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Numerical Simulation of Twin-Roll Casting Magnesium Alloy
Strip Process
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Abstract ; Based on the characteristics of vertical type twin-roll casting process, the finite element
method was used to analyze the three-dimensional steady conservation equations for transport
phenomena in the pool region of the twin-roll strip casting for the magnesium alloy. The smart-
sizing algorithm of ANSYS software was used to divide finite element mesh, and the coupled
simulations of temperature field, velocity field and the solidification process in the molten pool
were performed. The effects of main control parameters, such as the casting speed, pouring
temperature on the flow field, temperature field and the final point of solidification in the molten
pool, were analyzed. The results showed that with the increase of the pouring temperature and the
casting speed, the temperature at the exit of the molten pool increases and the final point of
solidification moves toward the exit. On the basis of the simulation results, the optimized process
parameters of twin-roll casting process for Mg alloy are also given as: the pouring temperature is
in 640 ~660 C and the casting speed is in 20 ~30 m/min.

Key words: twin-roll casting; magnesium alloy; numerical simulation; macroscopic transport;
finite element method

T SRHE R R 55 R 9K b AN

Fr 2, P B A A A A i B o R A2 B Al

T AU AR AL I BN B S GR. BEA A H
R G R Z —, i T B B 5 L ot 3
FIERINEE | R4 14 BELJE Dol 1 R TR 1 B IR,
HFE RSP RRRE I 5 T B, fEAZS AR GRS
I 3C 7 i S5 USRS BAT 12 B R T s
SR B A A £, th TN T TR A
AR 7 JR U AN 3 AR i B9 TR 5 ey 3 T

KRR 2014 -05 -13

BEE&WH . EZRE S LRI H (2011CB606306 -2).

KU 55 5LE AN E BRI T AT A i PR 2
—, RIS MRBEFE AV AR 1552 BRI 2 A 5L
AL PRI, 4 9 U S LB o B B 1 Bty
3 T R T AR — I R O
RURFFFLRE— T A T 2 1,
HERARZ , BN EBES G4 il Pv N AL S IERE
U R il NS AR R AR el B AL

EFRE M. B B982 -) 55 W A RILRE LT A IJEHER(1958 - ) 55, AL THIH A AR R0, 1 A R il



490

Al KRFFR(ARAFIR)

% 36 %

TS0 AYE AR 2 7% dn R R
SEH T, AMUFERT K TAER K R 7E—E )
B H . A AU LR T DL 8 b A5 5
PEELARE A T A S B0 EEEL - i s L T 2008
FRAE PRS2 M LA AR SR FH =48 PR T
ANSYS X AZ31B G 4 37 0% 20 5 L B [ 1o
FEHFATIL  BF Y BE T IR FE M il MU S 1.2 5
BT 1t PN 4 I i B0y % O 1 R 1) s e R
DME e T2, 3 = bk e

TEWORH X T AR X AP AR X, D 1 SR AR, R
" SR A AR G — A FEIX 3 AN [ A X
IO i DR TR Tt A S 194 25 LA i 4 ) O A T
VAR b Gi—3Rm A

S (PC0) 45 (PViCob) =

a%(gg—i) +S,. (1)

SUHC, Ty, S, 3k kAT B R B
I,
iR AT s R 1 R, g,

ALV, MK OFEREE ;o HKOFF O AR k
RIS EE ;@ KKK S RS

2) FEih A b R L AR Ay J7 ] Y
JERE AR SR y J7 W) bR RE N [
T TS5 8 s 7 Y DR B AR T R A7 0 A 46
.

av av.
v,=0,2=0,2220,% -0 % g,
: ay dy dy dy
~Kygr = eo(T'=T') . (3)

A, e WIS B K Y%, o N Stenfen -
Boltzman # % ; T, i b7 PR3 UK IR .
3) LSRRI .
2% aV de

X v ak
V.=0,— =0 ~=0,—=0,—=0.
i 0z 9z Y9z 0z

(4)

1 b A i 7
8,8, JX M E Sy BT 3 A7 1) b o)
) A DR Y WG E R
TRV R TR g Mo K SRR AR TR
F1 EHAFERREIMNRIEX
Table 1 Components of general governing equation
Ik ¢ C, r, S
IR 1 1 0 0
S e aP 9 v, 9 av.. 9 av,
x 5 m shE iR V. 1 Mot P8, “ox +§(/~‘*crr¥> +a_y(:“crr dy ) +6_Z(MC”3_Z)
| 2B e oP 0 v, 9 v, ] av,
y T S TR vy 1 Fetr P8, _E'Fa(ru“en‘a) +5(Meffa—y) +8_Z(Meffa—z)
. - 9P 9 av, 9 av, 9 av,
2 J ) gl Jy V. 1 Mesr P8 — 9z + a(ﬁ%rrﬁ) + Ty(#cl'l'@) + a_z(:“crra—z>
(AR T c, Ko 0,
it Ui Bl R # k n/ o, w, —pe
it SR RO R e w/o, € L -,
4) BT X R
2 AL v, V. ok e
Vx:()’_:o’—:()’—: 9_:()' (5)
0x 0x 0x 0x
1) KEAH X, 5) J it O AR A4 Ak 0] T
—_— —_— 1 —_— —_— 2
V,=0,V, = -V sina,V_ =V, cosa,k=aV;,. (2) V. =0, _Keffg:hc(T_TL-)' (6)

sk B 1 DA Dl b A S A RE AN, P LI
R N IR EE, BT i WU, AT
Bk 600 T.

6) BBy A I W R AN 7 =22 i) G 1 3,
PRI 57 77 a3 38 B Ol P R Y 2 L

V., =Vsing,V, = - Vcosh,V_=0.
. VPR 0 T G A .
-5 PR AR T ) A AL ER A o =283 3

&M

(7)

oT
- Keff% (8)

AP ch, R R, 5 F5 SRV H K A0 L BE R i
JE R RObE ARG LG fk i ) 7
AR T, I FE R R L

=h(T-T,) .



%4

FOBE. B4 R SLIT AR 09 HE AL 491

7) FHEE R ALEE . YR A 200,566,590,
632,650 F1 680 T, 73524 105,105,0. 012,
0.001 27,0. 001 24 F10.001 20 kg-m s ™"

8) EEMTIEINAAL I . SR HISEA LA Tk Ab
FHLE [T PR A M T T [ 0 AT 1 DX ) PN 340 5 B
i, HEAR A SRR i O 3R BE G 4 1) LE A
AT RN N

¢, T>T;
¢,=1¢,+L/(T,-T,), T,<T<T; (9)
o T<T.
Krfroe, B e, 350 A AR FIAR G LLI; T, F T,
53R ARG AR SR B 5 L Ay [ T A

3 BLAF

BB AR R Rl AT BRITH A ANSYS
PATIB 5 B EK 1 S B AR R I
A1 /4 VR BELIX B, A el 1 B, i TRGUIX
Sy LR AR R 22 AR, PSR T RE
s URwrRe g ) e e | Ik e U i U R

C

RIS R A 22 5, R 3 7 2
T (EBRE B S RN |
THETHCK.

e 3]
™
HL X R
54
1% filt — iy X R T
)
el .
Y L B
, ,L-X Z/L‘X

1 HEXEE gL 5

Fig. 1 Mesh of computing region
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Table 2 Thermophysical properties of AZ31B magnesium alloy
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Fig.2 Temperature distribution of centrosymmetric area under different pouring temperature
(a)—640 C; (b)—650 T; (¢)—660 T; (d)—670 T.
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Fig. 3 Temperature distribution of centrosymmetric area under different casting speed
(a)—I15 m/min; (b)—20 m/min; (c¢)—25 m/min; (d)—30 m/min.
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Fig. 4 Flow field of axisymmetric area under different casting speed
(a)—I15 m/min; (b)—20 m/min; (¢)—25 m/min; (d)—30 m/min.
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