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Abstract: By moving out of induction heater for crystallizer, the solid-liquid interface was controlled at the exit of
crystallizer during Ohno continuous casting(OCC). Based on the temperature field equations of melt region, liquid/solid
interface, air cooling region and water cooling region, the relationship was deduced among the maximum steady-state
drawing velocity, melt temperature, crystallizer length, cooling distance and water flow rate by using thermal boundary
conditions. Through the solidification process of Cu-12%Al(mass fraction) wires with a diameter of 6 mm, the theoretical
solutions were verified and discussed. The results show that, the maximum steady-state drawing velocity for Cu-12%Al
wire decreases by 37.3% in the range of 1 150—1 300 C with increment of melt temperature, increases by 28.5% in the
scope of 20—-30 mm with increment of crystallizer length, and decreases by 68.8% in the range of 4-12 mm with
increment of cooling distance, changes weakly with cooling water flow rate in the range of 100—400 L/h. When the
thermal gradient at solid-liquid interfaces is lower than 2.02 “C/mm, the experimental drawing velocity cannot reach the
theoretical maximum steady-state drawing velocity. When the thermal gradient at solid-liquid interface is higher than 4.17
‘C/mm, there is a good agreement between the experimental and theoretical values of the maximum steady-state drawing
velocity.
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Fig.2  Schematic diagram of Ohon continuous casting
equipment: 1—Metal melt; 2—Drainage tube; 3—Induction heater;
4—Thermocouple to control temperature; S—Thermocouple to
measure temperature ; 6—Heat preservation cotton ;
7—Crystallizer; 8—Insulation pad; 9—Cooling water box;
10—Guide wheel
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Fig.8 Photos of wire billets cast by various drawing velocities:

(a) 10 mm/min; (b) 20 mm/min; (¢) 30 mm/min; (d) 40 mm/min

ARHIERE 8 mm I, SEFRH IR Ae ik 2 # R K
FESPIIRME 62.6 mm/min,  [5J6 F T B HF R BB
A 4.17 ‘Clmmeo HUETT AT, A3 m JRE Y. R R FE AT
F 2.02~4.17 ‘C/mm 2 [,

4 5t

1) LRI SR L R/ ST 23V X RTK
AKX, NI T EAT 5 SR AR X IR EE A T R, 19
H I R AR PRI E vy AR/ [ SR 5 EAL T T FE

2) HARHN 6 mm [ Cu-12%Al i B KA AR
TP B s AR FEE I vA 0 P 8 1 0 i PAARG, LRI R
BRI s e R A R T P o 45 8 T 38 o
R, HIE s A E R IR A B A R
HKR AW 5o AL 1150 'CHE 4 1300
C I e KESAPLIRE PR 37.3%; &5 K i 20
mm B 4 40 mm I S RARAS R R G N 28.5%; ¥
HIPE S 4 mm B9 A 12 mm I f KRR PR BRI
68.8%.

3) YRS TR BERR B2 /N T 2.02 °C/mm AT
TGS [ U N, s A 1) T [k N1 B B KRR
PIEREE, S Br AR T R TGk B i i KA R
TREE: YA S TR R KT 4.17 °C/mm I,
SR 1) [ K1 B e KA P IRTR R, e KA
AP R S0 (N B AS AE Y) 5 LT

REFERENCES

[1] ZHANGZM,LIT, XU CJ, GUO X F. Microstructure of binary

Mg-Al eutectic alloy wires produced by the Ohno continuous

[2]

(3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

casting process[J]. Acta Metallurgica Sinica, 2008, 21(4):
275-281.

OKAYASUA M, YOSHIEB S. Mechanical properties of
Al-Si3-Ni; 4-Mg; 4-Cu; alloys produced by the Ohno continuous
casting process[J]. Materials Science and Engineering A, 2010,
527(13/14): 3120-3126.

XU, A=, R, EARAIRAALZY CuAIND &M
HIRIRE R[], T E A AR AR, 2008, 18(7): 1248—1253.
LIU Xue-feng, LI Wei-he, XIE Jian-xin. Compact processing of
containing CuAINi alloy pipes with continuous columnar
crystals[J]. The Chinese Journal of Nonferrous Metals, 2008,
18(7): 1248—1253.

T, OMEAR, TN, 2L, RALER A Sn A%
TERINEREDIN]. FfT @At k5 TR, 2008, 37(9):
1610-1613.

WANG Jian, XING Jian-dong, WANG De-yi, JIANG Hong-xi.
Research on the processing and performance of single crystal tin
strips using a heated mould[J]. Rare Metal Materials and
Engineering, 2008, 37(9): 1610—1613.

ZHTF, T, AR, At D, Rk
Cu-12%Al1 0 75 8l 22 1 (¥ 34 28 5 1) ok o] 1) 46 (0], < 22 9,
2006, 42(12): 1243—1247.

JI Deng-ping, LIU Xue-feng, XIE Jian-xin, YU Jun-wu, LI
Wei-he, RONG Ming-lei. Preparation of Cu-12%Al albronze
wires unidirectional Acta
Metallurgica Sinica, 2006, 42(12): 1243—1247.

SODA H, MCLEAN A, MOTOYASU G. Studies of the

by continuous solidification[J].

solid-liquid interface location during heated mould continuous
casting of metals and alloys[J]. International Journal of Cast
Metals Research, 2005, 18(3): 163—173.

VR, 2, AR, MEE. S R TSIt
WE e FER 5 P 2 T T s AN AL GRS (0], v A € < 2 4,
1999, 9(1): 221-228.

XU Zhen-ming, LI Jin-shan, LI Jian-guo, FU Heng-zhi.
Matching of technological parameters and its effect on surface
quality and cast structure of copper single crystal rod during
continuous casting[J]. The Chinese Journal of Nonferrous Metals,
1999, 9(1): 221-228.

BT, %, BUEG, Je Bl ZONEE. Al AR T
SIS BEA[]. BRI A (A 4, 2007, 27(5): 373-376.
ZHAO Gan , NI Feng, WEI Shi-zhong, LONG Rui , LI Xing-xia.
Process problems and defects in Ohno continuous casting pure
copper[J]. Special Casting and Nonferrous Alloys, 2007, 27(5):
373-376.

SHEN X, Zhang H, WANG Z D, LOU H F, JIAY M, HU P X.
Macrostructure and properties of thin walled copper tubes
prepared by the downward continuous unidirectional
solidification method[J]. International Journal of Minerals,

Metallurgy and Materials, 2010, 17(1): 63—68.
WEE, HEE, FAR, RER, AR, Rl ERNESE



178 A L A 2011 4F 1
Ie] 5 i A o B v S5 SRR RS [I]. N AR AR, 1999, [15] SWANN P R, WARLIMONT H. The electron-metallography and
28(2): 182—187. crystallography of copper-aluminum martensites[J]. Acta
CHANG Guo-wei, YUAN Jun-ping, WANG Zi-dong, WU Metallurgical, 1963, 11(6): 511-527.
Chun-jing, HU Han-qi. Analysis of temperature field and [16] HEAEHE). BRETRARICAL G G L i Hk [ 5 37 B A K
verification tests on electro-slag induct continuous unidirectional WA RIT[D]. dbat: JbatRHE K%, 2006: 29-32.
solidification process[J]. Journal of Synthetic Crystals, 1999, HUANG Zuo-qin. Numerical simulation on temperature field
28(2): 182—187. and device design for continuous unidirectional solidification of

[11] F&RE. LHREAM]. bt SEEE AL, 1999: 28. NiTi shape memory alloy[D]. Beijing: University of Science and
DAI Guo-sheng. Heat transfer[M]. Beijing: Higher Education Technology Beijing, 2006: 29-32.
Press, 1999: 28. [17] SREZE. ST R 4 hl 4 N Tl R i B e U L S B 9

[12] VOSS M J, TASI H L. Effects of the rate of latent heat release [D]. dbxt: bR, 2008: 23-25.
on fluid flow and solidification patterns during alloy MA Sheng-jun. Numerical simulation and experimental research
solidification[J]. International Journal of Engineering Science, on the process of high aluminium bronze wires[D]. Beijing:
1996, 34(6): 715-737. University of Science and Technology Beijing, 2008: 23—25.

[13] GUSTAFSSONA E, HOFWING M, STRBERG N. Residual [18] ®AVGE. 48 &EE R M. dbat: HUBC DL H kL, 2000:
stresses in a stress lattice-experiments and finite element 99-101.
simulations[J]. Journal of Materials Processing Technology, HU Han-qi. Metal solidification principle[M]. Beijing: China
2009, 209(9): 4320—4328. Machine Press, 2000: 99-101.

[14] KANG C G,KIM Y D. Model experiments for the determination [19] ALTGILBERS A, HOFMERSTER W, BAYUZICK R. The

of the heat-transfer coefficient and transition thermal analysis in
the direct rolling process[J]. Journal of Materials Processing

Technology, 1998, 84(1/3): 210—224.

dendrite growth kinetics of nickel-based alloys[J]. Materials
Science and Engineering A, 2003, 360(1/3): 26—34.

(4miE  fAF5E)



