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1.2 试验方法
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2 结果与讨论

2.1 摩擦学性能
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表1 铜镍锡合金元素的含量

Table 1 Element contents of CuNi6Sn6 alloy （%， mass fraction）

᜽ܳ Cu Ni Sn Si Sc Mn Fe Zn

CuNi6Sn6 Bal. 5.45~6.72 5.38~6.51 1.19 0.356 0.11 0.105 0.153

ఫ1ȟ䄂 喍ua喎ళᴞ䨭Ƞ喍b喎ᄦ⸕ళ⣜ᅧᄥఫ 喍̻c喎ι㔲჋➖ఫ

Fig. 1ȟDimensional drawing of (a) cylindrical pin喑 (b) counter- grinding ring and (c) Physical image of both

表2 摩擦磨损试验参数

Table 2 Friction and wear test parameters

䄂侹఍㉍ ःթ

䒪㢤 45Ƞ 75Ƞ 105 N

⍖Ꮣ 50Ƞ 100Ƞ 150Ƞ 200 ℃

䒙䕌 500 r/min

䄂侹ᬣ䬡 3 600 s

⋓⏾᲎У 䓦⩹⋓⏾
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Fig. 2ȟFriction coefficient of CuNi6Sn6 alloy under different loads and temperatures喟 喍a喎 45 N喠 喍b喎 75 N喠 喍c喎 105 N
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Fig. 3ȟWear loss of CuNi6Sn6 alloy under different  
loads and temperatures
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2.2 摩擦磨损机制
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Fig. 4ȟThree- dimensional wear track morphology of CuNi6Sn6 alloy under different loads and temperatures

45 N

75 N

105 N

50 ℃ 100 ℃ 150 ℃ 200 ℃

99.562 μm 99.562 μm 99.562 μm

99.562 μm

99.562 μm

99.562 μm

99.562 μm

99.562 μm

99.562 μm

99.562 μm

99.562 μm

99.562 μm

�m
8.609

-5.389

0

�m
6.368

-21.127

0

�m
13.239

-7.584

0

�m
21.275

-15.96

0

�m
5.849

-8.389

0

�m
5.475

-4.471

0

�m
7.268

-4.813

0

�m
8.828

-7.435

0

�m
10.02

-3 4. 2 04

0

�m
10.279

-26.962

0

�m
14.926

-13.339

0

-13.827

0

�m
12.156



130

Total 200 总第200期铜   业   工   程

ఫ5ȟCuNi6Sn6व䛾ᱽౕ̺᫆ह䒪㢤̺ह⍖Ꮣ̸⮱⸕ᢌ㶕䲏

Fig. 5ȟWear surfaces of CuNi6Sn6 alloy under different loads and temperatures
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Effects of Ambient Temperature and Load on Surface Friction and Wear Behaviors 
of CuNi6Sn6 Alloy

Xu Shaonan喑Zhang Li喑Li Xingzhong喑Xue Yan

(School of Mechanical and Electrical Engineering喑 Shanxi Datong University喑 Datong 037003喑 China)

Abstract喟To study the friction and wear properties of CuNi6Sn6 alloy under high- temperature and high- load working condition, an MMU-

10G friction - abrasion testing machine was used for experiments, and a LEXT OLS5000 3D confocal laser scanning microscope was 

utilized to examine the worn surface morphology for determination of wear mechanisms. Under a load of 45 N, friction coefficient of the 

alloy increased and then decreased with rising ambient temperature. Under a higher load of 75 N, friction coefficient remained relatively 

stable when ambient temperature was below 150 ℃, but fluctuated significantly at 200 ℃. When the load was increased to 105 N, friction 

coefficient was only stable below 100 ℃. When ambient temperature was below 150 ℃, wear mass increased with the load. While at 

200 ℃, wear mass was relatively large. At lower ambient temperatures, wear mechanism was mainly abrasive wear. As the load increased, 

it manifested as fatigue pitting and fatigue delamination. Under medium- high temperatures and low loads, adhesive wear predominated; 

under high temperature and high load, severe plastic deformation and surface burn occurred. When ambient temperature exceeded 150 ℃, 

wear severity increased. Therefore, CuNi6Sn6 alloy was suitable for service conditions with ambient temperatures below 150 ℃ and loads 

below 75 N.
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