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Fig. 2 Tensile load-displacement curves
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Fig. 3 Tensile stress-strain curve and related plastic parameters of copper and low carbon steel
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Tab.1 Plastic parameters based on tensile tests of copper and low carbon steel

E/GPa o,/MPa K /MPa n
i 106. 8 313.3 72.5 0.339 5
{IABAR 208. 5 261. 4 546. 3 0.455 1

L2 EBREENMKESRA

SHETE Sk B 1B AR o R T B TSk TRV AT BRI L B4 0 A PR RE S A EE T 35 Jl e B
AERIE e Sk e A DRI AT S bR ) 5E- SRk AR T R AL, I REA BGERIE A T 2 PR RE S K, B 4 v
AR R EAR 5 mm BRI RE BT 5 4 (YG60)2FBRAE A 3k, I8 H 510 AL E 4 v ) DX )
P2 E B NAGE AN 1 mm/min, EIZHE R 0.5 mm/min B INZAEIZTT X0 AR5 & R 20
mm {555 AR BT PRAAE AT H A3 5 36 T 0000 <6 Ja T Bt B A9 e A o™ i B R 0 v 2 BB o -



750

;o J1 (2025 4F)4f5 40 4

TR MR AR 28 0N 0 585 | ARBR AW A B R AR E 23 Sl B0 1.7 mm 1. 6 mm, 5405 Ak
B BRI TR AR B A 3 U, PR 2eter-TR L 2 An1&] 4 Jos P i 22 3R B R B g F A2 47 ml >R

FHH AT — 2 ) T4

sr#ir.

20

JEN 8 07 /kN _
(o)}

A~
T

—_
N
T

oo
T

o PR 1
o PR 2
& i 3

45
B0 o ik
o K 2
200 & YUK 3
z
Eist
&
<
10|
5

1 LAY

0.8 1.2
FENIEBE /mm

0.8 12
FENIREE /mm

K4 BRIB IR ABRAT- TR 2L

Fig. 4 Spherical indentation load-depth curves
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Fig. 5 Spherical indentation load-depth curves and the related characteristic parameters
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Tab. 2 Plastic parameters used for numerical simulation of copper
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Tab. 3 Plastic parameters used for numerical simulation of low carbon steel
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Fig. 7 Finite element simulation results of spherical indentation under different mesh densities
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Fig. 11 Influence of neuron structures with different hidden layers on the training effect of training set
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Spherical indentation learning and inversion recognition of
metal plastic parameters based on a neural network

JIA Haolin', HE Yanjiao', LIU Erqiang®, SHU Xuefeng!. XIAO Gesheng'

(1. Institute of Applied Mechanics, College of Aeronautics and Astronautics, Taiyuan University of Technology, Taiyuan 030024,
Shanxi, China; 2. College of Applied Science, Taiyuan University of Science and Technology, Taiyuan 030024, Shanxi, China)

Abstract: The constitutive parameters of materials can effectively reflect their mechanical properties in
relevant service environments, which usually require corresponding mechanical testing methods to
obtain. Existing macroscopic mechanical testing techniques necessitate that samples be processed into
specific shapes and sizes, whereas the indentation method allows for in-situ testing with simple sample
preparation. To effectively obtain the mechanical parameters of metals through indentation testing,
this study employed an Instron universal testing machine to conduct quasi-static spherical indentation
tests on copper and low-carbon steel. By analyzing the indentation load-depth curves and utilizing a
trained neural network, the plastic constitutive parameters of the two metals were inverted and
compared with those obtained from tensile tests. The results show that the yield strength of copper
based on the neural network and spherical indentation testing is 307. 6 MPa, the strain hardening
coefficient is 69. 7 MPa, and the strain hardening exponent is 0. 338 1. For low-carbon steel, the yield
strength is 269. 4 MPa, the strain hardening coefficient is 541. 4 MPa, and the strain hardening
exponent is 0. 474 3. The maximum relative error between these values and the corresponding results
obtained from tensile tests is only 4. 22% ., indicating the effectiveness of the inversion method of
metal plastic parameters based on neural networks and spherical indentation testing. The relevant
research of this article can provide a reference method for effectively obtaining the mechanical
performance parameters of metals or alloys.

Keywords: spherical indentation; neural network; metals; plastic parameters; numerical simulation



