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Abstract

In tube hydroforming process, several defective products could be obtained such as bursting,
wrinkling, folding, buckling. Because, especially, bursting is most frequently occurred failure among the
well known failures, it is mostly important to predict the onset of bursting failure on tube
hydroforming process. For most sheet metal forming processes, strain based forming limit diagram(FLD)
is used often as a criteria to estimate the possibility of onset of the failures proposed above. However,
FLD has a shortcoming that it is dependent on strain path while stress based diagram is independent
on strain history. Generally, tube hydroforming consists of three main processes such as pre-bending,
pre-forming, and hydroforming and it means that the strain histories of final products are nonlinear.
Therefore, forming limit stress diagram(FLSD) is more suitable to predict forming limit for
hydroforming parts. In this study, FLSD is applied to estimate bursting failure for an engine cradle of
an automobile part. Consequently, it is proved that application of FLSD to predict forming limit is
available for tube hydroforming parts.

1. M =2 Asks A 3R Fastete FE dA g

€ 7YY 5 U+ °l9Jr 22 759 dAsE

B A &Fo] =2 F Y(tube hydroforming) 71 &L FA it dEo A= FEE UFAA 7

2 2ol A% 2o g Fart gl g W] WEA LA olgF A T AARx

g AEA RE BopilM Ase A Atz oFEE AT F Ao 2R FJERITY ¥

FANEEA Z YA o881 FLUAE »e e RE QA0 AA 20852 O A
Jta = AR 71Eog O sol=2xw ) Aol 9@ it Fdelx sloddtes 7lgolth

£ REY A3H olddE /12 FHL O e Sl =RETY V1S GRS H 2o

H & ¢ (internal pressure)d HEFF FALLE

t AYAR, 59, LAY FITLFIEH BRI A 5 &4 A Y(axial feeding)

E-mail : bskang@pusan.ac.kr o] FAlel FIE= T =Fd o 4P

TEL : (051)510-2310  FAX : (051)513-3760 £ol22 8% 7 Z(loading path)?t A @A vl

* B} 3 F e =gty 51 O ) w ; g
*x Tﬂ;ﬂ i].g}—:g‘rgiq_r# A g3o] At} o] Fig. 137 o] PZA0]

sex BT T OEFaT) 2243 Ao &AZ(buckling), T 5 (wrinkling),




834 H4% - 597 - TH-

Bursting

Buckling Wrinkling

Fig. 1 General failure modes in tube
hydroforming process

B A (bursting) 59 AFEFo] 2T = U@,

FFL FA2IY J=d 2A 9 °?J°i Nl
sto] AAE = HAYEFLE oFo] FeH,
2 3 =3 F4E 2AY Yol 8BS 73—1—
SASA T o) FFo| B AXE W #
el 48e Pz A AA” £ 9P
olof] Waled B AL A4 E<¢A (plastic instability)
AL 7 (necking)e] LAY o]oJA FHE Az
el dojutr] wfid BAFH P& 22 I
o2 IR 5 Yok ot EF Fo|=2EY
FAAA 7HF s A FFoy FE
3} Hud u 3Bo| Bisd EFojnz® g
Fol o HYFAE dE5Foz2A Fol=2E
W REY 4¥4E 31" 4

ojo] £ AFdqAME Fol=E2xq FH Fo
94 & 4 E HA 4L dE5] §4F o
23 ZAZ YWY E 7 =(strain path)ol 3t F
A3 S8 7|vre] A Y AN S(forming limit stress
diagram)& A L3I oH, o] dfol=2¥Y F
F9 484 dSo H &3t

A

(=1

2. M

.o

02
ro

PA M o

o2

g Z=2 9

i

Bl g 8 7] kA 8§ 31 A A Z(strain based forming
limit diagram)= #AAEY T AYIA B8
Al o)l &HE AYFdA 7Fol oY HYE
N YIJAMNZE Fig. 2(2)% Zo] BMPE 7
2o 9&EAQA AAL 72 Fig 2@)T 2% 4
Z}(equi-biaxial), T ¢ F(uniaxial), HHHY &
(near-plane-strain) 3 Ef 9] Z 7] & & (pre-strain) 7
Z2E JMAE AEEVINANEIALNEE FHUEE

4 A AEs

0@ :
5
i .
2
)
k]
430 02
010
Minor True Strain
(2) FLD

&

B ¥ 8 & &

Major True Stress (MPs)

; P
K - L
100 7 initiad Yiekd Surfsct’

us

[+] 50 100 350 200 253 300 35 400 450 500
Binor True Strees (MPa)

(b) FLSD
Fig. 2 Forming limit diagram and forming limit
stress diagram for initial strain®

BEe] 24zt =AEtn itk ol § HMPFEIN
AR FALNEE Fig. 2l Zo] MYEAR=
of wet AYPFALALEY] HA 2 HAo] A

g2A Jeds 599
olebE €] Fig. 2T SEVINMAEFTALE
(forming limit stress diagram)& XTI or
ol WYEN S AL o]8-3td Fig.
A

0

29 & AFIALAEE THAHA =AF
olt}. Fig. 20X & F ARl S3H7AY
AdEE HFE/MLITANES} 228 UYE
A2 s FEsA shte] dE=2 £HsI
ot ol WIHE ARV WAHAIAHL 2A4HE
TR W HP AL A5 oA 59
< 7oz @ AEIANES} dE HIgS
duigtt® 53] sfol=2xY FAH ol&HE

L offt oft

r



solmezy $Ed 484 BE A4 AT 835

Au) X F Al (preform)= P¥HH 22 F Y (bending)
2 of v} A3 H (preforming) FRE A AARA ¥
AYHA 27|A¥ES /Hth 2YEE o=
2¥Y BE g HAL d5Td glo] $¥
AP RJALNEE o] &3te o] H¥ Ay}
tx @ £ gk e B AFgME AA4E
AdRol2L ZAZ & SHINMZFFALNEE
T235lo o|F Fol=2XY REY HPIA 9
ol ojg3tgi

3.1 slojlezxq 2 EM2Y

Ao 2HRDLL A47HF AR 43I H
7tel ABxg ZAFA glol T4 Q20ln
slojl=2 ¥ Yo o]gHE #AE BAYG UE 2

Fig. 3 Schematic view of free bulge test
process to obtain material properties
for tube
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Fig. 4 Work-hardening model of tubular
preform material for hydroforming
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Fig. 5 Analytical model of tube hydroforming
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Fig. 6 Forming limit stress diagram for given
tubular material
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Fig. 8 Initial state of preformed tube
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Fig. 10 Thinning distributions of the final product
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