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A modified method of nanoindentation testing method

SONG Zhong-kang, MA De-jun, GUO Jun-hong, CHEN Wei

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

Abstract: The accuracy of reduced elastic modulus obtained by Oliver-Pharr method from nanoindentation data was
analyzed by dimensional theorem and finite element simulation. The results show that the error depends on the final
depth at the maximum depth ratio (A¢h,,) and hardening coefficient (n) obviously. The maximum error is near upon 32%
at h¢h,>0.7 and n=0 because the predicted contact depth is lower than the true contact depth. Thereby, a modified
method is brought forward to amend the predicted contact depth. The maximum error of reduced elastic modulus

obtained by the modified method can be controlled within +15%. The results of two indentation tests of aluminum

materials agree well with the conclusion.
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Fig. 1 Load—depth curves of nanoindentation test
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Overall mesh; (b) Mesh near contact region
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Fig. 3 Contact depth in nanoindentation test
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Fig. 5 Illustration of pile-up in nanoindentation test
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Table 1 Elastic modulus of Al 6061-T6511 obtained by
Oliver-Pharr method and modified method

I/~ hi  Eop/ Ew/
pm GPa GPa

Test No. AEO-PI) AEMI)

1 1046 9.59 793 723 18.8% 8.2%

2 1031 945 812 741 21.6% 10.9%

3 10.50 9.63 795 724  19.0% 8.4%
4 1048 9.59 775 70.8 16.1% 6.0%
5 10.54 9.67 78.6 71.6 17.7% 7.2%

6 1043 9.50 749 68.5 12.2% 2.5%

Average 785 71.6  17.5% 7.2%

Ey p —66.8 _ Ey —6638

1) AE,, = x100%; AE,, = x100%

2 Oliver-Pharr J LM T LU B 42 7075-T651
RSP

Table 2 FElastic modulus of Al 7075-T651 obtained by
Oliver-Pharr method and modified method

ho!/  hd  Eopl Ey/

Test No.
estio um pm GPa GPa

1 1
AEop"  AEYY

1 845 732 776 726 10.8% 3.6%
2 856 743 763 714 8.9% 1.9%
3 842 728 77.7 727  10.9% 3.7%
4 834 7.23 805 753 14.8% 7.4%
5 830 7.21 819 765 16.8% 9.1%

6 820 7.08 813 76.1 16.0% 8.6%

Average 79.2 741 13.0% 5.7%

Ey p—70.1 Ey —70.1

1) AE, = x100% 5 AEj, = x100%

B, HIH T PR R R 2

H 1 A1 2 nfLUA B, R Oliver-Pharr J7 VA6 &
f) 6061-T651 Fl1 7075-T651 PR A 4 A R (E
YN 78.5 GPa fll 79.2 GPa, RZE/3HIA 17.5%F1
13.0%.  FHAT TR Z0 AT AT 0, 32 R ioe 22 A R IR D DT I
AL TR B /N A 0.08 F10.122);  H. Adhg 80K,
KT 0.8 1 o it 772 s s B R I E 200k
71.6 GPa fil 74.1 GPa, RZE45r AN 7.2%H1 5.7%, W
TR 22 R N

5 Z5ig

EFXE Oliver-Pharr J7V5AE VR IMAAE A 7K1 14 Ao
PERC IR ZE RO e, 8t — b ek O 4K s N
DR T5 3%, SO TR IR AL AR AT T HO A 5
A FRTTo M AN S5 25 R W, N ] S0t Uy i 2 ARk
P HPEAR R I R KR ZE AT I 15% LAY, Je /T
Oliver-Pharr 777285 KT 32%M iR 2% .
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