.1 Material parameters of finite element model

Name Materials Densit};/ Poiss?n‘s Elastic modu-
(geem™) ratio lus/MPa
Headlight PMMA 1.190 0.40 2 800
Front bumper PP/EPDM 1.070 0.40 2 006
Front grille ABS 1.065 0.39 2 100
Others PP+GF30 1.140 0.38 5800
Iron bumper DCO1 7.850 0.30 210 000
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(a) First order modal vibration shape
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(b) Second order modal vibration shape
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Fig. 2 Modal vibration shape results
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Fig. 3 Modal test response frequency results
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Tab.2 Modal simulation and testing results

Order Test frequen-  Simulation Relative

cy/Hz frequency/Hz error/%
First order modal 13.65 13.89 1.76
Second order modal 29.88 30.32 1.47

2 HIRRFIEETR
BT DR 2R GE 46 T fid AR T B 2 48 X AT OR R 48



150 AR

2026 4E, 45 54 4 55 2 W

AT PR 95 AT RS A 45 2H 42 A1 3 T A 3k 1) 48 R AR TE
30T, ARG AT o AR T S R AT R R G2 %
PR R AR B 0 X, FL P H AT R
1R 22 G0 ) R A 4 DRI 4 2 DX R M PR R 5 . BT
[T B s 1) 2 40 LA 32 A 3 T i 1) 288 T 1)
AT AR E M IR, A BR TR AR 52 B b T
NI A3 HIT , ARl V7S BT XU P e 7 7 AR 32 A1,
far Q B, BUmy &R At i, 45 20 an = (1) . X 2) 1= (3)
FR AT T
Vig + DV*'V’w = Q

| [ (1)
fEhVVgo Viw =0
9* 9* 1 9 1 o
=—+4+—,V,=——+—— 2
In? 6y2 g R, 9x> R, 8y2 2)
ER’
D=—"——,¢0=¢(xy), o=w(xy) 3
201 - ) ¢ =¢(xy y) (3

H s NN T PR D RS WIS s S A
B IR L E S R i s WIS 0 St
BT 5 V2 R R T 5 V2 I A S M T
%%u%%%ﬁ?ﬁﬁﬁii&é@&ﬁ%o

LT A7 2 PSR AT B T e
RS @ (xay ) 2775 1072 5 B T 4 W P 916 2
KL E).

& & &
N = ¢ @

s, Ny=—3, 8= ()]
dy ox dxdy
KN R x W IER T 5N, y 18 IE R T 5 S R i
NEYEIN T
T A Y S A AT (5) K A5

AS)

[N}

0w Fw 9
=-D— + =-D— (V?
0,=-p[T@  TO) 5O (g ¥
: Ay \ 9x? ay* Jdy

X0 i thin gy 0,y M N s .

FH FE Ao T R AL 20 (D) A5 0 71 PREL ¢ (w,y)
RS R AL w (), SRS ARA B (4) RN (5), BIAT
@ (a0, ) SRIFTEIEEN T, B o (a0 ) SRS N T
2.1 WHRARGIELH SN

BT bR M B ETOR R G A AT 4
JEASTE 3 ht o FET Al AR T 3% 8 48 5 1 DL &
BRI EE KRR R G5 T Xk A XA AR BS T
T B IX A 38 C X A LB MR 42256 X 35 D IX Ay

TRARMEAL , Wi 4a s . HARAS KR R
Pl A b A—4¢, BRI 3.

Zone D-front grille

Zone A—Top of
bumper

Zone C—License plate
(a) System partition

Zone B—Side wing

Fix 1-6 degree of freedom

e Load apply location
(b) Loading location and boundary

K4 HifR RS X SRS
Fig. 4 Front bumper system partition and loading boundary
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Tab.3 Maximum deformation control target of finger pressure for

front bumper systems

mm
Zone A Zone B Zone C Zone D
(Top of bumper)  (Side wing) (License plate) (Front grille)
<8 <20 <6 <3

Note: The load is 100 N.
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(d) D4 result
K5 SRR AT i g 2R

Fig. 5 Finger pressure each analysis point result

(a) Test setu ) (b) D4 test result
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Fig. 6 Finger pressure stiffness verification test
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Tab. 4 Finger pressure simulation and testing results for front

bumper systems

Maximum deformation/mm

Load/N  Zone Location - - Target
Simulation Test

A Al 1.639 NA <8 mm

B Bl 2.260 NA <20 mm
D1 2.203 NA

100

D2 2.147 NA

D <3 mm
D3 2.308 NA
D4 2.908 2.71

Notes: NA is not tested.
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Tab.5 Temperature parameters of model materials

Name Materials 23 °C Elastic modulus/MPa 88 °C Elastic modulus/MPa  Coefficient of thermal expansion/(x107° °C™")
Headlight PMMA 2 800 1400 6.0
Front bumper PP/EPDM 2 006 1003 6.4
Front grille ABS 2 100 1200 7.5
Others PP+GF30 5800 2 600 6.8
Iron bumper DCO1 210 000 210 000 1.16

® P1-20 are gap difference monitoring point
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Fig. 7 Hot deformation monitoring points
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(a) Global distribution
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(b) P1 distribution
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Fig. 8 Gap displacement results of monitoring point P1 under gravity
at 23 °C
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(b) P1 distribution
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Fig. 9 Gap displacement results of monitoring point P1 under thermal

deformation at 88 °C
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Tab. 6 Simulation results of front bumper system lighting thermal

deformation
mm
Monitoring point Stepl Step2 Dyr siepn
Pl 4.643 3.848 —-0.795
P2 4.994 5.152 0.158
P3 3.646 3.681 0.035
P4 4.309 3.650 —0.659
P5 4.697 4.776 0.079
P6 2.894 2.878 —-0.016
P7 2.935 2.940 0.005
P8 4.557 4.571 0.014
P9 5471 5.466 —0.005
P10 4.241 4.284 0.043
P11 5.605 5.589 -0.016
P12 2.589 2.573 —-0.016
P13 3.755 3.772 0.017
P14 5.123 5.119 —-0.004
P15 4911 4917 0.006
P16 4.778 4.796 0.018
P17 2.567 2.569 0.002
P18 2.233 2.192 —0.041
P19 2.900 2.984 0.084
P20 5.432 5.412 —-0.020

Notes: Stepl is gap displacement under gravity at 23 °C; Step2 is
gap displacement under lighting thermal deformation at 88 °C; Dy, .0

is gap difference between the values of Step2 and Stepl.
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Upper grille

(a) Position of upper grille in front bumper system
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(b) Upper grille thickness partition
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Fig. 10 Upper grille structure
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Tab.7 Optimization of edge thickness of upper grille

L Original thickness/ ~ Optimization thickness/
Description
mm mm
T, 2.0 2.3
T, 2.0 2.0~2.3
T, 2.0 2.0

B 1 RS TSR 0 P1 s B A5 45
Kl 11a 223 °CH 5 F W45 5 P1 AR Ml B A A 258
] 11b J27E 88 cCHAARTE T W45 #i P1 AL A [RIBRA7 78
Bl 28 ML I P12 P4 W i a1 B 25 45
25 B R AR AR S P P4 1Y [ B 25 246 %8 43 ) 2
0.152 mm F10.137 mm, fz KAE M P2 79 0.158 mm, 3%
/NF 0.5 mm, R TER

Contour Plot
Displacement(Mag)
Analysis system

3.460E+00
3.076E+00
2.691E+00
2.307E+00
1.922E+00
1.538E+00
1.153E+00
7.689E-01

3.845E-01

0.000E+00

(a) Result under gravity at 23 °C

Contour Plot
Displacement(Mag)
Analysis system

1.067E+01
9.482E+00
8.297E+00
7.111E+00
5.926E+00
4.741E+00
3.556E+00
2.370E+00
1.185E+00
0.000E+00

(b) Result under thermal deformation at 88 °C
K11 PGS IALALSE RITRIBRA R 45 2R
Fig. 11 Optimized gap displacement results of simulation for P1
4 BIRRGEARTHIKXLIIE
AR ZR G0 OB B A DT B B 6 b B B 4
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Tab. 8 Optimization results of lighting simulation for front bumper

system
mm
Monitoring Stepl Step2 Dg e siept
P1 3.696 3.848 0.152
P2 4.994 5.152 0.158
P3 3.646 3.681 0.035
P4 4.446 4.309 -0.137

Notes: Stepl is gap displacement under gravity at 23 °C; Step2 is

gap displacement under lighting thermal deformation at 88 °C; Dy, g1

is gap difference between the values of Step2 and Stepl.
S PR P T RO B R R A 1 5 LR N T
PERHU R BH Y R RS B A M A 2R TR A 31
BEE R 5 AR R B T AR B0 245 o e )
A1 A 2 T BT S % [A] BRORSE AR AR R A A A T
FRUER,
4.1 WRALARRILEEH

SRR AR E WA 12 R, TR
IR =, 0] DLk B AR 6 B P B IR AT
FE R T RERR I — 2 IR BB I = OB IR &
3 [ 5 NS sh B 7E N AN = G IRSER B
T, B ZETHER (1 000£50) W/m?, B 224 i Ko Rif I 3
7(800:40) W/m?, )t FR I3 5] B 10%, 4N 5] 12a fift
7 R T I R A A K U
TR 20~150 °C 5 [H] B Ry 1 F2h 0~16 mm, A A
FE:%0.01 mm,

(b) Thermocouples of test Vhicle “
12 B
Fig. 12 Environmental Test Laboratory

AP BRANT .

S — 2D R T KA T IR RS RRA
FFC AT T AY IR 2R 58 5 B W 4 v A 18] Bt o7
R

B R E TR AW E N

(a) Set up

T BT A4 ) 5 MR AR 5 L 1) SR 55 a2 5 B K
AR AE 5 AR BE , F F WEs T AR R O
N 126 s .

5 =0 MU ERED IR B sl B 5

PRSI IE B S, BTJEEHR 65 9551 (165 mm), il
48 B (122 mm), YEHUEE B A /N T 30 958 (76 mm),
RIS TT A 5 AR IE A bn e, BT RS IR E B N

(88+5) °C, IEATIAYE
SV« A A S SR AT R R SR AL (]

4.2 WK ARARBRIELRZ CAE AR

FE TR FHRRAY G A R0 5 O Rt
B A UL 9, MRAZE IR W DG BRARTE iy B K T Bt
20T PAL B RN EARMEAT A, 4aXHE N 0.2 mm,
/NTF 0.5 mm, VR AR AE . P I 4
(AT DR 2R G A AEAE G BRAR T A R LA T 1 4 A0
TR Lo o

F9 HIMRRSGNXBIRCHE
Tab.9 Test results of front bumper system lighting

mm
Monitoring D, D, D,-D,
P1 0.50 0.58 0.08
P2 0.20 0.30 0.10
P3 0.40 0.50 0.10
P4 0.70 0.50 —-0.20
P5 0.60 0.60 0.00
P6 0.50 0.50 0.00
P7 0.60 0.60 0.00
P8 0.40 0.40 0.00
P9 0.25 0.26 0.01
P10 0.40 0.40 0.00
P11 0.30 0.31 0.01
P12 0.30 0.33 0.03
P13 0.30 0.29 —-0.01
P14 0.35 0.40 0.05
P15 0.35 0.40 0.05
P16 0.32 0.30 —-0.02
P17 0.40 0.30 —-0.10
P18 0.40 0.35 —-0.05
P19 0.50 0.40 0.10
P20 0.40 0.40 0.00

Notes: D, is gap displacement before the test; D; is gap displace-

ment after the test.

P 13 S 7 ERII O [ B 4 A B A5 2R, 0 3l
20 Ab i S A TR BR 22 K o 2R s < 5 FAA:
SRS EEAR R B B R RO R
AT HTOCREG T A B E LA,
3 A1 32 8 T ELNG 2 A Iy SRR A R 45 1]
Sk (R g 22V RE S B sh RO OS2, it LA 53147
FLAE R L B A7 e —E 22 57, (EUR RS R
Fia TAEEOR
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—e— Test
—=— Simulation

0.2r

o3
0 2 4 6 8 10 12 14 16

Monitoring point
FE 13 JGHRT ERR I A 45 X L
Fig. 13 Comparison of results between lighting simulation and test
5 it

(TR R E LRI T THES5
A, AR SR 25 e WA R oo B
TR A

QMR R R GE R 48 FEAS A HA AT 4 R 3k
B, f Rk [ 28 i 2.908 mm, /N T HARE 3 mm,
T L H PR 2R G0 i s AR R R o B X T 5
R SRR A RN e KB 5 271 mm, /T3
mm, il R B EOR . B DA SRR 22 Ry
7.31%, /INTF 15% , ZEA MV A R X b i 25 Y FEL A o

Q)BT R G OE AR T Al HA A 45 R 3k
W, CRRASE I B R G H_DAS Mt 7 22 L f A
AR 25 8 NHE 374 0.795 mm F10.659 mm,
AN R AL IR AR R TR (<0.5 mm), SR Z
B 3t AR A SR B A T R A4, R4S iR K
[ PR 224 0.158 mm, iiff 2 YEIEARTE R T 2K .

(A AR BRI R Gk Aot R, 25
TR B KD GRRASIE (] BR 2267 T _EASHbAL , S2PR
ZaXHE M 0.2 mm, /N T 1 HFR(E 0.5 mm, ¥ 2
HRASTE TR 5 O AT B0 A3 B RO BR 30 5 K[
iR 25 DRI o7 B R A — B B AR >, 7 BRI B0 25
FaH—i.

18 20

Thermal deformation gap difference/mm
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