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Fig. 1. Firing arrangement for a cylinder

internally loaded with explosive (in

mm unit).

A : detonator, B :mild steel plate

(1mm in thickness), C : sand.
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Fig. 2. Hardness-distribution along different
radii of the hollow cylinder of mild
steel loaded with a charge of TN,
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three directions of Neumann bands
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Tig. 5. Hardness-distance curves along a

radius of the hollow cylinder of Ni-Cr
stee] loaded with a charge of TNT.
Lower and upper curves were plotted
from data obtained by loading once
and twice, respectively.

Oniginal Aandasss.

Vickers Hardness Chg/mm*)

g 2 4 &6 8 w0 R M & B WD 2N

Distance from inner surface. Cin mm.)

4. Hordness-distance curves along a
radius of the hollow cylinder of Ni-Cr
steel loaded with a charge of RDX.
Lower curve, once loading. Upper
curve, twice loading.
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Fig. 5. Abrupt change in hardness between

sides of the crack given in Photo, 2.
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Fig. 6. The plateaus of hardness along the
line parallel to the axis of the crater.
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Fig. 7. Hardness-distribution of the region
very near the surface of the crater, A :
the hardneed areas beyond Hv=300, in
which pearlite changed into marte-
nsite, B @ the softened areas below
Hv=200, in which annealing occured.
C :area with defomed ferrite and
pearlite grains.
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Explosive Attack on Metals, (1V)
ITardness-distribution within Steels Loaded by Detonation
and Attacked by Metal Jet

by Yokan Nomura, Makoto Endo, Iikotaro Imai and Jiro Namekata

( 1) Using a hollow cylinder of mild steel
(thickness of wall, 4 in.), Pearson and Rine-
hart studied on a distribution of hardness
along a radius in a plane normal to the axis
of the cylinder internally loaded with an

explosive, and found four plateaus along

which the hardness remained constant, The
present experiment has been carried out to
test, whether the plateaus of constant hardness
in a wall of a cylinder will disappear or
decrease in number, when a thickness of a

hollow cylinder reduced to 1/4 comparing
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with that of cylinder used by Pearson and
Rinehart.

The firing arrangement for the present
experiment is illustrated in Fig. 1. The
cylinder of anncaled mild steel (75mm.. o. d.
% 21.7Tmm,. i. d. x 35mm..)was loaded with the
detonation of cylindrical charge of TNT
(dia. 2lmm.. 20g.. density 1.44). By using
the Leitz Durimet microhardness tester, the
Vickers hardness was measured at interval
of 0.1~0.2mm along a radius in a circular
plane sectioned at a distance of 10mm from
the top of the cylinder. Hardness-distance
curves are shown in Fig. 2, in which zero
distance corresponds to the expanded inner
surface. The hardness curve are very similar
to that given by Pearson and Rinchart.
The number of plateau of constant hardness
is four or five.

An increase in hardness could be found
in a narrow zone very near the outer free
surface of cylinder, and the microstructure
of this zone shown two or more directions
of Neumann bands in a ferrite grain (Photo.
1). This can be explained as the effect of
an interference between incident and reflected
stress wnves.

(2) Heat-treated cvlinders of Ni- Cr steel
(JIS-SNCZ) in stead of mild steel were
loaded by detonation under the same condi-
tion as mentioned above. The present experi-
ments were made to ascertain  the existence
of plateau of constant hardness within a wall
along a radius, and also to compare the
hardness-distribution within a wall loaded

once or twice by detonation. since the

cylinder of Ni-Cr steel not fractured with
repeated loading.

The hardness-distance curves obtained by
using the charge of TNT and of RDX
(density 1.58) are shown in Figs. 3 and 4.
respectively. A series of plateaus of constant
hardness in the wall of the cylinder of Ni-Cr
steel as well as of mild steel are confirmed.

Threr is no crack in all planes used for
the hardness measurement, but a ring crack
(Photo. 2) was found in the plane sectioned
at 20mm from the top of the cvlinder loaded
once with a detonation of charge of RDX.
The hardness curve in Fig. 5 is characteriz-
ed by the presence of an abrupt change in a
narrow range between sides of the crack.

(3) A rarget (dia. 75 x50mm,. C=0172)
of mild steel was attacked with a metal jet
produced from a charge of cast RDX/TNT
=1/1 (60g., dia. 26mm.) with a mild
steel liner of a 45° conical cavity (thickness
1mm,, stand off 50mm.). The segment used
for the hardness measurments is shown in
Photo. 3. The plateaus of hardness along
the direction of the axis of the crater
produced by the metal jet in the target was
studied. The hardness measurements were
made at interval of 0.2~0.4mm. along lines,
with interval of Imm. From the plateaus
in Fig, 6, it is said that the hardness-
distribution is almost same over the range
from the top to the base. Fig. 7 indicates
that martensitic and annealed areas lie
locally in the thin laver very near the surface

of the crater (Defense Academy)



