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Prediction of Shape Accuracy in Elastomer-Forming of a
Cylindrical Tube by a Response Surface Method
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(Received March 10, 2008)

Abstract

A recent trend in automotive parts has been an integration of sub-assemblies with unified shapes. Tube structures also
have been integrated to one body structure by using a near net shape forming instead of adopting welding. A cylindrical
elastomer-forming process can be utilized to form a steel tube compressed in a radial direction. This process has some
advantages compared to a hydro-forming or a swaging process in the viewpoint of a lower investment and a higher
productivity. In order to predict a feasible specification of products within a work capability of the elastomer-forming
equipment developed previously, effects of geometrical parameters of a tube on its shape accuracy are examined. Two
characteristic parameters to account for the shape accuracy are chosen. One is the curvature radius at the corner part and
the other is the straight ratio of the formed region. Careful examination of two parameters has led that the shape accuracy
can be easily predicted by the regression equation obtained from the response surface method.
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'Fig. 6 Plot of 3° Factorial design

Table 1 Measuring results in each design case adopting the 3’ full factorial design

Thickness

Design L, d t 2 L°/L Design Lo d t p L/L,

case (mm) (mm) (mm) (mm) (%) case (mm) (mm) (mm) (mm) (%)
1 22.88 2.0 1.32 525 | 86.35 15 | 28.60 2.5 1.98 9.37 | 85.55
2 22.88 2.0 1.65 7.41 | 84.15 16 28.60 3.0 1.32 562 | 8522
3 22.88 2.0 1.98 11.17 | 7843 17 28.60 3.0 1.65 7.38 | 85.70
4 22.88 2.5 1.32 569 | 81.84 18 28.60 3.0 1.98 8.16 | 82.33
5 22.88 2.5 1.65 6.90 | 82.40 19 34.32 2.0 1.32 548 | 92.76
6 22.88 2.5 1.98 8.50 | 78.32 20 34.32 2.0 1.65 7.63 | 90.76
7 22.88 3.0 1.32 586 | 79.25 21 34.32 2.0 1.98 10.75 | 88.70
8 22.88 3.0 1.65 7.23 | 77.22 22 34.32 2.5 1.32 598 | 9128
9 22.88 3.0 1.98 8.87 | 75.37 23 34.32 2.5 1.65 6.56 | 89.10
10 28.60 2.0 1.32 5.37 | 90.07 24 34.32 2.5 1.98 8.23 | 88.26
11 28.60 2.0 1.65 7.48 | 87.48 25 34.32 3.0 1.32 6.47 | 90.97
12 28.60 2.0 1.98 10.40 | 84.87 26 34.32 3.0 1.65 7.20 | 88.57
13 28.60 2.5 1.32 6.06 | 89.72 27 34.32 3.0 1.98 8.13 | 87.63
14 28.60 2.5 1.65 6.54 | 86.68
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F Yt AT aAEdNE WY BF LS Source DF SS MS F P
setdd = QY. AxodlA M= A3 3ol Length 2 409.25] 204.63] 21564  0.00
MeR MZAge] Y= e AW & A= Depth 2 56.47 28.23 29.75 0.00
H, A=245H ol Zo], ol T o
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AFEA o 23 ANOVA(analysis of variance, 21 Depth*
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A3+ Table 29} 2T} Table 2014 DFE A Error ] 760 0.95
= (degree of freedom), SST Al|F & (sum of square)
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Fig. 8 Main effect and interaction plot for curvature

TEHLE ] S Fig. 83 o] FA F 9 LA A ASHAA F AL HABEE FA T
AZH ZAgstal, FAVE FALE FHAAM © A I 2 (1), 2) © 44 96.5 %, 954 %L 2 g o]
A dFE T AE € F Ju EHAdo)+= 73k v =2 AAAAE BTh
Aol G v Ho=Z Vel Az gie . -
ANMe dolop o], dols} T, Zolg T
oA wMEZERo] e Ao AT & g= Straight ratio
i FEdzelA F@dole] dgol A9 gV oo 28
Lo FAe} Zold tid wF AL fFo 825 - 85.0
3 AR BUP & vk Hol7x A 4 g s . ano
o] gl Aow AR AL wEHLEF Yol m
HYPUO BT R=97.24%, R2y,=96.01%] &L Lot 286
FRBAE ehhg Depih 25

3.3 tIERHHES 0|23t HAHET 0=

Ods AE g AAdHSe Ao &

AZ FAE T Y™ o F g4 AA2=w
o] & 4 AS AHolth HAAMMSF I EA
Ao IAAE F37] A= v EH A
o] &3ttt AR HdIYu| & IR FEY
Aol gk M-SR HENS Pl A, A
H3, Awd, 23R NS TAEY
al O]Oﬂ ‘1E'__1_‘ ﬁﬂ}‘\—lo] /-\J| (1), (2 31}' 7%7:4‘ ‘ﬁ'g] Hold Values
TE(a) S %ET AN frofstx] ¥E FES 3 engh 285
?Ep;[(r:‘! 1.65
Straight ratio = 88.794 + 2.2639xL - (1)

19.4069xd —15.3361xt—0.0405xL.% +
0.3506xL.xd + 3.5768xdxt

(b)

Fig. 9 Contour plots of straight ratio and curvature

Curvature = -3.5215+0.1818xL —2.3122xd (2)
+ 8.6457xt + 1.8309xd* + 3.4290xt>
- —0.1128xLxt —4.5519xdxt

for depth, length and thickness with fixing
variable of middle leveled: (a) straight ratio;
(b) curvature
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