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Table 2 Value of A and B

h/R A B
0.05 0.7781 0.0155
0.10 0.7616 0.0208
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Table 3 Processed numerical data with proposed method to identify plastic properties and

a comparison with exact value

eyo><103 no=0 no=0.1 np=0.3 no=0.5

n ey n €y n €y n £y
1 —-0.002 0.00101 0.090 0.00103 0.28 0.00107 0.506 0.00095
1.5 —0.009 0.001 54 0.105 0.00148 0.287 0.00158 0.496 0.00155
~0.004 0.00203 0.104 0.00201 0.287 0.00215 0.501 0.00201
—0.010 0.00302 0.110  0.00300 0.294 0.00315 0.496 0.00311
—0.0035 0.00510 0.121 0.00491 0.296 0.00512 0.493 0.00525
7.5 —0.0030 0.00761 0.132  0.00735 0.297 0.00765 0.493 0.00775
10 0.0161 0.01010 0.132  0.00945 0.313 0.00983 0.494 0.01016
12 0.0341 0.01175 0.117 0.01155 0.280 0.01245 0.494 0.01209
15 0.251 0.01649 0.500 0.01518

E: eyo M ono REWEM, ey Fn KFEHEHM.

Note: £y40 and n¢ stands for the input parameters in simulations, €y and n stands for the

results predicted by the present method.
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Fig.9 Stability analysis results of the proposed method
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Fig.9 Stability analysis results of the proposed method (continued)
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Table 4 Measuring results of energy ratio

Material W1 Wa
Al 6061 0.1833 0.1403
Steel 45C 0.1078 0.087
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Fig.11 Comparison of results of tension test and proposed

method

K5 EARMEAZRBHERE D RS 2
REERAOEER
Table 5 Relative errors of the yield strengths estimated
by proposed method

Materials oyp/MPa oyt /MPa  (0yp — 0ye)/oyt
Steel S45C 380 425 -11%
Al 6061 277 275 0.7%
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A NEW SPHERICAL INDENTATION-BASED METHOD TO EXTRACT
PLASTIC MATERIAL PARAMETERS Y

Jiang Peng Zhang Taihua?) Yang Rong Liang Naigang
(The State Key Laboratory of Nonlinear Mechanics (LNM), Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China)

Abstract  This paper presents a new spherical indentation-based method to extract plastic properties of
materials. With the specific evaluation on the response parameters in indentation tests, the energy ratio
(the ratio of releasable work to total work) was chose and investigated in order to avoid the estimation of
contact radius. Based on expanding cavity models, finite element computations and dimensional analysis,
the relationships between energy ratio and plastic parameters are established. With these relationships, the
plastic properties of materials can be consequently solved from instrumented spherical indentation test data.
Furthermore, the stability of the method has been improved by reorganization of parameters. Finally, the
veracity and simplicity of this method is checked by using two typical materials (Steel 45C and Al 6061), which
have known true stress-true strain curves.

Key words instrumented indentation, spherical indenter, yield stress, work-hardening exponent, expanding
cavity models
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