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Figure 1 Finite element model of film-substrate material indentation.
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Table 1 Input parameters in finite element simulation for hard film on
soft substrate materials

FER R (GPa) LSRR (GPa)  JEAVRFE (mm)

40 150, 170, 190, 210, 230, 250
60 150, 170, 190, 210, 230, 250
80 150, 170, 190, 210, 230, 250
100 150, 170, 190, 210, 230, 250
120 150, 170, 190, 210, 230, 250
140 150, 170, 190, 210, 230, 250 0.1-0.5
160 170, 190, 210, 230, 250
180 190, 210, 230, 250

200 210, 230, 250

220 230, 250

240 250

2 BB EAEH A R A S 5

Table 2 Input parameters of finite element simulation for soft film on
hard substrate materials

FER AR (GPa) TR AR (GPa) JEAVERE (mm)

140, 160, 180, 200, 220, 240 50

140, 160, 180, 200, 220, 240 70

140, 160, 180, 200, 220, 240 90

140, 160, 180, 200, 220, 240 110

140, 160, 180, 200, 220, 240 130
0.1-0.5

160, 180, 200, 220, 240 150

180, 200, 220, 240 170

200, 220, 240 190

220, 240 210

240 230
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Figure 2 (Color online) A classic multi-output multi-layer perceptron
(MLP).
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Figure 3 (Color online) Machine learning predicts (a) substrate modulus and (b) film modulus for hard film soft substrate and soft film hard substrate.
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Table 4 Performance of MLP on train and test datasets

TR ARTEIR (%) PR IEIR (%)
iRz 8.72 12.19
MARIR Z (E) 5.61 8.26
MR ZE(Ep) 11.13 12.49

R5 AR TH 5L

Table 5 The calculation results of different constitutive models
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Figure 4 (Color online) Change of composite modulus with normal-
ized depth (A/f).
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Determining the elastic modulus of film/substrate materials
from instrumented indentation testing based on machine
learning

SUN TingWei', ZHANG JianWei' , QIN JinHong’, ZHAO SiWei' & LI YuanXin'

' School of Mechanics and Safety Engineering, Zhengzhou University, Zhengzhou 450001, China;
* School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China

Instrumented indentation testing has been widely used to determine the mechanical properties of materials. However, due
to the substrate effect, the mechanical properties of each layer of film/substrate material becomes complicated to
determine using this method. Through the finite element simulation, combined with a classic neural network method of
multi-output multilayer perceptron (MLP), the relationship between the film/substrate material parameters (elastic
modulus of film and substrate), normalized indentation depth (indentation depth/film thickness), and composite modulus
is established. This established relationship is used to develop an indentation method to determine the elastic modulus of
film/substrate. Prediction results through deep learning and the finite element simulation results are compared. The
comparison results indicate that the predicted values of hard film/soft and soft film/hard substrate materials obtained
from MLP are in good agreement with the simulation results. Indentation tests of Ni/304 and Cu/304 stainless steel were
conducted to verify the trained neural network. The results indicate that elastic modulus of each layer predicted using the
MLP is close to those obtained in the test. The results of this study can provide alternative research methods for
evaluating the properties of film/substrate materials.

neural network, film/substrate material, nanoindentation, elastic modulus
PACS: 62.20.-x, 62.20.Dc, 81.70.-q, 81.70.Bt
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