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Research Status and Development Trend of Integrated Die-casting Aluminum Alloy
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Luo Tingrui', Fan Zhenzhong*®, Hu Huixiang', Wang Junhu', Tian Yanzhong'
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Aeronautical Materials; 3.Beijing Advanced Engineering Technology and Application
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Abstract: The development of new energy vehicles has put forward higher requirements for manufacturing light-
weight, integrated structural components. Ultra-large and ultra-high pressure die-casting equipment can fabricate
integrated heat-treated-free die-casting aluminum alloy, which can realize the low-cost and highly integrated man-
ufacturing of complex parts and has become a hot topic. The domestic and international research status of heat-
treated-free die-casting aluminum alloy materials and the production status of integrated die casting equipment
were systematically reviewed. The mechanical properties and controlling mechanisms of heat-treated-free die-cast
Al-Mg and Al-Si series alloys were described. Finally, the development trend of integrated die-casting aluminum
alloy materials for new energy vehicles was prospected.
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Tab.1 Summary of properties of typical heat-treated-free die casting aluminum alloys abroad

G Z 85y BURLREE/MPa i IRSREE/MPa 575 EE/MPa i/ % BFE/(MS e m— D) AR HiEbkee BT S8R
Castasil-37  AlSi9MnMoZr  280~300 120~150 86 10~14 18~22 1% i /a8

C611 AlSi7MnMg 240 120 12~15 - % iy - Al-Si
Salafont-36  AlSi9MgMn 250~290 120~150 89 5~10 21~26 1% =R/4e J/ae #

Aural 5 262~274 122~133 11~13 - - - -
560(C446F) - 250~280 160~200 6~8 - = -
Magsimal 59 AlMg5Si2Mn 280~340 160~220 100 12~16 14~16 1% it it
Castaduct 42 AlMg4Fe2 245~265 120~135 106 11~16 - - R AT If A;\v{g

A152 AlMg3 265 150 11 - fi% I -

Al53 AlMg4 280 170 9 - 1i% I

1.2 ERGERLEEHFESETRIK

Wit 5 ] P BT B T 9 A ) R R X e B Ak B
FEH5R A A 0 T R SR B ARG I, i e Ak 2 5 40
B A BRI TR B B A A I 5 AR B
SE AR AR A AR AR Mo BERBE R T ALLSE &R A
WP RS A A U PLoR B =220 MPa, Ji il 58 & =
110 MPa, iR =12% . 0B 47 i A 4 %t
AR BETE R RLRE 20 4k T 40 3 0 1AORS J% 4l ¥ 1k 0728 i
Wb FRAEWE R T G AAE PRI 5 5R A A TR S TR A5 UM RE AR
SE S PLPLSR L 35 280 MPa, Ji Al 58 & 15 150 MPa, fifi K 3
KT 10% M FHELM ALSI ZA4ES . BERRES I

FIWEKA I LM EZCASTY KA 4. 01 ETS &
RURE ™ il U 1A% G0 55 50 G 4 1l T R 2808 5 #k
P AR A A Y B SR 2B & T JDALx,
JDA2x RGN MR A 4 o JDALx RIEHR A
SPrhi s B Al ik 300~330 MPa, i ik 58 B 7] 35 180 ~
200 MPa, il K HA[ ik 6% ~8% , % & 4 M B4 T &
FER I THERE R B2 MR RE bk RE S M, R R &
HERB 2 4 ~72 h J5 7] 35 Silafont 36-T6 Z% Jj 2%
et . JDA2x RIEH 4 A & WU HL sk B T 35 300 ~
320 MPa, Ji} IR 3% i 7] 35 160 ~ 180 MPa, ffi K % & ik
15%~20% . EWNT KIF kKRR EESA S
RILFE 2,
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Tab.2 Domestic summary of research and development of heat-treated free die casting aluminum alloy

hides I oI AEAy Gadlsy HUHLHR B/ MPa Jii HR 58 B2 / MPa 2/ % of R AL
1 IR 2R 2012 Al-Mg-Si-Mn 312.7 217.1 7.1 8T
2 I E 5l 2017 Al-Mg-Si-Mn-Cu 340~350 180~200 10~15 -
3 AL AR 2020 Al-Si-Mn-Fe =220 >110 >12 FL 3t 55 1R
4 RS 2020 Al-Si-Zn-Mn 270 160 7 RBLIETE
5 IR E 2021 Al-Si-Mn-Mg =250 =120 =10 ik
6 FEI 2021 Al-Mg-Mn-Fe =270 =140 >18 ba )
7 AV 2022 - =280 >130 >10 -
8 1LV B A 2022 Al-Mg-Si-Mn 280 150 23 -
. AT 2022 Al—Si—Mr‘l—Mg 300~330 180~200 6~8 B LTIk

2022 Al-Mg-Si-Mn 300~320 160~180 15~20 i
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ik 150 MPa, HiHii 38 i 35 300 MPa KR KT 15%.,
SR g I A A R AR R S & A B L
5.4% 1 Mg.2.0% [ Si.0.77% i Mn.<<0.22% 1y Fe,
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Microstructure of heat-treated-free die-casting Al-Mg alloys
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Fig.2 Effects of Mg and Si content on as-cast mechanical properties of die-casting Al-Mg-Si alloy
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A R
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BEMEPES, RS ALSI RE B
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Fig.3 Schematic diagram of microstructure solidification of
Al-Si-Mg alloy after adding Sr and Al-Ti-B
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Tab.3 Development status of large-scale die casting equipment

for integrated die casting
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Hot Deformation Parameter Optimization of TC21 Titanium Alloy Based on

Response Surface Methodology
Li Xin, Zhang Kaiming, Wang Kelu, Lu Shigiang
(School of Aerospace Manufacturing Engineering, Nanchang Hangkong University)
Abstract ;: The isothermal compression tests for TC21 titanium alloy with lamellar microstructure were carried out
at constant strain rates on hot working simulator. The obtained flow stress data was utilized to calculate the InZ,
deformation activation energy Q and power dissipation efficiency 5 under different deformation conditions, and
the response surface models of parameters to deformation temperature, strain rate and strain were established.
The response surfaces of InZ, Q and 5 to the interaction between deformation temperature, strain rate and strain
were plotted, and the variation law of InZ, Q and » with the interaction between these hot deformation parame-
ters were analyzed. By pursuing the lowest Q and Z values and the highest 5 value, the hot deformation parame-
ters were optimized by multi-objective visualization. The results indicate that with strain rate decrease, the values
of InZ and Q are decreased and the value of 7 is increased, while all parameters are increased firstly and then de-
creased with deformation temperature increase. The established response surface model possesses high accuracy,

and the range of hot deformation parameters optimized by the model is 860~900 C, 0.001~0.002 s '

. The opti-
mal deformation condition is 877 “C and 0.001 s ', where the equiaxial microstructure with higher spheroidization
fraction and smaller size can be achieved.

Key Words: TC21 Titanium Alloy, Response Surface Methodology. Microstructure
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