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Fig.2 Initial microstructure of LZ91 alloy sheet with thicknesses

of 2.0 mm (a) and 0.5 mm (b)
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Fig.3 Size diagram of hot tensile sample (mm)
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Fig.4 Working principle diagram of gas bulging forming
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Fig.5 CAD design drawing of combined die (air-in plate and female die) (a); tooling drawing of combined die (b)

2 HFREDM

2.1 BEMHRMRITA

AR 2 A W 5 < 75 LA M 1) AR A
FLAT A 1) < A A F N AR R s B L e &
ZJLT, HARIUIAER . K 6a sy LZ91 &4
£ 573 K, AN[FIBAZTE AT (K H N ) - M AL 28, &
H AR B 7735 /T 30 MPa, il 2% 5 I ML (¥ 3 25 7 45
AR AL . AT ATIT, N7 B AR S PR T R, TE
B N7 Ja SOZH T B, & BRARE NI O F B
B XA W TAEA A AT R A R AR Vi AT T
G NI AR AL, B JE A o ek L A T AR A A AR R R
AT B A AL . B N AR W T R, X R Y
YA T3 vy, 3K D] DA L A% T 5 f) T vy o A5 A6

w
o
T

001s" a

= = n N
(9] o (4]
T T T T

True Stress/MPa

o
T

o (9]
T T

0.0 0.2 04 06 08 1.0 1.2 14 16
True Strain

3.3+
0.001s"
3.0F
2.7+

2.4+

In(c/MPa)

2.1t

18+ 001t

15

70 -65 -60 -55 -50 -45
In(&ls™)

K6 LZ91l A& 7r 573 K. AN[E) R AR 3 3 3L M. A7 - 0N AR il 28
F1 Ino-Inék % th &

Fig.6 True stress-true strain curves (a) and Ino-Iné curves (b) of

LZ91 alloys at different strain rates and 573 K
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Fig.8 Appearance of sheet before and after bulging: (a) disc
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Table 1 Experimental results of gas bulging forming

Bulging parameters Bulging height, Height-diameter Bulging

h/mm ratio time, t/s
573 K, 0.06 MPa 51.14 1.279 2227
573 K, 0.08 MPa 48.32 1.208 1745
573 K, 0.10 MPa 46.20 1.155 1275
613 K, 0.06 MPa 45,98 1.150 808
613 K, 0.08 MPa 42.80 1.070 526
613 K, 0.10 MPa 36.50 0.913 404
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Fig.9 Height-diameter ratio of bulging parts under different

bulging conditions
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Table 2 Equivalent flow stress, equivalent strain and equiva-

lent strain rate under different bulging parameters

Bulging parameters fifg\;]vl\s/‘?ssr]st, Equiyalent St?:ilr\{ ??{2?

c/Mpa SN & g3t
573 K, 0.06 MPa 13.295 1.682 0.755
573 K, 0.08 MPa 14.806 1.514 0.868
573 K, 0.10 MPa 17.883 1.487 1.166
613 K, 0.06 MPa 10.723 1.487 1.840
613 K, 0.08 MPa 13.364 1.427 2.713
613 K, 0.10 MPa 14.346 1.273 3.151
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Fig.14 SEM microstructures of tensile specimen at 573 K and 0.005 s™ (a) and bulging part at 60°at 613 K and 0.06 MPa (b)
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Superplastic Gas Bulging Forming of LZ91 Mg-Li Alloy Sheet

Li Yong', Liu Junwei®, Gao Wenliang®, Dai Muhai?, Yao Jing®, Shu Xiaoyong*
(1. Nanchang Hangkong University, Nanchang 330063, China)
(2. Jiangxi Hongdu Aviation Industry Group Co., Ltd, Nanchang 330000, China)

Abstract: The superplasticity, gas bulging forming properties and microstructure of LZ91 Mg-Li alloy sheet were studied by hot tensile
test, gas bulging forming experiment, metallographic analysis and scanning electron microscope observation. The results show that the
rolled LZ91 alloy sheet exhibits excellent superplasticity: the elongation is up to 343.7% and the strain rate sensitivity index is 0.697 when
the hot tensile temperature is 573 K and the strain rate is 0.001 s™. Under the conditions of bulging temperature of 573 K and bulging
pressure of 0.06 MPa, the sheet forming height is 51.14 mm and the height-diameter ratio is 1.279, which indicates that the Mg-Li alloy
sheet has good superplastic forming potential. Dynamic recrystallization occurs in both hot tensile and superplastic gas bulging forming,
which can effectively improve the plastic forming ability of the alloy. The typical superplastic cavities morphology at both tensile fracture
and bulging fracture shows that the main deformation mechanism is grain boundary slip, and the main cause of superplastic failure is the
growth and connection of the cavity.
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