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TIMFI~rm --T FSWLBY

oatulComparison of' the penetration in~to tinlbex C .
oaculbomb fragments with that of projectiles

fired from, the micro-fraginent gun in the laboratory
Shows that at 50 ft, from the bomb, aVerage bomb-
fraipents weighing 5$ milligrams, havt a velocity __of the order of" 2000 ft. /sec. In making tis com-
parisoh~allowance i has beer, iade for the shape of the
particles using the empirical method used by Poncelet,
The difference between tne probablC initial velocity
and the striking velocity "at 50, ft. from the bombappears to be due to the: considc-rable. drop in velocity,
over this distance produced bv' air z'csistac. Out~-side this radius, only velocities. of fr= 2000 Pt./
See, downwards need to be considered for particles
saller than 53 milli gra.ms6.. This conclusion renders

the problem of' protection against such fragments much
more hopeful of solution.

Corrlation beween basb tests and laboratory penetration ftxperiments

to simulate the action of' Very small bcmb-fragments, laboratorymethods, have been devised f'or projecting small steel particles of stanardsize 5 /52-in, ball bearings, weighing 55 milligrams - at velocities*rkngirig from 1500 to 4000 ft./sec. and a large number of tests at theseyaloit ies have been, aaepon various materialg 4.

The. mterials included three samples of red deal taken from tar-Se-gts 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 theShoeburyness tests, the targets were erected at 25 ft.and 50 ft. from a German 250 kg. bomb. "fter the bomb had. been exploded,'a ampile was taken from each, target. The penetration and mass of each.fragment were Measure& at Forest Pt6duct.s Resear=h Laboratory and the re-sults for the target 5G ft. from the bomb are shownul Fig; 1. The soatterof the points in Fig. 1, is. large, but it should be rememberedl that in', #fron to 'the mas 's,. several othear variablesicuigtevlct fthe particle and its shape aff'ect thi-3 penetration of the ;e-agments. Thegeneral trend of the points can hvevuv be seen. The average laboratorypenetr'ation results obtained with the 3 2-in. ball bearing moving at variounmeasured. speeds are given, in, Zable 1 and' have also boen plotted in Fig. 1,the measured velocity being indicated. against each point.
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Table I

Penetration, of Mier f1-razuent R=z
- o cil nto red dteal Q~an s in)

Velocity or fragent Poetrmtion

(ft. /Seo.)

iany of the usu ,l formulae for-the penetration ok projpctiles,
such as tfit of poricelet, give the' penetratign as portiovi. to the
"sbapGfadtor"I N/A, ofthe projectile, UWbeing the masp and A the pro-
aected area of the' projectile. It heas theref'ore beeni assumed that the'penbtration of' b"m-fraients, moving, with the samne veloci-ty, into a tar-

ge t ,ve essAnce per unit area ±aio ;;ropor -onf to the hfp~ctor" of h fragments. A sphere has 'a-sape-'t r' of 1~2 v'
in 1mil1irammiMetre Units;, wile that for the actual bomb fwragments
was found -to be' 2.0 Mo,22; and on this theory the penietration of a -sphero
*019;ing 53 milligrams should- be 2.'6 times as great as. the penetration 0f,$ bo*-tragmeait Of equial mass.

*6'1oaibpnetration'tests showed, that a fragmet., -xg&ng
iilig'ain 'pefetratea sorneth ing of the order of 10 mm,, nd, the coniider-altiblis Of shapeP outlined above shdw thatashr-o h aevlot n
mage would nenet±'ated about 26 mm. The, estinted veoity, oj a sphere

- g'#ing this Peditration is about 1900 ft./iec. and similarly the eotijmatod
velOOtty" of-a fragment penetrating l,5 mm. into the timber is abou~t 29W ft./.We., The 'penetration of actual bomhb fragments, weiing 53 Mil.ligram$ is,

A- I I-rthez unetin, and until further data are avai 'lab le, it 10
imAP63sible to form a very accurate estimate of the veiot bythis method,

-but the dotiol.ision is that bomb-fragmensosmirsiette tndrball h6-v6-a maximum velocity of' about, 2000 ft./e, t5 'tfoteob

F!urther evidence) thoughi of slkit value,, has recently beend btalida frlom a few experiments .performed In, collaborationvt rtso
Zucknean. tanard micro-gtin projectiles were fired at a 'velocity of_2000 fto/sec. at fleshy tissne. The damage caused was much i'm excess ofthat expected from experience of w~unds caused by, bombsplinters of thi

size~,

EffecOt 6t air reiatance on th6 velocity of smal rice

FIt is-believed that initially velocitieds cOmPrable with thoseof the blast wave will be imparted to moat fragments,, irrespectiLve of,-3e
P roin the measured velocity of the larger fragments, which will .not 1be
greatly arfected by ail- resistance at'the distance of mneasuremnent andfo otographs of exploding chrrrgez, this is believed to be of the orderfo 000 to 10,000 ft.sec. The effect of air.resistance has 'therefbie..beeni excamined to see whether this will account for the low velocities ofsmal fragments observed at 50 ft. from the bomb.

Aerodynamic i'esistanc at supersonic speOis given by +hequtiob,- esedth
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L r t i ~ 1' frvgntnt, rneml to VWe

r 'r ' i c~r I' nt, 11_ Vc- c~~ o 4uficient.

If' Y~ : r-, ss of 'th., f r, rr ri ri its Jecelcrvtion, then

"C11 dt

cr b'()

&here s i: th': oiztnce tr..vxelWId,
%nd vo is the initi-A Velocity.

Recently Frcosser ind '7o nj VC y det'-rmined t coefficient

for bnraI U o els f' vrriouzzl c by .1.is hrin ri -rn -tinr..i and
Meaii th K r,.' 3 7zinc the 1r pI~ 1i. focr CI), thC V12loz ty-d istznce curve
for A numb er -orl rcc o f d if f'er,:'t e~ cz Iv :.. b -_r c Aco Ii t, d L mi th ee ero

~oo~in F4n 2. -h fYt of' ~hn cIs cle'-rly shw. At 21 f t. the
velocity of' thf t, r- zh el "oJel u its iritiA VLlOcity 'rd FAt 50 ft.
it hiS dropped t, cn-fif'th of its in.4 ti I! v iccity, Cn thu_ other hand,th
velocity of , sphcrc th-t prcsur.u th,. F~x ;_.r t- t.hu ir !i; still thiree-

qaxtera of' it- initil V, lociy +it 5K)' ft. (7 unv - 12 .r.J S, of' -Yic 2). 'It
14 eeonablo t?, r sur nh r21'r4r~ irr,,'l-Ax r Kr~rut would bc'

X6ta&ded moreo quickly. Thuz' s:-aij'; n init i: 1 vvdocity, of' f'ror 5DThC to
10;000 ft./sec., ithe. fri-Ln _nti h v,_ r. ofd ' o~nly 1:0 to 2000 ft./se".
Ibm 50 ft. f ror th be'vb.'

Thi- . gm( ors f:'Arly wl-l -with the ord-r of viulociti s ,,
* hd fror, the , v rlmtnnt-1 vork. If' _1 bi, szwsv 43 th--t w.ithin r ,diu
of .50 ft. fromn 'orb th r] ngp r f r:o lThre Z ul,ll rs is- hl; h, ,htre out
m1v this r-dius iny srj 11 tir '.Jt -ill bte hit only by 1v:Jir f'r'p-rrt,,
it wuld follow "I t norA. -. rnour c- f2 bl.: -T' withst _Indlr, si 11 frr gnnrt-

-moii uith -vclocit", Lf '2'00 v'.~c oull bu of' ;''tlue. Incidhnt lly
M omt cof th, "sh £'-rotor", thc b.7-nilli)7r, mi b~ll proj3.ot A .t 200O t,

age In the 1. .ber +ory t:- its 1piv'1cnA in lic _n trtior-r to !nncc! -r "ly

on thl- ir r~tn:&'epr rp of
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