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Joint Stiffness Estimation Method of Body Structure using Polynomial Regression
-Estimation of Design Parameter from Joint Stiffness values-

Takashi Turumaki?  Keisuke Shimura  Masahiro Ishii?  Akifumi Okabe?  Noboru Tomioka?

In the beginning designing stage of a body structure, it is demanded to design the body structure in
consideration to a joint stiffness. The estimation method to accurately obtain the joint stiffness values from the
design parameters using the polynomial trend lines was proposed. In this study, method to estimate design
parameters from joint stiffness was researched. As a result, it was shown that the design parameters can be
estimated.
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Table 1 Range of design parameters
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Estimation value: k;
Design parameters Range Step
Width of cross section: ai [mm] 30~90 10
Height of cross section: a2 [mm] arx (0.5~1.0) | 0.125 . @
Aspect ratio: az/ai [-] 0156'ig gr 0.125 4 Number of trendcurve
. . - 2 l
Thickness of upper part: t: [mm] 0.6~14 0.1 ‘ a
Thickness of lower part: t2 [mm] 0.6~14 0.1 /30 50 _a 170 9
Height of flange: fi [mm] a,/2/5x (1-5)| 1 /
. / Grouping a:=30 @ aiSO ‘
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Fig. 4 Error distribution of L-shape (Aspect ratio 0.5~1.0, fu=hs)
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Fig. 5 Error distribution of L-shape (Aspect ratio 1.0~2.0, fr=hz)
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Table 3 Number of estimated data by error range (L-shape)

Error Er k11 k12 k13 k 22 k 23 k33
Er<1%| 3864 41| 3829 | 1074 37 3893
1% <Er< 2% 95 41 127 | 2231 32 73
2% <Er< 3% 8 39 10 651 45 3
3% <Er< 4% 2 57 3 13 51 0
4% <Er< 5% 0 92 0 0 107 0
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Table 4 Output values by changing the estimating turn

(a1=30[mm], az/a1 =0.58[-], 1=0.6[mm], t2=0.6[mm])
Estimating turn Estimated value ki Error
1st—2nd—3rd—4th [Nmm/rad] [%]

(a1) > (t1) > (t2)—>(a2/az) 2.422133x108 0.009
(t)—>(t2)—>(a1)—>(az/an) 2.422133x106 0.009
(t2)—(a1)—>(az/a1)—>(t1) 2.422133x108 0.009
(a1)—>(az/ar)—> () > (t2) 2.422133x108 0.009
(az/a1)—>(t1)—(a1)—>(t2) 2.422133x108 0.009
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Fig. 9 Error distribution of T-shape (Aspect ratio 0.5~1.0, fu=hs)
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Fig. 10 Error distribution of T-shape (Aspect ratio 1.0~2.0, fi=ha)
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Table 5 Comparison of differential coefficient
az/a1=1.0[-], t=1.4[mm], t2=1.4[mm]
L:[ai]—>(az/a)—>(t) > () ,  2:(az/ar)—[a]—>(t1)—>(t)
3i(azfar)—>(t)—[a]—(t2) ,  4:(az/ar)—(t1)—(t2)—[a1]
(@) L-shape
Differential Average rate of change []

coefficient [-] |  Joint stiffnessf]Nmm/rad] | Average rate |Error [%)]
a1 =50.05[mm] a1 =50[mm] |a: =50.1[mm] | of change

2141600.177 | 51237888.23 | 51452048.26 | 2141600.27 | 0.000004

Estimating
turn

2141600.177 | 51237888.23 | 51452048.26 | 2141600.27 | 0.000004
2141600.177 | 51237888.23 | 51452048.26 | 2141600.27 | 0.000004
2141600.177 | 51237888.23 | 51452048.26 | 2141600.27 | 0.000004
(b) T-shape
Differential Average rate of change [-]

coefficient [-] |  Joint stiffnessfNmm/rad] Average rate | Error [%)]
a1 =50.05[mm] a1 =50[mm] |a1 =50.1[mm]| of change

Alw ([N |-

Estimating
turn

7956103.229 | 193306025.9 | 194101635.9 | 7956100.526 | 0.000034

7956103.229 | 193306025.9 | 194101635.9 | 7956100.526 | 0.000034
7956103.229 | 193306025.9 | 194101635.9 | 7956100.526 | 0.000034
7956103.229 | 193306025.9 | 194101635.9 | 7956100.526 | 0.000034
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1)~6)DFNEZEAT S .
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Table 6 Joint stiffness values for input data
K11 k22 k33

Joint stiffness

7 gl 7
[Nmm/rad] |2-40¥10°1.00x10} 2.40x10

Table 7 Design parameters of output data
(a) Estimated design parameters (az/a1)—(t1)—(tz)—(az)

Design parameters Error [%]
az/ai [[][t2 [mm]t2 [mmlas [mm] ki1 | ka2 | Kas

0.667 0.70 0.7 689 [0.15]0.99 | 042
0.667 0.80 0.7 658 [ 0.63 | 0.67 | 0.44
0.667 1.00 0.6 63.1 [0.62 | 0.51 | 0.52
0.667 1.10 0.6 61.1 [ 092 ] 0.69 | 0.85
0.750 | 0.60 1.1 616 | 0.18 | 0.84 | 0.07
0.750 1.10 1.1 495 ] 0.02 ] 0.39 | 0.03

(b) Estimated design parameters (t2)—(ai1)—(az/a1)—(ty)

Design parameters Error [%]
to [mm] ai[mm]faz/as[-]| t1 [mm]] ki K22 k33
0.7 70 0.667 | 0.669 [ 0.49] 0.97| 0.80

11 50 0.750 | 1.075| 0.29]| 0.40( 0.29
11 60 0.750 | 0.654 | 0.66| 0.86| 0.87

FRBITTRT I, BEVIT A—=FIEFN 3 : (a)—>
(azfar)—(t1)—(t2), 4: (t1)—>(t2)— (a1)—>(aza)® & = 1%, k3L,
RET T A= FWEFIEOFTND B)DHF T, BAL 5%AR



& T 5 LT, 3: (a)>(ada)—>(t)—>EIZ 2V TIiE, 4
D, 4: (t)—>(t)— (a)—>(@fa) D & Z1X 2 SO EEHEET
HTENTES. 728, 1: (aa)—>(t)—>()—>(@)lx 84 o
2 O EHMENHEE SN A HHIE, BT A—4
(@a)>t) >R TAHT TTA XINTZT —FNIZ, £6 T
TRENTFEGRPEMEA Z S FE LD TH 5.

Table 8 Number of estimated data by error range
1: (a/ar) > (t)—>(t2)—>(a1) ,  2: (t2)—>(ar)—>(az/ar)—(t1)
3: (ar)—(az/a))—>(t)—>(t2) , 4 (t)—(t2)— (ar)—(az/a1)

Estimating turn| Error<1%| Error<2%| Error<3%)| Error<4%|Error<5%
1 6 28 47 66 84
2 3 5 8 9 9
3 0 2 4 4 4
4 0 1 1 2 2
8. % 5

AWM O30 LB T UG EM Z x5 L
LT, BT A—=206, ZHEARFIC & 2tz
WA 2 HEE T 2 FEIC O W TG L7z, 72, &
HWELEE AN TR LN DRE T A —Z T Db E it
EDOWIHRENZ DOV TIRET L, & BIT, AHEEEE AWk

BRWERED S DFRF T A —Z HEEE R LTz, TR
ZLUFITRT.

1) 3 kDL EAGE R R Z IV TERE ST A =25, fEA
WP REE L HEECTE D Z L &R LI

(2) 3 RDOZIERITLL R 2 O 7RSS I BRI, B0
BEBRHGDL LN TED.

(3) FEOMMEHEEEZE AT, A MIMEAE 257 355t 37
A—H OFEGEEEEHET 22 LN TE D,

Z B Mk

(1) Hrouls, EEE, S, = o BRAEIHIEBRE TR T 5 X
Ry MEBEM OFRIME &R A RIEE B IE LB S
fENT 5, B BhE RIS ER S04, No.38, vol 3, p.5-10 (2007)

(2) Y. Sato, A. Okabe, N. Tomioka, T. Hirose : Estimating Design
Parameters of Jointed Part using Neural Network,
COMPUTATI- ONAL MECHANICS, WCCM VI in
conjunction with APCO- M’04, CD-ROM (2004)

(3) THfth 9 4, BAENHEHEIFSRCE, Nod3, p.138-142
(1990)



