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CIGrabarok/eld 

FRAGMENTATION OF SINGI.E 1\!JD DOUBLE ~·J/\.Ll. CYLINDiliC/\.J, 'ii/\.RHEADS 
I 

' Static fragmentation tests ·~1ere made to inves·~igate the fragment..'l- · 
tion characteriatics of a double wall cylindrical warneud as comparad 

, to a single wall cylindrical·warhead of the· sruns overull dimensions. 
The purpose- of these tests m1s to obtain a quantitative estimate of 
the difference in fragw~nt mass, numbers, velocity and spatial distri­
bu·!;ion bei;lween a double nnd a single wall cylindrical warhaad, 

DESCRIPTION' OF vJARHEf\.DS 

Standard 3" ~142111 shells lvere llk'l.chined into cylinders 6 11 in length 
vrith the diameter dimensiona as 1'ollov1S: 

Outside diameter. 
Inside dia;neter 

Single \'/all Cylinder 
Double ~Jall Cylinder 

Ot.rter. -llliier Sifiiid'er -- ---
2.49"· 
2.2il" 

Tolerances w~ra held t;o tvithin + .002''· Fibre tubing machined do•m to 
the size of the cylinder was at,!'lched to each end (Figures 1 and 2). 
The fibre end extensions were used to reduce ond effect Hh:lch ~rould 
change the fragmcmtation charac·oorist.:i.cs of '~he .ends of -~lie cylinders. 
The .wa1ilead was .fully loaded ~rith Composition c~3 und n te·!;ryl booster 
was imbedded in the explos:l-.·e near the :i.1n.t:i.nted end. The c.'eights oJ:' 
components, in grams, wero ns follo-.vs: 

Height of outer cylinder. 
Weight of inner cylinder 
Total ~roight of steel cyliilders 
\1eight of :f-lbre tubing, long 

· ':!eight of :f-lbre tubing, shol"t 
\¥eight ol? fibre end disc, roar 
l.Jeight of fibre end disc, front: 
\ueight of Cbmp C-3 
Empty 1-Jeight 
J,oaded weight 

--~ 

1264 
52 
36 
15 
10 

862 
1377 
2239 

Double tvaU 

658 
6o? 

1265 
50 
33 
22 
21 

635 
1391 
2226 
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METHOD OF TESTING 

The field sat uP for the single ~Tall warhead consisted of placing 
seven cane fibre filled recovery boxes tangent tO a ci..-ele of 6• radius 
rnaasure,d i"roln ,the ·center of the tfarhead, (Fig • .3). The trol'haad was . 
suspondad trlth its longitudinal axis vartical 3' 4 l/411 above the ground 
laval, as measured from the top of the '1'1arilead; and detonated with a' 
5/1611 engineer's special electric blasting cap. 

The field set up for the double wall warhead consisted of placirig 
four cane fibre .filled recovery . boxes tangent to a circle of 12 t 1-3/811 

radius measured from the center oi' the t4arhead, (Fig. h). One box 
(Box No. 3) was· faced .with .040" aluminum sheet painted black for the 
purpose of measuring the fragment velocity by the photographic method. 
Fragments were not recovered from that box. The. ~Tarltllad. t~as suspended 

- ·with its longitudinal axis vertical 6' above the floor level, as measured 
from the top of the warhead, and detonated r.rith a 5/1611 engineer's 
special electric blasarig cap. 

'' 
RESULTS 

Tho percent of the total nUmber oj: fl't'.gmants recovered in val'ious 
weight intervals is givon in Table I. The "predicted" -.r21ues (~olumn 5) 
of tho double ~Tall •ramead were obtained from the mass distribution of 
the single wall t.mrhead by assuming that the fragments in e~ch weight 
int.erval t-mre reduced :1-n mass by 1/2. and doubled in number. It. can be 
seen that tlJ.e "predicted" values for the double ~Tall wa;~head are in 
good agreement with the observed valt1es, indicating tl~at the breakup 
of the single and double <mll warheads ~1e1'e the same u:i.th respect to the 
length and width or t.he fragments and differed only in thickness.. It 
should be noted that the fragments from 0-10 grains and 0~5 grains of· 
the single and double wall warheads respectively were not considex~d •. 
I.t' the small fragments >fere included the 'tMo for one breakup of the 

. larger fragments is P..ot evldent. This can be seen by examining Table II 
or Figure 6 where the fragment recoveries) includ:i.ng the 'smallest frag­
ments recovered, are given. T'ne reason tJm.t the ttiO for one breakup 
is not ev"ldent in Table II "ls not lmown but it appears tJ:mt either the 
breakup of the small :f'ragrumts i!3 different than the large . frsgmant.s 
for the wo warheads or the recovery of the small fpagments t.ras not . 
complete. · 

The average ;might of !'ecovered fragme:nts greater thnn J.O gro.tns, 
single wall, is 34.0 grains, :md average t~eJ.ght greater than 5 grains, 
double wall, is 15.3 grains. 

Figure 5 shows fragmen·t.s recovered from one· :recovery 'Pox .for each 
warhead. The lengths and widt.hs o:l.' the JJ~rc,JGr fragments from the single 
wall Warhead are roughly eqUBJ. to the lengths an:! >·ddths of t,be l&.rger 
fragments from the double wall warhead. The thicknesses of the double 
warhead fragDJents a:re roughly one-half t.bat of the sit~gla wall warhead 
fragments. · 
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\ .· . . 
Tho weight of fragments recovered. from the cane fibre ~ard •1as 

83~ for the single wall warhead and 84% for tho double wall warhead 
with respect w the theoretical recovery computed from tho knatm 

· geometr,r of the test setup. 

~ae computed initial fragment velocity for either warhead is 
SlQD Zt/sec as determined from Gurney•sl formula usir.g the total 

. explosive ueight contained 'i.1i ·t.he steel cylinder for C and the ·steel 
cylinder ueight for 11. The observed average initial fragment. velocity 
was not measured for the single ~ml.l !!Iarhead, but was 5700 f/s for the 
do1.1blo waU tfarhead. This higher value ma;r not be significant ~d 
i'm'ther c}:leclts a.'re nooessa:cy. I·~ does appear, hO'l~ever, ·!;hat there is 
little, if' any, loss in fz•agment volooiil<J duo to the u:>e of a double 
'tr'.Jll. 

The spatial distribu-tion of fragme11ts from the double ~1'3ll war-
. head 1ms sat:i.si'aotor,r in the sense that adjacent fragments from each 
cylinder ware separate in space and aho-.red no evidcmce Hhen .recovered 
of being fused together. Fragment hoJ,es in the first sheet of the 
celotex appeared to be randomly spaced and there was no evidence bf 
pll.irillg of the fragments. ' 

. SUfiJMARY 

For the present elcpP.riment, a· double t.rall reduced ·!;he t1Teight. of 
and increased the number of fragments by an lilr.ount- which is predictable 
from the fragments of a single ~rall uarhead, except for the smallest 
fragments. I£ the smallest fragmen·w are excluded, too observed av:c;rsge 
reduction in lreight was about 1/2, the numb01' incl'easing by a factor of 
2. One poss:tble applicaUon of multi-wall casings i5 for high axploDive 
artillery or mortar shell whero 'the present ureight or the larger fr~:~.g- · 
ments is heavier than is necessary agai!lllt personnel. 

Cylindrical ~mrheada of thicker casings and mora layers are being 
made for the purpose of investigating i'u:rther the fragmentation ch!!.l...:. 
a.oter:tst:i.cs of multi-waD. cylindrical warheads • 

1. Gurney, R., nThe Initial Velocity· of Fragments from Bombs, Shells, 
and Grenades,". BRL Report rio. 405 • 
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TABLE I 

Campariaon of Fragment Mass Distribution by % of NWiibar Ilecovared 

' ·arains Number Recovered . Interval Number Ilef?ovex-ad Perc~<nt of 
Grains Total Number 

J.0-20 31~41 5'-10 36.48 31.41 

20..30. 25'.00 10-15 22.64 25.00 

. 30-40 16.03 15-20 17.61 16.03 

40~5'0 8.33 2o-25 8.81 8.33 

5o-60 8.97 25-30 6.28 8.97 

fJJ··70 3.85 30-35' 5.03 3.85. 

7D-80 .64 35-40 .63 .6!D 

80-90. 2.56 • f"'o '5 &4V""'i" 2.52 2.56 

90-100. .64 45-5'0 0 .64 

•1DO-ll0 .64 50-55 0 .64 

110-120 1.29 . 55-60 ·o 1.29 

12D-130 0 60-65 0 0 

130..140 .64 65-70 0 .64 

.. 
. . 

4 



' ,. . 
/ 

Tl•BLE II 

lfeight Distribution of Fragments 

lvt. Interval Grains o~s 5~10 10-15 1$-20 20;.2; 25-30 30-35 35-40 40-45 4$-So . so-s~ 

~~- 352 5o 29 20 2l 18 14 11 s 8 9' ~ · Numbar .. ~ 
~ -"' . r" of Total 6,3.08 . 6.96 5.20 3..58 3.76 3.23 2.50 1.97 .90 ' 1.43 1.61 ~ . Nll!llber 

"" I 400.15 39.&.47 359.57 343.36 469.29 49$.21 453.08 4oS.4o 381.94 . 476.54 - l·.'eight 203.70 II) 
r-f 

.~ I% of Total 
en :!eight 6.69 5.93 . 6.01 5.15 7.85 8.29 7.58 6.78 3.4J,, 6.39 7.98 

., I 

-g- Observed 98 58 36 28 14 10 8 l ' 4 0 
f Number · 

I g %of Total 38.13 22.57 J.4.0l 10.89 5.45 3.89 3.11 .39 1.56 .0 :;J N=.ber 
I . ;,.-.· I \·Ieight 307.~87 
I 220.37 400.15 439.19 468.98 273.30 253.39 35.65 166.82 0: I f, Ill 

~ 1% or Total. 8.59 15.60 . 17.12 18.27 12.00 10.6,5 9.88 1.39 6.50 0 8 ~1eight 
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TABLE II ( contd) " 

rlsight Distribution of Fragments 

'\it, Inteiv.U Gmns 11~20 12~~3li--TJD-135 ~»-14Cl -., ObselVed 
l l 0 0 l 0 

01 
CD Number 

-E 
"' of Total :;:: 

.18 .18 0 0 .18 0 i wnber 

~1aight 113•13 115.89 0 0 133.64 0 
<ll 

r-1 ! ~or Total 
") ,·!eigl>t 1.90 i.95 0 0 2.25 0 -_,-

"' 
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Ht •. InterVal Grains 

?1 ~bserved 
~ t umber 
Q_ 

1.% o-f . Total ... 
~ 

Number 

~-.reJ.iht Q) 

~ %of Total .... 
(I) \'!eight 

-· .r::-
..a 

55-6o 6o-65' 

5 6 

.90 1.08 

TABLE II (contd) 

'· '• 

ll'eigh·~ Distrlbu~on of Fragments 

65-70 70-75 75-80 80-85 

0 0 ' 1 3 

0 0 .16 .54 

' 

\ ' 

85-90 90-95- 95:..100 100-10.5' 

, 
1 0 1 ... 

.18 .18 0 .18 

_ ?86.!;2 _ .37i·M ___ ,_o ____ o ___ 79.32 ___ 2l!$.()6_ .§B-1.2 _ 23.21 0 101.70 

4.?9 6.28 0 0 1.,3) 4.10 1.47. 1-57 0 1.70 

105-:UO 

0 

0 

0 

0 

., 
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FIGURE 2 

DOUBLE WALL CYLINDRICAL WARHEAD 
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FIGURE 3 

TEST SET_-UP SINGLE WALL WARHEAD 
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FIGURE 4 

DOUBLE WALL WARHEAD 
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FIGURE 5 

FRAGMENTS FROM SINGLE AND DOUBLE WAlL CYLINDRICAL WARHEADS 
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