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Numerical Simulation of Die Casting Process for Mg-x Sm-0.3Zn Magnesium Alloys
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Abstract: The ProCAST software was used to simulate the die-casting process of Mg-rSm-0.3Zn series magnesium
alloy. The initial parameters, such as pressure, specific pressure, mold temperature casting temperature and in-
jection rate were set as 0.2 MPa, 40 MPa, 200~280 ‘C, 680~740 °C and 1.5~6.0 m/s, respectively, to under-
stand the effects of these parameters on the die-casting process of rare earth magnesium alloy. The results indicate
that the distribution of shrinkage porosity can be improved when the mold temperature and casting temperature
are appropriately low, and the difference of mold temperature has a more obvious effect on the filling process of
alloy. Proper increase in injection speed can make the casting better feeding, however should not be too high in or-
der to reduce the service life of the metal mold. When the content of rare earth is 0.8 %, the filling process is the
most stable, and the time needed for filling and complete solidification reaches the peak. With the increase of rare
earth content, the temperature difference between solid and liquid is decreased from 70 C to 46 “C, and the

shrinkage cavity and porosity of the castings are effectively improved.
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Fig.1 The 3D model of the die casting specimens
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Tab.1 Thermal physical property parameters of
Mg-xSm-0.3Zn alloy

B WM WmEE/ AWORIE/ O SR/ A/
S &\ LR (keo (X103 (Wem1e (k-
BE/C E/C m?) Pa+s) K= kg1
1 648 578 159 6.32  1.334 87 85.689 2 1 073.41
2 647 589 160 3.70  1.342 95 85.688 2 1 070.50
3 646 592 161 2.39  1.352 50 85.687 4 1 067.05
4 644 594 163 1.33 1.373 44 85.686 3 1 060.07
5 640 594 165 7.29  1.402 39 85.687 0 1 051.25
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Tab.2 Casting process parameters

95 DR/ C BRI /C JRSPEE/(m - s™ D)
BD-1 680 200 4.5
BD-2 680 220 4.5
BD-3 680 240 4.5
BD-4 640 220 4.5
BD-5 720 220 4.5
BD-6 680 220 3.0
BD-7 680 220 6.0
BD-8 680 280 4.5
BD-9 740 220 4.5
BD-10 680 220 1.5
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Fig.5 The filling process of BD-3 casting process
i Gt . Gt . Gt D1 FebATE%
RS [y ) SE— 100.00 | e, 100.00 el | e, 100.00 — L= 100.00
i A 9333 o " 93.33 T * 93.33 2w ¥ 93.33
. 86.67 . 86.67 . 86.67 . 86.67
i 1 80.00 a 80.00 i . 80.00 . 80.00
i il 7333 bl 7333 L 1l 1s 7333 | 1lls 7333
Ity & Inlli 6667 T Ik I 6667 |1 ¢ X 66.67 [ . 66.67
A 11l 60.00 ’ i 60.00 4 ] 60.00 ! 60.00
! A0k R 53.33 ; . 53.33 | : 5333 | . 53.33
[ ! 46.67 [ 46.67 I 46.67 1 46.67
b 1t 40.00 h 4 40.00 w 40.00 o 40.00
: 1 3333 ' T 3333 - i & 3333 ¢ - 3333
26.67 26.67 26.67 26.67
20.00 20.00 20.00 20.00
1333 1333 1333 1333
6.67 6.67 6.67 6.67
0 0 0 0
(al) BD-1, % A& (a2) BD-2, % # (a3) BD-3, %5 # (a4) BD-8, % #»

(a) 453l GEm s R

BT BT BT BT
680.003 680.000 680.000 L 680.070
679.763 679.775 679.722 679.866
679.523 679.550 679.443 679.662
679.283 679.325 679.165 679.458
679.043 679.100 678.886 679.254
679.050 678.875 678.608 679.050
678.803 678.650 678.329 678.846
678.563 678.425 678.051 678.642
678.323 678.200 677.772 678.438
677.844 677.975 677.494 678.234
677.604 677.750 677.216 678.030
677.364 677.526 676.937 677.826
677.124 677.301 676.659 677.622
676.884 677.076 676.380 677.418
676.644 676.851 676.102 677.214

676.404 676.626 675.823 677.010
(b1) BD-1, & & (b2) BD-2, L & (b3) BD-3, £ # (b4) BD-8, L&
22.63

20.40
18.17
15.94
13.71
11.48
9.25
7.02
4.79
2.56

(b) AR% R¥EHBE

FF(E]/s FF(E]/s FF(E]/s Bt /s
3237 3534 38.72
30.24 33.01 36.16
28.10 30.68 33.60
25.96 28.34 31.04
2383 26.01 28.48
21.69 23.68 2593
19.55 21.35 23.37
17.42 19.01 20.81
15.28 16.68 18.25
13.14 14.35 15.69
11.01 12.02 13.13
8.87 9.68 10.57

6.73 7.35 8.01

4.60 5.02 5.45

2.46 2.69 2.89

0.33 0.33

(cl) BD-1,%t B (c2) BD-2, % B (c3) BD-3,#%t B (c4) BD-8, % B

33.77
31.54
29.31
0.32 0.35
() #54F %t B B )
B 6 BD-1.BD-2,BD-3.BD-8 ixiz/g4®4R
Fig.6 Post-processing of BD-1.BD-2.BD-3.BD-8 casting process

27.09
24.86

431



R85 s MA@

2022 4EHS 42 B 4 )

FE 55 U0 AT 040 o TR 5 1 A S DA B 0 R A
SRS AL AN B . A 4 RS LR B 00 45 AL L ZE A
Sy ARG B, TR BD-3 (B HR FE Oy 240 °CO 4R L (AR 45
JEAEA . X 2 R Ry BD-3 70 50 45 S i) 3 B e v
o AR PR DL G R AT RN O AL AR AR

6c o 4 WM IYEEENEOL . BR 2536 WA L 5 8
HEHe | b7 A U 0 (3 e S L A [R)REL JRLEE Y
B Vg I e A — B, BD-1 % [ i 75 I 6] 2l 32.37
s» b BD-8 & [ fir 75 B 8] 45 1 19.6 % » iX 52 K O BD-1
B ASE L Y AT, B A R T R VAR T

(a) BD-4,0.018 9 s (b) BD-4,0.023 7 s

(f) BD-5,0.029 6 s (g) BD-9,0.018 9 s

L U B R B A L FE AR

TR B8 1 I Y S A s R LR 8, MRl 8a Al
SRR 46 L L 8 PR SR F2 A v A T R B L
T VA DL S LA . R BT DL R BB R IR R
5, BD-2 . BD-5 W9 41 1% 45 FL . 46 s 25 R F BD-4, 0
SR R U BE Ak 2L T i 2 BEOIN  F 00 4 AL AR RS R
X 2 PR Sy 8 T T RE AR, W DA e IR T o A v A A AR
W o R BE TR BE AN BRI . f I 8b Il 8c AT, 1%
U R 0 2 S AN 2 2 I 1 T e B B 2 R S
T 1 50 4 5 ] BT 5 ) A 25 5L 3R] BB 4 v L EE
PEARTRI R EE LA 61T R .

PEHL BD-2 . BD-7 WA 20 i 57 Fs o5 3 5 o 1 95 ook 72 1
Fm L9 R BD-7 TN G&MAMERE, X BD-2
A BD-7 1) 75 8 o i AT 0 R ) e 4 o R B L 1 T
T PR 4 — B, H R AE FE R A6 64.2 % (43 3% B BD-
2.BD-7 FZERFFEAY0.014 2 $,0.018 9 ) I [ #5 8 K

432

680

I 592 I 609.3
548 ' = 564.0
504 518.7
460 . 4733
416 _ 428.0
372 382.7
328 3373
284 ' I 292.0
240 L 246.7
196 201.3
152 156.0
108 110.7
64 65.3

(¢) BD-4,0.029 6 s

32 REREMEHEEMNEHETENEIE
PEHL BD-2 . BD-4 .BD-5.BD-9 % 4 £ T. 2l EEHF 5
BEVE B X R R A 52 e L 1€l 7 i BD-4.BD-5.BD-9
BT LT AR, rTRLE R 6 5 i
A EL A S R R R — B, R A ST T R AR Y AR AR
4 JE W R B e T HE A B0 07 B & B AR, O HL
Bl & Be R T BRI R BRI B, R
LR BE L I R e R sk R Y R ) R RS L B 1Y
25 S 1 O BT I B G S B R T e 4 1) T A e AR
A ISR TE I S U RS TR e R I ]
BE/C BE/C

700.0

636 654.7

20 20.0

(d) BD-5,0.018 9 s (e) BD-5,0.023 7 s

700.0
I 654.7
609.3
5 5640
518.7

| 4733
4280

382.7
3373
292.0
246.7
201.3
156.0
110.7

65.3
20.0

(h) BD-9,0.023 7 s
A7 BD-4.BD-5.BD-9 ®izA AT
Fig.7 The filling process of BD-4 .BD-5.BD-9 casting processes

(i) BD-9,0.029 6 s

() BD-7 BE V™ A= 10 W B0 42 i B L A LA ) A
(6 e R B B S A . TR RSB, BD-T T2
T AT ETE R 0.022 2 s, 38 85 3 /N T2 BD-
2 4% 70.007 4 s[RI, 76 8 88 DL K A i 4 78
RIS, % B 58 AL 53 51 2 96.6 % . 96.0 % » He 5 1
FER LRI TR T 0.6% . X & K JE 95 8 i 42
A5 B 25 38 3 P 0 31X, At DX 5l 7 ) P 5 31 5
T o U BN I 3 DX 3T A A6 Bl R AR B S A R T
38

XFL BD-2.BD-7 P4 T. 2 1 Je b #2455, UL A 6
I 10, MIE 10a T LLE L BD-7 8514 19 46 5L | 46 15 45
RO AL T BD-2 19, X J2& B o F 95 o 2 42 i AT A7 42
Ja8 B [ 0 3 R R AT AR M AN . O ELZE SR R A R
SPF R v B AE L 7 Tl B 220 1 B O R R v L NS A AR
45, DRIL 7E S B B b R DL A 3 2 0 e G R
BRATK 55 1 0 40 FL 4 R 155 00 TR B e S 3 B ) s &2



Mg-2Sm-0.3Zn B IEE G 4

JEds T ERUERL 7 5 2

B GRS/ % P HEFATE/% ' HEFATE/%
rrmal | 100.00 vl | e 100.00 wed | Moy 100.00
o - X 93.33 ¥ w - 93.33 v 5 x 93.33
. 86.67 . 86.67 ‘ 86.67
! 80.00 . 80.00 3 80.00
i1ls 7333 il ls 7333 1 s 7333
11} & ir 6667 1 B | 5 6667 11 * T 66.67
L 60.00 1 | 60.00 ! | 60.00
1l - 5333 || : 5333 0 5333
16.67 16.67 ] 16.67
¥ 40.00 4 40.00 L 40.00
1 B33 - 1 333 ¢ ; 3333
26.67 26.67 26.67
20.00 20.00 20.00
1333 1333 1333
6.67 6.67 6.67
0 0 0
(al) BD-2 (a2) BD-4 (a3) BD-5
(a) 453U s %
\EIC \EIC \EIC
680.000 680.000 680.000
679775 679.808 679.799
679.550 679.615 679.598
679325 679.423 679307
679.100 679.231 679.196
678.875 679.039 678.996
678.650 678.846 678.705
678.425 678.654 678.504
678.200 678.462 678.303
677975 678.269 678192
677750 678.077 677.901
677.526 677885 677790
677301 677602 677.589
677.076 677.500 677.389
676.851 677308 677188
676.626 677.116 676.987
(b1) BD-2 (b2) BD-4 (b3) BD-5

(b) AL RSB BRE
B [E]/s

B [E]/s
33.77
31.54
29.31
27.09
24.86
22.63
20.40
18.17
15.94
13.71
11.48
9.25
7.02
4.79
2.56
0.33

(cl) BD-2 (c2) BD-4

33.87
31.63
29.39
27.16
2492
22.68
20.45
18.21
1598
13.74
11.50
9.27
7.03
4.79
2.56
0

I

(¢3) BD-5

(o) #5145t B Bt 1a)
B 8 BD-2.BD-4.BD-5.BD-9 & izE A ®ER
Fig.8 Post-processing of BD-2.BD-4 ,BD-5.BD-9 casting process

(a) 0.006 8 s (b) 0.010 4 s (¢) 0.014 2 s (d) 0.015 3

() 0.017 7 s (g) 0.019 3 s

(h) 0.021 3 s

B9 BD7REILLAATA
Fig.9 The filling process of BD-7 casting process

B [E]/s
33.78

31.55
29.32
27.03

24.87
22.64

20.41
18.18
1595
13.72
11.49
9.26
7.03
4.80
2.57

S

Ak el Al

¥ -

1 " '
b
(a4) BD-9

(b4) BD-9

Ll

(c4) BD-9

(e) 0.016

(1) 0.022 2 s

7s

BT

680
636
592
548
504
460
416
372
328
284
240
196
152
108
64

20

HEPAZE/%

17.65
1572
13.78
11.85
9.91
7.98
6.04
4.11
2.18

100.00
93.33
86.67
80.00
73.33
66.67
60.00
53.33
46.67
40.00
33.33
26.67
20.00
1333
6.67
0

BT

i 4l

680.000
679.701
679.402
679.103
678.804
678.505
678.206
677.907
677.608
677.309
677.010
676.711
676.412
676.112
675.813
675.514

B [E]/s
29.26
27.32
25.39
23.45
21.52
19.58

0.24

BT

433



R MAE OGS4 2022 4F4 42 B A

] FEVAEE% BE/C BE/C

= | — 100.00 680.161 33.77

& e v w 9333 379,959 3154
86.67 679.757 29.31

'l 80.00 679.555 27.09

] - 73.33 679.353 24.86

i t - 66.67 679.151 22.63
[ 60.00 678.948 20.40

5333 678.746 18.17

46.67 678.544 15.94

v 40.00 678.342 13.71

i ¥ 3333 678.140 11.48

26.67 677.938 9.25

20.00 677.735 7.02

1333 677.533 4.79

6.67 677.331 2.56

0 677.129 0.33

(a) 45L& 25 R

(b) A4 R MR E

(o) HHgEAERL

B 10 BD7®iEzrLZdeameR

Fig.10 Post-processing of BD-7 casting process

VROGT TR RE (1 i B, 2% 4 4 T RS L I 4 AR
I HLaok e 0 s S0 3 B 2 1 45 5 e ok R o o B K it 3R R
MBS E AT T AR 1 55 .
33 AERANEHTENZIE

11 A Mg-2Sm-0.3Zn& 4 8 F 78 BD-2 4
L b i, LR LR Sm & & 11
TS50 6 L L 4 R 15 0 A B A R . X RO B
HSm T RIE .G SN B AHE 2 H 70 CRELR 16
C o T I P A A e B A /N IR R B A%
T B S S ER T R 2 o VR I YRR v O A T AR
1TV X I A i & 35 FE B 1 8] A7 76 35 R TR Y
[P Y L A RRIR DX B R DX P S it £ BEL A 4 T8 VAR 4
WO 75 5 1 AR FLEBRBE . B 12 AR R & 4 8 R
BD-2 £ 8 BY%E [ AL, B 13 S A A 4 4 86 0

(b 2%
B 11

() 15 (c) 3%

Fig.11

B [E]/s
33.61

31.40
29.18
26.96
2475
22.53
20.31
18.09
1588
13.66
11.44
9.23

7.01

4.79

B [E]/s

! 33.77

2.58 2.56
0.36 . 0.33
(b 25

A 12

(a) 15

'l R " [ i H
. o v - & !93.33

31.54 32.88 32.70 28.92
2931 30.55 30.39 26.88
27.09 28.23 28.07 2483
24.86 2591 25.76 22.79
22.63 23.58 23.45 20.74
20.40 21.26 21.13 18.69
18.17 18.93 18.82 16.65
15.94 16.61 16.51 14.60
13.71 14.28 14.19 12.56
11.48 11.96 11.88 10.51
9.25 9.63 9.57 8.46

7.02 7.31 7.26 6.42

4.79 4.98 4.94 4.37

(c) 3%
R RS BD-2 &4 T 69 4 B BT )

PRTEAE ) 5 1 T 20 (Be TR TR 2 680 °C A5 HL I B oy
220 C RHBH N 4.5 m/s JESF LR R 40 MPa) T 1Y
Fo R R L EO A A ] 2 DA R T il R L i 2 Y S
RURZS 0T LUK A R A 4 43 19 70 780 35 SR S AR AR L
[) I, 8% F %) B8 [ I ) o B S 75 8 A9 3 0 22 B T
A AR A 3, JF HTE Sm SR 1.5 % I A B TH A
AN B8 TS A 4 R B5 ST RN 64.2% B, Sm
TR 0.8 % B 7E 55 10 A Ml s AR AR A B B R G
55, A PR . R T AR N 80.3% i, A& 4
B3 TR 5 e R ] A [R] L #808 0.023 7 s, A 4 40 X
5 n R RS AR 55 . G 4 70 i R S T s T T B (] B
&R AN S B REARS R R R A A
Pl 14, 70 T R A 70 s T B HORD Y A0 B 5 R B IR S T
S B E AE Sm i 0.8 % I 3K I T AN L T 2T
B 9970,

HEPAZE/%
100.00

86.67

80.00

! 4 1l ls 7333

1 B l il = | B 66.67

| | i ! 60.00

: : 1 5333

r 46.67

v h 4 40.00

1 i § ¥ 3333

26.67

20.00

1333

6.67
0

(45 (e) 55

TR R oA BD-2 &40 0569 45 3L L g5 A

Shrinkage porosity of castings with different alloy composition at BD-2 parameters

FRF(E]/s FRF(E]/s FEf [1/s
3520 3501 3097

2.66
0.33

2.63
0.32

2.33
0.28

(45 (e) 55

Fig.12 Solidification conditions of castings with different alloy composition at BD-2 parameters

434



Mg-2Sm-0.3Zn HUREE & G I8 T 2 BUEBL T %

(a) 1 %5.0.0189 s

(b) 1%5,0.0237s

() 2%5,0.029 6 s (g) 35,0.0189 s

(k) 4%,0.0237s (D 4%5,0.029 6 s

636
592
548
I 504
460
416
372
' 328
284
240
196
152
108
64

() 1%.,0.030 3 s
(h) 3%5.0.023 7 s

(m) 5%,0.0189 s

BT
680

(d 2%,0.0189s

(e) 25,0.0237s

(i) 3 %,0.030 1 s () 4 %,0.018 9 s

(n) 5%,0.0237s (0) 5 %,0.029 6 s

H13 FARARSEERAHIRE
Fig.13 Metal filling process with different alloy composition

99007
9800 !\

9700 1 \
9600 \

THESH

95001 b

/
9400 / N

9300 Y

9200

=) =)

15 2B 33 4m sm
BRmT
H14 RRARSEELHEMRLE B HF i
Fig.14 The number of steps needed to fill the entire

mold with different alloy composition
4 % ®

(D #& i #55 HLRE , Mg-2 Sm-0.3Zn B & 4 WK 11 It
SHVERE ERIPERERG I . ARy 240 °C SR RS A
14 30k J3E e ey 58 [ 5 R ng DA G AT D 46 T A
FL AR o RO L R | B i R R TE R R Y
SO, e B EL ) 78 B 0o R AT B Oy W 3 B R L A
J S aod i v R LA S 3 2 9 7 AR L Ol B R ke S L 1Y
FERIBOR

(2) AN [R) P 4% 3 T 70 780 00 P AR 4 — B (2 4
S 4 o IS 6 A o o A A %) W 9 R 4 T n Y . , T
BF ) BEAIG 33.3% o s 9 ik i 1) i o ] DA 45 7R 45 DA T
I RN L WD AE AL AR RS o ERE L R SR L S
4 OO R BE (1) i OROK, 2 AR 4 R AU 1L Y fi T
fir o I H e 0 R S R £ Al A5 e v L AR bk B K
FEMMB G AR TARUE it

(3 ASTR) B34 4 Y 70 700 36k SR R AR AL UL 6 45 7
KN 64.2% .Sm N 0.8% I 55 1 78 B oot 72 & P
o TR ESE , 0 i B A Y s T 5 B[] A B B 44 5 4 R [ 1Y)
B[R] B % Sm 7 2k (9 3% 0 52 BESEREAIRS b TP R RE Y
B HAE Sm RN 1L.5% M IkF T A, % Sm
RGN, A A0 BRI 25 i 70 CREARE] 46 C L5
HIOECEINE N C R RIE =N

2 £ x M
(1] Rt afBem —ousE & a0 S AT I BE 5T [ D] 08 IR . 15 /R Tolk

K, 2015,
[2] #%. MEITHEN Mg-2Zn-Mn B4 &AL MR ZM[D]. &
K ER KA, 2014,

435



Apr. 2022 FERR I S O &
Vol. 42 No. 4 SPECIAL CASTING & NONFERROUS ALLOYS

MBI EX TBIS k& &M A LN /=2 M

B B OEEAE M4AEXN B OE' O T EREENR
(1P AL % KA T A 55 W) Ay A FR NG 5 2,09 48 N AF 35 MM H R B A TR 3] 5
.S MERFEMMAFE TRFR)

 E R BLT-C1000 £ SLM 3444 i3 B4 247 T TB18 K& & WOL L MORTE L iliid 3 IR 3 /K P IES I ik B T WOt DI 2
T T L6 X B AR A B AR OO 2 2 IR AR AE B SE I, T IEAL T R T2 S 8. A5 R R WD, B DU BUR AR A SURRAE
4148 0 B R0 Ty 4448 T L R R AR, AT AR 9 e O, X 9 vy L M R R K U T 4 R S OB T R > IR R B AR
WL BN R RS H L 4R s A, & & H A W o+ A R RS H S IR A o M550 TR 78 B B R A A BURFIE 22 . N 3RAS
R R, BOE T A SO0 R A U S 800~1 000 mm/min, #OGII# )y 3.0~3.5 kW kB %y 25~30 g/min i& .

EEIA BRI TBIS kA 4 BIMALL TES K

R - BHIE

FES%EE TGI146.23;TG115.21 XEKFRERS A ;
DOI1:10.15980/j.1222.2022.04.008 FR R (B IRARS ) FRIRB (OSID) : =%

Effects of Laser Forming on Microstructure of TB18 Titanium Alloy
Zhang Ying', Li Mingxiang', Hu Shengshuang', Zhao Hu', Hu Guang®, Ouyang Delai’
(1.Avic Xi'an Aircraft Industry Group Co., Ltd.; 2.Xi'an Blite Additive Technology Co., Ltd.;
3.School of Materials Science and Engineering, Nanchang Hangkong University)

Abstract: Laser solid forming of TB18 titanium alloy was carried out by BLT-C1000 SLM additive manufacturing
equipment, The effects of laser power, scanning speed and powder feeding amounts on the microstructure and
morphology characteristics of single channel deposition layer and block were investigated by three-factor and
three-level orthogonal test method, and the forming parameters were optimized. The results indicate that the sin-
gle channel deposition layer is characterized by columnar grain, and the width to height ratio is increased with the
increase of scanning speed and laser power and the decrease of powder feeding amount, of which the influence de-
gree is in the sequence of scanning speed™>laser power>powder feeding amounts. The microstructure of the block
is characterized by two-state. With the increase of scanning speed, the microstructure of the alloy is transformed
from the two-state microstructure with distinct « 8 phase to that with uniform distribution of secondary a phase
in the f matrix. In order to obtain desirable microstructure, the optimal parameters of forming process is scanning
speed of 800~1 000 mm/min, laser power of 3.0~3.5 kW and powder feeding rate of 25~30 g/min.
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