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Quick gas blow forming behavior of AZ31B magnesium alloy sheet

WANG Gang, WANG lJian-long, ZHANG Tuo-da, ZHANG Zhi-peng

(College of Materials Science and Engineering, Harbin Institute of Technology at Weihai, Weihai 264209, China)

Abstract: QGBF behavior for AZ31B magnesium alloy sheet with 1.0 mm thick was studied. Half-sphere free gas
bulging tests were performed at 300—400 “C for 300 s duration to study the effects of temperature and gas pressure on
QGBEF properties of AZ31B sheet. The results show that the bulging height increases with the gas pressure increasing at
different temperatures, however, the bulging parts crack within 300 s when the forming temperature exceeds the threshold.
And the bulging height exists peak value at 400 C reaches 45 mm and the highest specific height can reach 1.13 under
the condition of 400 ‘C and 0.6 MPa for 5 min duration. The thickness distribution of bulging parts is uniform, and the
higher the temperature, the larger the unevenness of thickness distribution. Furthermore, the microstructure revolution in
the quick gas blowing process was discussed by observing the microstructure at different temperatures.
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Fig. 1 Photos of quick gas blow formed hemisphere part
under different conditions: (a) At 300 C and 1.2 MPa; (b) At
350 C and 0.8 MPa; (c) At 400 C and 0.6 MPa
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Fig.2 Influence of temperature and gas pressure on bulge

height
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Fig.3 Section photograph of hemisphere part
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Fig.4 Thickness distribution curve of hemisphere part
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Fig.5 Microstructures at different positions under condition of 300 ‘C and 1.2 MPa: (a) Flange, thinning rate 0%; (b) Middle,

thinning rate 33.8%; (c) Dome, thinning rate 73.6%
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Fig.6 Microstructures at different positions under condition of 350 ‘C and 0.8 MPa: (a) Flange, thinning rate 0%; (b) Middle,

thinning rate 34%; (c) Dome, thinning rate 73.7%
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Fig.7 Microstructures at different positions under condition of 400 ‘C and 0.6MPa: (a) Flange, thinning rate 0%; (b) Middle,

thinning rate 35.4%; (c) Dome, thinning rate 77.6%

ik 6 17 frax, £ 350 CAH10.8 MPa J% 400 C
F10.6 MPa 51 FIRIERT,  BRIEAT AOU 20 208 A L
HEE 5 Proaiel, FUR PSR RS R X2
AR IR TR RS RIS, RO R, 33K
LR A N T SR 3

B 7 TR, EOR SRRLE AR R 5 R
FEAS AR, AR A &AM P R R
SEAZEANK, BITE 10~15 pm 2247, B54G FHRL(3.0 pm)
KR 2, TR . 251 300
"CHI 350 ‘CHKIEAHLEL, £E 400 °C TR AR T R i 184

KA, P, s rERT SR A S KK,

3 it

1) XA 1.0 mm (1) AZ31 85 S A EET 300 s
(R PRE SRR T ARSI, I w8 B (R K /) e il B RS,
IR fER—REEN, BEKIE R,
B RS s AR 2 — e PSR 300 s
(YIS Ti) P B 2



F21EE M

EE s

AZ31B Yt bt R R MEAT A

2027

2) BAARE TR, IS RERER, 1 400 "CAHI

0.6 MPa %1F'F, KIEmEH A, &% 45.04 mm, &
17k HA=1.126, Ui W BT AZ31B B4 S 1F 400
C ¥ Rels .

A REESE R,

3) JT A I A #8 2 BiL BCTES fe JEE ) 8K i 8
KA T Ak 52 5 B/ o AE 300

‘CH 1.2 MPa ZAF 1, IIEAE T 2 EEACh 0.264

mm

s SRR IR B 73.6%;

REFERENCES

(1]

PANICKER R, CHOKSHI A H, MISHRA R K, VERMA R,
KRAJEWSKIP E. Microstructural evolution and grain boundary
sliding in a superplastic magnesium AZ31 alloy[J]. Acta
Materialia, 2009, 57(13): 3683-3693.

KAYA S, SPAMPINATO G, ALTAN T. An experimental study
on nonisothermal deep drawing process using aluminum and
magnesium alloys[J]. Journal of Manufacturing Science and
Engineering, 2008, 130(6): 061001-061011.

TSAI H K, LIAO C C, CHEN F K. Die design for stamping a
notebook case with magnesium alloy sheets[J]. Journal of
Materials Processing Technology, 2008, 201(1/3): 247-251.
CESCHINI L, EL M M, MORRI A, SAMBOGNA G,
SPIGARELLI S. Superplastic deformation of twin roll cast
AZ31 magnesium alloy[J]. Materials Science Forum, 2009,
604/605: 267-277.

CHENG Y Q, CHEN Z H, XIA W J. Drawability of AZ31
magnesium alloy sheet produced by equal channel angular
rolling at room temperature[J]. Materials Characterization, 2007,
58(7): 617-622.

REN L M, ZHANG S H, PALUMBO G, TRICARICO L. Warm
deep drawing of magnesium alloy sheets—Formability and
process conditions[J].

Proceedings of the Institution of

Mechanical Engineers, Part B: Journal
Manufacture, 2008, 222(11): 1347-1354.
KPR, JHER, TIEGE, w0 WAL AZ31 BEn el

TEH BITOULZL S5 K W 2447 (7], MU #1RkE2 3R, 2005(1):

of Engineering

[10]

[11]

[14]

[15]

34-37.

ZHANG Kai-feng, YIN De-liang, WANG Guo-feng, HAN
Wen-bo. Microstructure evolution and fracture behavior in
superplastic deformation of hot-rolled AZ31 Mg alloy[J]. Journal
of Aeronautical Materials, 2005(1): 34—-37.

WANG L Y, SONG M J, LIU R C. Superplasticity and
superplastic instability of AZ31B magnesium alloy sheet[J].
Transaction of Nonferrous Metals Society of China, 2006, 16(2):
327-332.

KRAJEWSKI P, SCHROTH J. Overview of quick plastic
forming technology [J]. Materials Science Forum, 2007, 551/552:
3-12.

SAITO K, WATANABE J, YOKOYAMA O, NAKAO K.
Application
automotive closure panel[C]//Proceedings of the 6th EUROSPF

technology of aluminum blow forming for

Conference. Carcassonne, France, 2008, 6.

CARTER J, KRAJEWSKI P, VERMA R. The hot blow forming
of AZ31 Mg sheet: Formability assessment and application
development [J]. JOM, 2008, 60(11): 77-81.

SUN P H, WU H Y, TSAI H H, HUANG C C, TZOU M D.
Effect of pressurization profile on the deformation characteristics
of fine-grained AZ31B Mg alloy sheet during gas blow forming
[J]. Journal of Materials Processing Technology, 2010, 210(12):
1673-1679.

LIU Y, WU X. A Microstructure study on an AZ31 magnesium
alloy tube after hot metal gas forming process[J]. Journal of
Materials Engineering and Performance, 2007, 16(3): 354—359.
TRIGETE . AZ8O B3 Sbb U KT T 2k 5E[D]. /R IE:
I RV K2, 2009.

ZHANG Xiao-lei. Research on gas blow forming for AZ80
magnesium alloy sheet [D]. Harbin: Harbin Institute of
Technology, 2009.

PHHE, T W ZK60 B AR Bl U HOBWIE ). #18
Bl 5K, 2010, 181 1): 124—128.

LI Hai-lian, WANG Gang. Research on quick blow forming of
ZK60 magnesium alloy sheet [J].
Technology, 2010, 18(Suppl 1): 124-128.

Material Science and

(mig  fIF48)



