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Method for determining elastic modulus by instrumented indentation test

MA De-jun

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

Abstract: The instrumented indentation tests were analyzed by employing dimensional theorem and finite element

method. A combined elastic modulus, E,, was introduced to accurately reflect the combined elastic effect of an indenter

and an indented material. Consequently, an approximate relationship between the ratio of nominal hardness to the

combined elastic modulus and the ratio of unloading work to total work in indentation was revealed. Based on the

relationship, a new method was then proposed for determining elastic modulus of materials, and its accuracy was

analyzed. The effectiveness of the method was examined by several experimental examples.
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Fig.1 Schematic diagram showing indentation loading curve,
loading work, unloading curve and unloading work in

instrumented test
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Fig.2 Finite element mesh design for conical indenter and

indented solid: (a) Overall mesh; (b) Mesh near contact region
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Table 1 Values of E and Eggp for 6061-T6511 aluminum alloys determined from present method and Oliver & Pharr method

TestNo.  hy/um  S/N-mm') H/GPa  WJ/W,  E/GPa £ 6_662‘8 /%  Eogp/GPa Eoep ~068 0&;6_866'8 1%

1 10.46 4768 1.118 0.098 71.3 6.7 79.3 18.8

2 10.31 4 800 1.151 0.095 75.9 13.6 81.2 21.6

3 10.50 4794 1.110 0.096 72.2 8.1 79.5 19.0

4 10.48 4671 1.114 0.111 62.8 -6.0 77.5 16.1

5 10.54 4762 1.102 0.111 62.1 -7.1 78.6 17.7

6 10.43 4491 1.127 0.109 64.7 -32 74.9 12.2
Average 0.103 68.2 2.0 78.5 17.5

Su is initial unloading slope.

R 2 HE4ET7075-T651 g B A AR T N AR &5

Table 2 Values of E and Eqgp for 7075—T651 aluminum alloys determined from present method and Oliver & Pharr method

Test No. ho/um  S/(N'mm™')  H,/GPa W W, E/GPa E7_07?'1 /% Eogp/GPa W/ %

1 8.45 3665 1.714 0.167 67.8 -33 77.6 10.8

2 8.56 3658 1.669 0.162 67.8 -33 76.3 8.9

3 8.42 3654 1.727 0.168 67.9 -3.1 77.7 10.9

4 8.34 3744 1.759 0.164 70.9 1.2 80.5 14.8

5 8.30 3789 1.776 0.161 72.9 4.0 81.9 16.8

6 8.20 3706 1.820 0.169 71.6 2.1 81.3 16.0
Average 0.165 69.8 -0.4 79.2 13.0
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ATREERE AR . teah, A6 FI(17)ELLE Wdw,
ARG AR AR E M, vl LAk TR %7
DU P e B <5 AR R PR AR ) e K R AR R 5%
ZE k|0, | =)o || A £11.7%F £10.2%, AR
AR E5 R BIAIRTR 22 2.0%F1-0.4%38 75 il B K iR 2=
JaH A .

ok, PR RN GCr15 Ffs Rl
3 PRI T A A AR RN SE S, o, R R
FERERIEE MTS ArFUEmbsEiRFe, Cantis
PEREE 73592 70.4 GPa Al 72 GPa, VA L2351 4 0.347
F10.170; Eah A GCr15 RPRUEREIES, WA EE A
0.29, HPERLE R F bRk 7 i vk, S5k
204 GPa. S0P AL A S 1E MTS 23 ) 287 (1) 1 H

YK 5N (Nano Indenter® XP (MTS Systems Corp.,
Knoxville, TN)),{X#3HC 7% ) % Sk 4 4:NI47 Berkovich
JE sk, AR BN s A(h)=24.497 4h*+424.149h+
28 211.4h"*—69 751.1h"*-46 333.3h"°-7 055.7h"'+
20 987.7h'%*+37 312.2h"%*+46 075.9h""%% . T4 —F
PERE, FEARUE R e N 3T A [ (117 100 i 560 7 40
1750, B 7~9 Fronsralh Bik 3 FobERH B —Ar

30

251

20

Indentation load/mN
[
T

1 L Il
0 500 1000 1500
Indentation depth/nm

7 BRELEL S URSEES T A B —A A th 2R (F,=25.5 mN)

Fig.7 Load—displacement curves of five repetitive tests
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made on aluminum single crystal
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F 3 AR AT R R B AR 4 R
Table 3 Elastic modulus of aluminum single crystal by

instrumented indentation test

TestNo. hy/um H,/GPa WJ/W, E/GPa £-204 o,
1 2.001 0256 0.0262 554 213
2 2.004 0255 0.0193 764 8.5
3 1.990 0259 0.0259 56.8 -19.3
4 2.023 0250 0.0250 654 -7.1
5 1938 0272 0.0205 77.0 9.4
Average 0.0228 66.2 -6.0

2010 4F 12 H
F 4 DBERACEANTE ISR B IR S AR GCrl5 45
ES
Table 4  Elastic modulus of GCrl5 bearing steel by

instrumented indentation test

Test No. hy,/um H,/GPa WJ/W, E/GPa %/%
1 1.924  7.156 0.288 2182 7.0
2 1.942  7.026  0.288 213.1 4.4
3 1.939  7.048 0.282 21838 7.3
4 1.962  6.880  0.283 211.6 3.7
5 1.936  7.063 0.288 214.8 53
Average 0.286 2153 5.5

F5 AU NI A 0 45 R 45 R
Table 5 Elastic modulus of fused silica by instrumented

indentation test

-72

Test No. hy/um H,/GPa W/W, E/GPa /%
1 1.997 4.632 0.667 73.4 1.9
2 1.999 4.623 0.664 73.4 1.9
3 1.997 4.633 0.664 73.6 22
4 1.996 4.635 0.661 73.8 24
5 1.996 4.634  0.666 73.4 2.0
Average 0.664 73.5 2.1
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