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Tool wear mechanism of diamond cutting of

ferrous metals in frictional wear experiments
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Abstract; With the purpose of reducing the tool wear in a diamond cutting operation of ferrous metals
and improving the machined surface quality and machining precision, the tool wear mechanism was
studied. Experiments of the frictional wear between diamond and steel were performed to imitate the
tool wear process in a practical diamond cutting. The wear morphology of workpiece surface, the
changes in chemical composition of work samples, and the transformation of crystal structure of dia-
mond specimens were detected by the Scanning Electron Microscopy(SEM) , X-ray Energy Spectrome-
ter(EDS)and the Raman Spectroscopy(RS). Then , the graphitized degree of diamond was proposed as
a criterion for assessing diamond wear in tests. The experimental results reveal that the wear of dia-
mond relies heavily on mechanical forces and temperatures, and less on the sliding speeds and carbon

contents of materials in the test. The wear mechanisms of diamond in this frictional wear experiment
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include graphitization, diffusion wear and oxidation wear, and the graphitization is found to be the

dominant wear mechanism for diamond wear. In addition, the graphitized degree increases up to 83%

with temperature rising of 15%. In conclusion,the tool wear mechanism should be considered compre-

hensively in condition of thermal-force coupling for further exploring technological measures with re-

spect to reduce the tool wear.
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Tab.1 Chemical composition of work samples used

Chemical composition (W, % ,balance Fe)

Workpiece
C Mn Si S P Ni Cr Ti
1Cr18Ni9Ti 0. 07 1. 21 0. 37 0.01 0.03 8.071 7.99 0. 402
Crl3 0. 27 0. 39 0. 56 0.01 0.02 0. 141 2. 40
45 steel 0. 45 0. 65 0. 28 0. 30 0. 25

K2 T4 WA R SEM A 18 R
Fig. 2 SEM photograph of the diamond surface before test
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Tab. 2 Factors and levels of orthogonal experiment

Factor
Sliding Carbon
Level Mechanical .
velocity content
force F/N
‘U/m . gil C/( % )
1 10 0. 84 0.07
9 20 1. 05 0.27
3 30 1.26 0.45
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Tab. 3 Results and analysis of orthogonal experiment

Number F/N v/mes ' C/(%) y
1 10 0. 84 0.07 0.18
2 10 1. 05 0. 27 0.19
3 10 1. 26 0. 45 0.22
4 20 0. 84 0. 27 0.21
5 20 1. 05 0. 45 0.24
6 20 1. 26 0.07 0. 28
7 30 0. 84 0. 45 0. 26
8 30 1. 05 0.07 0. 30
9 30 1. 26 0. 27 0. 33
K. 0.197 0. 217 0. 253
K. 0. 243 0. 243 0. 243
Koe 0. 297 0.277 0. 240
R 0. 100 0. 060 0.013
0.31 == Mechanical Force
0.29 =@=Sliding Speed
8 027 == Carbon Content
3 0.25 \"
Ro023
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Fig. 4 Influence laws of three factors on graphitized

degree
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