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JIN Leil, cul Xiang—zhongl, MA Guo—jial, ZHOU Guo-dongl, JIANG Chun-zhul, LI Pei—zhong2
(1.Beijing Aeronautical Manufacturing Technology Research Institute, Beijing 100024, China;

2.Inner Mongolia Baotou Steel Rare-earth (Group) Hi-Tech Co., Ltd. Baotou 014030, China)

ABSTRACT: Objective In this investigation, the crystal structure, bulk modulus, shear modulus, Young modulus, Poisson ratio,
toughness, thermal expansion coefficients and residual stress of CuNiln and CulnO, were inspected systematically, and the in-
fluencing mechanism of the material of CulnO, in CuNiln coatings on the mechanism performance of CuNiln was elucidated.
Methods Elastic constants were obtained with stress-strain method using the first principles density function theory. Bulk, shear
and Young modulus were obtained using Voigt-Reuss-Hill methods. Results The study indicated that CuNiln and CulnO, were
mechanically stable structures. The bulk modulus, shear modulus, Young modulus and poisson ratio for CuNiln and CulnO,
were 118.2 GPa, 13.7 GPa, 39.6 GPa, 0.44, and 119.0 GPa, 36.8 GPa, 100.1 GPa, 0.36, respectively. The mechanical modulus
of CulnO, was higher than that of CuNiln. The toughness of CulnO, was poorer, the thermal expansion coeffieent was lower
and the inner residual stress of CulnO, was higher than those of CuNiln. Conclusion Improper spray process parameters or the
CulnO, produced during the service process had negative effects on the service performance of CuNiIN fretting wear coatings.
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Table 1  Cell parameters for CuNiln and CulnO,
a/nm c/nm V/nm®
PN 0.4228 0.5210 0.305
CuNiln i
SEICHR[12]  0.4224  0.5208
PN 0.3396 1.1681 0.117
CulnO, i
S22 ICH[12]  0.3393  1.1676

a CuNiln

b CulnO,

Bl 1 CuNiln 5 CulnO, & 45 HF Y
Fig.1 Cell structure models for CuNiln and CulnO,

1.2 TEFHZE

BT W IR AU — 5 CASTEP #K1F
', SR BBl General Gradient Ap-
proximation(GGA)-Perdew Burke Ernzerh(PBE)J7
W, BEERBOERRBIE Y, A O Y 2572pY,
Ni () 3d%s®, Cu Ay 3d'%s', In () 4d'°58%5p" Kok
R, HA P 2 L RS S5 pR R A o T
e Re T BUNTE Eeu AL IR E & SEATURSIHE
R, AREEWHE E.~410 eV, WEREZR, R
A Monkhorst-Pack 773k, UL IS A BIX,
CuNiln #1 CulnO, JUFEH S 4xax4, HITILMTHLAL
MR THE . MRS 45 M 46 R B Brodyden
Fletcher Goldfarb Shanno B 15, £ AL RE & 8k
PR N 1.0x107 eV/atom.,

2 HEHERSIE

2.1 ERIREH

CuNiln 1 CulnOy JLT AL 9 i M 25045 LA
TERFFEAREFEATRI I (W3R 1) o W WL CuNiln £



.72 -

o B TR

2016 4F- 06 H

CulnO, iS85 27 SCRZE /N T 5%, W%
WFFER IR UAT LA TT 5 K i BB RE S |
JUTAR AL RE W B | AR bR iS5 TS S B
LI R R (o RIS S

2.2 S1EikRE
PR R RO WS IARTEH R . FERVER R M

PERE, SRR RS S TR AT A AS

o
) b S EER R 2 v I, T CuNiln AT CulnO,

S RO UL B AR 7 -0 AE (strss-strain)
T T AR R R, SRR 2,

M 2 /WL, 7 Cii, Ci, Ciz, Csz, Cyy Hl
Cos X 6 -5 MEH K, CuNiln HEHT A ) Firff i A8
REJTHY Cyy Fl Cys Y98, BT BT VI AE BB T Y Cas
I Coo P, CulnO, HY5IEH R B 5 CuNiln
— B AR . WO B bR R e R .
CuNiln Fl CulnO, W4 BTt il [ v A i B A,
TT4T 55 )5 BE 55

% 2 CuNiln #0 CulnO. Ky 1%4E
Table 2 Properties of CuNiln and CulnO,

S KLU/ GPa thit RO BRI
Cu Ch Ci; Cs; Cu Cys B/GPa G/GPa E/GPa ZHy

CuNiln 168.2 129.5 66.7 202.9 1.89 19.3 118.2 13.7 39.6 0.44
CulnO, 159.5 68.5 94.9 295.8 20.9 45.5 119.0 36.8 100.1 0.36
CulnO, ( CHR[12]) 159.0  66.2 91.8 2983 227 117.4 38.5 104.1 0.352
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Table 3 Young's modulus and Poisson's ratio anisotropy characteristics for CuNiln and CulnO, materials

CuNiln
¥ i i E/GPa HEL/AEY e
67.14 67.14 173.0 0.7356 0.7356 0.2241 0.0870 0.0870 0.2241
CulnO,
AR E/GPa HEL/AEY e
117.83 117.83 216.84 0.2947 0.2947 0.4163 0.2262 0.2262 0.4163
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