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Fig. 1 Schematic diagram of inversion solidification: 1—
Graphite crucible; 2—Induction heater; 3—Graphite mold; 4—
Water-cooled crystallizer; 5—Traction device; 6—Atmosphere
protection; 7—Stopper; 8—Core; 9—Melting cavity; 10—
Cladding metal melt; 11—Thermocouples; 12—Composite

cavity; 13—Composite material
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Fig. 2 Photos of copper stranded wire: (a) Longitudinal

direction; (b) Cross section
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Table 1 Chemical composition of H68 brass (reference to
GB/T GBT5231—2001)

w/%
H68

Cu Fe Pb Ni Zn

Standard composition 67-70 0.1  0.03 0.5 Bal

Analyzed composition 68.2 0.1 0.0084 0.5 Bal.
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Table 2 Preparing parameters of inversion solidification

Brass melt temperature ~ Cooling
in composite cavity/ water
C flow/(L-h ™)

Casting speed/

G -
roup (mmmin ")
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Fig. 3 Photos of brass cladding copper stranded wires with various preparing parameters: —Brass melt temperature in composite
cavity; v—Casting speed
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Fig. 4 Schematic diagrams for calculating filling rate of brass cladding copper stranded wires: (a) Copper stranded wire; (b)

Partially filling of cladding metal; (c) Fully filling of cladding metal
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Fig. 5 Cross-section photos of brass cladding copper stranded wires: /—Brass melt temperature in composite cavity; v—Casting

speed
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Fig. 7 Cross-section photos of brass cladding copper stranded wires produced with casting speed of 60 mm/min and at various

brass melt temperatures in composite cavity: (a), (d) 980 C; (b), (e) 1000 C; (c), (f) 1020 C
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Fig. 8 EDS chemical composition analysis of brass cladding copper stranded wires produced with casting speed of 60 mm/min and
at various brass melt temperatures in composite cavity: (a), (b) 980 C; (c), (d) 1000 C; (e), (f) 1020 C
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Fig. 9 Cross-section photos of brass cladding copper stranded wires produced at brass melt temperature of 1000 C in composite
cavity and with various casting speeds: (a), (d) 30 mm/min; (b), (¢) 60 mm/min; (c), (f) 90 mm/min
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Fig. 10 EDS chemical composition analysis of brass cladding copper stranded wires produced with various casting speeds and a

brass melt temperatures in composite cavity of 1000 C: (a), (b) 30 mm/min; (c), (d) 60 mm/min; (e), (f) 90 mm/min
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Table 3 Changes of solidus temperature and liquidus

temperature of brass with Zn content

Zinc Liquidus Solidus
content/% temperature/‘C temperature/C
0 1083 1083
5 1062 1055
10 1042 1030
15 1021 1005
20 1000 979
25 977 950
30 950 917
32 940 906
35 918 900
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278 MPa, WifGfliK#%KA 39.1%~43.1%, WHFHEN
53.1%~57.3% IACS.
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Table 4 Mechanical properties and electrical conductivity of

brass cladding copper stranded wires

B It
rass me Casting Tensile Elongation Electrical
temperature . ..
in composite speed/  strength/ to failure/ conductivity/
HPOSHE mmemin)  MPa % % IACS
cavity/C
60 278+6  43.1£3.2  57.2+0.5
1000
90 250+5  39.1#4.5  55.6+0.3
60 2573 392433  57.3204
1020
90 255+6  41.4+£3.0  53.120.5
3 4k

1) 5245 s 0 A7 A i P38 AR % 5 |l P 0o 4 0, 7
AU 2 2 5 A MORL SR T 1 5 T 8 5 8 v PR A
PR BEFNAR I A0 | B, AR T Bk E AR
RS =4, SO R BT R AR A
1000~1040 ‘CAHIZES A 30~90 mm/min [F45 1 F
A PR S A MR R T T S A 4T

2) {ER A I ARELE 980~1040 C filZE 5 |
& 30~90 mm/min Z5AF T £ 1R B 60 78 Al 2s 2
G M E R AR AR E RS, Hakik
98%~100%.

3) ER A BT AR 980~1020 CRIZET|H
J& 60~90 mm/min 4% il £ 1R B 60,78 Al 4 2
HEMERA RIFINGE456 40, BT 25~30 um
ATy B2, AR R RN B
(S5 Js TR il P RN i IR A 5 S, AR TR
T BT I BRI ST SN AR, ] A Rk
/N B R TR R

4) LRGSR ERR TN R . AR R A 45
G, BB S BN 56 T I I
1000~1020 C. 753 ¥ 60~90 mm/min. £ {2244
KR 400 L/h, JiT il £ (10 v A . 78 AU 40 26 52 A5 AR
BAY R HER T U RIS S 456 A, s e )
W EaIk 98%LL b, PrhissfE A 250~278 MPa, Wijs
K E N 39.1%43.1%, HFHKN 53.1%~57.3%
IACS.
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Influences of preparing parameters on surface quality and
interface bonding state of brass cladding copper stranded wire by
inversion solidification

JIANG Yan-bin"?, LING Liang', XIE Jian-xin"?

(1. Key Laboratory for Advanced Materials Processing, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: A new inversion solidification technology for producing metal cladding material was used to produce brass
cladding copper stranded wire with an outer diameter of 8.5 mm and a core material of d 2.12 mm X7 mm copper
stranded wire. The influences of preparing parameters on the surface quality, filling state and interface bonding state of
the brass cladding copper stranded wire were studied. The results show that the surface defects of the brass cladding
copper stranded wire are eliminated and the surface quality is improved by enhancing the brass melt temperature in the
composite cavity or decreasing the casting speed. On the other hand, decreasing the brass melt temperature or increasing
the casting speed can reduce both the diffusions of copper atom and zinc atom as well as the interfacial reaction rate,
which can suppress surface erosion of the copper stranded wire effectively. With the contact height of 3 mm between the
brass melt and the core material, the brass melt temperature of 1000 ‘C, the casting speed of 60—90 mm/min and the
cooling water flow of 400 L/h, the produced brass cladding copper stranded wire has high surface quality, good
metallurgical bonding interface, cladding layer filling rate of more than 98%, tensile strength of 250-278 MPa,
elongation to failure of 39.1%—43.1% and electrical conductivity of 53.1%—57.3% IACS.

Key words: brass cladding copper stranded wire; inversion solidification; interface; property
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