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Analysis of wrinkling behavior in warm hydroforming of
magnesium alloy tube

TANG Ze-jun, YUAN Shi-jian, LIU Gang

(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The deformation mechanism was analyzed for an AZ31B magnesium alloy tube in warm hydroforming
process by numerical simulation and plasticity theory. The critical wrinkling stress, the stress state and the shape of the
wrinkles were obtained. It is shown that the yielding strength and the elastic modulus decrease as the temperature rises,
which makes the anti-winkling ability of the tube decrease. The stress loci lie at the zone where the circumstantial strain
elongates and axial strain is compressive for both the top zone and the bottom zone of the wrinkles wave. The stress at the
top zone of the wrinkles wave tends to make the wall thickness thin as the feeding increases. The stress at the bottom
zone of the wrinkles wave tends to make the wall thickness thicken. The ratio of the internal pressure to the yielding
strength (relative pressure) determines the variation of the wall thickness. If the forming temperature is higher, the
relative pressure is greater, which makes the thinning trend of the wall thickness easier at the initial yielding time. If the
forming temperature is lower, the relative pressure is smaller, which makes the thickening trend of the wall thickness
easier at the initial yielding time. The height and length of the wrinkles wave get larger for the same loading path as the
temperature rises. The wrinkles tend to move towards the middle part. The wrinkles wave number decreases.

Key words: magnesium alloy; warm hydroforming; wrinkling behavior; numerical simulation

RS RS T R R S8 BB BRI 5, S 1 AR A s P BEE 511 49 B8 BT 7 TR 1y A
M A AR DL B B e A M K B RE, AR JE A ot ZEh VRN R A REROE . AL, AR

BEEWME: HRAMFERAES RN (50525516); w35 AR 1R & URMIFE 4 98 Bh 35 H (20050213041)
Igis B#A: 2009-05-25; E&iTHHEA: 2009-09-28
WIEEE: sie], 3%, 1t 0451-86418776; E-mail: syuan@hit.edu.cn



386 PR R AR

201043 A

PGS A e SO I RE 2 Al A AR ORI, St kS
AL PE . —RORPE AN B P, (HICHR213R A
s APIIREE, IR R A A F K, X2
SEARSOBARBEAT PRI N TSI R, B Bh T3
JREAR PR -

HT, 7R m s OB R, % TR A K
BT 9 32 A PP AR D0 2 A (il 1) AIRLAT A s 8 DG S 5%
) EM AR S U RS 48T . SCHR[3-6]
W B HE 0T T VARG FR AL, 1 SRR
EMHIAR TUAT RS LUR N g L i SR A 50 . 3C
HR7—8 T 52 i) 28T AT R R A5 1 T 040 L 4l
DA SANERANAE BEAT T 5256, BIFST T A O Il S A8
IR AL o

FEEMPGEN OB R, TR A,
FEHE I7 2 PERED O BB Rl IR g g
SRR AW AR, AT N AR O R . AT,
KRB MAERSIL R IR A T o i HLARGE - i,
A LA AZ31B AR A S M o 5, R Kl
AL ARITSUAN G SE T A T i AR A N g R gy
(K11 IR 2R BL R A SO AR I AR A A

1 ARTERE

BRSO BNAR, R =2 — A W
LRI, dn & 1 s o B P a0 52 BIAL R 2004,
EM AR AT B HOBRA, KR 66
mm. A FIEEL I3 R DY 5 1 Gtk g i B340 DU 2
T BT A = 4 DU Y RO S M DY 3 8 W A4 5 o5 Xl 73 kA
Mo B ER Z AR - i il 7 X, A
HAE TR, B8 0 Mg Rl . Befulin 2 18R H
e BERE, PEEEDRIACIL 0.125. A3 PR G R fif 85 K
Abaqus6.8 [k i HALH

BEESEMA AZ31B JTLASTIRE, VImESN

B1 Aok

Fig.1 Finite element model
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Fig.2 Stress—strain curves of AZ31B magnesium alloy tube

at different temperatures
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Fig.3 Influence of temperature on critical wrinkling stress
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Fig.4 Relationship between mechanical properties and critical
wrinkling stress of AZ31 magnesium alloy at different
temperatures: (a) Mechanical properties; (b) Critical wrinkling

stress
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Fig.5 Wrinkles’ shape of AZ31 magnesium alloy tube at 150 C
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Fig.6 Stress tracks at top and bottom zones of wrinkles:

(a) Stress track at 150 ‘C; (b) Stress track at 250 C
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Fig.7 Influence of temperature on wrinkles’ shape: (a) Shape

of wrinkles; (b) Radius of wrinkles
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