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Dynamic Current-Carrying Mechanical Properties of Cu-Cr-Zr
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Abstract: To address the inability of traditional constitutive models to characterize the electro-
mechanical coupling behavior of materials under current-carrying conditions in multi-field coupled
simulations of electromagnetic rail launch systems, a modified constitutive model incorporating
electroplastic effects is proposed to improve computational accuracy. A supercapacitor-based
current-carrying circuit is integrated into a split Hopkinson tensile bar experimental platform.
High-strain-rate tests are conducted to shorten effective signal durations and mitigate electromagnetic
interference. Dynamic tensile tests on Cu-Cr-Zr alloy under varying strain rates and current
densities are performed, vyielding corresponding stress-strain curves. Experimental results
demonstrate that the strength of Cu-Cr-Zr alloy under dynamic tensile conditions is significantly

higher than under quasi-static conditions, exhibiting notable strain-rate strengthening effects. As
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current density increases, flow stress gradually decreases, with a pronounced reduction observed

at 5.7X10* A/m*. In particular, yield strength decreases by 94 MPa and ultimate strength by

177.9 MPa. Based on experimental data, the Johnson-Cook model is modified by revising its

strain-rate hardening term and introducing an electroplasticity term, effectively capturing the

material”’ s mechanical behavior under dynamic current-carrying tension. The modified model

shows strong agreement with experimental curves, with an error of less than 3. 69% , providing a

valuable reference for multi-physics computation and material evaluation in electromagnetic

energy equipment,

Keywords: Cu-Cr-Zr alloys; dynamic current-carrying stretching; Johonson-Cook intrinsic model;

electroplasticity
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Table 1 Chemical composition of Cu-Cr-Zr alloy
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Fig. 1 Current carrying Hopkinson bar and experimental

setup diagram

2 FEL 7 [ Y B 1 5 A AR AR (DG535) W F)
T ok A LS R 4 ik A A S o O B O TR A S A A




11

FER % . Cu-Cr-Zr 5 & sh B J124 M58 L HAB IE Johnson-Cook 5 1 221

o FEIE H I R 2 X E B AE N AR B R A LR T
P o AF T 0L 7 I8 A2 K B (] 22 55 48RP B ) e, O
A XGRS 74 T30 B IR S 5 B P
WME 1) iR,

MR Al — 4k 07 il e, hn 2kt AR v Y 0 g
7 AR N AR R AT R Y AR F

_EA,
GS—ZAS(&JF&JFS[) (2)
e, = %Jui—sr—e‘)dz (3)
de, _co(

T (e, —e, —¢,) 4)

s ocvec 20 B IRRE L F7 AR 540 AR S E
SRR R s A O AT R B 5 AL A R A A
e AANGIIL AL se, B BEAL 5o 9B BERLAE 500

2 JreetEe g R SRR ST

2.1 HFERE
2.1.1 RAREAEZEET CuCrZr &4 FHi
ANERAS BT Cu-Cr-Zr 4 45 W EL IV -2 28
Mk an &l 2 Fros, B 2 RN AR K 0. 001 A
1500 s " 2510 F A A2 2 B, Ja A 5 BE 43 1 R
404.5, 434. 9 MPa, It 20 1 77 56 Fifi i 728 (%) 35 i iy i
RTF L Y AR IR B 0. 03 5 T o L 7 BE R AR B 3
MNP AR 22284k, Jm o B2y BB JE 3R 3 0. 226
PN 7. F T X SR AR I BT R P e I
o5 B 3 0 5 e S T DU B I AR AR R
H T PR S I 7 A ) AR TG ko PR S AR
T () s A7 4685 3 A% 0 1 R BB DT A0 0 2k ok %2, A
AR ON 5 A i % B AL 2 T8) 0 Bl AR A S Rl
il 7Ny B R N AR A M A T R B A A AR
T AR T 2 e R OO B & SR Ak . A AR T

800

600

SN JJ/MPa

200 —%—£=0.001 s
—eo—£=1500s"
—A—£=25005"
—=—£=10000s"

0 0.05 0.10 0.15 0.20
LS N AR
(a) B3 N 7 -3 52 g AR il 46

zkxb. xjtu. edu. cn

200
®£=0.001s"
o £=1500s"
A—§=2500s"
—¥—£=10000s"
«
Ay
C]
>
2
ey
H
=
v —y
50 1 1 1 ]
0 0.05 0.10 0.15 0.20
PSRN AR
(b Jin T4 1k i £&

2 CuCr-Zr G4 A F W AZHF Sy 24k Re I R 45 5t
Fig. 2 Test results of mechanical properties of Cu Cr Zr alloy

at different strain rates
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Table 2 Dynamic tensile test results of Cu-Cr-Zr alloys at

different strain rates
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Table 3 Dynamic tensile test results of Cu-Cr-Zr alloy at

different current densities

MVCHE/ BRI/ BRI/
(10* A m™®) MPa MPa Ve
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Fig. 4 Strain rate sensitivity coefficient fitting diagram
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Table 4 Parameters in the strain rate sensitivity
coefficient equation
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