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Fig. 1 Schematic diagram of Vickers indenter(a) and one-

eighth for simulation(b)
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Fig. 2 Schematic illustration of load—displacement curves by

instrumented indentation
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Fig. 3 Schematic diagram of special position relationships of
indentation impressions by instrumented gathered indentation

with Vickers indenter
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Fig. 6 Relationship between Hy/E, and (W./W)); at different values of n and #: (a) n=0; (b) n=0.15; (c) n=0.30; (d) n=0.45
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Table 3  Values of c;(i=1,--*,4; j=1,2,3; k=0,**,6)
J i Cijo Cij1 Cip Cij3 Cija Cijs Cijs
1 0.263 —0.551 12.162 —50.197 109.316 —113.567 45.809
2 0.156 —0.453 13.557 —62.197 140.174 —146.744 58.705
: 3 0.090 —0.825 16.452 —75.466 168.659 —175.193 69.424
4 0.074 —-1.823 23.079 —100.624 215.981 —217.908 84.269
1 0.313 -2.199 28.156 —118.521 248.871 —247.817 94.584
2 0.121 0.463 4.301 —23.030 60.139 —69.254 30.192
g 3 0.060 —0.039 8.373 —41.023 97.274 —104.971 43.201
4 0.037 —0.785 12.864 —58.256 130.119 —135.155 53.960
1 0.272 —0.893 14.444 —61.456 136.372 —143.144 57.540
2 0.149 —0.775 17.260 —81.189 182.141 —188.571 74.070
> 3 0.064 -0.314 10.252 —47.981 109.674 —115.654 46.766
4 0.012 0.042 3.365 —15.692 40.864 —49.056 23.324
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Table 4 Elastic—plastic parameters of metals determined by

uniaxial tensile test

Metal n E/GPa oy,/MPa o, /MPa

6061 aluminum alloy 0.052 71 299.4 366.3
S45C carbon steel ~ 0.176 201 431.1 612.8
SS316 stainless steel 0.134 184 610.1 827.5
SS304 stainless steel  0.189 170 510.0 870.5
Brass 0.125 83 346.7 421.2
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Fig. 10 Indentation impressions obtained

R 2 from instrumented gathered indentation with
First indentation impression ~ Second indentation impression Vickers indenter of metals: (a) 6061 aluminum
' alloy; (b) S45C carbon steel; (c) SS316
stainless steel; (d) SS304 stainless steel; (e)

Brass

Third indentation impression
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Fig. 11 First and third load—displacement curves obtained from instrumented gathered indentation with Vickers indenter of metals:

(a) 6061aluminum alloy; (b) S45C carbon steel; (c) SS316 stainless steel; (d) SS304 stainless steel; (e) Brass
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Table 5 Elastic—plastic parameters determined by instrumented gathered indentation with Vickers indenter

Ho/ E/ EEn‘/ oy 2/ 002 Err/ O'b/ O, En‘/
Metal A : - ’
eta Ggpa W) [(WIWY/(WIWn] - " GPa %  MPa %  MPa %
6061 aluminum alloy 1.19  0.103 0.877 0.040 —0.012 67.01 -5.63 323.49 8.06 344.86 7.36
S45C carbon steel 2.12 0.080 0.978 0.150 —0.026 186.74 —7.10 409.84 —4.93 60497 -1.24
SS316 stainless steel ~— 2.71 0.116 1.010 0.197 0.063 168.14 —-8.62 557.77 —8.58 935.85 13.99
SS304 stainless steel ~ 2.58  0.110 1.027 0.212 0.023 168.56 —-0.85 503.58 —1.26 906.29 3.36
Brass 1.49  0.101 0.955 0.136 0.011 93.66 12.84 33221 —4.17 449.56 —0.40
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Fig. 12 Comparison of true stress—strain curves
[+
E 300+ obtained by instrumented gathered indentation
i with Vickers indenter and uniaxial tensile true
200
stress—strain curves of metals: (a) 6061aluminum
— Uniaxila tensile test No.1
100 — Uniaxila tensile test No.2 alloy; (b) S45C carbon steel; (c) SS316 stainless
— - Instrumented gathered indentation steel; (d) SS304 stainless steel; (¢) Brass
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Method for determining elastic-plastic parameters of metals by
instrumented gathered indentation with Vickers indenter

SHI Xin-zheng', CHEN Wei'!, CHEN Ping?, MA De-jun', SUN Liang'

(1. Department of Mechanical Engineering, Academy of Army Armored Force, Beijing 100072, China;
2. Department of Basic, Academy of Army Armored Force, Beijing 100072, China)

Abstract: Using single Vickers indenter, three instrumented indentation experiments of which indentation impressions
have special position relationships were conducted. [(W./W,):/(W./W});] was introduced as an independent instrumented
indentation response parameter according to the third load-displacement curve and the first load-displacement curve.
Based on dimensional analysis and finite element simulations, the dimensionless relationships among three independent
instrumented indentation response parameters (the other two parameters are the first ratio of indentation work
(Wo/W),and nominal hardness H, of first instrumented indentation) and the elastic—plastic parameters were established.
Therefore, the method for determining elastic—plastic parameters of metals by instrumented gathered indentation with
Vickers indenter was proposed. The strain hardening exponent n, elastic modulus E, conditional yield strength oy, and
ultimate strength o, of metals can be identified by using the load—displacement curves obtained from instrumented
gathered indentation with Vickers indenter. The effectiveness of the method is validated by the tests.
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