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Joint Stiffness Estimation Method of Automobile Body Structures using Feedforward Neural network

—Applying to circular section structure that consists of thin thickness—
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OSuguru Tadokoro!, Hayato Hatakeyama', Seijirou Shima®, Akifumi Okabe’, Noboru Tomioka3

In the beginning designing stage of an automobile body structure, it is demanded to design the body structure in consideration to a
joint stiffness. However, the joint stiffness can not be obtained easily. If a tool to quickly and accurately obtain the joint stiffness is
developed, it is useful in the body design. The method of the estimation of the joint stiffness is to input the varied design parameters to
the feedforward neural network, and this method was applied to L-shape joint structures and T-shape joint structures that consist of thin

thickness.
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Fig. 1 L-shape joint structure
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Fig. 2 T-shape joint structure
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where, M; =[m;, My My ]T’ O=[ 6 &y 0IL-|T ,
[Kj] : 3x3 square sub —matrix (i,j = 1~ 3),
ki : each element of matrix [K] (i,j =1 ~ 6)
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Table 1 Range of design parameters (L-shape joint structure)

Design parameters Range Step
Diameter of a section: d [mm] 30~90 10
Angle: 6 [deg.] gg:?gs 7.5
Thickness: t [mm] 0.6~1.4 0.2
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Table 2 leaning data (L-shape joint structure)

d [mm] O [deg] t [mm]
Minimum 30 45 0.6
Middle 60 67.5 1.0
Maximum 90 90 14
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Fig . 3 Error distribution (L-shape,0=45°~90°)
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Fig . 4 Error distribution (L-shape,0=90°~135°)

3 £V, B2 1%A CHEE SR 7- 7 — & DS A4(980
YD 5 B 26.4%(259 ), 1%LL b 2%A 1T 24.2%(237 1#)
2%LL | 3%A 1T 15.2%(149 &), 3%LL I 4%:AE X 10.7%(105
1#), 4%LL 1 5% 6.3%(62 E) & 72V, T — X &K 82.9%
(812 fl#)735R 72 S AN THEEHIR T A Z L s b (1AL, &
HRME~ R Y 7 ZABFR Ky, Koy DFERZFRL).

FERE LT, AFEICLY, &EARIE~ N 7 ZRERD 27
BOFET—2 1D, £ LICBIT DR T A—22TOME
W Th D% 245 EFEE 980 {E)D 9 &, 6=45°~90°TlL 82.9%,
6=90°~135°"ClL 85.4% DT — X Zi8 SWLINCHEET 52 &
NTET.

4. HEEFEERLICKT D185 L BESEHM)

L JERE G AR5 & U, HEEMEDORBE A M LS5 7RI
DN TR LT

AKWFETIIFET— X %E£ 2D 2T ENDS, £3ITRT I I
A8 IO L, BB = — T kY NT— 7 AR LT,

”M/T%W O=45~90°HEERE R A 79, X 6 12 6=90°~135°D

G OHEEMORE M & T

l X 3, ¥4 &l LT, 6=45°~90°Tid 6.0%, 0=90°~135°Ti%

8.1%, FHEMMA ELT-.

Table 3 learning data (L-shape joint structure)
d [mm] 6 [deg.] t [mm]

Minimum 30 45 0.6
Middlel 50 60 10
Middle2 70 75 )

Maximum 90 90 14
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Fig . 5 Error distribution (L-shape,§=45°~90°)
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Fig . 6 Error distribution (L-shape,0=90°~135°)
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Table 4 Range of design parameters (T-shape joint structure)

Design parameters Range Step
Diameter of a section: d [mm] 30~90 10

Angle: 6 [deg.] gg;‘ig 3.75
Thickness: t [mm] 0.6~1.4 0.2
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