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Simulation of Solidified Microstructures of Cu-Cr-Zr-Ag Alloy Based on CA-FE Method
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Abstract: Due to high strength, high conductivity and excellent wear resistance, Cu-Cr alloys are widely
used in electrified railway contact wire, continuous casting crystallization lining, asynchronous traction
motor rotor and wear-resistant electrical contacts. The simulation of the solidification structures in the
solidification process of Cu-0.1Cr-0.08Zr-0.08Ag alloy was carried out by CA-FE method in ProCAST.
The results show that, during solidification process, along the outer surface of the mold wall, the thin layer
of fine grains is produced, and then the columnar grains with consistent geometric orientation are formed,
while the core of the casting billet is composed of many equiaxed grains. With the increasing of cooling
rate, the grains become smaller. The calculation results fit the experimental ones well, and then the validity
of the model is tested.
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Total number of Elements: 4574
Hex Elements: o
Wedge Elements: o
Pyramid Elements:
Tetrahedral Elements:
Quadratic Tet Elements:
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X-dimension: -7.60000 to 7.50000 mm
Y-dimension: -50.00000 to 50.00000 mm
Z-dimension: -7.50000 to 7.50000 mm

Model Size:
Length = 15.00000 mm
Height = 100.00000 mm
Depth =15.00000 mm
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Fig.1 Model grid partition of casting billet
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Tab.1 Parameters of CA
B ay/(m-sK?) ay/(m'sK?) TomadK  Too/K  Homad(M?) Tymod/K Too/K Aymad(m™)
TR ERABE 3.41x10% 2.4x107 10 1 1x10° 10 2 1x107
TR A 3.19x10° 2.3x107 6 1 1x10° 5 1 1x107
VEE== 2.86x107 2.1x107 4 0.5 1x10° 3 0.5 1x107
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Fig.2 Simulation of grain growth process of copper alloy under water-cooled condition
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Fig.3 Simulation results of copper alloy microstructures

[(a) graphite mold, (b) water-cooled copper mold, (c) water-cooled silver mold]
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Fig.4 Simulation of longitudinal section

microstructures of Cu-Cr-Zr-Ag alloy

NE GG RKARLLS, A ITIR%
Ko i LR PR R L ORI, Sk
EIF AT, DLREZIT AR KR BB 4 ATLLE L,
BRI S B A, A IR R A X
20 ity [X 5 M R RV A SR AE R R v 26 A R
ST R o SR ZURIR V5 il A RBE K B 7E
BE b 2R B ATV E R AR ST AL R, (it
AT OB A Ly HETTT B « S5 5 RRE .
HT 20 iy [X 5 RO, AT 25 i R AN
SO, A S T T v, Al XA R T

IEA, BRARE - RRMERANGE XA = . S
X R, BB T, HRSE, &l
RV BB, TEAZ AR SURIFRAR . 4l X P i A
R TE RE BRI St A (S8 0 T L TSR (1 AR R 7 1)
o8 ST 8 1 1K S PSP Y v R 1 ad I P N i
FERAER G X o 72 i b, ATREE SRR KA
AR SIAZ, T4k, TR R A < R A Sl
MR, R — BN SR B AR, TR -
A AZAE I VR T A AN A T R, AT
TR A o

3

(1) RHProCAST #AtRENS BT I AN ]
HIVA E A T Cu-Cr-Zr-Ag & 4t [ 25 B 1 2 4k
L, T T B PN B ARRL IR TR B 23 AT B AL

(2) Cu-Cr-Zr-Ag &&HEMHER, HBIRINRMEUT
BLBE P A A S = 5, B T ) AT ) — B
FEAR A, TR 10500308 DU E /2 RO ) 5t
HR. BEEV IR, &EER kR HE
NN

(3) BEEBULIR SSLin st RIEAY) S, Kk
TP R IER I . S B R A A 2 SR AT
NG T ZR M — e R AR .

S 3R :

(1] EE5E, Bhad, REH, % Cu-CrZr &8EnE

It HL IR B 28 1 L RE AT D) M RR D], A B4R
23], 2012, 22(5): 1106-1111.
Wang Zhigiang, Zhong Yunbo, Rao Xianjun, et al. Elec-
trical and mechanical properties of Cu-Cr-Zr alloy aged
under imposed direct continuous current[J]. The Chinese
Journal of Nonferrous Metals, 2012, 22(5): 1106-1111.



54

pal:

i34 %

(2]

(3]

(4]

(6]

(7]

9]

Dadras M M, Morris D G Examination of some
highstrength, high-conductivity copper alloys for high
temperature applications[J]. Scripta Materialia, 1998,
38(2): 199-205.

W, WK, T, & REES CuCr HEREM
AP S TERERTFE[T]. WAL 2011(4): 10-13.

Xie Ming, Zhang Jiming, Wang Song, et al. Research on
properties and microstructures of CuCr alloy of high
strength and high conductivity[J]. Electrical Engineering
Materials, 2011(4): 10-13.

BOBUR, X, Ry, % Cu-Cr-Zr AL E A E
AR S5HRED]. FEA MR %R, 2010, 20(7):
1334-1338.

Jia Shuguo, Liu Ping, Song Kexing, et al. Microstructures
and properties of Cu-Cr-Zr in-situ composites[J]. The
Chinese Journal of Nonferrous Metals, 2010, 20(7):
1134-1338.

FHE, MR, BEE, % BE Cu-Cr-Zr-Mg-RE
EERHLA SN b EA AL EER, 2007, 17(7):
1112-1118.

Mu Siguo, Cao Xingmin, Tang Yugqion, et al. Micro-
structure and properties of aging Cu-Cr-Zr-Mg-RE
alloy[J]. The Chinese Journal of Nonferrous Metals, 2007,
17(7): 1112-1118.

XvE ], B, i, 55 B Cu-Cr-Ag R &
MO SRR RED]. A SR MRS TRE, 2011,
40(11): 1931-1935.

Liu Keming, Lu Deping, Zhou Haitao, et al. Microstruc-
ture and properties of Cu-Cr-Ag in-situ composites[J].
Rare Metal Materials and Engineering, 2011, 40(11):
1931-1935.

FIRIE, TRAKAE, %R, 5. kR Cu-Cr-Ag &4
WALYEBE[D]. e FhEE & KA BG4, 2006, 26(11):
691-693.

Wang Qingjuan, Xu Changzheng, Zheng Maosheng, et al.
Soften behaviors of Cu-Cr-Ag alloy with high perfor-
mance[J]. Special Casting & Nonferrous Alloys, 2006,
26(11): 691-693.

Xie Haofeng, Mi Xujun, Huang Guojie, et al. Effect of
thermo-mechanical treatment on microstructure and
properties of Cu-Cr-Zr-Ag alloy[J]. Rare Metals, 2011,
30(6): 650-656.

RGNS, FER, IME, 5. BEIULIX Cu-Ag-Cr
Cu-Ag-Zr & HLFITERERISE [T APREAGEF 4R,
2006, 27(6): 66-69.

Song Lianpeng, Yin Zhimin, Sun Wei, et al. Influence of
thermo-mechanical processing on microstructure and
mechanical properties of Cu-Ag-Cr and Cu-Ag-Zr

alloys[J]. Transactions of Materials and Heat Treatment,

[10]

[12]

[13]

[14]

[15]

[16]

[17]

2006, 27(6): 66-69.

KB, X, HLRLL, 4. bk s &1L Cu-Ag-Cr
<5 I T HAT A E B LB AR (7], AR A KL BE
4%, 2007, 28(S1): 34-37.

Liu Yong, Liu Ping, Tian Baohong, et al. Disscuss on aging
characteristics and electrical sliding wear resistance of trace
alloyed Cu-Ag-Cr alloy contact wire[J]. Transactions of
Materials and Heat Treatment, 2007, 28(S1): 34-37

XIE, XF, 2, . Cu-Cr-Zr-Y & &m BTN
WFFE[T]. ThREA#L, 2005, 36(3): 377-379.

Liu Yong, Liu Ping, Li Wei, et al. Aging precipitation
behavior of Cu-Cr-Zr-Y alloy[J]. Journal of Functional
Materials, 2005, 36(3): 377-379.

XIE, XIF, 2546, &, Cu-Cr-Zr-Ce & &I AT R
ENEARTEREDT T[T, FESRFF4R, 2005, 25(3): 265-269.
Liu Yong, Liu Ping, Li Wei, et al. Aging behavior and
electrical sliding wear properties of Cu-Cr- Zr-Ce alloy[J].
Tribology, 2005, 25(3): 265-269.

BHZL%. ProCAST #1FRHE i K HAE S A R 1 R v
FIRA[I]. #n T IE, 2005(1): 70-71.

Hu Hongjun. Function of FEM software ProCAST and
application in casting[J].
2005(1): 70-71.

BREEK, whiB, 5, & BB SHRE S
FRIRTIS T AT R ST i, 2007, 56(9): 952-955.
Qiu Guiyong, Han Jianmin, Yang Zhiyong, et al.

Hot Working Technology,

Research and application of rational verification methods
of parameter setting for solidification simulation[J].
Foundry, 2007, 56(9): 952-955.

REME, BUKE, KA, 55 B F/8E 1L SR
T RT e DRS BE S AT T [0]. 3 H R 2k
EARBLERR, 2001, 41(2): 16-20.

Song Yuhua, Yan Yongnian, Zhang Renji, et al. Influence
of boundary model between casting and mold on the
accuracy of numerical simulation for rapid tooling[J].
Journal of Qinghua University: Science and Technology,
2001, 41(2): 16-20.

WIZLZ, B, PR, 5. ProCASTHIFIEHI it I
IR ). AEERRES 0, 2006, 14(3): 293-295.
Hu Hongjun, Yang Mingbo, Luo Jing, et al. Application
of the software ProCAST in the casting of solidification
simulation[J]. Materials Science and Technology, 2006,
14(3): 293-295.

EHE, IR, RBE, 55 Cu-Cr HaPRvEdr i
HUERAULI]. A B At 4Rk, 2005, 15(7): 1045-1050.
Wang Youhong, Sun Zhanbo, Song Xiaoping, et al.
Numerical simulation of single roller melt spinning for
solidification process of Cu-Cr alloy[J]. The Chinese
Journal of Nonferrous Metals, 2005, 15(7): 1045-1050.



