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Fig.1 Schematic diagram of electromagnetic expansion ring experimental apparatus assisted by external magnetic field

51 @ —ull = 9o — ]
~ _Bo ~
13 =
% 20 - 2 00
5 2
£ = : 30
8157 12 5 £
E £ £
15) 0 =0
= 101 s &}
: Iz
% =y =30
A 5 §
0 1 1 1 1 0 _60 1 1
0 300 600 900 1200 1500 0 20 40 80

60
Time (us) Ti
K2 PILkiEl s R 2L, (a) SR RIS MG B 20 8T, (b) K 27
Fig.2 Typical current waveforms of the two coils, (a) External coil current waveform and externalsteady-state magnetic

field curve, (b) Driving coil current waveform. %
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Fig.3 Experimental setup diagrams: (a)Without external magnetic field experiment, (b) External magnetic field

assisted experiment.
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Table 1 Summary of results.
Variable Group 1 Group 2 Group 3
Driving coil charging voltageUy(kV) 10 15 20
External coil charging voltage (kV) 0 6 0 4 0 4
Peak driving coil current  (kA) 50.5 50.4 77.8 76.6 100.1 98.6
Peak external coil current %, (kA) 0 29.6 0 18.5 0 18.4
Steady maghneticifield B, (T) 0 5.1 0 34 0 3.5
Peak-veloCity (m/s ) 117 334 248 435 388 593
Maxinium strain rate (1/s) 8180 17610 13660 22490 20480 29470
Fracture time ( ps) 35.8 28.6 323 24.5
Fracture strain 0.37 0.4 0.44 0.4
specimen temperature(°C)/ Strain 518/0.24 267/0.24 665/0.25 466/0.25 635/0.1 485/0.1
Maximum recovered fragment size (mm) 7 8 - 4
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Fig.4 Expanding velocities of CuCrZr ring. (a)U;=10 kV, (b)U;=15 kV, (c)U;=20 kV. In the figure, "EXP-" represents

experimental curves, "SIM-" represents simulation curves.
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Fig.8 Current/Current dencity of CuCrZr Alloy , (a)U,=10 kV, (b)Uy=15 kV, (c)U;=20 kV.
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Table 2 Multifield goupling loading parameters and flow stress of CuCrZr alloy at 1 %  strain.

Loading conditions  Stress(MPa) Temper)ature("C Strain rate(s')  Current density() Magnetic field strength(T)
10 kV/0T 465 95.43 3745 55.1 22
15 kV/QT 491 112 4937 76.1 2.7
20 kV/0T, 534 131 6153 96.2 3.0
10 kV/5.1T 492 53.88 5832 48.8 6.7
15kV/3.4T 534 77 6588 71.2 5.6
20 kV/3.5T 567 123 7571 75 5.9

RIE— DL RIAS R PR 2 Mk 1247 R B2 e, AL Hopkinson ATl & CuCrZr & 4:7E 500 /s-
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Fig.11 The comparison between the stress-strain curve and the fitting results is as follows: (a) the driving coil is charged with

10 kV, (b) the driving coil is charged with 15KV, (¢) the driving coil is charged with 20 kV. In the figure, "EXP" represents the

experimental data, "TF-Model" is the prediction result of the thermal model, and "EMTF-Model" is the prediction result of the

electromagnetic thermal model.
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Fig.13 Recovered CuCrZr Expansion Ring Specimens, (a)Uy=20 kV B,=0 T, (b)Uy=20 kV B,=3.5 T.
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Dynamic Tensile Properties of CuCrZr Alloy under Electro-Magnetic-
Thermo-Mechanical Multifield Coupled Loading

SU Rina', ZHOU Zhongyu', CHEN Xuemiao', LUO Bingiang', WANG Guiji!, TAN Fuli!,
ZHAO Jianheng?

( 1. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China;
2. China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: Obtaining the mechanical response of CuCrZr alloy under coupled electromagnetic-thermal-
mechanical loading is significant for the engineering application of CuCrZr alloy, which is one of the candidate

materials for electromagnetic railgun rails. This paper proposes an external-magnetic-field-assisted
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electromagnetic expanding ring technique, which stably achieves high strain rate loading exceeding 10* /s

without the significant increase in the induced current and Joule heating temperature rise in the metal sample
ring. Based on this technique, a study on the dynamic tensile properties of CuCrZr alloy under coupled
electromagnetic-thermal-mechanical loading was conducted. The stress-strain curves and fracture strain of
CuCrZr alloy under conditions of high current density, high strain rate, high temperature rise rate, and strong
magnetic field were obtained. The results provide important references for the application of CuCrZr alloy
under multi-physics field coupling conditions.

Keywords: electromagnetic expanding ring; CuCrZr alloy; dynamic tensile properties; multiphysics coupling
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