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Tab.1 CuNi;Si chemical composition(percentage of mass)

Cu Fe Mn Ni Pb Si Sn P Al Zn

N i 0. 1395 <C0. 001 1. 75 0.001 0.482 0.033 0.012 0.002 0.0261
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Fig. 2 Metallographic structure of materials
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Tab. 2 CuNi;Si mechanical properties

MR JRIRERE/MPa BLRLERE/MPa SEMR/D0 BREILAER/ Y PR /GPa 4EIRERE
PCW 582. 6 645. 9 14.0 54. 50 127.5 201. 6
Un-PCW 274.8 198.7 31.5 69. 4 127.0 170.2
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Fig. 4 Fracture surface observation of PCW specimen failed at 300MPa
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Fig. 5 Fracture surface observation of PCW specimen failed at 180MPa
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Fig. 7 Crack observation on specimen surface
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Fig.8 PCW specimen fracture surface observation from lateral side at 300MPa
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Fig. 9 Un-PCW specimen fracture surface observation from lateral side at 220MPa

55 W7 1 R I [ 9 (a) 2 Un-PCW 3R 9% 55 W7 3 AR DAL 1], 18] 9 (b) 2y Un-PCW 12X FE 9% 57 By 1
Ja AL . MR 8 9% 57 Wy I i >k B, PCW 3 RE B 110 Vi ol 8 4 i 24 45 MR BB R °F B B AL ] 4
B U T AR AR AR O B . F e eT L BUA AR B R A9 PCW iR R Al 2 2 5 R E VT R B L 1Y
FEIA VR 45° e R B Ny ) BY V) AL IR L B B i e Ay R B I BERST JE AR R R ) T BT, i Un-
PCW G0FE W7 11 3R T80 A 70N 1) 308 TR FR: o 8 R AH X 5P L U8 1 At AR X 1 38, DT AT 20 G S 80 7 i 2480
I 7 Je R 0 7 T N R B B AR



%6 TR WA A TE T Cu-Ni-Si 8l A 4 95 57 PF i AN YR 17 4 52 e AfF 5% 883

456280 Jy 1) AT WS E] AL, B0 A8 P AL BRSE CuNiL Si kL 30 12U, 2Lk ek £, U
R ) I 17 22 A1 /N 9% 57 SRS BT BN L ST B A B % 5 2 SR R R PR 5 SR A R ]
YT 22 iy B 9 57 BB T T L RLCYT R AR B 9 07 Y R R R ARYY . Pk RS PCW
MR Un-PCW A4 kL M5 B2 85 5, (0 i 7 PCW MBS A KB40 2480 Je sl R 0P, i 28 3 50
PCW U3 57 9 2 HH LR [ . T 80 o T 0% A8 B 2088 1 CulNi St bR 5% 57 e SR 45 4 L 3 i 52
Wi " I 57 1 R o ol G A 9004 2 AR I o o R et I it 2 82 g ) ] B 2 5 o B8 1 O o

3 #ie

Xof 2 A TV A8 TE AL BRI R £ 1578 A8 T AL LAY Cu-Ni-Si b4 BHIT & 7 LB 1 B FILE 25 P B8 19 AH 56 BF
AR N TF45iE .

(1) TR AR T AL H A CuNi, Si Y Ji IR 58 B T o B R B B S b (H 2 S fofr 23 0 0 17 0z 45 4 o
BT K bR B 9% 57 58 B2 A T BEAIG L JHC v 107 5 i X 098 55 5 B R R 4. 706

(2) BRFE R 55 IR 35 0 24 1 2 T A0 A PR T B L T00A AR T Ak B R E 24 80 e I B 3 Bk 58
AN B T4 A8 T8 b B 1) SRR 7R A0 T I BE R IR W R 2F TR A I R AR 2 9 97 1R 14 IR DB X Sk 1y
FH R 11 ) 73 4

(3) F A B4 A TE A B AR T M SR e I R B B, 39 3 B0 0 B U AU IR . B 3 A s 24 a0 e 3 s A
RUSE G FERLAR L 3 BR T, T AS 3 004 A8 1 Ak B4 35 7 24 S0 A )i 54 B0 1) 1 S5 KB Ay i N
JEE T B e A R R

S %k

(1] Bk, £0, 2RI, BB AAMEG S MAI KRB I]. BT T2, 2015(3):245— 249 (YIN
Rongxing, WANG Xu, LI Dongsheng. Failure analysis on copper alloy positioning clamp for railway electrification
[J]. Hot Working Technology, 2015(3):245—249 (in Chinese))

(2] k30, EEX) CuNLSi G adg8imitaergmJ]. LA A48, 2015, 36(2):47—51 (ZHANG Wengin.
Effects of heat treatment microstructure and properties of CuNi.Si alloy[ J]. Shanghai Nonferrous Metals, 2015, 36
(2):47—51 (in Chinese))

[3] Chalon J, Guérin J D, Dubar L. Characterization of the hot-working behavior of a Cu-Ni-Si alloy[ J]. Materials
Science and Engineering A, 2016, 667.77—86.

[4] Qian Lei, Zhou Li, Yang Gao. Microstructure and mechanical properties of a high strength Cu-Ni-Si alloy treated
by combined aging processes[J]. Journal of Alloys and Compounds, 2017, 695:2413— 2423,

[5] Goto M, Han S Z, Lim S H., et al. Role of microstructure on initiation and propagation of fatigue cracks in
precipitate strengthened Cu-Ni-Si alloy[ J]. International Journal of Fatigue, 2016, 87:15—21.

[6] Sun Z, Laitem C, Vincent Z. Dynamic embrittlement during fatigue of a Cu-Ni-Si alloy[J]. Materials Science and
Engineering A, 2011, 528:6334—6337.

[7] Lockyer S Z, Noble F W, Fatigue of precipitate strengthened Cu-Ni-Si alloy[ J]. Materials Science and Technology,
1999, 15.:1147—1153.

[8] Atapek S H, Pantelakis S G, Polat S. Fractographical analysis of fatigue failed Cu-2. 55Ni-0. 55Si alloy[J].
Theoretical and Applied Fracture Mechanics, 2016, 83:60—66.

(o] ik, ARl BNE, 55, SURX SR G W07 Ray RAT NS m T ] BUMC TR B, 2015, 39(6):11—15
(LEI Xin, NIE Zuoren, HUANG Hui, et al. Influence of texture on fatigue crack propagation of Er-containing
aluminum alloy[ J]. Materials for Mechanical Engineering. 2015, 39(6):11—15 (in Chinese))



884 ;OB N (2018 4F) 55 33 %4

3

On the effect of precooling deformation on fatigue
performance and failure behavior of Cu-Ni-Si alloy

WANG Hua-giang, WU Ming-ze, ZHANG Ji-wang, LU Liantao

(State-Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: In order to investigative the effect of precooling deformation treatment on fatigue
performance and failure behavior of Cu-Ni-Si alloy, a series of related experiments, such as tensile,
fatigue and crack propagation experiment were carried out were carried out for Cu-Ni-Si alloy after
precooling deformation treatment and without precooling deformation treatment, respectively. The
fatigue fracture of specimen was observed by scanning electron microscope (SEM). Results show that
the mechanical strength of material greatly increases and the toughness and fatigue strength decrease
due to precooling deformation treatment. Thereinto, the fatigue strength decreases by 4.7%
corresponding to the fatigue life of 107. The fatigue failure of all specimens initiate from the crystal
slip on the surface. In the crack propagation stage stage, the pre-cold worked specimens show
transgranular fracture, while the no pre-cold worked specimens show mixed fracture mode consisted of
both transgranular and intergranular. The pre-cold worked specimens in the crack propagation stage
show as shear failure mode, but the cracks in pre-cold worked specimens propagate under the
maximum tensile stress until the final failure. It can be found that the pre-cold worked treatment
changes the fatigue fracture behavours of the material, so it changes the fatigue property.

Keywords: Cu-Ni-Si alloy; pre-cold working; fatigue properties; fracture behaviours



