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(a) Dynamic and quasi-static compressive stress-strain curves (b) Dynamic and quasi-static shear stress-strain curves
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Fig.2 Dynamic and quasi-static compressive and shear stress-strain curves of CoCrFeNiMn high-entropy alloy
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Table 1 Constitutive equation parameters

Type c A/MPa & n
Quasi-static —0.14 304.67 1.463 00 0.18394
Dynamic -0.27 413.16 0.09025 0.06015
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Table 2 Material and geometric parameters of incident bar, transmission bar and the specimen

Component Density/(g-cm ™) E/GPa v Diameter/mm Length/mm
Incident/transmission bar 7.9 210 0.30 37 2000
Specimen 8.0 183 0.25 8 5
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Fig. 4 Stress-strain curves from dynamic compression experiments
and simulations of CoCrFeNiMn high-entropy alloy
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Fig. 7 Deformation history of CoCrFeNiMn high-entropy alloy
during dynamic loading
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Fig. 8 Implementation method of initial stress indentation model
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Table 3 Quadratic polynomial fitting parameters

£/% A"/(mN-nm™) B/(mN-nm ") C/mN R G max/MPa
5.00 2.656x10° 0.0046 —0.7647 0.9946 318.4
15.00 3.159x10°° 0.005 1 —0.8223 0.9954 3332
33.26 3.654x107° 0.0054 —0.8409 0.996 1 345.6
33.22 3.103x10°° —0.0008 0.1249 0.9874 212.5
33.08 -1.003x10°° -0.0016 0.1498 0.9813 18.6

Effective stress/MPa
(Avg.: 75%)
942.1
837.4
732.7
628.1
523.4
418.7
314.0
209.4
104.7

0

(a) Load, £.=0%

11

(b) Load, £=5.00%

[

(¢) Load, £,=33.26%

(d) Unload, £=33.08%
BT OR[EIRIER T A R A A28 ) 2 4]
Fig. 11 Equivalent stress nephogram during indentation process under different initial stresses
wse iR AR 1 IS S N R b A e AN B D R AR R R SN R DR S BN = N AV B2
942.1 MPa, 520 XA RN BT 5 o BEAE TSk Bk — 20 A, I g DA 3 fih 5 1) Jo] FEL i, IO 7 22 6 B2
DA . SIHIHRI S L, TE £,=5.00% il £,.=33.26% (I 4k W F1 348 R b, 3k R J7 1 I 7 5% 0 [X 3
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Indentation Behavior of CoCrFeNiMn High-Entropy Alloys under Dynamic Loads
WU Kunkun', LIU Cong', SU Buyun', QIU Ji'?, SHU Xuefeng', KANG Zhengdong'

(1. Institute of Applied Mechanics, School of Aeronautics and Astronautics, Taiyuan University of Technology,
Taiyuan 030024, Shanxi, China;
2. Shanxi Construction Investment Group Co., Ltd., Taiyuan 030032, Shanxi, China)

Abstract: To address the challenge of evaluating the internal stress of materials or structures in service
environments, a method combining finite element analysis and micro-indentation testing is proposed. Taking
the CoCrFeNiMn high-entropy alloy as the research object, compression, shear and micro-indentation tests
were carried out at various loading speeds respectively. Based on an asymmetric initial yield function, Swift
hardening and the associated flow rule, an elastoplastic constitutive model for this material was established.
The constitutive model was programmed by using the stress integration algorithm and interfaced with the
ABAQUS finite element software. Furthermore, by comparing the finite element simulation results with the
experimental results from the split Hopkinson pressure bar (SHPB) tests and the indentation model, the
reliability of the model was verified. Using the SHPB model, the numerical simulation of the dynamic
compression experiment was carried out, and the stress fields at different dynamic deformation moments
were imported into the indentation model as the initial stress (internal stress) fields for indentation simulation
analysis. The results indicated that the initial stress field in the loading stage significantly reduces the
indentation load at the same indentation depth, and the reduction amplitude increases with the increase of
stress. In addition, the existence of the initial stress field will further weaken the stress concentration during
the indentation process. Through the quantitative analysis of the load-indentation displacement curves under
different compression amounts, the indentation response laws of the materials under different initial stress
conditions were revealed. The research results provide a reference for the evaluation of the internal stress of
materials or structures under service conditions.

Keywords: split Hopkinson pressure bar; constitutive equation; high-entropy alloy; initial stress field;

micro-indentation
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