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Method for determining elastic-plastic properties of metals by
instrumented indentation with Berkovich indentation impression
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Abstract: The ratio of the center-to-border distance of Berkovich indentation impression to the nominal center-to-border
distance was introduced as an independent instrumented indentation response parameter to describe the extent of
pile-up/sink-in around Berkovich indentation impression. Based on the dimensional analysis and finite element
simulations, the explicitly dimensionless relationships among three independent instrumented indentation response
parameters (the other two parameters extracted from load-depth curve are nominal hardness and the ratio of elastic work
to total work) and elastic-plastic properties of metals were established. Further more, a new method based on Berkovich
indentation impression was proposed for determining elastic modulus E, strain hardening exponent n, conditional yield
strength o0y, ultimate strength o, of metals. Finally, the effectiveness of the method was verified by the determination
results of four kinds of structural metal.
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Fig. 1 Schematic illustration of Berkovich indenter(a) and

one-sixth(b) for simulation
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Fig. 2

impression with piling-up(a) or sinking-in(b)

Schematic illustration of Berkovich indentation
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Fig. 3 Schematic illustration of load—displacement curves (W,

is total work, W, is elastic work)
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material overall mesh(a) and detailed mesh(b) near tip of

Berkovich indenter
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Fig. 11 F—h curves obtained from instrumented indentation experiments with Berkovich indenter of metals: (a) 6061 aluminum
alloy; (b) S45C carbon steel; (c) SS316 stainless steel; (d) Brass
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Fig. 12 Berkovich indentation impressions obtained from instrumented indentation experiments of metals: (a) 6061 aluminum alloy;
(b) S45C carbon steel; (¢) SS316 stainless steel; (d) Brass
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R A28 A s Ak T 73 AT — 47 7% i 2 K&
Berkovich IR, W] LAl € 4 Fhdx @ AR A 1L
N XAHRE Hy AR A LL D) W/ W, & Berkovich
HIRH RS 4 CHia 2 Lt did,, eI b, M

FIASCHTIESL I TT LT HAGE 4 Bl Jm AR} N AZ AL
BRI n BAVERT R B AR IRSREE 00, SRR oy,
GEHLILFE 4. N T 5 bR SR 5 S AT L
B B ADRPTHT 6061 F38 4. S45C BAN

FT A FKIATHR 50N I 6061 454542 S45C TN SS316 AR AW 12 4 i 88 0k 2 B 284k e NIt 46 SR b it i 2=

Table 4 Determination results and errors of elastic-plastic properties of 6061 aluminum alloy, S45C carbon steel, SS316 stainless

steel and brass at F,,=50 N

6061 aluminum alloy

Experiment
No. H, WJw,  did, n An E Eer% Go2  Oonen!% Oy O er/ %o
1 1.15 0.099  1.106  0.069 0017  67.88  —4.40 293.01 -2.13 32299 -11.81
2 1.16 0.099  1.114 0062 0010 6884  -3.04 30030 031 32574 -11.06
3 1.24 0.107  1.103  0.064 0012 6830 -3.80 32387 819  351.82 -394
4 1.14 0.099  1.106  0.069 0017 6731  -520 29075 -2.88 32078 —12.41
5 1.18 0.099  1.107  0.068 0016 69.68 —186 30035 033 33056 —9.74

Average 1.17 0.101 1.107 0.067 0.015

68.40 —3.66 301.66 0.76 330.38 -9.79

Experiment S45C carbon steel
No. H, WJW,  did, n An E Eenl% G0y Ooaenl% Oy Op.ere/ %o
1 213 0076 1011  0.191 0015 20324 112  389.55 -9.63 67843  10.70

2 2.08 0.074 1.021 0.182 0.006
3 2.03 0.072 1.023 0.183 0.007
4 2.08 0.076 1.016 0.186 0.010
5 2.16 0.076 1.012 0.191 0.015

201.12 0.06 38691 -10.25 64898 5.90
202.40 0.70 37276 —13.53  629.67 2.75
197.04  -1.97 385.58  —10.55  656.18 7.07
207.71 3.34 394.56  —8.47 687.00 12.10

Average 2.10 0.075 1.017 0.187 0.011

202.30 0.65 385.87 —-10.49  660.05 7.70

Experiment SS316 stainless steel
No. H, WJW,  dld, n An E Eenl% G0y Oosenl% Oy Op.ore/ %o
1 291 0.115 1.012 0.150 0.016 180.25  —2.04  663.38 8.73 934.39 12.92

2 2.78 0.108 1.002 0.171 0.037
3 2.85 0.108 1.006 0.165 0.031
4 2.99 0.114 1.025 0.136 0.002
5 291 0.112 1.015 0.151 0.017

184.69 0.38 590.71 -3.18 906.30 9.52
190.13 3.33 614.65 0.74 923.24 11.57
186.46 1.34 697.84 14.38 938.49 13.41
184.87 0.47 654.44 7.27 927.68 12.11

Average 2.89 0.111 1.012 0.154 0.020

185.28 0.69 644.20 5.59 926.02 11.90

Experiment Brass
No. H, WJW,  did, n An E Eenl% Gz Oorenl% Oy Ob.err/%
1 145 0099 1060 0115 —0.010 9223  11.12 33632 299 42477 084
2 1,53 0102  1.065 0105 —0.020 9404 1330 367.17 591 44820  6.40
3 146 0098  1.055 0121 —0.004 9406 1333 33341 383 42981  2.04
4 148 0100  1.068 0105 —0.020 9259 1155 35138 136 42940 194
5 145 009  1.063 0115 —0.010 9515  14.63 33428 357 42301 042

Average 1.48 0.099 1.062 0.112 —-0.013

93.61 12.79 344.51 -0.62  431.04 2.33
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— Uniaxial tensile test No.2
— — Instrumented indentation experiment
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Fig. 13 Comparison between true stress—strain curves determined by instrumented indentation and standard uniaxial tensile tests of

metals: (a) 6061 aluminum alloy; (b) S45C carbon steel; (c) SS316 stainless steel; (d) Bbrass
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