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High-resolution topology optimization of instrument panel beams under sheet metal
manufacturing constraints

ME AR D, @R, R E2, W0 iER D, ME EEY, a0
Yuji Wada, Takashi Kashiyama, Kei Nagasaka, Koji Nishiguchi, Shigenobu Okazawa, and Makoto
Tsubokura

DR L3RS ACRPEZEBANIIFERT (T 226-8503 i1 IR Mk X RHHE] 4259-R2-26, E-mail:ywada@sonic.pi.titech.ac.jp)
D2 R FBRA R (T 432-8611 ERRE I IEAR T H X R 300)
I BRY: REBE T AR TR TFEHI (T 464-8603 B HR1E A i B i TR X AEMT)
DILBLIRE TR M T 225 (T 400-8511 [IBLRHFFHTER A 4-3-11)
IPHFE K & 2T WG ZERL (T 657-8501 FeE IR A0 A ik X /S AN 1-1)
OIS FHERZEGEE ¥ X — (T 650-0047 St i AR T Ao (X it B Fa T 7-1-26)

The instrument panel beam at the front of the vehicle body is often made of hollow tubes, but recently,
one-piece molding has been considered to reduce the number of parts. Stiffness maximization for multiple
load cases with/without plate filter application is performed on an instrument panel beam member using
a BCM-based voxel topology optimization framework. One hundred million degrees of freedom finite el-
ement analysis was performed in the Fugaku supercomputer environment. The stiffness performance and
manufacturing feasibility of the optimal shape is compared with the existing parts. As a result, users can
select the degree of thin plate formation by adjusting the radius of influence of the thin plate filter.
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Fig.1 Existing instrumental panel beam model and boundary

conditions for the optimization.
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Tablel Load case and direction for the load inputs.

Loadcase Load A LoadB LoadC
#1  (0,0,1) (0,0,0) (0,0,0)
#2 (0,000 (0,0,1) (0,0,0)
#3  (0,0,00 (0,0,0)0 (0,0,1)
#4  (1,0,0)0 (0,0,0) (0,0,0)
#5  (0,1,0)0  (0,0,0) (0,0,0)
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Fig.2 Procedure of topology optimization using CUBE
framework.
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Fig.3 Concept of plate manufacturing condition using stress
tensor o for filtering tensor c.
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[l Design area
[ Non-design area
[l Selection area for boundary conditions (not modeled)

Fig.4 (a) Design, non-design, and boundary condition selec-
tion area in the optimization model, and (b) STL mesh
near load input A.
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Table2 Compliance result normalized by the compliance of

existing model after optimization without plate filter.
#1 #2 #3 #4 #5

final 1% 1.66 148 1.66 1.31 0.88
final2% 090 0.60 0.69 0.75 0.55
final 5% 0.59 025 035 0.50 042
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Fig.5 CG solver time for each load case when the initial uni-
form density is set to 0.01-1.00 for design model. The

time for the existing base model is also displayed.
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Fig.6 (a) Solver time history for the optimization iteration
when the volume fraction is constantly 5% and de-
creased to 5%. (b) Volume fraction history during the
optimization.
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Fig.7 The compliance 6 history for each load case when the
volume fraction is constantly 5% and decreased to 5%.
The value is normalized by the compliance of existing
base model.
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(a) 5%, #1 only

(c) 5%, #1-#5

Fig.8 Optimal shape subjected to (a) #1, (b)#1 and #2, and (c)
all five load cases when the volume fraction is 5% and
the explicit filter is applied.

Table3 Compliance result normalized by the compliance af-
ter optimization with/without plate filter.
#1 #2 #3 #4 #5
explicit 0.59 025 035 050 042
plate50mm 0.62 030 0.39 0.53 045
platel0O0Omm 0.61 0.29 0.38 0.53 0.44
plate250mm 0.68 0.39 049 0.60 0.49
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(d) 1%, #1-#5

(€) 2%, #1-#5

(f) exsting model

Fig.9 Optimal shape subjected to five load cases when the vol-
ume fraction is (d) 1% and (e) 2% where the explicit fil-
ter is applied. (f) is existing beam model with the same
view angle.
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Fig.10 Optimal shape subjected to five load cases with 5%
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the effective radius r;, of (g) 50 mm, (h) 100 mm, and
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