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R 1 AZ31B BEH BB
Table 1 Composition of AZ31B magnesium alloy sheet (mass
fraction, %)
Al Mn Zn Si S Fe Ag Mg
3.01 039 093 0.08 0.015 0.007 0.005 Bal.

N
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t

1 bR 2 RS
Fig. 1
dimensions (b) (Unit: mm)

Uniaxial tension specimen (a) and its geometric
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Table 2 Damage parameters of magnesium alloy GTN model
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Fig. 2 Comparison of stress—strain curves between experiment

and simulation

2 AZ31B A& REAE BRI
TR B E AR

2.1 FHFES TR BIRTIRB AL

TAf =R F TR A R LA 30 i F )
% BN 20mm, TR G LG 3:2, BHRIIAR
ok, HAOAE — AR, A0 3 R AR
BT ARG, AR —A e . T A
], SKH ABAQUS H57 1/2 SR PR cHAL, 4k 4
Fi7R o BRIBURLA = 4E AR T SR Ah, AR SRR,
W RTIR A 2 1) GTN S8R\ ABAQUS 24 &M RHE
PErr, BROMEEE ¢ 0.8mm. UKL KL B PR F 4R
J& 1) Drucker-Prager ZEPERAT, iR a6 A 3R 1540
RSHE, FORARE P BEEF p o 31.4°, =HilhL
i e AR S 77 5 =2 i 45 J RS 73 2 b KA 0.83 5 J5UkEL
UK Ay N 15.7°; D-P BEALARRLSE B p=770.44¢,,

3 BHRHE T
Fig. 3 Part feature analysis (Unit: mm): (a) Three-dimensional

model; (b) Sectional dimension of workpiece
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Fig. 4 Finite element model of SGMF
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Fig. 5 Displacement nephograms in Z direction of two initial

blanks forming: (a) Round blank; (b) Shaped blank
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Fig. 6 Three deformation steps and deformation regions of
the workpiece: (a) The first step; (b) The second step; (c) The

third step; (d) The main deformation area
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Fig. 7 Void volume fraction nephograms at different friction

coefficients: (a) ©=0.05; (b) x=0.15; (c) x=0.25
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Fig. 8 Five elements at fracture risk regions
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Fig. 9 Evolutionary process of void volume fraction (a) and

equivalent strain (b)
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Fig. 10 Evolution process of void volume fraction of element

1 at different friction coefficients
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Fig. 11 Experiment schematic diagram and experiment setup

32 HREHH

N T IR A GTN 45473 W 2R v D 1) S5 702 2 ] 4k
Bk AT PR TR O HER I, SRR IR, R R A
BA 1.12¢ RITGIEME 26 4F R AT OB, & rike T4
W (R R T U R UR . IR R RS
FEMI R AR T A IR BEA 1120, BB 50 L JRE 45 (R %
N 0.25 BPRERLAS B0 R AT b, KR mE 12
7R o ARG SRR AR R A ], BV 22 Kb
JE, TUVRSE PN kiE,  HLJHCJE ™ 5 Ak g 9 v e ™ B X
RIG AL TAARLE C DX 15 Ak o A a8 R s
2, (EH AT RIS . R T AV Bk K R
N 347 mm KT HAHUME 30.7 mm, BRI SR
EUABESOURE X 45 20 o R R AR U0 T B B A KR 25 A
18%LA A o 43T 77 A 15 22 1 Ji R 7E 4056 R F Ok R
JIRTBUA BRI BT, TARALLS R A K] Drucker-Prager



228 455 12

WA, . BT GTN BARIEES &R BB BURIE 2419

1.05
0.95¢ Experiment ’
g ETEEET Simulation Start point
£ 0.85F B
% 0.75F ' _\ Thickness of
£ D initial blank .-
Q T Al . PRy .‘-’
= 0.65F v :
0.55 Simulation o Experiment
045 fracture‘ region . | ' frac‘ture reglion
70 5 10 15 20 25 30 35

Horizontal distance from start point/mm
B 12 Bl SN R 5 th 2o b
Fig. 12 Wall thickness comparison between experiment and

simulation
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Fig. 13 Comparison of void volume fraction nephograms of

workpieces between experiment and simulation
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Solid granules medium forming of magnesium alloy
special shaped part based on GTN model

CAO Miao-yan', ZUO Miao-miao', WANG Peng', HAO Hai-bin?, ZHAO Chang-cai’, LI Jian-chao®

(1. National Engineering Research Center for Equipment and Technology of Cold Strip Rolling,
Yanshan University, Qinhuangdao 066004, China;
2. Key Laboratory of Advanced Forging and Stamping Technology and Science, Ministry of Education,
Yanshan University, Qinhuangdao 066004, China)

Abstract: The magnesium alloy part with complex section was researched based on solid granule medium forming
(SGMF). Combined with magnesium alloy tensile test at high temperature and inverse finite element method,
Gurson-Tvergaard-Needleman(GTN) parameters of magnesium alloy were obtained which can predict magnesium alloy
forming limit. Based on magnesium alloy GTN model, magnesium alloy special shaped part forming process was
simulated by ABAQUS. Wall thickness and void volume fraction of workpiece were analyzed with different
technological parameters, and the optimum technological parameter was identified. Experimental dies of special shaped
part were designed, and corresponding forming experiments were carried out. The experiment results are in good
agreement with that of magnesium alloy by predicted GTN model, and qualified part is obtained with optimum
technological parameter.

Key words: magnesium alloy; special shaped part; GTN model; granule medium
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