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FRAGMENTATION OF RING TYPE CYLINDRICAL SHELL

' "MADE "OF VARIOUS METALS

ABSTRACT

/V To study the i’ragmentation chamcteristics of sholl made of various : "
. metals, a series of pring-type cylindrical shell, made of various mebals, |
. having widely different.densities and physical properties, were statically - |
fragmented. The resulting data were amalyzed in conjunction with a theory
governing the sizes of fragments. i.
The following conclusions were reacheds SR

" 1, A direct variation appears to exist between the mean fragment
mass and the maximum fragment mass when different materials are compared.

2, The mean fragment mass is partially dependent upon the fol-
1owing metallurgical properties of the shell:

as The dena:l.ty of the metal.

be. The tensile strength of the metal.

¢. The static reduction of area of the metal,

Further, semi-emplrical relations were obtained by which mean frag- ' :
ment mags could be predicted with some statistical accuracy from the pre- . |
ceding quantities, the geometry, and from the initial fragment velocity, A i
Voo Although the experimesnts all involved explosive RDX composition C3, -
there are theoretical reasous for expecting the same relatiohs to hold
for other expl:?ves . whoae identity may influence the mean fragment mass
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To study the basie fragmentation characteristics of shell made of

- various metals, having widely different densities and physical proper-

ties, and to determine whether shell made ui' metals other than steel or
steel alloys can be used advantageously in spac’al fragmentation pro- .
blems, a number of series of shell have been statically fragmented.

In this report, the fragmentation data on ring-type cylindrical

shell were analyzed in conjunction with a theory governing the sizes
of fragments. .

- F SHELL ASSEMBLY AND TESTING FACILITIES

The ring-type cylindrical shell wers assembled from coaxial rings,
stacked end to endy, each ring having an inner diameter of 2,2 inches,
an outer diameter of 3,0 inches and an axial dimension of O.L inches,
The shell were loaded with Composition C-3 and end initiated by an .
engineer's special number 8 blasting cap through a tetryl booster (Fig.

The shell were detonated with ths shell axis vertical in two types
of fragmentation facilities. Facility Type 1 (Fig. 2) consisted of 6
cane fiber board filled fragment recovery boxes, each 4' x 8' x 3' thick,
placed on the circumference of a circle having a 10 foot radius and a
photo-velocity recovery box, faced with either 0,022 inches dural sheet
or copper screen., Dural sheel was used to face the photo-velocity recov-
ery box except when the implinging fragments created a flash of light that
made the individual fragments indiscernible,

Test Eacility Iype IX consisted of 12 fragment and 2 photo=velocity
recovery boxes placed on the circumference of a circle of 20 foot radius,

The filler of the recovery boxes was searched for fragments and the
recovered fragments wers weighed to the nearest graine The weight dis-
tribution of the recovered fragments was tabulated and a mean fragment
weight, weighted by weight, was determined excluding fragments less bhan
cne grain, (Table II). '

Photographic velocltles were obtained by a high speed motion picture
Fastax camera and the form developed in the appendix of BHL Report No.

77h1, was used to compute initial velocities. The average fragment area

in aquare inches projected on a plane normal to the trajectory was taken

to be m2 /83,3, where m is the mass of the fragment in grains, and the

value used for the drag coefficient was 0,58,

* BRL Report No. 77, "A Measuremont of the Drag Coefriciont of High

Velocity Fragmenta" Jo B+ Shaw,

Ly




OENERAL THEORY

A theory, ini‘ormally proposed by Dre Te Bs Sterns, which permits

ths determination of a soml-empirical measurs of ths limiting amount of
internal kinetic energy

s per wnit mass, that a material can convert into
plastic and elastic strain energy without rupture, for - “arical and cy-
lindrical ehell, 18 based upon the following hypotheses:

Hel = The size of a fragment is determined bty the limiting amount

of internal kinetic 'ensrgy, per unit mass, that the material can convert
into plastic and elastic straln energy without rupture,

H-2 = The mean fragment mass varies as the maximum fragment mass
vwhen difreregt materials are compareds

CYI.INDRIGAL FRAGMENTATION THEORY

' For cylindrical shell assembled from coaxial rings let

b = the axial dimension of a ring.

¢+ = the thickness of a ring,
£ = the length of a mean circumferential portion of a ring.

r = the initial mean radius of a ring.

p = the density of the metals
V = the initial fragment velocity assumed to be imparted

instantaneocusly, everywhere at once and radially.

- Consider a portion of a ring of circumferential length £+ Then ™
the velocity, relative to the center of mass of the portion, of material
at a circumferential distance x from the center of mass (Fig. 3) is

v
0
Vx - X "i."" »
the internal kinetic energy of the portion is
veov 22
2

and the internal kinetic energy"*p'or unit mass is

V2P | . 3'

—3 - : ig.
2l ' 7

ot a »w the 1imiting amount of internal kinetic energy, per unit.

mass, that the material -can converb 1nto phatic and elastic strain

amrgy without rupture,

=
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Then using H-1l the largest fragment mass is

M - J-Z‘l:al/ 2bgtr_
7 .

- oo (l)
| nex o
Using H~Z the mean fragment mass is
, 1/ _
ﬁw-xﬁﬂ% 2bptr’ e (2)

o
where

¥ = sthe mean fragment weight, weighted by weight.
K =’a constant independent of materials, explosives, and geome-
tri¢ proportions,

If b, %, and r are expressed in inches, p in grams per cu, cm.,
B in graing, Vo in ft/sac and if ¢ is a constant equal to 1;2 x 10"6,
after a slight rearrangement equation (2) becomes '

2
ca = BT, x 1070 (24)
n‘g‘s-—. 15 bptr N ‘ooo
ANALYSIS

To test the valldity of H-2 the mean fragment masses were plotted
against the maximum fragment masses, An examination of the resulting
plot (Plot 2) indicated that the dzta supports H-2 and that the varia-
tion i3 apparently direct.

The mean fragment mass, initial velocity, and physical properties
of each shell were systematically substituted in equatién (2A) to obtain
~ experimental values of ca (Table IIX). _

Various attempts were than made to establish a functional relation-
dhip between a and the knowm metallurgical properties of the shell so
that predictions of mean fragment weight could be made, Ths relation~
. ship that ylelded the best result was obtained by considering . :

a w E‘ € ) (X X} (3)

' where '

8 = the static tensile strength of the casing;
p = the density of the metal.

oo
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€ p ¥ the percent of dynamlic strain at rupture.
= the amount of permanent extension experienced by the metal
during rapid stressing expressed as a percentage ol the
original gage length.
To determine the dymamic strain of a particular casing material at
rupture in the absence of a stress strain relationship, the following
aggumptlions were mades

H=3 = The density and the volume of the casing remain unchanged.
H-li - The axial dimension of a ring remains constante ==

et
¥
t = the initial thickness of a ring.
T = the thickness of a ring at rupture.
T - the initial inner radius of a ring.

R, = the inner radius of a ring at rupture .
Ty = the initial outer radius of a ring., -
R.z » the outer radius of a ring at ruptvre,

t = the initial mean radius of a ring,
R » the mean madius of a ring at rupture.
¢ = the initial mean circumference of a ring.
- C = the mean circumference of a ring at rupture,
AD w the percent dynamic reduction in cross sedtiomal area of

the fragments,
€ D" dymamic strain at rupture,

Then using H=3
' . 2 2

R R

and H-l ylelds o e N

Ap

'T*t(l-m °

Thus
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T W — g T 0 =

By definition

ANl 01 s g s

6,,:6:0

x 100

Upon subatitution and simplification

€Dn AD* - »
Lo
. %
Hence (5) becomes I . .
¥ ! ‘ -
B | s b -
. a 00-5 AD ° - XY (BA)
1 ~ 55 -

To enable a determination of a from static data, the experimental
values of AD’ which were obtained by measuring the reduction of area of

approximately 50 percent of the recovered fragments, were plotted against
Ay (Plot 2) where
A = static reduction of area, _
= the percent redustion of area extracted from a handboodk
or obtained from a conventional tensile test,

The resulting scatter diagram indicated a linear trend which was
assumed, The line

AD - 1,05 A. - 1,08

was obtained by least squares where both variables were considered to be
in error, .

Thus (3A) becomss _ : -~
[ 100 (1,05 A, = 1.08)

cla = —' X 10-5 ese (35)

The semi~empirical vaiues of ca obtained from equation (2A) were
plotted versus the c'a values obtained from (3B), (Plot 3). The equa=
tion of the regression line of ca on c'a was determined and the corre-
lation coefficient was computed to be 0,68, The probability that such
& correlation should arise, by random sampling, from an uncorrelated

population was computed, by Students t test of significance s to be less




than 0,01, Thus, it appears that the limiting amount of internal kine-
iic energy, per unit mzss, that the material can convert into plastic
and elastic strain energy without rupture, and therefore the mean frag-
mant mags, iz pirtially depeudent upen the density, the tensile strength,
and the static reduction of area of the metal,
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SUMMARY

When the fragmentation data on ring-type cylindrical shell, made
of various metals, were used in conjunction with a theory governing the
sizes of fragments, the following conclusions were noted:

le A direct variation appears to exist between the mean frag-
ment mass and the maximum fragment mass when different
rnaterials are compared,

2. The mean fragment mass is partially dependent upon the fol-
. lowing metallurgical properties of the shell:

as The density of the metal, .
be The tensile strength of the metal.,
c. The static reduction of area of the metal,

3. If hypotheses H=l and H-2 were correct, the equation

LY

il A I % 100 (1.05 4, - 1,08) P
| * 107 = 62k 3 | s A. —Toopy| X107+ 2
should enable predictions of mean fragment mass to be made
fpr other metals providel correct values of Vo were enmployed.
Although the experiments all invelved explosive RDX Composition €3,

there are theoretical reasons for expecting the same relations to hold
for other explosives, whose identity may influence the mean fragment mass
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FIGURE |
SHELL ASSEMBLY
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FIGURE 2

FRAGMENTATION FACILITY FOR RING TYPE SHELL
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