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Abstract
In manufacturing automotive parts, such as engine cradles, frame rails, subframes, cross-members, and other parts

from circular tubes, pre-bending and pre-forming operations are often required prior to the subsequent tubular
hydroforming process. During some pre-forming operations, the cross section of a bent circular tube is crushed into an
oval-like shape to ensure proper geometry and sufficient clearance in the hydroforming dies. For such applications, the
use of oval instead of circular tubes could be an effective means of eliminating the pre-forming step. The oval tube could
also be produced with less thinning and with less strain on the outside of the bend when controlled by a booster system
without the use of mandrel. Hence, the understanding of the issues that occur in the bending of oval tubes is worthy of
investigation. This paper presents parametric studies on the bending of oval tubes without a mandrel. The finite element

modeling technique s used to examine the deformation characteristics for both circular and oval tubes. In the simulations,
the bending process parameters of bend radius, aspect ratio of the tube ovalness, and tube wall thickness are varied.
Observations are made to obtain a hoop-buckle limit diagram in terms of a non-dimensional shape degradation factor.
Suggestions based upon developed criteria are made on the acceptability of bend tubes suitable for hydroforming
applications without the need of a pre-forming step or the used of a mandrel.
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Fig.1 Cross-sectional shape of a tube after the pre-
bforming
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Fig. 2 Schematic of rotary draw bender (Eagle
Precision Technologies Inc.)
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(a) Collapsed circular tube  (b) Flattened Oval tube
Fig. 3 Comparison of deformed shapes

r.%

FRAC] ST S FYRIFY BET
Zasta, 99 FHui7t 43 FihgrE
g5 FEXE AfAL 1 ¥ AA YEluE
g, ol w@Folx A543 aoﬂ A gt
734 (Stiffness)o] FE3}X] Eal WAV E
HAirgete Wgow ®wyFHy BEot gF
29 B9y Fre 39999 #TEQlel 6
Wy, FA7 FALSE FE A4l
%01':5]'
FEeA dMoRE 2 AAE EUE
9EZ QEJ ol E EHEE T Y TH
F7h 999 Wy vAe 9¥E Ast
H2H49 A9 Shape Degradation Factor (W)
2l(2)e} #Zo] At o] Hard-way W9
g 4 9t
W=1/Ryz,)

BEA, I EY FE
]E]' w7 shEeE
¥ NgKoR o
Wy, 943 g 23ESE,
7Y 371892 o A¢ 899 ¥y 52 &
#4do] Yebdth Figd & siAola 17
=900 2 d9E RE RE WY Pt H A
ZFA AMZA dolHE EUE Hoop-buckle T

o 1
AE AT Aolg. a"ld 1dx de

! rlo

|

2ol B &

¢

@

S i N

l



SE5A gn Wy AT AHE AU W
A O HgES FEo] dAHE 998 EAT
t}h. d& B, R =150mm,t, =1.5mm & ¥4
stz F3u7 A2 & H P (y=07)% Q
(7=05)8 #®lustglch. 2 P oA Shape
Degradation Factor, W, =5.88 ol Q ZHolA

@ayst 3
o Wy AT AP

W,=471 otk 4 P = FI49
g5 W H Q&

=
o ol2RE Fd AQPwtFF S Wsto
g9e P49 EYE (Ovality)o] =ek I
gdo ¥y ATr 08 & F Uk
B &=7ov:‘.\_, gﬁfﬁfﬁf:;f” :;:gg
‘ it

Shape degradation factor, W

03 10 [B] 20 5 30 35 a0
‘Wall thickness, t, (mm)

Fig. 4 Hoop-buckle Limit Diagram
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