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SUMMA

Comparison of the penetration into timbes .
of actual bomb fragments with that of projectiles -
Tired from the micro-fregment gun in the leboratory
shows that at 50 ft. from the bomb, average bonmb-
fragments weighing 53 milligrams, have a velocity
of the order of 2000 ft,/sec. In making this com-
paxisoﬁ,allowanceu has been made for the shape of the
particles using the empirical method used by Poncelet,
The difference between tne probable initial velocity
and the striking velocity at 50 ft. fron the bomb
appears to he due to the considerable drop in velocity
over this distance produced by air resistance. Out-
side this radius, only velocitics of ‘from 2000 f't,/
sec. downwards need to be considered for particles
smaller than 53 milligra®s,  This conclusion renders
the problem of protecticn against such fragments much \

- . more hopeful of solution, . - L
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qulaﬁiqn b,e‘f:ween bomb tests and laboratozy penetration expenments .

To simulate the action of very small bomb-fragments, laboratory . - R
methods have been devised for projecting small steel particles of stamdard. -
size = 8/52-in. ball bearings, weighing 53 milligrams ~ at velocities ' J

. rariging from 1300 to 4000 ft, /seé. and a large number of tests at these - °
vélocities have been made on various materialg. RN 0 .

The meterials included three samiples of red deal taken from tar-

‘gets used at Shoeburyness to receive fragments from an exploding bomb,
it has'thus been possible to correlate the laboratory work with full-
scale tests., In the Shoeburyness tests, the targcts were erected at 25 ft,
and 50 £, from a German 250 kg, bomb, After the bomb had heen exploded,
a sample was taken from each target, The ypenctration and mass of each .
fragment were measured at Foresi Products Research Leboratory and the re-
sults for the target 50 ft. from the bomb are shown.in Fig. 1. The scatier

- of the points in Pig, 1 is large, but it should be remembered thet in” .
addition to the mass, several other varisbies, ineluding the weloeity of
the particle and its shape affect tho penetration of the fragments. The
general trend of the points can hawever be seen,  The average laboratory
penetration results obtained with the 3/52-in, ball bearing moving at varipug
measured speeds are given in Table 1 and have also been plotted in Fig, 1,
the messured velocity being indicated ageinst each point,
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| Many of' the usurl formulae for the penetration gt projectiles,
' such as that of Poncelet, give the penetrstion as proportionsl to the
| "shape-factor™, M/A, 'of the projectile, M being the mass and A the pro-
' Jected area of the vrojectile, It hes therefore been assumed that the
- penstration of bomb-fregments, moving with the seme vei};oc:z.ty, intgrq. tap- .
" -Beb of given resistance per unit aree, is also proportion %o the "shape-
frotor" of the fragments. 4 sphere has » "shepe<factx" of 5,28 Y095
in i1 grememillimetre units; while thet for the actual bomb fragments
- -vas found to be 2.0 M09’22;: and on this theory the penetration of '&;<sph§re.
‘welghing 53 milligrems should be 2.6 times as great as the penstration of,

. "8 bomb~fragment of equal mass, . ‘

ot ST i bombepenetretion tests showed that a fregment weighing ‘5%

+milligrams pehetrated something of the order of 10 mm, » &nd the consider-
atiens of shepe outlired sbove show that a sphére—of the same velocity and

: ° mass Would penetreted mbout 96 my.  The estimeted veldeity of e sphere

- giving this penetration is about 1900 £t./sec, and similarly the estimated
veloolty of o fragment penetrating 13 mm. into the tinber is about 2250 f£t./.

' #ec. The penetration of actual bomb fregments weighing 53 milligrems is, -

.. 'however, rather uncertain, and until further dzta are available, it is :

" impodsible to form & very atcurate estimete of the velocity by this mothod,

- but’ the coficlusion is thet bomb-fragments of similar size to the standard .
¢ ball hevea maximum veloeity ofabout. 2000 ft;ég@g. 8t 50 £t, from the bomb,

“'.me e Parther evidence, though of slight value, has recently been -

+ obtaiiied from a few experiments .performed:in collsboration with Professor
Zuckermann,  Standsrd micro-ghn projectiles were fired at a velocity of -
2000 £4./sec, at fleshy tigsae, The damage caused was much in excess of
that expected from experience of wéunds caused by bomb-splinters of this

L osize,
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=  Effect of air resistance on the velocity of small particles .

- It is believed that initially velocitiecs compareble with those

" ‘of the blast wave will be imparted to most fragments, irrespective.of size.
-~ From the measured velocity of the larger fragments, which will not ‘be .
greatly affected by air resistance at the distance of measurement, and :
£rom photographs of exploding chr rges, this is believed to be of the order

7

: = oft 5000 t6 10,000 £t./sec. The effect of airsresistance has therefore.

B '+« been examined to see whether this will account for the low velocities of, .
| - small fragments observed at 50 ft. from the bomb, . " o

; s .

: . N ! v» . . ‘ ; . L . : ‘
L , “Aerodynemic resistance at supersonic speedg is given by the
: . " equskiots~ ‘ B} ‘ oo
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If ¥ is *w ross of the frt_gx*v"h“‘ ny oo its Jecelcerotion, then

Tew ot = 25
v
VII
- ((} ¥ - ',
e Miv = CphevT =F

'Vo ; CDAV.. . X ' ,'.;/‘7'~
) JJ - ¢r 1,; -= _'.-76.\' Se (2)
where s 1o the distunce travelled,
und vy is the initinl velocify‘

Recently Frosser ' nd o ung ¥ h ve dcf« rmined the coefficient Oy .
for small mo els € verious sh  cs by (l.eine thor in o dr'=tunncl end Lo
measuring the Jrop. Using thelir lm.k for Cp, the volocity-distance curves.-
for a nurber of rndz;_s of differcat ol yes hrve bron cleul e d ond theee cre
.shown in Pir, 2, The effect of *he ghope is clesrly chosm., ot 51 £t. the
velocity of the .t rech-ycd molel 1+ Falf its initicl velocity -nd =t 50 P,
it hes dropped to one-Pifth of its in‘ti l velocity, On the other hond, the
velocity of o sphere th-t presen’ the s cxris b the wdr io still three-

- gurters of it: initirl v locity «t 50 pt, ("uwu—‘ 12 wnd 2of Fie. 2). It

rétarded mor¢ cuickly, Thus' @ssumi-gy ~n initirl welecity of fror 5000 to :
10,000 ft,/sec., the frr prents hove sosyecd of only 1020 to 2000 t't,/sec. T
when 50 ft, fror the bomb, : . R

Thi- . ctim *to rgrees Pairly well with the ovdur of volociti s de-
doced fror the oXpriment-1 vork, If i* bu ,oaur:.v;d thot within = r-diuc

side this rdius wony sn 1l teroote <411 Be hJ."Z only by om:llor froprents,

4t would follow *h t nwﬁ rmour ¢ poble of withstundine sm 11 £rrpgments
woring with - velocity of 2000 ft,/cce, would be of wiloe,  Incident: 11y

om sooount cf the “"sh po froetor®, the 57-millisr m bal) project.d -t 2000 4,/
see, im the 1 -bor tory tosts is cpivelentin ifzs | onetrotion to o congior rly
heewiar bogk-fregre nt Ctpikine of thic specd.
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