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A Study on the Bendability of Stainless Steel Tubes
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Abstract

Hydroformed parts have higher dimensional accuracy, structural strength, and dimensional repeatability. Particularly
in the automotive industry, manufacturing of parts with complex shapes from tubular materials sometimes requires one or
more pre-forming operations such as bending before the hydroforming process. The pre-bending process is an important
process for the successful hydroforming in the case where the perimeter of the blank is nearly the same as that of final
product. The bendability of a tube depends on the parameters such as the bending radius, welding methods, mechanical
properties and hardness. Through the stainless steel tubes bent by rotary draw bending machine, this study shows the
following : (1) The influence on spring back ratio variation with stress level in the welded bent tube . (2) The Cross-
section ovality variation with weld seam position and bending radius. (3) The relation between elongation and thickness
reduction of tension zone with weld seam position and bending radius. (4) Workability evaluation of bent stainless steel
tubes through the hardness of materials and hardness increment. The results of this study may help to understanding of

characteristics on bendability of stainless steel tubes.
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Table 1 Mechanical properties of test materials

Tensile Yield Uniform Total
n-
Material | strength | strength | Elongation | Elongation |
value
(Mpa) | (Mpa) (%) (%)
STS201 678 411 337 48.8 0.296
TIG
STS201
644 327 441 55.3 0.365
ERW
STS304
650 312 475 55.6 0.362
TIG
STS409
ERW 403 346 14.7 326 0.117

Table 2 Chemical composition of test materials
(Unit : wt%o)

C Si Mn P S Cr Ni Cu
STS
201 0.047 | 0.628 | 5.62 | 0.032 | 0.002 | 18.05 | 3.8 2.16
STS
304 0.047 | 0.451 | 1.48 | 0.025 | 0.003 | 18.44 | 8.38 | 0.095
STS
409 0.009 | 0.592 | 0.293 | 0.025 | 0.001 | 11.74 | 0.119 | 0.069
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Fig. 1 Schematic of a tube rotary draw bender
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Fig. 2 Forming zone and bending terms
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Fig. 3 Angular spring back characteristic of bent tube
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Fig. 4 Bent tubes
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Fig. 5 Classification of weld seam position
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Fig. 9 Thickness reduction of tension zone with weld
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Fig.10 Thickness reduction variation with bending

2 STS304TIG ¢} STS201ERW Z:7|

diH e v
7b AsHE

radius

/\o]—

3k

Eomw 7hgA

o]

o T
T
Mo L
1_PIZ
EM
=g
470
CR=RY)
Y
Sos
Sz
ﬂo»_,.k._
SR>
T w2
o
OB
~~
ﬂoELA
%_ﬂuoi
BATLZM
%) b

o

A B
N e
ﬂoﬁ%
Ay A
g 2 =
ot
W
M%m
NC)
o) du o
— T
i_m o olo
A
el < KO
~T oy o
T o X
T fn o
= B
4 Nr
Fet
TR
W
T | =
=

F

e

o

==
N

STS 201ERW 7} 7}

o
3L

Ho

N N 4w W

Fo] a3

ol&

9

agEejof & Aol

TX® @
O lo
wIT <
7o ) ! —_— =
o d|
o N o o
WJIHQ&MM;E
ZVE:.%%H AT
—— Ny ™
c.,f_.o‘lE T
,omoA _oo#o
Holuﬁuo#e%]
o’ 0
MH o T Ma <y
I M1w
A oy o o0 1
Mo & - op T H
RN S
#Lf%d,L
Px ,FTHT
?ﬂ%ﬂ@%
B g 1o oo =
ke T o IR
oA =
o my T I R
it St
H - T oo B
mwﬁﬂa
Trw R
o' 7ﬂ.ol0ft..ﬁ
ﬂ%%d%%
A (e
H 80 = % 4
RSN ® ooy
or o} Wo x° H o
1] = Ho ) T
Eﬂo ,Mo#e
amggﬁ% M%
Mo o X o R
< Ay
o P EH RN T

ol ¥ =LA et

Lo}

Al A el

SRS

oAy

Ho

NN

, 20094

[X|/H 187 HM4=

g

340 /&= 2d 7135t



ZH A Fde] wdl

(2) zHAF =
st Qs FEAA A
o] Hlgo] FH Aol
9 Gl mA = o
w] w5}t

o
flo

1
= 3

N

rQ > oY
oo
fird

B ot Mo
(N
4o
4

Mo &
T o
- o

to o b
o,
"
o

o ox % v 3 P~

> 38
o

A

2
N TR & o oo

oﬁﬁm
fo o b N fo

= I
] 12
o 12
> ox
oo

fir

2

o% off 41 -
fo ox X 1o

=)

A=, 35y, AAE, A 2 7HF
Aslge] FgE BHAAM B uf &3 FHo
2 S STS304TIG 2 A7} STS201TIG 4 A H.th
STS201ERW 277} STS409ERW K.t} 7}3A
o] $-3ct

B ATe Aslswaadeag 27 e
A AEAe Al A% Adow 5y o
o] o
P =]

[1] Muammer Kog, Taylan Altan, 2002, Prediction
of Forming Limits and Parameters in the Tube
Hydroforming Process, International Journal of
Machine Tools and Manufacture, Vol. 42, Issue 1,
pp. 123~138.

[2] Ho kook Lee, C. J. Van tyne, David field, 2004,
Finite element bending analysis of oval tubes using
rotary bender for hydroforming applications,
Journal of Materials Processing Technology, Vol.
168, pp. 327~335.

E X

=

o

[3] Seong-Chan Heo, Woo-Jin Song, Tae-Wan Ku,

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

Jeong Kim and Beom-Soo Kang, 2007, Study on
Application of Forming Limit Criteria for
Formability on Hydroforming Parts, Journal of the
Korean Mechanical Science of Technology, Vol. A-
31, No. 8, pp. 833~838.

Hyun Jin Kim, Choon Man Lee, 2007, A study on
the Bending Process for Precision Pipe Forming,
Journal of Korean Society for Precision Engineering,
Vol. 24, NO. 6, pp. 58~65.

L. Gao, M. Strano, 2004, FEM analysis of tube
pre-bending and hydroforming, Journal of
Materials Processing Technology, Vol.151, pp.
294~181.

Jae-bong Yang, Byung-hee Jeon, Sook-IK Oh ,
2000, Tube Bending Analysis for Hydroforming
Process, Transactions of Materials Processing, Vol.
9, No. 3, pp. 249~256

Jae-bong Yang, Byung-hee Jeon, Sook-IK Oh,
2001, tube bending technology of a hydroforming
process for an automotive part, Journal of
Materials Processing Technology, Vol. 111, pp.
175~181.

Seung Hee Lee, Byung Hee Jeon, Soo Ik Oh, 2000,
A study on the Weld Line Position Optimization
for Hydroforming, Journal of the Korean Society
of Machine Tool Engineers, Vol. 9, No. 3, pp.
160~168.

Nader Asnafi, Tomas Nilsson, Gunnar Lassel, 2003,
Tubular hydroforming of automotive side members
with extruded aluminium profiles, Journal of
Materials Processing Technology, Vol. 142, pp.
93~101.

G. Khodayari, Edited by Muammer Kog, 2008,
Hydroforming for advanced manufacturing,
Woodhead Publishing Limited, pp. 181~201.
Wenyun Wu, Ping Zhang, Xiaogin Zeng, Li Jin,
Shoushan Yao, Alan A. Luo, 2008, Bendability of
the wrought magnesium alloy AM30 tubes using a
rotary draw bender, Materials Science and
Engineering A 485, pp. 596~601.

o

SaM713 85 K| /M 18A M4F, 2009H/341



