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Method for determining Vickers hardness of materials by
Vickers instrumented indentation work ratio and martens hardness

WANG lJia-liang, MA De-jun, SUN Liang, HUANG Yong

(Department of Mechanical Engineering, Academy of Armored Force Engineering, Beijing 100072, China)

Abstract: The problem of Vickers morphology is not clear due to the Vickers hardness does not recognize during the
traditional Vickers hardness testing. The instrumented indentation test were analyzed by employing dimensional theorem
and finite element method, meanwhile, combined with the finite element numerical results of Vickers hardness, the
approximate function relationships among Vickers indentation work ratio(W,/W;), martens hardness and Vickers hardness
were revealed. Based on the relationships, a new method was then proposed to determine the Vickers hardness of
materials by Vickers indentation work ratio and martens hardness, and its accuracy was analyzed. The results show that,
compared with ISO14577, this method has higher accuracy.
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accurately identify Vickers hardness under different indentation

loads: (a) SiC sample, 10 N;(b) Silica sample, 50 N

Vickers indentation morphologies of unable to
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Schematic diagram of instrumented indentation

load-displacement curve
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Table 1 Vickers hardness ranges of test force

Designation Ranges of test force/N

F=49.03
1.961 <F<<49.03
0.09807<F<1.961

Vickers macro-hardness
Low-force Vickers hardness

Vickers micro-hardness
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TR ZE 3 A 8.04%H1 17.30%; /N 1 2 PR 5k
TR ZESY ) N —4.46%H1 13.47%: S il FCAl B ek
PR ZE 73 9 —=5.19%H01 21.32%. *FT* Silica Xk,
AMFFTT VLR 1SO14577 J7 1511 Ak 4t R i 5 I
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Table 2 Mean value and error for10 kinds of materials’ Vickers hardness determined by proposed method

Vickers macro-hardness

Low-force Vickers hardness

Vickers micro-hardness

sample Hy/GPa  Hygq12/GPa  eq2)/%  Hy/GPa  Hyge2/GPa  Opg2/%  Hy/GPa  Hypq2/GPa  Ogq12/%
s45C 1.93 1.96 1.55 2.01 2.01 0.00 2.04 2.03 -0.49
SS304  2.69 2.69 0.00 2.96 2.88 -2.70 3.03 3.00 -0.99
SS316 2.82 2.88 2.13 3.06 3.15 2.94 321 3.18 ~0.93
6061A1  1.15 1.20 435 1.19 1.20 0.84 1.30 1.30 0.00
Brass 1.40 1.43 2.14 1.48 1.48 0.00 1.63 1.60 ~1.84
Si;N,  14.64 14.82 1.23 14.95 14.97 0.13 17.07 16.19 -5.16
710, 1160 11.65 0.43 11.94 12.12 1.51 12.11 12.20 0.74
ZTA 1645 17.23 4.74 17.97 17.52 -2.50 18.73 18.66 -0.37
ALO; 1443 15.59 8.04 16.37 15.64 ~4.46 21.57 20.45 -5.19
Silica 2.95-6.18 5.26 4.35-6.96 5.72 7.27 6.64 -8.67

F£ 3 I1S014577 J7 R R 10 Fpbbk] 4 FCRE R S51H L iR 7=

Table 3 Mean value and error for10 kinds of materials’ Vickers hardness determined by ISO14577 method

Vickers macro-hardness

Low-force Vickers hardness

Vickers micro-hardness

Sample Hy/GPa Hy150/GPa O1s0/% Hy/GPa Hys0/GPa O1s0/% Hy/GPa Hys0/GPa  0150/%
S45C 1.93 2.12 9.52 2.01 2.18 8.44 2.04 2.24 9.83
SS304 2.69 2.87 6.45 2.96 3.07 3.62 3.03 3.28 8.19
SS316 2.82 3.07 8.87 3.06 3.37 9.92 3.21 3.50 8.77
6061Al 1.15 1.29 12.10 1.19 1.29 8.67 1.30 1.42 9.15
Brass 1.40 1.53 9.18 1.48 1.58 6.77 1.63 1.74 6.78
Si3Ny 14.64 16.26 11.09 14.95 16.87 12.91 17.07 19.76 16.29
Zr0O, 11.60 12.80 10.38 11.94 13.55 13.47 12.11 14.69 21.32
ZTA 16.45 19.01 15.57 17.97 20.02 11.49 18.73 22.65 21.08
Al,O3 14.43 16.93 17.30 16.37 17.50 6.86 21.57 25.96 20.65
Silica  2.95-6.18 7.02 4.35-6.95 7.79 7.27 9.61 44.77
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