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Fig. 1 Schematics of test assembly for uniform
expansion of metal cylinders.
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Fig. 2 Experimental block diagrams provided in

this study.

(A) Streak and framing record assembly for ex-
panding metal cylinders

(B) VISAR system for time-histories of surface
velocity.

(C) Test chamber for recovery of fractured cyl-
inders
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Table 1 Experiments and test conditions

Cylinder sizes

Iengl{(mrl{)jé;uter diameter (mm) X wall thickness (mm)

100 (or 60)X34X3

Cylinder 17 Stainlbss steel (JIS Scl;lptioﬂo.lti%carb n steel
materials” (JIS SGPP-E-G./CS1006 )
Explosive PETNY 16 28 16 28
diameter (mm)
Inside air layer 6 0 6 0
thickness (mm)
(A) Observation of 1. Streak records (back flash) by Image converter camera

expansion
(deformation and fracture)

2. Framing records (back flash) by Image converter camera
3. Framing records (front flash) by Image converter camera

(B) Measurement of initial
surface velocity

VISAR records ( Time histories of outer surface velocity )

(C) Measurements of
fragments

Recovery tests inside the chamber filled with cushioning
and size records of recovered fragments

a) Density r (kg-m™): 7.90 X 10* (SUS304), 7.84 X 10" (carbon steel)

b) Filling density (g-cm™): 0.90~0.95

(@

b)

Fig. 3 Typical streak records showing the sym-
metrical expansion at the mid-length of (a)
a SUS304 cylinder (PETN dia.: 28mm) and
(b) a carbon steel cylinder (PETN dia.:
28mm).
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Fig. 4 Typical framing records showing the uniform expansion at the early stages and blowout of
gas ((a): back flash) and the circumferential spacing of fractures ((b): front flash) at the final
burst stage for SUS304 cylinders (PETN dia.: 28mm) .
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Table 2 Observed results of cylinder expansion and analytical results based on energy

balance
- Observed results of cylinder expansion Analytical
Test condit
s+ conditione (Obtained from streak records) results ¢
Cylinder Explosive Average wall |Average strainrate” Average wall
materials diameter (mm) |velocity” j (m-s") RIR(™ velocity” z(m-s")
16 288 12900 876
304
SUS 28 752 31700 1737
16 337 15300 883
Carbon steel 28 698 25200 1750

a) B outer radius of the cylinder, b) Circumferential strain rate
¢) Calculated from Gurney equation based on energy balance.
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Fig. 5 Experimental and numerical time histo-
ries of expanding outer wall radii at mid-
length of tested cylinders ; (a) stainless
steel, (b) carbon steel. Time starts here
when detonation deigns.
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Fig. 6 Numerical time histories of (a) circumfer-
ential stresses o , on the wall surfaces at
the mid-length of SUS304 cylinders (PETN
dia: 16mm, 28mm) and (b) those in the wall
cross-section at the mid-length of a carbon
steel cylinder (PETN dia.: 16mm), and (c)
dynamic stress-strain models for metals used
in the numerical simulations (1D calcula-
tion).
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Fig. 7 (a) A typical fragment and (b) all the recovered fragments of a SUS304 cylinder (PETN dia.:
16mm), (c) those of a SUS304 cylinder (PETN dia.: 28mm), and (d) those of a carbon steel cylin-
der (PETN dia.: 16mm)
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Fig. 8 Typical number histogram of (a) cir-
cumferential width s and (b) thick-
ness t for recovered fragments ex-
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ones of SUS304 cylinders.nation
deigns.
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Fig. 9 Fragmentation energy distributions of tested
metals (a) SUS304 and (b) carbon steel, cal-
culated using Grady's model. Band length
shows standard deviation

Table 3 Recovered fragment data and calculated fragmentation energy

Cylinder materials SUS304 Carbon steel
Explosive diameter (mm) 16 28 16 28
Recovered rates of
97.7 84.0 99.8 84.4
fragments (weight %) .
Fragment Avgrage thickness t of 1.81 1.79 1 85 1.59
data | examined fragments (mm)
Average width  of 947 | 650 | 16.2 | 9.02
examined fragments (mm)
Calculated.a.verage c.lrcumferentlal 44.7 15.8 42.7 56.9
critical strain (%)
Calculated average &agpgntatwnenergy 64.5 97.3 420 178
F kd-m?» | "
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Dynamic deformation and fragmentation of exploding metal cylinders

Tetsuyuki Hiroe’, Kazuhito Fujiwara®, Keisuke Miyazaki’,
Takayuki Abe”, and Masatake Yoshida™

In this paper, an explosive loading technique is applied to study the uniform expansion of smooth
wall cylinder specimen (low-carbon steel and 304 stainless steel : Do-t-L: 34-3-100 mm) at high
strain rate. A column of high explosive PETN is installed coaxially inside a cylinder specimen and
initiated at the central axis by exploding fine copper wires using an impulsive discharge current
from a capacitor bank. The streak and framing camera photos indicate radially symmetrical and
axially almost uniform expansion of cylinders with the average strain rate of over 10's" and the wall
velocity of 3-7X 10°m-s", representing rather earlier fracture for 304SS cylinders. The initial time-
histories of surface velocity are measured to monitor the spall damage of cylinder wall, and the
experimental average wall velocities are compared with those calculated using the simple equation
on energy consumption. Hydro codes have been applied to simulate the experimental behavior of the
cylinders, examining the constitutive equations and the fracture criteria. A steel chamber filled with
wasted clothe-pieces for cushioning is provided inside the explosion pit, and 84:99% of the fragments
of the exploded cylinder installed at the center are recovered successfully. The sizes of every fragment
are measured, and in this study the circumferential fracture spacing is investigated using the
Grady’s fragmentation model.

(Kumamoto University, Department of Mechanical Engineering and Materials Science,
2-39-1 Kurokami, Kumamoto 860-8555, JAPAN

“National Institute of Advanced Industrial Science and Technology, Research Center
for Explosion Safety, Central 5, 1-1-1 Higashi, Tsukuba, lbaraki 305-8565, JAPAN)






