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Optimization of the Automotive Side Door Impact Beam Considering Static Requirement

SR I B I - - I - I
Seil Song, lkrae Cha, Kwonhee Lee, Gyungjin Park

Abstract

The door stiffness is one of the important factors for the side impact. Generally, the researches have been con-
ducted on the assembled door. A side impact door beam is installed in a door to protect occupants from the side im-
pact. This research is only concentrated on the side impact beam and a side impact beam is designed. The cross
section is defined to have an elliptic shape. An optimization problem is defined to find the design maximizing the
intrusion stiffness within the specified weight. Design variables are the radii and the thickness of the ellipsoid.
The analysis of the side impact is carried out by the nonlinear finite element method. The optimization problem is
solved by two methods. One is the experimental design scheme using an orthogonal array. The other is the gra-
dient-based optimization using the response surface method(RSM). Both methods have obtained the better de-
signs than the current one.
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Fig. 1 Intrusion analysis of impact beam
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Table 1 Design variables and their levels(mm)

Level
D.V.
] 2 3
a 17.0 15.5 14.0
b 14.0 12.5 11.0
t 2.6 2.4 2.2

Table 2 Li5(2'x3") orthogonal array

I Column number and design variables assigned
iXpl 23 TalsTe 718 @
0.
error a b t €rTor | error | error | error
1| 0 [170/14.0]260] 0 | 0 | 0 | 0 [3SIEH7
21 0 1701250240 0 | © 0 | 28347
300 (170/11.0(2200 0 | 0 | 0 | O |26E07
L4l o issliaoj2600 0 | 0| 0| o [2mpw
510 |155/125[240] 0 | 0 [ O | O |27E7
61 0 1551102200 0 | 0 | 0 | o |25
710 [140]140[240] 0 | 0 | O | O |250Ex7
8| 0 |140]125(2200 0 | 0 | 0 | 0 |23
Lo | 0 [140[110/260] 0 | 0 | 0 | 0 |2mEw7
10 0 1170{140]2200 0 | 0 | 0 [ 0 208847
1) 0 [17.0/125/260, 0 | 0 | 0 | 0 |307E47
121 0 [170]110]240] 0 | 0 | 0 | 0 |2
L13 0 11551400240) 0 | O | 0 | O |24
140 [155/125{2200 0 [ 0 | 0 | O |247E07
15] 0 [155]11.0]/260] 0 | 6 | 0 | © 2.87E+07’
L16 0 |14.0(140(220] 0 | 0 | 0 | O [2347
(17 140] 125260 0 | 0 | 0 | o |
{18 0 |140]11.0[240] 0 | 0 | 0 | © 2.67%
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Table 3 ANOM and ANOVA

—

Level means Sum of | Mean of
D.V.
1 2 3 square | square
error  |2.67E+07|2.69E+07 8.45E+10|8 ASE+10

12.60E+07|2.57E+07|3.41E+13|1.70E+13

b 12.65E+07 2.66E+07 |2 2.42E+1211.21E+12

12 65E+07|2.57E+0712.03E+13)1.02E+13

error2 l2.71E+07 2.62E+07|2.71E+07 |2.80E+12|1.40E+12

error3  |2.70E+07)|2.68E+07)|2.66E+07|5.76E+112.88E+11

errord |2.71E+07|2.74E+07|2.60E+076.75E+12|3.38E+12

error5 |2.78E+07|2.61E+07(2.65E+07| 1.01E+13]5.07E+12
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Table 4 Arrangement for the estimators by descending order

Estimator Factor Constraint
a b T
1 | 30677777.8 1 3 1 violated
2 | 29977777.8 1 2 1 violated
3 | 29861111.1 1 1 1 violated
4 | 28961111.1 1 3 2 satisfied
5 | 28261111.1 1 2 2
25 | 245444444 2 1 3
26 | 24377777.8 3 2 3
27 | 24261111.1 3 1 3

= 890l A T ol BESRE AL @

o 2eiu, AR Aol o w ZFelA A

g dusgons 54
J

Yk o3 Al A dxe o)
FA2E MY E #5YH £AHeE g3t
Aotk Wzt A3E Table 49 E A3 o}
AR WH e A ot 73 Adx
AL DEsE HH 2T L[abib] ={17,11,
24] (mm)olt}. o] £Z22FANA $FU T 534
A Arol o] HEEL 71EY 9Y G it gt
o2 A3ts 4%, 1.196 N/No] A& 5 ) th 9
3 EANY ARA4A & 24E AN 4%
"] W& Table 5o YeEPHAT HHFEAAE
NEY 98 =AY 4|3t 19.6%9 A Z71

=

A

_);l_ll

v A

2
4 2 o e
et 2t IN 3O

Table 5 Result and comparison of performance

Results Improvements

Section
shape | Force(N/N)| Mass(kg/kg)| Force | Mass

Circle 1.000 1.000 - -

Optimum| 1.196 0.896 19.6% | -10.4%
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