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Multidisciplinary Optimization of Automotive Door

Song, Se I, Park, Gyung Jin

Key Words: Multidisciplinary Optimization(THE-0Fg3H3 24 A]), Automotive Door(% &3 £07),
Stiffness(%43), Natural Frequency(Z+% %), Side Impact(Z & I )

Abstract

The automotive door has a large finite element model in analysis and many design requirements
such as stiffness, natural frequency, side intrusion, etc. Thus, various related governing equations
should be solved for systematic analysis and design. Because each governing equation has different
characteristics, it is almost impossible to solve them simultaneously. Instead, they are separately
handled and the analysis results are incorporated into the design separately. Currently, the design is
usually conducted by trials and errors with engineering intuition in design practice. In this research,
MDO methods are proposed to solve the problems that share design variables in disciplines. The idea
is from the Gauss-Seidel type method for multi-discipline analysis. The developed methods show stable
convergence and the weight of the door is reduced by fifteen percent.
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Table 1 Names of door components

Z
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design variables

guide rail bracket
reinforcement frame front
reinforcement outer
guide rail

inner panel center
window frame 3t
window frame 1t
window frame rear 1t

9 window frame rear 2t

10 reinforcement latch striker
11 | patch

i2 reinforcement frame rear
13 | inner panel upper

14 | inner panel hinge

15 window frame 2t

16 attach hinge

17 | impact beam

18 | impact beam bracket

19 | outer panel
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Fig. 3 Result of the side impact analysis
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Table 2 Comparison of results of the new method
and single optimization

Objective
Design |1st cycle | 2nd cycle | 3rd cycle
variable

Analysis
domain

single
optimization

F 1076.365 | 33.19225 | 30.68498 | 3067755
1st SSO X1 2024429 | 2051335 | 2.051335 2.05725

X2 -1.170237 | -0.7990432 | -0.7990432 | -0.7989081
F 37.12064 | 3068498 -
2nd SSO X3 1111037 | 1.603231 - 1.633091

X4 1.277437 | 0.8755258 - 0.8602493
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Table 3 History of design variables in static
analysis domain for fixed point iteration
method

initfist 2nd 3rd 4th 5th

design variables al cycle | cycle cycle cycle cycle

guide rail bracket 1.2 [0.42672 {0.40403 |0.38557 |0.38471 |0.38471

reinforcement frame 1) 5 10.53897 054863 |0.54792 [0.54706 [0.54706

2l

o

Table 4 History of objective in static analysis
domain for fixed point iteration method

Ist 2nd 3rd 4th Sth
cycle cycle | cycle | cycle | cycle

weight (kg)| 17.01 | 14.760 | 14.519 | 14.447 | 14.479{14.478

objective | initial

Table 5 History of design variables in dynamic
analysis domain for fixed point iteration

reinforcement outer (0.7 {0.30001 (0.30005 |0.30000 {0.30000 {0.30000 method
guide rail 0.8 |0.30000 {0.30009 {0.30027 {0.30027 {0.30027
inner panel center  |0.7 |0.55325 [0.55774 [0.55806 |0.55730 |0.55730 design variables initial | 1 cycle | 2 cycle 3 cyclel4 cycle
window frame 3t 3.0 {4.0000 |4.0000 [4.0000 [4.0000 |4.0000 impact beam 2.4 28 27488 | 2.8 2.8
window frame 1t 1.0 }0.32581 {0.3000 |0.30012 {0.30012 [0.30012 B
window frame rear {mpact beam 20 | 17 {r700017) 17 | 17
1t 1.0 |2.6103 3.0952 (3.9325 |4.0000 |4.0000

outer panel 0.7 0.6047278| 0.6000 0.6 0.6

;_”l‘“d°‘” frame rear 15 6 130265 [2.8319 |2.6597 |2.6175 [2.6175

reinforcement lateh 1y 5 103000 |0.3000 [0.30004 |0.30004 [0.30004

patch 1.0 10.30001 [0.30001 |0.30001 |0.30001 |0.30001

reinforcement frame ;5 122195 21020 [2.0010 |20772 (20772

inner panel upper 0.7 {1.6289 |1.6485 |1.6556 [1.6521 [1.6521
inner panel hinge 0.7 {1.1310 |1.1913 {1.1516 {1.1638 |1.1638
window frame 2t 2.0 {1.7014 |1.7373 |1.7528 |{1.7515 |1.7515
attach hinge 1.2 |3.7063 |3.6492 [3.7590 [3.7398 [3.7398
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Table 6 History of objective in dynamic analysis
domain for fixed point iteration method

objective initial { 1 cycle | 2 cycle | 3 cycle | 4 cycle
weight (kg) 17.01 | 14.888 | 14.468 | 14.498 | 14.488
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Table 7 History of design variables for converting
method from dual analysis domains to
unified analysis domain

design variables initial | 3 iter. [ 9 iter. |15 iter. | 20 iter.
guide rail bracket 0.42672 10.45531 {0.44969 |0.45172 0.46047
impact beam 2.4 2.7538 |2.7317 [2.7348 {2.7317
reinforcement frame front {0.53897 [0.71516 |0.68190 |0.63057 |0.67033
reinforcement outer 0.3 0.30232 |0.47567 |0.47525 |0.49060
guide rail 03 0.30023 (0.30023 |0.30008 |0.30008
inner panel center 0.55325 [0.57600 {0.58485 |0.58520 |0.58484
impact beam bracket 2.0 1.7006 [1.7008 [1.7007 |1.7000
window frame 3t 4.0 3.9992 14.0000 |4.0000 |4.00000
window frame 1t 0.32581 {0.30000 |0.30000 |0.30000 |0.30000

window frame rear It 2.6103  [3.7489 [3.9962 [3.9990 [3.9969
window frame rear 2t 3.0265 22093 [2.1872 [2.1228 |2.0633

reinforcement latch striker |0.3 0.3 0.3 0.30009 |0.30000
patch 0.30001 [0.30001 {0.30002 (0.30002 |0.30003
reinforcement frame rear [2.2195 (1.5644 [1.5985 |1.5606 11.5389
inner panel upper 1.6280 119641 [1.8669 [1.8881 |{1.8953
inner panel hinge 1.1310 |1.2526 |1.1628 [1.1735 |1.2203
outer panel 0.7 0.6 0.6 0.6 0.6

window frame 2t 1.7014 [1.5006 [1.5270 {1.5304 [1.4939
attach hinge 3.7063 [4.0000 [3.9455 [3.9266 [3.9420

Table 8 History of objective for converting
method from dual analysis domains to
unified analysis domain

Iteration initial 3 iter. 9 iter. | 15 iter. | 20 iter.
Objective | 3.7063 | 14.56868 {14.58914| 14.58652 | 14.61665
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Table 9 History of design variables in static

analysis domain for  approximated
constraint method in dual analysis
domains
aeggn variables initial [1st cycle |2nd cyéle 3rd cycle
guide rail bracket 1.2 10.46796 10.46796 ]0.46796
reinforcement frame 1, o 1o 56g37  |0.56837  [0.56837
front
reinforcement outer 0.3 ]0.39975 [0.39975 |0.39975
guide rail 0.8 [0.30005 {0.30005 |0.30005
inner panel center 0.7 10.61074 [0.61074 |0.61074
window frame 3t 4.0 [4.00000 [4.00000 14.00000
window frame 1t 1.0 ]0.30000 [0.30000 {0.30000

window frame rear 1t (1.0 |3.99980 [3.99980 |3.99980
window frame rear 2t {2.0 [1.93150 |1.93150 |[1.93150

reinforcement latch 1, 5 1530000 [0.30000  |0.30000

striker

patch 1.0 10.30000 |0.30000 {0.30000
:Z::fmeme“‘ frame\, 5 1133800 [1.33800 |1.33800
inner panel upper 0.7 [1.63950 |1.63950 [1.63950
inner panel hinge 0.7 ]1.05980 ]1.05980 [1.05980
window frm 2t 2.0 {1.67900 |1.67900 }1.67900
attach hinge 1.2 3.38090 |3.38990 |3.38990

Table 10 History of objective in static analysis
domain for approximated constraint

method in dual analysis domains
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Objective 7 iniﬁa] 1st cycle | 2nd cycle y3rd cycle
Weight(kg) 17.01 14.856 14.751 14.543

Table 11 History of design variables in dynamic

analysis domain for  approximated
constraint method in dual analysis
domains
T)esign Variable |initial |lst cyciéﬁ 2nd cycle |3rd C.).(E],e
Impact beam 2.4 2272 2.016 2.016
Impact brkt 2.0 1.904 1.712 1.712
outer panel 0.7 0.7000 0.6999 0.6999

Table 12 History of objective in dynamic analysis

domain for approximated constraint

method in dual analysis domains

Objective initial Ist cycle [2nd cycle [3rd cycle
Weight(kg) 17.01 15.218 15.008 15.008
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