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FRAGMENTATION OF SINGIE AND DOUBLE WALL CYLINDRICAL WARHEADS

i
Static fragmentation tests were made to investigate the fragmenta-
tion characteristics of a double wall cylindrical warhezd as compared
; 0 a single wall c¢ylindrical warhead of the same oversll dimensions.
The purpuse of these btests was to obtain a guantitative astimate of
the difference in fragment mass, numbérs, velocity and spatial distri-
bution between a double and a single wall cylindrical warhead,

DESCRIPTICN OF WARHEADS N

. Standard 3" Mh2Al shells were machined into cyiirders 6" in length
with the diameter dimensions as followa:

Double Wall Cylinder

Single Wall Cylinder ouwer | raner Gylinger
Outside diameter S0 2.70" 2.hov-
Inside diameter 2,28 29 2 20

Tolorances wers held to within + .002Y. Fibre tub.mrr mach:med down %o
the aize of the cylinder was atfached to sach end (Figures 1 and 2).
The fibre end extensions were used to reduce end efifect which would
change the fragmentation characteristics of the ends of ths cylinders.
The warhead was fully lcazded with Gompaaitiun C+3 and a tetryl boouster
was imbedded in the explosive near the inditiated end., The weights off
components, in grawe, wers as followa:

Single Vall Double Wall
Weight of outer cylinder - : —— 658
Weight of imner cylinder ‘ e . 607
Total welght of steel cylinders 126k 1265
Weight of fibre tubing, long ‘ 52 50
Weight of fibre tubing, short . 36 33
Weight of fibre end disc, rear 15 22
Weight of fibre end disc, fromt 10 21
Weight of Comp C-3 - _ . 862 835
Empty Weight 1377 ©1391

Loaded weight ‘ . - 2239 2226
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METHOD OF TESTING |

The field set up for ths single wall warhead consisted of placing
seven cane fibre filled recovery boxes tangent to a circle of &' radius
moasured from the center of the warhead, (Fig. 3). The warhead was :
suspended with its longitudinal axis vertical 3¢ L 1/k" above the ground
level, as measured from the top of the warhcad, and detonated with a°
6/16" éngineerts special electric blasting cap.

The field set up for the double wall warhead consisted of placing
four cane fibre filled recovery boxes tangenb to a circle of 12 1-3/8Y
radius moasured from the center of the warhead, (Fig. 4). One box
(Box No. 3) was faced with .OLO" aluminum sheet painted black for the
purpose of measuring the fragment velocity by the photographic method.

nts were not recovered from thet box. The warhoad was suspanded

‘with its longitudinal axis vertical 6% above the flcoor level, as measured

from the top of the warhead, and detonated with a 5/16% engincer's
special electric blasing cap. ‘

o

RESULTS

_ The percent of the total mupber of frogments recovered in various
weight intervels is given in Table I. The "predicted” values (€olumn 5)
of tha double wall warhead were cbtained from the mass distribution of
the single wall warhead by assuming that the fragments in each weight
interval were reduced in mass by 1/2 and doubled in number. It can bs
seen that the "predicted” values for the double wall warhead are in
good agreement with the observed valves, indicabting that the breakup
of the single and double wall warheads were the same with respect to the
length and width of the fragments and differed only in thickness. It
should be noted that the fragments from 0-10 grding and 0-5 grains of
the single and double wall warheads respectively were not cgonsidered. .
If the small fragments wers included the two for cne breakup of the

larger fragments is rot evident. This can be seen by examining Table II

or Figure 6 where the fragment recoveries, including the smallest frag-
ments recovered, are given. The reason that the twe for one breakup
is not evident in Table IT is not known but it appears that either the
breakup of the small fragments ip different than the large fragments
for the two warheads or the recovery of the small fraugments was nob
complete. : :

. The averags weight of recovered fragments greater than 10 graing, -
single wall, is 34.0 graius, and average weight greater than 5 grains,
double wall, is 15.3 grains. :

Figure 5 shows fragments recoversd from one recovery box for each
warhead. The lengths and widihs of the larger fragments from the single
wall warhead are vouzhly equal to the lengths and widths of the larger
fragments from the double wall warhead. The thicknesses of the double
warhead fragments are roughly one-half that of the single wall warhead

fragments. . -
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T'IB weight of fmgmnts recovered from the cane fibre board was

' 83% for the single wall warhead and 84% for the double wall warhead

with raspect 4o the theoretical re::wery computed from the kncmm
" goometry of the test setup.

The computed initial framont veloc.'.ty for either warhead is
5100 £t/sec as determined from Gurneylsl fermule using the total
, explosive ueight contained in the steel cylinder for € and the steel
cylinder woight for M. The observed average initial fragment velocity

© was not measured for the single wall warhead, but was 5700 £/s for the

double wall wvarhesd. This bigher valve may not be significant apd
fuxther checks are necessary. It does appear, however, that there is
1ittle, if any, loss in fragment mlocity due to the use of a double

wall.

The gpatial distribution of fragments from the double wall wars -

-head was satisfactory in the sense that adjacent fragments from each

cylinder were gseparate in gpace and showed no evidence when .recovered
of being fusged tozether. Fragment holes in the first sheet of the
celotex appeared to be randomly spaced and there Waa no evidence of
pairing of the fmgmants. ‘ s

SOMMARY

For the prezent experiment, a double wall reduced the weight of
and increaged ithe number of fragments by an amount which is predictable
from the fragments of a singls wall warhead, except for the smellest
fragments. If the smalliest fragments are ew:clmied, the obssrvad average
reduction in weight was about 1/? the nurber incrsasing by a factor of
2. One possible application of multl-‘uall casings is for Iigh explosive

- artillery or mortar shell where the present weight of the larger frag-

ments is heavier than is necessary against psrsonnel.

Gylindrical warheads of thicker casings and nora layers are being
made for the purpose of investipating furiher the fragmentation char-

'acter:!.stics of mulii-wall cylindrical warheads.

1. Gumey, R., "The Initial Velocity of Fragments from Bombs, Shells,
and Grenades," BRL Report Ho. 405, o



o TABLE I
Comparison of Fragment Mass Distribution by ¢ of Nunber Hecovered

STBLE WALL WARHEAD - DOUBLE WALL VARHEAD

eIght Interval rercent of lotad VeIght Porcent of Total — Pradicted
‘Grains Number Recovered ° .Interval Number hecoversd Percent of
_ Grains . Total Numbsr
16-20 sl 510 %48 s
20-30 . oo 048 22.64 25,00
30-40 1603 15-20 17.61 16.03
4050 . 833 20428 88 6.3
50-60 P | 2530 6.28 . 8.97
. 6070 3.8 3035 5.03 3.85
70-80 .6l 35-40 - o6l
80~90 . - 2.56 Wwehs 0 %2 2,56
90-100. L 0 0 R
« 100-110 RN 50-55 0 6
120-120 L 0 0 L 1
120-130 0 6065 o 0
00 64 65-70 0 oG



TABLE II

Weight Distribution of Fragments

o

Yeight

We. Interval Grains S5<10  10-15  35.20  20-25  25-30  30-35.  35-40  LO-LS

7 [Observed c 2 ' .

S |mumber 352 50 29 20 23 18 1 n 5 8 g

é 2 of Total _ €63.08° 896  5.20  3.58 376  3.23  2.50  1.97 90 ' L3 1.6
: ‘f‘; Yeight 400.15 3547  359.57 33,36 L69.29 hos.21  £53.08 "hos}u_o 203.70 381.9% . L76.54

% of Total P . ; . .

-g%f Uedght 6.69 5.93 . 6401 5.75 7.85 8.29 7.58 8.78  3.da 6.3?, 198
g | ovserved ' ’ : | !

g Tber 98 - 58 36 - 28 i - 10 8 i A o ¢

o ; s ' ' -~ : . .

= |% of Total ' . 2 y -

5 Sumber 38.13  22.57 1401  10.89 548 3.89 3.11 39 1.56 0
| '; Veight 220,37 L00.15 439.19 L6B.58  307.87 273.30 253.39 365 166.82 o /¢

g | of Total 8.59 15.60 - 17.12 18.27 12.00 10.65  9.88  1.39  6.50



TABLE II (contd) -
Weight Distribution of Fragments

—__Wt, Titerval Gralns TI0-IIE HE-T20 T26-125 _ 125-930 "T30°T35 T30

o iObserved ' . :
§  [vusbor S 0 0 1 0
f-; .
= of Total o .
:3. el A8 .18 0 0 18 0
~  fdeight - 131333 1358 ¢ 0 133.6L 0
< : :

7 0f Total - ' o
g oight 1.0 1,55 0 .0 2.25 0




TABLEZ IT (contd)

Weight Distribution of Fragménts-

Y. Interval Grains

5560 60~65 - 65-70 7075  75-80 80-85  85-90 90-95 955100 100-105 105119
9 lobserved . ' \ ’ . | E
g Numbor 5 6 0 o 3 3 1 1 0 1 0
g- §ug§e§°’°“l .90 1,08 0 0.° .18 .Sk .18 .18 0 .18 )
3 Weight 286.142  375.48 0 0 79.32 245,06 .88.12 93,21 0 101L.70 o
=~ _ " = o
i%f {f';egghi"“ﬁl .79 6.28 0 o 1.33 ha0o 247 1.57 0 1.70 0
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FIGURE |
SINGLE WALL  CYLINDRICAL WARHEAD
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FIGURE 2

DOUBLE WALL CYLINDRICAL WARHEAD
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FIGURE 3

TEST SET-UP SINGLE WALL WARHEAD

WARHEAD

RECOVERY BOX
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NOMENGLATURE : . .
BI~7 = REGOVERY BOX 4' X 2' X I}
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FASTAX CAMERA

 DOUBLE WALL
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RECOVERY BOX NO. 3

FIGURE 4

/— RECOVERY BOX
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SET-UP

RECOVERY F 3
BOX-

8

sl

FACED WITH

040" ALUMINUM SHEET PAINTED

BLACK

FLOOR. LEVEL

Im2-3-4 = 8'Xx4'x3  CANE
_ FIBRE FILLED REGCOVERY BOX



=T
e

Bt euebidd

TRERIETRE

feédel s

B = &
-~ = 9
‘Q.

L 1

-/
Y
p'
- B
"
"
N o
VO =
& ®

P ¢ Pemit w mwll «wan



i

e S

o

PR RCTs 2

1 4

o foh g A ]

2

TIT
.

al
:

T

s

15gtieaes




L)

s e

'No; of

Cogies

3

. .
P ’

DISTRIBUTION

‘Director

Central Air Docunsnts Offige
. U. B. Building

Daytont 2, Ohio

Attng CADO-D

Commanding Officer
Picatinny Arscnal
. Dovar, New Jeorsey

Applied Phygics Laboratory
Johns Hopking Untrersity
8621 Georgls Avenve
Silver Spring, Maryland
Attn: M?,Lﬂr@hur Horris

THRUs

Naval Inspector of Cidnance
Applied Physjics Laboratory
Johng Hopkins Universily
8621 Qeorgla Averue

Silyer Spring, Maryland

Director )
Haval Research Laboratory
Ahacostia Station .
.Washington 20, D. C,

Attn: Dr, Irwin

" Chief of Ordnance

Washington 25, D.C.
Attn: ORDTB-Bal Sec




Y . [
. . . --,::;-]
p Tl e bk

"

UNF‘ ,uun \m

FIRLD PRINTING PLANT
- THE ORMDNANCE BCHOOL
ASERDEEN PROVING GROUND
MARYLAND

3

L]



