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Table 1 Maximum expansion velocity and number of fractures of experimental samples

Test No. Charging voltage/kV Maximum expansion velocity/(m-s™) Number of fractures
1 5.25 113 1
2 5.50 120 3
3 5.50 130 4
4 6.00 145 4
5 6.00 150 6
6 6.25 175 10
7 6.50 190 8
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Fig. 4 High-speed photographs of the electromagnetic expansion ring
made of 6061 aluminum alloy at 40.1 ps (a) and 43.1 ps (b)
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4 % ip

i 1 TR AU HE PDV ) I G AR (14 R IR K A S 8 R MR e ) R U RELAR AL, F 5T
T 6061 512 MK PR 0L A8 A GE 3 0 A KU . FIHTE B4 % HE PDV 3110 I H AR, ﬁ‘/ﬁtﬁiiﬁﬁﬁlT%ﬁéﬁ
T2 K AR A ) 07 A 1 s A D A DB 28 10 8 S 36 K, O 6061 1 R I RN AR SE T L ) A 4R 11 T
FER) LR . SRR AR, B VAR AR AR, 6061 55 B W RN AL - P4 (L2 T O %fEiMﬂ$
P Ak B BAE AU R B T RN B0 A B2 1 W i e, 3 o R MR RAT 1 R 1) W7 228 10 AR A AU 25
o SR EHUL RG], Grady (BUE B A 70 A Al DUETEF 8 34 6061 7 I8 25 728 7 48
AL

S22 3

[1] MOTT N F. Fragmentation of shell cases [J]. Proceedings of the Royal Society A: Mathematical, Physical and Engineering
Sciences, 1947, 189(1018): 300-308.

[2] GRADY D. Fragmentation of rings and shells: the legacy of N. F. Mott [M]. Berlin, Heidelberg: Springer, 2006.

[3] ROBSON J D. Exploring effects of property variation on fragmentation of metal rings using a simple model [J]. Defence
Technology, 2023, 23: 1-7.

[4] TODINOV M T. Is Weibull distribution the correct model for predicting probability of failure initiated by non-interacting
flaws? [J]. International Journal of Solids and Structures, 2009, 46(3/4): 887-901.

[5] NIORDSON F I. A unit for testing materials at high strain rates: by using ring specimens and electromagnetic loading, high
strain rates are obtained in a tension test in a homogeneous, uniaxial strain field [J]. Experimental Mechanics, 1965, 5(1): 29-32.

[6] ZHANG H, RAVI-CHANDAR K. On the dynamics of necking and fragmentation— I . real-time and post-mortem observations
in A1 6061-O [J]. International Journal of Fracture, 2006, 142(3): 183-217.

[7] ZHANG H, RAVI-CHANDAR K. On the dynamics of necking and fragmentation — II. effect of material properties,
geometrical constraints and absolute size [J]. International Journal of Fracture, 2008, 150(1): 3-36.

[8] JANISZEWSKI J. Ductility of selected metals under electromagnetic ring test loading conditions [J]. International Journal of
Solids and Structures, 2012, 49(7/8): 1001-1008.

[9] DANJK,GUO ZL,CHENY, et al. Preliminary investigations on dynamic fracture of ductile metals by using electromagnetically
driven expanding ring [J]. AIP Advances, 2020, 10(10): 105001.

[10] JIANG Y, CHEN Y, GUO Z L, et al. Effect of strain rate on ductility of Cu TU1 in electromagnetic ring expansion [J].

International Journal of Impact Engineering, 2024, 184: 104832.

094102-7


https://doi.org/10.1098/rspa.1947.0042
https://doi.org/10.1098/rspa.1947.0042
https://doi.org/10.1016/j.dt.2022.08.014
https://doi.org/10.1016/j.dt.2022.08.014
https://doi.org/10.1016/j.ijsolstr.2008.09.033
https://doi.org/10.1007/BF02320901
https://doi.org/10.1007/s10704-006-9024-7
https://doi.org/10.1007/s10704-008-9233-3
https://doi.org/10.1016/j.ijsolstr.2012.01.005
https://doi.org/10.1016/j.ijsolstr.2012.01.005
https://doi.org/10.1063/5.0016527
https://doi.org/10.1016/j.ijimpeng.2023.104832

55 39 & BRJEIERE . 606155 FUREIZIK PR S A5 i 240 AR e L e 55 9

[11] BARKER L M, HOLLENBACH R E. Laser interferometer for measuring high velocities of any reflecting surface [J]. Journal of
Applied Physics, 1972, 43(11): 4669-4675.

[12] STRAND O T, GOOSMAN D R, MARTINEZ C, et al. Compact system for high-speed velocimetry using heterodyne
techniques [J]. Review of Scientific Instruments, 2006, 77(8): 083108.

[13] ALTYNOVA M, HU X Y, DAEHN G S. Increased ductility in high velocity electromagnetic ring expansion [J]. Metallurgical
and Materials Transactions A, 1996, 27(7): 1837-1844.

[14] LIUM T, REN G W, FAN C, et al. Experimental and numerical studies on the expanding fracture behavior of an explosively
driven 1045 steel cylinder [J]. International Journal of Impact Engineering, 2017, 109: 240-252.

[15] HUANG S, CHEN H Y, ZHANG R, et al. Uncovering the fracture behavior of metallic cylindrical shells under internal
explosive loadings via careful design of densely-arranged multi-point photon Doppler velocimetry measurements [J].
International Journal of Impact Engineering, 2023, 180: 104679.

[16] ZHANG H, PEI X Y, PENG H, et al. Phase-field modeling of spontaneous shear bands in collapsing thick-walled cylinders [J].
Engineering Fracture Mechanics, 2021, 249: 107706.

[17] LOVINGER Z, RITTEL D, ROSENBERG Z. Modeling spontaneous adiabatic shear band formation in electro-magnetically
collapsing thick-walled cylinders [J]. Mechanics of Materials, 2018, 116: 130-145.

(18] Bz &, skik, RAEM, 5. 6061-T651 ARG AN 12 MERE K J-C AR IE [1]. HUATAREA4R, 2020, 56(20): 74-81.
DENG Y F, ZHANG Y, WU H P, et al. Dynamic mechanical properties and modification of J-C constitutive model of 6061-
T651 aluminum alloy [J]. Journal of Mechanical Engineering, 2020, 56(20): 74-81.

[19] CAIJ Z, GRIESBACH C, AHNEN S G, et al. Dynamic hardness evolution in metals from impact induced gradient dislocation
density [J]. Acta Materialia, 2023, 249: 118807.

Statistical Law of Dynamic Fracture Strain Distribution of 6061 Aluminum
Electromagnetic Expansion Ring

CAI Zhoufeng, JIANG Yan, ZHANG Hao, LIU Mingtao

(National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics,
China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: The fracture strain distribution of ductile metal rings under dynamic loading has significant
application value, and the electromagnetic expansion ring is a commonly used experimental loading method.
However, currently there is a lack of effective in-situ observation technology in experiments, making it
impossible to obtain high-precision fracture strain statistical data. In this paper, the newly developed close-
packed photonic Doppler velocimetry (PDV) array testing technology was applied to the electromagnetic
expanding ring experiment, and a large amount of high-confidence fracture strain experimental data were
obtained. The statistical distribution of material yield strength was obtained through hardness measurements,
a probabilistic constitutive model was established, and large-scale computations were carried out to obtain a
wealth of fracture strain simulation results. By combining experiments with simulations, the strain rate effect
of dynamic fracture strain in 6061 aluminum electromagnetic expanding ring and the rationality of the
Weibull distribution assumption for fracture strain were analyzed.

Keywords: close-packed photonic Doppler velocimetry array; electromagnetic expansion ring; statistical

law of fracture strain; strain rate effect
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