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Abstract: The indentation morphology of ceramic materials caused by the Vickers indentation process
was simulated based on the finite element analysis model. Take two kinds of ceramic materials (Si; N,
and ZrO,) for example, the indentation diagonal half-length and the Vickers hardness from finite ele-
ment simulation and that from the experimental measurement were compared. The results show that
the difference between Si; N, and ZrO, in indentation diagonal half-length from finite element simula-
tion and experimental measurement is 0. 39% and — 0. 53% respectively, the difference in Vickers
hardness is —2. 7% and 4. 2%. With the friction coefficient between the indenter and the material
changes from 0 to 0. 5, the difference in indentation diagonal half-length from finite element simulation
and experimental measurement is 0. 28% and 0. 27 % , the difference in Vickers hardness is 0. 14% and
0.21%. In addition, apply this method to compare the Vickers indentation finite element simulation
values of other typical ceramics materials (Al,O;,ZTA,SiC and Silica) with the experimental meas-
urement values, the difference of indentation diagonal half-length is 1.14%, —0.57%, —0.89% and
0. 41% respectively, the difference in Vickers hardness is —2.24%, 1.12% . 1.85% and —0. 86 % re-
spectively. It can be seen that the Vickers indentation morphology of ceramic materials can be derived
by the finite element numerical simulation method, thereby this method can solve the problem of in-
dentation measurement data inaccuracies, which caused by unclear indentation in the process of inden-
tation method to measuring the Vickers hardness of ceramic materials. This method provides the tech-
nical foundation for further exploration based on the response of instrumented indentation to identify

the Vickers hardness and any other mechanical properties of the ceramic materials.
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Fig. 1 Vickers impression morphology of fused silica
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Fig. 2 Vickers indentation impression morphology of two kinds of ceramic materials

(a)impression morphology of SizNy; (b)impression morphology of ZrO,
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Fig. 3 Schematic diagram of Vickers indenter modeling
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Fig. 4 3D finite element model of Vickers indentation

in ceramic materials
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Fig. 5 Schematic diagram of the maximum contact node position(A)

between indenter and material of impression along the diagonal

direction corresponding to the maximum indentation depth
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Table 1  Siy N, materials simulation results of Vickers
indentation impression corresponding to the different

contact friction coefficients

f a/pm I/ pm P/N HV/GPa

0 15.23 5 7.51 15.022
0.15 15.19 5 7.48 15. 044
0.3 15.19 5 7.48 15.028
0.5 15.19 5 7.48 15. 041
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Table 2 ZrO, materials simulation results of Vickers
indentation impression corresponding to the different

contact friction coefficients

f a/pm B /pm P/N HV/GPa
0 15. 48 5 5.76 11. 145
0.15 15.45 5 5.72 11.121
0.3 15. 44 5 5.72 11.124
0.5 15. 44 5 5.72 11.124
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Table 3 The impression diagonal half-length and
Vickers hardness of Si; N, material obtained

from the Vickers indentation experiment
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Table 4 The impression diagonal half-length and
Vickers hardness of Zr(O, material obtained from

the Vickers indentation experiment

No. a/pm I/ pm P/N HV/GPa
1 63. 39 20. 65 99. 90 11.52
2 64.00 20. 51 99.97 11. 31
3 62. 81 20. 82 100. 21 11.77
4 63.03 20,77 99. 99 11.67
5 63.42 20. 64 99. 81 11. 50
6 63.19 20. 74 100. 00 11.61
7 63.15 20. 67 100. 16 11. 64
8 63.37 20. 18 99. 99 11. 54
9 62.49 19. 97 99. 74 11. 84
10 63.47 20. 84 100. 16 11.52

AVG 63.23 20.58 99. 99 11.59

No. a/pm hw/pm P/N HV/GPa
1 56.73 18. 40 100. 05 14. 41
2 56. 89 18. 43 100. 17 14. 35
3 55.93 18.50 99. 96 14. 81
4 55. 89 18.56 99.91 14. 83
5 56. 45 18. 81 99.91 14.53
6 56. 20 18. 22 99. 94 14. 67
7 55.99 18. 45 100. 02 14. 79
8 56.17 18. 45 100. 24 14.73
9 56. 56 18. 26 99. 87 14. 47
10 55. 88 18. 43 99. 88 14. 83

AVG 56. 27 18. 45 100. 00 14. 64
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Table 5 The finite element simulation and experimental impression parameters of Vickers indentation in Si; N, material

a/pm hw/pm a’'/pm hw'/pm HV/GPa HV'/GPa ("= a)/a/% (HV'—HV)/HV/%
56. 06 18. 45 56. 27 18. 45 15.04 14. 64 0. 39 —2.7
x6 Zr0, MBLERKENEFRTGENEES SKE SN S EXT L HE
Table 6 The finite element simulation and experimental impression parameters of Vickers indentation in ZrO, material
a/pm I/ pm a'/pm hw'/pm HV/GPa HV'/GPa (' —a)/a/¥%  (HV'—HV)/HV/%
63.57 20.58 63.23 20. 58 11.12 11.59 —0.53 4.2
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Table 7 The finite element simulation and experimental impression parameters of Vickers indentation in several ceramic materials

17.18]

Sample E/GPa a/pm a//p,m I/ pm hm//pm HV/GPa HV'/GPa (a'— a)/a/% (HV'— HV)/HV/%
Al; Oy 394 56. 04 56. 68 17.70 17.70 14.76 14,43 1.14 —2.24

ZTA 419 52.74 52.44 16. 80 16. 80 16. 66 16. 85 —0.57 1.12

SiC 377 69.97 69. 35 18.92 18.92 9.46 9. 64 —0.89 1. 85

Silica 72.3 4.11 4.13 1.50 1. 50 6. 84 6.79 0.41 —0. 86
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0. 25N,
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