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Reference

Main Rail

Design Optimization of Vehicle Torice

Structures for Crashworthiness

Using Equivalent Mechanism
xaimpienzz | Approximations

e-mail: khamza@umich.edu

A new method for crashworthiness optimization of vehicle strictures is presented, where
an early design exploration is done By the optimization of an “equivalent” mechanism
approximating a vehicle structure. An equivalent mechanism is a network of rigid links
with lumped mass connected by prismatic and revolute joints with nonlinear springs
approximating aggregated behaviors of structural members. A number of finite element

Kazuhiro Saitou
Assaciate Professor
e-mail: kazu@umich.edu

Department of Mechanical Engineering,
University of Michigan,
Ann Arbor, MI 48109-2125

(FE) models of the thin-walled beams with typical cross sections and wall thicknesses are
analyzed fo build a surrogate model that maps a property of nonlinear spring to the
corresponding FE model. Using the surrogate model, an equivalent mechanism is opti-
mized for given design objectives by selecting the properties of the nonlinear springs
among the values that can be realized by an FE model. After the optimization, the
comp FE models sp to the optimal spring properties are “assembled”
into a FE model of an entire structurs, which is further modified for final tuning. Two

case studies of a vehicle front substructure are presented, which demonstrate the ap-
proach can help obtain a better design with far less computational resources than the
direct optimization of a FE model [DOL: 10.1115/1.1862680]

Tailor-Welded Blanks

Table 1 Parameter values of three test main rails

Test 1 Test 2 Test 3

M, [ke] 58.0 580 60.0

= T _ M, [ke] 1300 130.0 1300

o v, [m/s] 150 15.0 150

Trans.Extonsion . u:?,,:“ & [ra_d] 0451 0.451 0451

Teaaima i lesste e el b [mm] 50.0 50.0 50.0

e 15 o Gt i 10 > T2 e wstase b [mm] 50.0 50.0 80.0
: Control Reetorcement’3 7, [mm] 10 1.0 16

i Bt it % f; [mm] Lo 20 L6

s 4 [mm] 10 2.0 16

o Ovter Te20(1958 u::n-wnmmu-nk). i [IIIIEI] 10 20 16
T ts [mm] 10 20 16
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Design optimization of vehicle structures for crashworthiness using equivalent mechanism approximation (2005), K Hamza
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Modeling

* |nitial design
» T1=T2=T3=T4=T5=1mm

= 9 =30
= h=h=50mm
= Mild steel

Young’s modulus: 207GPa
Poisson’s ratio: 0.3
Density: 7800kg/m3

Yield stress: 240MPa
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> NUMEER OF THREADS
> WALL CLOCK TIME
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1 3 t4 ] t7
1
2| 0704537 | 1195280 | 1147320 | 0.969248 | 0.843188
3] 0707805 | 0.749308 | 1187400 | 1.252270 | 1.035040
4] 0708258 | 1.130810 | 1.079030 | 0.9855562 | 1.051800
5] 0713087 | 0824967 | 1.246590 | 1.257620 | 0.745233
6] 0716943 | 0.7630858 | 0.900854 | 1.003010 | 1.2742580
7| 0718926 | 1106220 | 1.2237180 | 1.003750 | 0.752261
9] 0720928 | 0.949965 | 0.916890 | 0940933 | 0.906941
9] 0724771 | 1173930 | 0.834775 | 0.878832 | 1.0173490
10 0727240 | 1221600 | 1192700 | 1.034070 | 0.908293
11) 0728784 | 0819489 | 1177810 | 0.787233 | 0.800866
12 0733830 | 1.095370 | 0.899887 | 0.868830 | 1.231620
13 0736990 | 0.997070 | 0708767 | 1.130980 | 1.077750
14| 0739577 | 1.287940 | 0.862829 | 1.044710 | 1.2074930
15| 0741386 | 0.911848 | 1.271150 | 0.981867 | D.727670
16| 0745278 | 1133170 | 0766351 | 0.923524 | 0.851743
17 0746520 | 0.910056 [ 1.218010 | 0761758 | 0.953393
10 1180070 1 982790 1 AAIENRN 1 23800
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Optimization

_ (NDV+1)(NDV+2) _ (5+1)(5+2) _

» I3} (saturated number)2| 5= nSAT = . . 21

(NDV=EH H=29| )

O] el ZutE HEE 4Y0|EE B2 deEe Zugie= N2 E S Mgt
n =10 -nSAT = 210 = =
E_f_gl el" _6|__C.)I;|-: iBO% each sanam 2u EErEEET -]

| CHEI g l%‘l* -] [C]OlMeH 2 03y
F =
.

= . absmax(disp) and volume o EEETEE)

EE 1 13 14 15 17 oL TR -
LHD E
LHD | 0704537 | 17195280 | 1147320 | 0.968248 | 0843198 I
LHD | 0707805 | 0749308 | 1.167400 | 1.252270 | 1.035040

7
7
3
E X_I E—” (@) 7' E—” O R 4| LD | 0709358 | 1130810 | 1079030 | 0885552 | 1.051800
| E —_— I E_ E r—— 5| LHD | 0713087 | 0824967 | 1248590 | 1257620 | 0745233
= L (@) = = o ;
7
5

LHD 0.716943 | 0763088 | 0.800854 | 1.003010 | 1.274280
LHD 0718926 | 1106220 | 1.227190 | 1.002730 | 0752261
LHD 0720828 | 08949965 | 0.916890 | 0.840838 | 0.906841

k] LHD 0.724771 | 1473930 | 0.834775 | 0.878832 | 1.017390
10 LHD 0.737249 | 1221600 | 1.183700 | 1.034070 | 0.998293

HSHHE 11| LHD | 0.726784 | 0.610480 | 1177610 | 0.787233 | 0.500%66
12| LHD | 0733830 | 1.095370 | 0.899887 | 0.968830 | 1.231820
i E I 43 ESIE ZINZ e 0l &kf = 13] LHD | 0736890 | 0897070 | 0.708767 | 1.120980 | 1.077750
= = 2 = B Tt — = 1 14) LHD | 0739577 | 1287940 | 0862828 | 1.044710 | 1.207930
1 t1 0.700000 | 1.000000 | 1.300000 |S4= X Ed T, EH 15] LHD | 0741388 | 0811848 | 1371150 | 0881867 | 0727670
= 16| LHD | 0.745278 | 1.133170 | 0.760351 | 0.923524 | 0.651743
2 |12 0700000 | 1.000000| 1.300000 |3 X S8, 73 =N 17| LHD | 0748520 | 0.610056 | 1218010 | 0761758 | 0.053303
3 |t3 0.700000 | 1.000000| 1.300000 A X Ed T4 S e o leeaTa Lt aeaTan s naenan Lt 212ea0 - - : -
= = =
4 |14 0.700000 | 1.000000 [ 1.300000 |S4 = X Ed 15 5N
a8 |14 0.700000 | 1.000000 | 1.300000 |9 X Ed 17, N




Initial

166.1242 <

Initial design

Initial

Optimum

Optimum

NODAL DISP
T2, mm

0.804 1.207

2.7eb5
1.8e5

+1.69082e+002

26.0%
+1.54745e+002

0%
+1.40408e+002

—45.43889+001

+4.00523e+001
+2.57157e+001

25.8%
~2.95747e+000

1.067

1.133 0.776

Optimum design

0.25

02 4

0.15

0.1 4

0.05 1

NODAL DISP
T2,

o
i

A
o

HI

+1.72277e+002

0%
+1.5767%+002

19.5%
+1.43081e+002

+1.13885e+002

L 47.00916e+001

~44.08958e-+001

2,62979e+001
1.17000e+001

-2.89787+000




Conclusion
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