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Springback Characteristics of Bent Tubes for Hydroforming
Applications

H. K. Lee, S. H. Park

Abstract

Recently, the use of tubular hydroforming technology has seen increased usage and increased consideration for wide
range of tubular automotive applications. In manufacturing hydroformed parts, bending and pre-forming operations are
often required prior to the hydroforming process. Higher bending quality of bent tubes is crucial for the successful
hydroforming operation because most of plastic strains and wall thinning at the extrados of bend area occur in the bending
operation. Springback is also observed due to elastic recovery of tube material after bending. Proper correction of
springback is required not only to well place the bent tube into a hydroforming die cavity but also to avoid pinching when
the upper die is brought down to closing position. Therefore, prediction of springback at early development stage is one of
the key factors to produce high quality hydroformed parts.

In this study, a variety of bending experiments has been carried out to investigate springback amount under change in
bending angle and material boosting. Throughout the experimental approach, springback characteristics of bent tubes are
quantified according to the change in various bending parameters, and a mathematical model to predict correction amount

of springback to a given bend angle is found.
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Table 3 Process variables for the bending experiment

Variable Range

Steel Grade POS-HF370

Set Angle 22.5~90.0 deg

Boosting Force 1.2 ~6.0 ton

Mandrel Position | -10.0 ~ 5.0 mm

Bending Speed 17.25 ~ 69.0 deg/sec

(Electric Resistance Welding) =3#3lth & 1 &
POS-HF370 €A% EAAE BHoFa Yt
do] 1,000mm 2 Hotd 7B E CNCHY7]E o]
g3t Fojd Ztzz 1 @ A9 T gz
(Touch Probe Type) 3 2 27 U= wigd ==
A48tk Fig. 3 & ¥2H 6ton ¥ AALE
90deg =olA #3¥ 7FEF FHE RHAF3 9l
e, 539 5= 88.5deg G}

Table 1 Mechanical Properties of POS-HF370

YS T8 Total EL | Uniform EL n
(MPa) (MPa) (%) (%) )

237 370 43.1 21.3 0.2

Fig.3 Illustration of a bent tube (90deg of bend angle)
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Table 2 Tool-set used for the bending experiment.

OD/t Bend R *DOB

(mm/mm) (mm) (-)

63.5/2.5 120.0 1.89

75.0/2.7 110.0 1.47

*D of Bend = Bend R/ OD
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Fig. 6 Springback as a function of bend angle for
DOB=1.47

_48_

DOB=1.47 o] g TP BAZF 4F& 9
@ a4 mase Aem 2t
AG=084+00250, +0.164B,  (3)

294 (3)9] R-Square g 97%E, S A%
| zkoll A@Adol vy Az, FUT FEAZ,
Atolz & wigdurAoe] ofste], ¥l 2}kQl(Bending-
Line) AAA o8] £03deg o|HE dZo] 7153

__;

Vf
W/
@)
w
;
=S
e, o
E
3
el
_*
R.

F2g o W
.x_/\}o}oii Y AA A
83 RdAg =&l
218

[17 M. Kog and T. Altan, 2001, An overall review of the
tube hydroforming (THF) technology, J. of Materials
Processing Technology, Vol. 108, pp. 384-393.

[21 M. Abmetoglu and T. Altan, 2000, Tube
hydroforming: state-of-the-art and future trends, J. of
Materials Processing Technology, Vol. 98, pp. 25-33.

[3] M. Ahmetoglu, K. Sutter, X. J. Li and T. Altan, 2000,
Tube hydroforming: current research, applications
and need for training, J. of Materials Processing
Technology, Vol. 98, pp. 224-231.

[4] H. Singh, 1999, Tubular hydroforming process and
tool design optimization using computer simulation,
Proceedings of the Automotive Tube Fabricating
Conference: Focus on Hydroforming, Detroit, MI,
April 26-27. ‘



