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Fig. 1 Diagram of tensile specimen
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Table 1 Relevant dimensions of tensile specimen
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Fig. 2 Tensile stress-strain curves and acquisition of related plastic parameters: (a)/(b) Cu, (¢)/(d) Mg, (e)/(f) Fe
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Fig. 3 Residual indentation morphology scanned by the contour morphology system
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Fig. 4 Residual indentation depth acquisition along the horizontal radial direction

and corresponding data: (a)/(b) Cu, (c¢)/(d) Mg, (e)/(f) Fe
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Fig. 5 Schematic diagram of residual indentation depth extraction under different horizontal radial displacements

(a) and curve equations of residual indentation contour: (b) Cu, (¢) Mg, (d) Fe

Bl TR PR IO A 8 B L A O il R
P18 2 5SS 40 285 SR 199 ke A P R T A /K S A28 1) 46 (]
IR AR VR BEAH 3 44 1w 44 S X g I AR BB S
7 i 0l 2 I 4% 2 > B A8 T AR

2 P R BRIE e 3k Fe A TR A AR 4 iR 1) Bl % ik
P A BO(E A 00 B 2R ) 4 ity o R A5 0 (&) 6) L Bk
TEIESL LA 2.5 mm Ay 1/4 FIACER i BE R
10 mm(x J5 1) X 20 mmCy J7[6) , i i & 4 %
K By SRR B SIHAS L4351 D 635 GPa,0. 21, 554
() SR AR B 106, 8 GPa JJARA LA 0. 3. BB 4 1
PPERL G 44,7 GPa JARS Ly 0. 35, A fise 9 1) 3
PERE R 208, 5GPa JAM LR 0. 35 R A () £
AIE TR 1 98 M PR BE L A O S B U IR BE Jg L 98 M 5 1k
RERAAREO I 2,58 3 ek 4 Ry FTHIE Y
AN A 5 % e Sk B RE i 1 A% X 43 & F CAX4R
VU 219 Sl BR BT R Sk R O I URE B 40 T E AT )
& 4043 WS 23 I X IR T CAX3 = A1 T il 4 ik o

2.5 mm

C,

K6 BRIEE A 4t 4% BR oA R G A R
Fig. 6 Two-dimensional axisymmetric
finite element model for spheri-

cal indentation



+ 628 - W g 22 4l

2024 45 45 4

Ju5 CAXAR DU T2 il Xt Bk 500 5 10AE A7 R o0 A58 7
4 300 5 25 A D B Ze S R B2 RS = 0 IR AR 1Y A5 Y
Pk o= y=0, k5 LU E S0 12 1w B 42 fih

REL 7 1 4 fk P 48 2R OB O 0. 1507, T A KU A A
>R -5 BRI He AU 3RH — E00 067 4% Jin 28 47 il 7 K.

K2 RATERHEMKZEINEESH

Table 2 Plastic parameters used for neural network learning of Cu

MYES A Bl
o, (MPa) 290.0, 295.0, 300.0, 305.0, 310.0, 315.0, 320.0, 325.0, 330.0, 335.0, 340.0
K(MPa) 60.0, 65.0, 70.0, 75.0, 80.0, 85.0, 90.0, 95.0, 100.0
n 0.27,0.28,0.29, 0.3, 0.31, 0.32, 0.33, 0.34, 0.35, 0.36, 0.37, 0.38, 0.39, 0.40
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Table 3 Plastic parameters used for neural network learning of Mg
LN 31 g
oy (MPa) 120.0, 125.0, 130.0, 135.0, 140.0, 145.0, 150.0, 155.0, 160.0, 165.0, 170.0, 175.0, 180.0
K(MPa) 200.0, 210.0, 220.0, 230.0, 240.0., 250.0, 260.0, 270.0, 280.0
n 0.27,0.28, 0.29, 0.3, 0.31, 0.32, 0.33, 0.34, 0.35, 0.36, 0.37, 0.38, 0.39, 0.40
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Table 4 Plastic parameters used for neural network learning of Fe
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n 0.37, 0.38, 0.39, 0.40, 0.41, 0.42, 0.43, 0.44, 0.45, 0.46, 0.47, 0.48, 0.49, 0.50
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neural networks/tensile test and the relative error
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Acquisition of Metal Plastic Parameters Based on Neural Network

Learning and Residual Indentation Morphology

Yanjiao He Yongxi Tian Haolin Jia Xuefeng Shu Gesheng Xiao
(Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering ,
Taiyuan University of Technology, Taiyuan, 030024)

Abstract Compared to conventional mechanical testing methods, the indentation method offers the
advantages of simple manufacturing of samples and in-situ testing. This study proposes an alternative to
deriving material mechanical parameters solely from indentation load-depth curves. It introduces an effec-
tive method for deducing metal plastic mechanical parameters based on residual indentation morphology and
neural network learning. An Instron universal material testing machine was used to conduct spherical in-
dentation tests on Cu, Mg, and Fe, followed by scanning their residual indentation morphology through
the contour morphology system. The extracted morphology features served as the basis for further analy-
sis. Data processing techniques such as amplification, rounding, binarization, and high-order digit supple-
mentation were applied to the acquired data. Through Abaqus software and numerical simulations, residu-
al indentation depth data associated with various material parameters were automatically extracted for neu-
ral network learning. Selections of activation function, neural network parameter initialization and upda-
ting mode, loss function, parameter optimization strategy, and neural network structure were carefully
conducted to ensure effective learning. The plastic mechanical parameters of Cu, Mg, and Fe were ob-
tained based on the residual indentation morphology feature data from indentation tests and the neural net-
works after learning. Additionally, the related plastic mechanical parameters of Cu, Mg, and Fe were also
acquired through conventional uniaxial tensile tests and characterization using the Instron machine. By
comparing the neural network learning results with tensile test data, relative errors in plastic mechanical
parameters were identified. The effectiveness of the proposed method in obtaining metal plastic mechanical
parameters based on neural network learning and residual indentation morphology was validated. This
method can be expanded for characterizing mechanical properties and acquiring plastic parameters of other
metal/alloy materials.

Key words neural network learning, residual indentation morphology, plastic parameters, metals,

numerical simulation





