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Fig. 1 CAD graph of thin-wall phone bracket parts and its

main thickness distribution
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Fig.2 Volume mesh of thin-wall phone bracket parts
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Table 1 Chemical composition of AZ91D magnesium alloy

(mass fraction, %)

Al Zn Mn Si Fe Cu Ni Mg
9.06 055 028 0.17 0.013 0.0028 0.0035 Bal.
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Table 2 Process parameters for high pressure die-casting

AZ91D magnesium alloy thin-wall parts

Pouring Fast injection Slow injection
temperature/ C speed/(m's ") speed/(m's ")
650—690 1.2-3.0 0.25
Mold temperature/C Injection pressure/MPa
220 50
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Fig.3 Schematic diagram of tensile specimens (unit: mm)
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Fig. 4 Filling simulation of thin-wall phone bracket parts

W, IRKFE Frl@ MR ke, UIHRE %
A,

Bl S T 7 kg TR T 1S 2 g ] o R R AR 2 A
HHIE 5 TLAE Y, SRR AR Fo B PF 25 )
PRHEAT . B E T R0 LA AR e A, X2 HF
[ AT B S i 2, ERREOR, B 1
AT BAN G, TR 53 A 0.25 F110.20 mm. #]
DARIR, A7 T A 2 5 e i vl ] DXk, X T B iy
FALEN R E 2%, s BRER K. X1 E
FEARS) B A 5, A5 A= I 45 5 3 B
FER HIE R e A T o AT A S Al R S
TRaa S NN I 9% X oy I T N E e = il M T
BEAE R Sy g As . LSRR

22 RFBEREN

Kl 6 Fros A RS TREE R 2 my/s A R 38 ii
NEIIRR B A S K X SR . B
6 MIEH, HFEFIE N 650, 670 A1 690 CHY, 7
TEA IR 20 00 52.41. 52.29 1 52.23 ms, A] I
WG VIR BE T, BB AR 0. B
SERFEH, PR 650 CH, R K 7eIH
WEEZ) T 640 °C, AEIC BN BR I IRIAE R A T KB
RIS, WKl 6(al). bOHA(CHFiR, XEHTh
FHaRBPE SN, R T B R B LR s R A
JECAFZEIE AL . UBEIEIR A 670 CHY, B E 1A

Temperature field/'C
670

668
666
664
662
660
658
656
654
652
650
648
646
644
642
640



o 27 &4 3 ) BTN, S5 RO BT IR B B ) T2 S BB R 451

Temperature field/'C

-

=0.069 s ‘ 1=0.534 s . 1=0.934 s

Bl5  EETHLS AL e A

Fig. 5 Solidification simulation of thin-wall phone bracket parts
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Fig. 6 Temperature field, actual image and X-ray scan image of thin-wall parts at different pouring temperatures
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Fig. 7 Microstructures of different positions of thin-wall parts at different pouring temperatures: (a)—(c) 650 ‘C; (d)—(f) 670 C;
(g)—(i) 690 C; (a), (d), (g): Position 4; (b), (e), (h): Position B; (c), (), (i): Position C
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Table 3 Density, porosity and mechanical properties of AZ91D magnesium alloy thin-wall parts at different pouring
temperatures
Pouring . 5 . Ultimate tensile Yield .
Density/(g-cm ) Porosity/% Elongation/%  Hardness, HV
temperature/ C strength/MPa strength/MPa
650 1.768 2.9 243 162 3.7 85
670 1.762 32 268 184 42 84
690 1.702 6.5 222 150 2.8 80
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Fig. 8 Fractographs of AZ91D magnesium alloy thin-wall parts
at different pouring temperatures: (a) 650 C; (b) 670 C; (c)
690 C
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Fig. 9 Temperature field, velocity field and actual image of AZ91D magnesium alloy thin-wall parts at different fast injection

speeds
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Table 4 Density, porosity and mechanical properties of AZ91D magnesium alloy thin-wall parts at different fast injection

speeds

Fast injection Density/ Ultimate tensile Yield strength/

speed/(ms™) (o) Porosity/% strength/MPa MPa Elongation/% Hardness, HV
1.2 1.678 7.8 - - - 78
1.6 1.748 3.9 226 161 3.1 82
2.0 1.762 32 268 184 42 84
23 1.784 2.0 306 203 6.0 86
2.6 1.771 2.7 292 206 4.7 87

3.0 1.697 6.8 220 155 2.8 82
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Fig. 10 Relationship between flow gate velocity and filling

time of AZ91D alloy thin-wall parts at different fast injection

speeds
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Fig. 11 Different position microstructures of different positions and EDX spectrum of thin-wall parts at different fast injection

speeds: (a), (b) 1.6 m/s; (c), (d) 2.3 m/s; (e), (f) 2.6 m/s; (g), (h) 3.0 m/s; (a), (¢), (e), (g) Position D; (b), (d), (), (h) Position £
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Fig. 8 Fractographs of AZ91D magnesium alloy thin-wall parts at different fast injection speeds: (a) 1.2 m/s; (b) 2.0 m/s; (c) 2.3

m/s; (¢) 3.0 m/s

EpSE = INE SR [IREeRi s e A TA € NPNUN
& T AR 22 RE - B 12(b) B g SR IS
2.0 m/s I A AR (R IT T30, BT 11 Ak St Aol s PO B0
WSk, RS 2D S AN S AR L -
B 12(c)7m A PR SR 2.3 m/s Bz Ad A (K67 11 7%
o HIE 120y AL, KB IR BRI B W) A7
FEICIT T rR, SRBLH LS P R i, AT
RULBIRAERS , T AR IS A 2.3 my/s I, R B5(T
(K12 PERE R o RIS SN 3.0 m/s I (MLIE]
12(d)), T T30 S 30 9 6 1) DR RS Sl Al s 25 LR
HBA RIS IAFAE, AL I B AR B 2 (1
S RABORE, B AT DUA B B, IX KR
EAR(ED) IBu e v DA Cibu el R 1] TE SRS UTESPASE T pu
&2 3.0 m/s I, ARAE IR E REZE -

3 it

1) iR EXT AZ91D B 4 RE R R M3k
T B AR K IIEVEREA G WA . TG
PSR AR T BB RS A (R T, b
IEHE, AL SRR 2R R R

2) W T RETF LS A A, PR S B A I

(<1.6 m/s), EEGEIEMNA /= 2 MAaRA . 1%
RRAFIGEAS LS HIE, BT 5 PERRAR: & 3 s TR
SR, ARTHRESESMRIEES), HRIR. %
ARG, DI ARRAGESL, A AR, $E
SPERE: AHCY PR A S (=3.0 m/s), AL
R R G SRS, A E IR,
D15 BRI B

3) KT AZ9ID B G i RE TR RS, &
T (1)U B R SR 4300 ok 670 “CFI 2.3 my/s,
TEULSHC N A= (ST R I VT R A ARl /T
JOFACR 5.1 pm) SALFARQ2.0%) 12 PERe R,
prhram . MRS A . AP SRR R 4y 0k 306
MPa. 203 MPa. 6.0%#1 86 HV.

REFERENCES

[1]  JIANG Ju-fu, CHEN Gang, WANG Ying, DU Zhi-ming, SHAN
Wei-wei, LI Yuan-fa. Microstructure and mechanical properties
of thin-wall and high-rib parts of AM60B Mg alloy formed by
double control forming and die casting[J]. Journal of Alloys and
Compounds, 2013, 552: 44-54.

[2] QI M F, KANG Y L, YAN Y, ZHU G M, LIAO W N.
Comparison of microstructure and mechanical properties of

AZ91D alloy formed by rheomolding and high-pressure die



55 27 A5 3 Y]

AR L, S RS G B A5 0T 1 L2 KB R

457

[4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

casting[J]. Journal of Materials Engineering and Performance,
2015, 24(10): 3826—3834.
MANIVANNAN S, BABU S P K, SUNDARRAJAN S.
Corrosion behavior of Mg-6Al-1Zn+XRE magnesium alloy with
minor addition of yttrium[J]. Journal of Materials Engineering
and Performance, 2015, 24(4): 1649-1655.
WANG Bai-shu, XIONG Shou-mei. Effects of shot speed and
biscuit thickness on externaly solidified crystals of high-pressure
die cast AM60B magnesium alloy[J]. Transaction of Nonferrous
Metals Society of China, 2011, 21(4): 767-772.
Kb, ZER, X Bk, RS, BRESE, 4R R e
B < e e AU R RS AR E S LR AL ZA 0], h EA
SRR, 2014, 24(1): 43-52.
ZHU Bi-wu, LI Luo-xing, LIU Xiao, ZHANG Li-qiang, BU
Xiao-bing, XU Rong. Flow characteristics and solidified
microstructure during filling process of thin-wall aluminum alloy
under high pressure die casting conditions[J]. The Chinese
Journal of Nonferrous Metals, 2014, 24(1): 43—52.
XA S, RISORE, BESFSE, WA K. T &S HUR AL R
AZIND BEEERFH ARG MR, #id, 2004, 53(11):
883-886.
LIU Yan-gai, LIU Wen-hui, XIONG Shou-mei, LIU Bai-cheng.
Influence of die casting parameters and core on mold-filling
capacity of AZ91D magnesium alloy[J]. Foundry, 2004, 53(11):
883-886.
RN, RBIE, R, vl EARBES SRR
T EARA[T]. FERhBE I L (0t 45, 2012, 32(11): 1015-1018.
LU Zhi-hao, LONG Si-yuan, LIU Juan, HAN Chao.
Optimization of filling process of magnesium alloy bottom
cover[J]. Special Casting & Nonferrous Alloys, 2012, 32(11):
1015-1018.
T, AR, R, T,
B Mg-4A1-0.4Mn-xPr B4 40 WA A 23R ) 24 1 R
A (5452 8 2731, 2009, 19(5): 833-840.
YU Peng, ZHANG Jing-huai, TANG Ding-xiang, LIU Ke,
MENG Jian, ZHOU De-feng. Microstructures and mechanical

2, FmR. F
EINGE

properties of high-pressure die-cast Mg-4Al1-0.4Mn-xPr alloys[J].

The Chinese Journal of Nonferrous Metals,
833-840.
HU Zu-qi, ZHANG Xin-jian, WU Shu-sen. Microstructure,

mechanical

2009, 19(5):

behavior  of

alloy[J].

properties and  die-filling
high-performance Al-Mg-Si-Mn
Metallurgica Sinica, 2015, 28(11): 1344—1353.

LEE S G, PATEL G R, GOKHALE A M. Characterization of the

die-cast Acta

effects of process parameters on macro segregation in a

high-pressure  die-cast alloy[J].  Materials

Characterization, 2005, 55: 219-224.
LEE B D, BAEK U H, HAN J W. Optimization of gating system

magnesium

design for die casting of thin magnesium alloy-based
multi-cavity LCD Housings[J]. Journal of Materials Engineering
and Performance, 2012, 21: 1893—-1903.

HOMAYONIFAR P, BABAEI R, ATTAR E, SHAHINFAR S,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

DAVAMI P. Numerical modeling of splashing and air entrapment
The International Journal of
Advanced Manufacturing Technology, 2008, 39: 1893—1903.

NIKROO A J, AKHLAGHI M, NAJAFABADI M A. Simulation

and analysis of flow in the injection chamber of die casting

in high-pressure die casting[J].

machine during the slow shot phase[J]. The International Journal
of Advanced Manufacturing Technology, 2009, 41: 31-41.

KIM T, JIN K, KIM N, KIM B. Numerical analysis and optimal
design to reduce residual stresses and deformations of die casting
baseplate after ejection[J]. Journal of Mechanical Science and
Technology, 2015, 29(7): 2949-2956.

TR M S I BEONS H B4 1 L AR W [C)//2007 45 [ s
Vo HrIRBEIGE . RN TAARES LT, BB R it K
{54z, 2007: 225.

HUANG Zhi-lu. The effect of injection speed on the quality of
die casting[C]/The Academic Conference Special of Chinese
Die Casting, Squeeze Casting, Semi-solid Processing in 2007.
Wauhan: Special Casting and Nonferrous Alloy, 2007: 225.
gz, JREER, FhALF, FANE. TESHON R a4
AMG60B Va5 4L SRR E I T]. h E A e % R,
2007, 2(3): 17-20.

YAN Feng-yun, ZHANG Ting-feng, SUN Li-ping, WANG
Song-hai. Influence of technology parameters on fluid and
performance of die casting Mg alloy AM60B[J]. China Foundry
Machinery & Technology, 2007, 2(3): 17-20.

PARK J, KANG C. Microstructure and mechanical properties of
AMS50 alloy according to thickness and forming condition of the
products by a high pressure die-casting process[J]. Journal of
Mechanical Science and Technology, 2013, 27(10): 2955-2960.
HU Li-fang, CHEN Shao-ping, MIAO Yang, MENG Qing-sen.
Die-casting effect on surface characteristics of thin-walled
AZ91D magnesium components[J]. Applied Surface Science,
2012, 261: 851-856.

YANG Ling, HOU Hua, ZHAO Yu-hong, YANG Xiao-min.
Effect of applied pressure on microstructure and mechanical
properties of Mg-Zn-Y quasicrystal-reinforced AZ91D
magnesium matrix composites prepared by squeeze casting[J].
Transaction of Nonferrous Metals Society of China, 2015,
25(12): 3936-3943.

£OE, RBEH, BAKEK, R, R, KOH. Wt
ALY X AZ8O B3 A EVRI) AP RERT ], rhl_lﬁﬁé
JB 2R, 2014, 24(1): 25-35.

WANG Jun, ZHU Xiu-rong, XU Yong-dong, WANG Rong,
NIE Jing-jiang, ZHANG Li-jun. Effects of rare earth Ce and Y
on microstructure and mechanical properties of AZ80 Mg
alloys[J]. 2014,
24(1): 25-35.

ZHANG Peng, LI Zhen-ming, LIU Bao-liang, DING Wen-jiang.

The Chinese Journal of Nonferrous Metals,

Effect of chemical compositions on tensile behaviors of high
pressure die-casting alloys Al-10Si-yCu-xMn-zFe[J]. Materials
Science and Engineering A, 2016, 661: 198-210.



458 Hh TR (< R 2 AR 2017 43 1

Process and numerical simulation of
high pressure die-casting magnesium alloy thin-wall parts

QI Ming-fan', KANG Yong-lin', ZHU Guo-ming', LI Yang-de?, LI Wei-rong®

(1. School of Materials Science and Engineering,
University of Science and Technology Beijing, Beijing 100083, China;
2. Dongguan Eon Technology Co., Ltd., Dongguan 523662, China)

Abstract: The mold filling and solidification process of high pressure die-casting (HPDC) AZ91D magnesium alloy
thin-wall phone bracket parts were simulated by Procast software. The effects of the different process parameters on the
surface quality, density, microstructure and mechanical properties of thin-wall parts were studied by combining the
simulation with experiment. The results show that the type and location of defects are identical with the simulated results.
The pouring temperature and fast injection speed have an important effect on HPDC thin-wall parts of AZ91D
magnesium alloy. Decreasing the pouring temperature or increasing the fast injection speed properly helps to improve
surface quality, decrease casting defects and grain size and increase mechanical properties of parts. For HPDC thin-wall
phone bracket parts of AZ91D alloy, suitable pouring temperature and fast injection speed are 670 C and 2.3 m/s,
respectively. Under the process parameters, the thin-wall parts have good surface quality, the average size of the grains is
only 5.6 um and the porosity level of the parts is only 2.0%. Also, the mechanical performance of the thin-wall parts is
excellent, and the ultimate tensile strength, yield strength, elongation and hardness are 306 MPa, 203 MPa, 6.0% and 86
HV, respectively.

Key words: AZ91D magnesium alloy; thin-wall part; high pressure die-casting; microstructure; mechanical property;

numerical simulation
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