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Effect of Heat Treatments on the Steel Tube Hydroformabillity

Kwang-Soo Park’, Bong-Joon Kim and Young-Hoon Moon
Dept. of Mechanical Engineering, Pusan National University. Pusan 609-735, Korea

Abstract Tube hydroforming provides a number of advantages over conventional stamping process, including
fewer secondary operation, weight reduction, assembly simplification, adaptability to forming of complex struc-
tural components and improved structural strength and stiffness. It can produce wide range of products such as
subframe, engine cradle, and exhaust manifold. In this study, the effect of the heat treatment conditions such as
post seam annealing (PSA) and bright annealing (BA) on the ovality and hydro-formability of steel tubes has
been investigated. Hydroformabilities have been estimated by the bulging heights obtained at various processing
parameters such as internal pressure, axial feeding and heat treatment conditions. The ovality and forming height
are strongly influenced by material properties after heat treatments.
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Fig. 1. Heat treatment curves.
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Table 1. The material properties of the tubes
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Fig. 2. Temperature profiles obtained from FEM (SAPH
400 - PSA heat treatment).

o) 4] BApole AxeRolr SRt Bash
A e & % AT B4 650 WA
# Sele] V6ol sigehe Pio] 9o 93e o}

Tensile properties Hardness (Hv)
Heat .
treat, | 09O TS s TEL | UFEL
(k. mm?) | (k g/.mmz) (%) %) n-value weld HAZ base metal

weld 53.2 42.1 26.0 1153 0.106

AW 208 210 170
base 48.4 41.0 28.97 14.50 0.132
weld 51.6 41.3 27.70 12.86 0.115

PSA 187 191 171
base 484 41.0 29.70 15.1 0.156
weld 40.2 29.4 34.65 21.08 0.204

BA 118 122 125
base 42.1 31.1 33.15 20.50 0.207
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Fig. 3. Ovalities after circular bulging test roundness.
Variance of roundness: (a) AW:0.25, (b) PSA:0.36, (c)
BA:0.09.
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Fig. 4. Circumferential variation of uniform elongation
with respect to angles between weld seam (a) AW, (b)
PSA, (c) BA.
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Fig. 5. The hardness value of weld and heat treatment
zone.

PSAgA ] A= 831%F E8xig] o)Fo) A% W
37} AWEA ] Aol vls] 23 Wolgon} olg
QI3 slo]l=2 ¥R APAel At Fe-S IRE
3Tt

71AA EAA7) slol=g ] g Ao mxjE o
T ZZke] ZIAIA BAASE A A¥Fe A
o] HluZ B3 B 4= 9t} Fig. 6& Qe
o} FEAE, FANET FEAdE, Ax, 0|24
570] 71A14 EXeF A 208 Ao AF
z=oloke] Hlughs vepd Rolut. 7|43 BA3x)9}
A Folete] A= Te=e Vet AXB A3
0| Fol= BAGA Al I4= 41, PSAgH
AWEAE] A= 48 o7 dojde & 5= Qi
PSAER]E] A9} AWSEA Y A4 Arkd xjol2
vERR] 23kt

FHe] 28 34 BAY SN e ) A=
o1, S35 84 $ 7387 e 7122
3 TUS FHIES YehiA] E3l9a slol=g ¥
08 A8 AReMe Huls nlalelx] 23 &
A& YeRIAT

slol=g X7 AY 3T Agko] A8k A
X SHFE AT d a9} TARR Alo)
TollA A ghdo] Youls AL Fl & = )
AL 710 wE ] =4 mESE AR} o] 2els
R S AASkE 9 Ayt desiA
51, BA A2 24X AA 29 S 8



x| ogafee] e 7

60
g —=— TS AW Weld
g 55 0- TS AW Base
3 A TS PSAWeld
;3) 50 | A~ TS PSA Base
£ | ¢ TSBAWeld
£ sl - TS BA Base
o > YS AW Weld
& D> YS AW Base
40 |-
T % YS PSA Weld
] —%— YS PSA Base
£ 3| ~@- YS BA Weld
@ O YS BA Base
e %
2
2 25 —

100 105 110 115 120 125 130
Forming Height (mm)

35
&
%
-
/
A
s
/
o
%
Y
%
%
,»&
/
I ) 1 ) 1
106 110

115 120 125 130 135 140

—a— T-EL AW Weld

- T-EL AW Base

A T-EL PSA Weld
—&O— T-EL PSA Base
T-EL BA Weld
T-EL BA Base
U/F-EL AW Weld
U/F-EL AW Base
U/F-EL PSA Weld
U/F-EL PSA Base
U/F-EL BA Weld
U/F-EL BA Base

R 8
T T

T-EL, U/F-EL (%)
8
T

[l - A ek J

-
o
T

Forming Height (mm)

220
& AWWeldiine
200 - A PSAWeldline
4 BAWeldline
0 AWBase
. 180} A PSABase
Z ¢ BABase
2
© 160 |
C
B
©
T
140 |-
120 |-
i 1 " 1 1 " H i
105 110 115 120 125 130
Forming Height (mm)

Fig. 6. Effect of tensile strength(TS), yield strength(YS),
uniform elongation(U/F-EL),

total elongation(T-EL),
hardness on the forming height in the T-fitting forming.
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