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High-resolution topology optimization of instrument panel beams considering
eigenvalue maximization
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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, (a) boundary
conditions for the optimization, and typical (b) first and
(c) second eigenmode.
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Tablel Load case and direction for the load inputs.

Loadcase Load A Load B LoadC
#1 0,0,1) (0,0,0)0 (0,0,0)
#2  (0,0,00 (0,0,1) (0,0,0)
#3  (0,0,00 (0,0,00 (0,0,1)
#  (1,0,00  (0,0,0)0 (0,0,0)
#5  (0,1,0)0  (0,0,0) (0,0,0)
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(B) BCM grid file

Fig.2 Procedure of topology optimization using CUBE
framework.

2 mEtZL—LT7—2

Fig2 IR 7N bRuad—RH#EbL7L -0V —2%
R PRe Y —RilEbid— Y — 23 L 72 (A) IR
77402 BBCM ZV v F7 741, BXU(C) &
WLRRE 7 7 A VCEWES 2. IR 7 7 4 )VIEHRD &%
L IVICHIEAE G 2 BOE T A B L I e 7S
LAHF TR BT TRT L, FEED SIMP % 4
WX BEEICRTERER/Rr— ) P XN EET
Hle WA 2R AT 5. BEICBI L CTld CG kY
AN, [EEERTIZ LOBPCG %V LNz &k D BIREE
fRtr e B, BEZEH L& —AOMELHEE S
5. EIRER R ER L2 0ESEE, Foy h—R—RH
ROWHND7=HI1Z 1.5 7'V v R PEFEE D245 %
HL T, MMAU\C & 28 EHE % T, IHRHE
DRICEGHEGIRH & 5.

TR DO BT R 7 4 VR D—FETH D, B
RO T Y YV EBR L CREEMNET > Y LR R
ET 3. ERAAMD S Bigd S OMHED /N X
W DOTEIRDIERR L 722 & 5 ICZBMPEERER L, &
A TNIE AR (rin) Z2/NE K L TR D 2%
REL, ZRLIDSTHENCIZZERI Y (1) K E
%2 T—RHRHOEREMET 5. HRE, 740
XYV THOT YV e 2P OREL, BE fO
ANTHLUT, 74020 THOKE f2RDZT
FEDANIL LTI HRER R 2R 7 4 L2 U4 24
PREZMNTT 252 & THEMT 5.

Vo (-eVi)+ 7 =7 )

(3) BRI CIBREM

Fig. 3(a) ICRE(L A ROKGHHERE LT L ER
T, MoOKEESD b FEu Y —EEbo R HERTH
D, Fig. | DFFEIN LB BWTHEE % &
5 EDWCHE L. ROFEIMIDIERGFHEETH D,
SIMP IRIZBWTIXHFICEE 1 o LTitREIh
%. KOFREO MR SRS % 5 % 8 R
BERLTBD ZOEFMIEZRIZE D Y ToHRR.
FTTRMBEENPHREZINTVWAHAIIBWT, 20
BEIRERAN D SR /2 I EOREN R XN 5.
FEHOBIREF MR LT, HERTFZ 2L DOMREG
£ 1 mm, 1 CUBE=16° £ /L THE L7458, CUBE
X 17281, 2EEUX 7078 1, ARG D B HEE1.09
Be kot mEbIZZEE 361 / —F, 1441 ot

- B-08-02 -



© —MHFEABAGEIZS

B-08-02

[l Design area
[ Non-design area

[l Selection area for boundary conditions (not modeled)

Fig.3 (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 Optimization cases (A)—(G) in this study.

case ID FEigenmodes Static#1 Statich2—4  Plate filter
(A) v
B) v v
© v
(D) v v v
E) v v
F v v v v
G) v v v

Table3 Optimization result summary.

Modes [Hz] Compliance [n]]
1D f 12 0, 0, 03 0Oy 0Os

initial | 111 137 | 1447 3139 9752 511 270

(A) | 224 245
B) |202 238| 86

© 82

(D) 216 233 89 63 256 26 30
(E) 89 46 204 27 30
(F) 238 274 | 123 62 234 35 35
(€)) 92 56 229 29 31

deformed shape

(a) first eigenmode

(b) second eigenmode

Fig.4 First and second eigenmode with the base material is
assigned to the design area.

BN 2 E L TOWRWERETH 5.

1 12RE—FDHDERAKIL

Fig.4 \ZRHIRBRBIC B 2 it RO 1 K2 KRE— K
EikERT. RFOBHRTRENS D DITHIRT
HH, HCOREND bOPETEFIC L 2 EHE— K
TH5. ZLDIIZhsDEHHERKIEDAEFEEL
L7zt DRI OWTHETT 5.

Fig.5 12 () EAERAILD ADE#ELTHE S - i

- B-08-02 -



© —MHFEABAGEIZS

B-08-02

(A-3) top view
(A-2) side view

Fig.5 Optimal shape for optimization (A) where the objective
is the eigenmodes maximization.
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Fig.6 Eigenfrequency history for optimization (A).
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(B) Eigenvalue + static #1

(C) Static #1 only

Fig.7 Optimal shape for optimization (B) and (C) where the
static load case #1 is considered.
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Q0

(E) front view

Fig.8 Optimal shape for optimization (D) and (E) where all
the static load cases are considered.

BIOMMEEIFHES

(F-1) overall view

(F-3) z-section

(G) front view

Fig.10 Optimal shape when the plate manufacturing condi-
tion filtering is performed.
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Fig.9 Eigenfrequency history for optimization (D).
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Fig.11 Eigenfrequency history for optimization (F).
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