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Constant strain-rate loading of liquid-driving expanding ring
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Abstract: The expanding ring experimental technology mainly refers to the explosion expanding ring and the electromagnetic
expanding ring experimental technology. During the experiment, the loading strain rate of the expansion ring decreases rapidly
with the expansion of the ring after reached the peak value, which creates great inconvenience to the study of tension
fragmentation of strain-rate sensitive solids. In this paper, a constant strain-rate loading technology is developed on the basis of
the liquid-driving expanding ring experimental technology. Since it is not possible to apply sudden loading to the expansion
ring during the experiment, it is assumed that the strain rate of the expansion ring during the expansion process is divided into
linear growth stage and stable stage of the strain rate. By reasonably controlling the loading velocity and loading time of the
liquid, an approximate expression of the liquid-driving loading curve required to realize the constant strain-rate expansion of
the metal ring is deduced theoretically. The tension fragmentation process of the 1060-O aluminum ring under liquid-driving
loading is simulated by the fluid-solid coupling numerical simulation. Under the liquid-driving loading curve, the hoop strain
rate of the expanding ring fluctuates within a maximum of 20% in the stable stage of the strain rate. Before occurring of the
significant necking of the expansion ring, the circumferential velocity of the expansion ring is basically zero, indicating that the
expansion ring is under uniform tensile loading and there is no stress wave propagation in the circumferential direction. When

the expansion ring is significantly necked, an obvious sudden change in the circumferential velocity will take place, indicateing
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that a Mott wave from the fracture site propagates to the corresponding position. The influence of the loading curve on the
strain rate during the fracture process is further studied. Then an expanding ring experiment was carried out on the 1060-O
aluminum ring on the liquid-driving expanding ring experimental device to verify the feasibility of the constant strain rate
loading technology.

Keywords: liquid-driving expanding ring; constant strain-rate; radial velocity; tension fragmentation
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Fig. 1 Schematic diagram of the liquid-driving expanding ring"

12/ S7¥ N7 Suk L N NEE SR

v Vi

ST T hdre ®)
HE2 (1)~ (3) W, R 1 Y —
2r2hé 2rhé t 2
vy = 228(1+s)2=%(1+f0sdz) )

3 (4) R AN g I 2o e 1) 7K N 28007 7
W 2 fros, 25 s st 2 S R RE O SR 4
65 DR T A1 R 2 A B 2 o 8 ) 97 236 53 0 : ?
2R VI K Y BORI N A8 AR AR SE B B o SR KBy
B mty izt 6] 24 ¢, AR E’Ji]ﬂﬁm‘bﬁﬁﬁ“"ﬂv Vs
IR ER ™ A2 B N AE A &5 728 38R B BEAY
BRI &, *HX#WE‘UJH%JUK&%&%E%J Vazo

X T AR AR B Be i K SN O R, A

nghél tél 2 _ 2”(2)]’181 {::1
Vg = R, t(1+f0 tht) = R, t(l —z +Et > )
A N2 Iy B AR GORP R, Bl e << 1 s, X TR AR RO &R 7 w5 A B, v L Z28% K (5) i
B E] g B /i, 2 (5) AT

2 BHARE R AR R Ak i 2

Fig. 2 Time history curve of strain-rate in ideal expansion
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