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Geometry model and mesh used in numerical
simulation: (a) Electromagnetic field; (b) Flow field and

temperature field
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Table 1 Physical properties of AZ80 magnesium alloy®”
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Fig. 2 Thermo-physical properties of AZ80 magnesium

alloy®2": (a) Specific heat capacity; (b) Thermal conductivity

TE R VS, 6 BRI AU N ) 8 74T 4%
P, I3 P oeA N INIE bR id .

TEGIA R S B E VS, AR SE BRI 55 1
R, PG RN LR 530 %A 66 mm/min Al
640°C o H T LRI R FAR IR IR R E R, ]
B HHCIRZS . B 5E R 10— YA HO R B8
AH A 55010 bR 5 -

hﬁrstcooling = heontact * J1 + i - (L= f}) Q)
A ABAH T heonaed AR S5 3 N BE )42
il REL K 2X10° WM™ C)s gy I — YA HIL
FR IR EEE T 5 S AW AR L, 150
W/(m*°C).

IRV 45 2% DL 32 G0 kA E0 4 B0 3 HA A
WECKMAN 2Pt 11 s 8 AR s 30 34T 15
NXGCEIR
h

secondarycooling —

(-1.67x10° +7.04x10* - T, ... )O"*,

T <373K
(-1.67x10° +7.04x10* - T, ... )O"? +%(T—373)3,
T>373K

(6)
A O ST A HIK AR, m'/m; T 45
RIMARLE, K AT A8 5e R A 21K il i 2%
Ks Tuer A FEIKIEL, 0 293 Ko B855E 551 5EM 5t
T B 298 K, B 5E S 51 BE R S M AT LRI
Pt 4 .

14 FEXRBRISRE

AR RE R, e I T, 152
HLRE 1 o0 A, R AT 2 Sl i o R i 3 R
W5, S5 K B A 1 F g a1 L(UDF)
177 2N B R 37 v S, A3 B A ke
Wl >3 e it 1 R P A AR FE I () 40 AT

1.5 KIgHiE

UG A4 AZ80 A 4 (Mg-8Al-0.5Zn-0.3Mn
REIE %)). TEARI K 3% - B B b kAT
AZ80 BEE AN ek, SR R R L STk
[19], PeFmmiemmANL mas. &M HMZEE
AR TR (CO.H0.5%SFg,  ARFR 2050 FHE4T .
h T HEATXIEG, AR RS AR 1E T 240 R T
IR IESURIET 3N

FH T 42O 52 R0 40 BT 149 3 46 BT 95 i ol 1
12 P44t WRELIeRE S, {61 ZEISS Y62
BT SAHA GO

2 HER51he

2.1 REMHEIAFESHEI PR RIS H
20 Ja IR PR Rk b i AR RS A T AR IS S AR 1



27 45 3 W

U], S AZ8O BEO BARIENKT % 1 I S8 1 R K B RN SR AT 5T 471

WS AR AR TR O Y FILIAL, Ak v FR Y H, Y
BN Kk v N A 1 37 28 H AR Bl g A ik v ) HL 1
J1o B 3@ B 1) A AR AN 5 P55 FH HL R
JIBERT R R ARA TS B AN 3(a) T A, — Mkt
FRITFR IS, RGN B B T T 20, SRR 5R18
WSS AR, FHAFAE— B TR R E . 75— AN E I,
FLRE 77 1) 7 AR 5 8 1 5 B () AR A A AR, 48
STAE KT AT 46 I R AR B 1) P IR B WA, SRS 98
99, FAEERKRER IR . B 3(b) BTN A BN
ER JEE 25 380 T IS o A o e g ARG I 5 B8 1) O B 4
fio tHE 3o)rr 4, ki st g R,
T R 7 g AR R O = B G A 1 S 20 T I 42 P ) s A
DI, I N A FEE TR 7 1) ~PAT T B rh il 4 7 vl
LSt 00 7 A L

2.2 RJERKHEEIHF FEL G T 2 P RYE R

B 4(a) A1) BT 7= 20 93 AR s ik o i 3 - S 3
5 3 - 3 45 A O [ O PR R 2 O A
Ko AW 4@ T UG, S E s R,
TR R G WO RAE it B IR e e, B
[, WAR 0] [ KV 45 A BE T [ sl — /MR AR AR
FERGF IR 5 10 B B ) ig s 238 H DG T,
FEMEE PV AN/ NN B o)
PR AR U QR S04 1) U sl IF SIIE 2 Fh g BE . 145 i
AR LR, AN IRV BRI, T R it P et
I 7 o KPS 20 WU DU Rt [ T T i) R sl IR
FE bty IFERAGE NS AR R IR [R5
[P0 S UL KR I AN R NI LR AT E S ER RS

<
2
]
o=
T 14 1-0.01 -2
> 2
g 12 1-0.02 é“
Q

b 10 §1-0.03 5
[*)
5 8 1-0.04 @
§ 6 | | E S 8
7, w2
= : = —Magnetic flux density 1-0.06 é—
2 ! *—Electromagnetic force 5]
1-0.07 .2
= >~

0 0.02 0.04 0.06 0.08 0.10 O.M.ZO

Time/s

B3 LA AR

T HEEIER, SEIT A AR YRR A A AR AR
S PR B AEN AL, AT A s BRI IR ) i i (L T
4(b))o T IKAGh A0S AR AT — IR E = A UG
I 58, I IA) H IR £ 5t 25 B 20 R e A R4 4047
RS BIR L, I 58 W BRI SR AT A -

Bl 4(c)R(d) A I Jik i 3 1 482 3 R 5 0 -
SIS A SUTTAEAR 1 RO ) 5 553 R0 T 40 A1
e Wil 4R, Sl ELBEIER, ZiRiE
Wi, ST 45 i P RE RS AT R o IR ik i ik 3
NIRRT, FEUT S5 A N BE AR Wl )
SO, SR, JR KT e S i
S RN TV BN 22 N T S L = 3 B v bk ALK SN Ef]
DI LS. B 4T LAE 2
SO, AR B R Y S B I 1 R b A SR A A
PIREIIGN ], AR WSR3 0 o B 84 A T
SIS0, e ARG o P B TS o

Kl 5 BT A Tk i il 3 2 S i o R v o
A SIS EE R R . KL S TLUEH, A 4
(AR T W R TR IR, BRI 2X 107 m/s.
PR35 1) 5 AR A 52 3] () FRUR ) /N DA G
FE— ANkt AN, UG ) SR N B 3(a)), 23
P AT LB 2 SR N s T i B R TR
JE AR FEA BTk s o

2.3 RERKHIAF ESEHETE PR AIRE T

K 6 Brom M AR R ik 2 1 8 it B 5 i - 34
B MR . W 6(a) T LUE Y, EH R
PHEGAFIE AR, R IR A, RO

1
(b) !
1
1
Xl |
1
Electromagnetic Magnetic
force/N flux density/T
I 0.007998 o
[ 0.015996 [ 0.001886
£0.023994 | 0.003773
0 0.031992 | [ 0.005659
9 0.039990 | [ 0007545
7 0.047988 0.009432
£10.055986 Eo.011318
[£10.063984 J0.013205
B0.071982 Lo =4 [ 0.015091
B 0.016977

Fig. 3 Numerical simulation results of electromagnetic field: (a) Magnetic flux density at point 4 during one period,

(b) Distribution of electromagnetic force and magnetic flux density
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Numerical simulation and experimental research of low voltage
pulsed magnetic field DC casting of AZ80 magnesium alloy

JI Huan-ming, LUO Tian-jiao, YANG Yuan-sheng

(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The electromagnetic field, flow field and temperature field during the low voltage pulsed magnetic field direct
chill casting of AZ80 magnesium alloy were simulated with finite element method, and the microstructure of the billet
was observed by comparing those of billet by conventional direct chill (DC) casting process. The simulation results
indicate that, during the low voltage pulsed magnetic field DC casting process, affected by electromagnetic force, forced
convection and velocity vibration generate in the melt, leading to the reduced temperature grade of melt along the radial
direction. The results show that the grains of the billet cast with low voltage pulsed magnetic are significantly refined and
the tip of dendrite is rounded, compared with those of the conventional one. During the low voltage pulsed magnetic field
DC casting process, the critical nucleation radius and critical nucleation energy near the crystallizer decrease, at the same
time, the nuclei formed ahead the inner wall of crystallizer can be dispersed into the centre of the molten pool with the
convection that caused by the pulsed magnetic field, which causes the increased nucleation rate. In addition, the growth
of dendrite tip is inhibited by the passivation effect of the pulsed magnetic field, which leads to the grain refinement in
the low voltage pulsed magnetic field direct chill casting billet.

Key words: magnesium alloy; low voltage pulsed magnetic field; direct chill casting; numerical simulation; grain

refinement
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