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Crash FE Analysis of Front Side Assembly for Reverse Engineering
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Abstract : Crashworthiness design is of special interest in automotive industry and in the transportation safety field to
ensure the vehicle structural integrity and more importantly the occupant safety in the event of the crash. Front side
assembly is one of the most important energy absorbing components in relating to the crashworthiness design of
vehicle. The structure and shape of the front side assemblies are different depending on automakers. Thus, it is not easy
to grab an insight on designer's intention when you glance at a new front side member without experiences. In this
paper, we have performed the explicit nonlinear dynamic finite element analysis on the front side assembly of a
passenger car to identify the mechanical roles of each part of the assembly and to enhance the absorbing energy from

the viewpoint of reverse engineering.

Key words : Crash(ZE), Front side assembly(ZEZE Ale]= Z ¥ A)), Finite element analysis(+-3F8.438]4),
Reverse engineering(< A4 7)), Shell element(4 2 4~), Integrity of occupant compartment( 22 2] 1 )
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Fig. 1 Front side assembly
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Table 1 Types of 4-noded shell elements in PAM-Crash 2G
Types Characteristics

BT - Uniform under-integration (1x1)
(Belytschko-Tsay) |- Controlled zero energy modes

- Full or selective reduced integration : 4
in-plane integration points

- No zero energy modes

BWC « Uniform under-integration (1x1)

HT
(Hughes-Tezduyar)

(Belytschko- « Controlled zero energy modes
Wong-Chiang) |- Anti-warping term’
e | o @)
(Belytschko- &

- Assumed shear and membrane fields

Wong-Chiang) | Anti-warping term

“The anti-warping term in BWC and FBWC results in better behavior
for warped elements.

16000 -
\ - Total Enargy
T 12000 | ronese
Z Energy < B
& 8000 r ur’ eewe”
2
Internal .
Y a000 f %/
0 s . .
0 5 10 15 20

Time{ms}

Fig. 2 Energy balance of Model-1 in terms of element types
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Fig. 3 Major parts in Fig. 1

Table 2 Test models

Model Constructions of model
Model-1 [J +Side inner/outer
Model-2 | (] + Side innet/outer + Front end
Model-3 | [+ Side inner/outer + Reinforce 1,2,3
] + Side innet/outer + Front end
Model-4 | Reinforce 1,2,3

where [] denotes 'Backward assembly' in Fig. 1
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16000 Table 3 Deformation history of the Model-1 and Model-2

Total energy

Time Model-1
12000 |

\
]

8000

Energy(Nm

4000

Sms
0 40 80 120 160 200

Displacement x(mm)

Fig. 4 Absorbed energies of the four models in Table 2
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Table 4 Deformation history of the Model-3 and Model-4

Table 5 Deformation and maximum equivalent stress

Time Model-3

Model y & x plane(20ms)

Sms

15ms

Time Model-4

Sms

15ms

Model-1

Model-2

Model-3

Model-4

© B¢ 27) 3449 g art vehd vk o
2 F7ksle 4%E Hole v
9, Front end7} &= -9l & S22 M7t 4
&} &, Model-42] 74 40~80mm A}o]oll A &
3}E Ho|u}, Model-22] -9 120~160mm A}o]ol] A
Z ¥sE Bk
Model-13} Model-3-8- 8] 2 &) 2.1, Inner reinforce
7V Vo2 HrH o2 A o] ot IS

Backward assemblyF-of] 2 HE o] f- =5
AblE ZHAE @52 B30 £AE ofr] A
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Table 6 Deformation and maximum equivalent stress

Force(kN)

Model z L x plane(20ms)
z
Model-1
z
Model-2
Model-3
Model-4
aximum equivalent stress over &: g’ggm
thickness [Gpa] _ 0.1475
_ 0.1962
— 0.5
— 0.2937
oz
0.3912
.: 0.44
500
model_4 model_2
400

300

200

100

model_1

model_3

40 80 120 160

Displacement x(mm)

Fig. 5 Crash force-time history of the four models
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Table 7 Variations of yield stresses of Model-4

Part Type of Model-4 oy / 0y
w 1.4
X 1.2
Front end
Y 1.0
Z 0.8
A 1.2
Inner reinforce B L0
C 0.8
D 0.6
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Fig. 6 Absorbed energies of the typical combinations of
yield stresses in Table 7

Force(N)

0 40 80 120 160 200
Displacement x{mm)

Fig. 7 Crash force-time history depending on the combinations
of yield stresses in Table 7
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Table 8 Deformation and maximum equivalent stress

Combinat-

[
ion type z " x plane(20ms)

Y-B

X-C

Maximum equivalent stress over N
thickness [Gpa] o

6,045

0,1206
0.1862
0.2713
90,3479

1) PAM-Crash 2G7} A} F38}l= 47}4) A 24 Foj
A, BT @ BWC 4 Q4Z AML3lH, HT ¥
FBWC A Q 2xof 8]3l] ¥ =7} 2HA] At

< W F U= o ZA Askdu ol
BT 2 BWC & 229} A ZH(hourglass o\ =] &
=9 EA)o g A3 WF-NH] 7} A AlakE
7] dolth W o] Al @ AEL AXHES
g3l mat o] Ao ZA AsrE o
WS 2 HEE T A2 ANEY AF A
= AA A7) gt Aty B g g
AAF17] YA = FBWC = HT A @ 2 9] A}

AlE 2YAE T RERES A8
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Table A Deformation and plastic strain(Model-1)

Table B Deformation and plastic strain(Model-2)

96 stRxISAZetsl=2E AISA H1F, 2007

Time Model-1 Time Model-2
z
2ms 2ms
Sms Sms
9ms 9ms
14ms 14ms
Maximum plastic strain over @: 0 Maximum plastic strain over %: 0
i : 125 i ; 0.128
thickness — g;s thickness o
L 0375 — 0375
L 05 — 0.5
. 0.6% Y
_ o -
0,875 0,875
| |
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Table C Deformation and plastic strain(Model-3)

Table D Deformation and plastic strain(Model-4)

Maximum plastic strain over
thickness

Time Model-3 Time Model-4
z z
Yy \
2ms 2ms
Sms Sms
9ms
14ms 14ms

Maximum plastic strain over
thickness

0
0,125
0,25
0,375
0,5
0.825
0,75
0,875
1
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