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The Initial Velocities of Fragments from Bombs, Shell, and Grenades 36218)
S~(None)

Gurney, Ronald W.

Aberdeen Proving Ground, Ballistic Research Lab., Md. BRL-405
(Same) (Same)

Sept '43 Restr. U.S. Eng. 11 tables, graphs

The initial velocities of fragments from bombs, shell and grenades were studied in order to
compare efficiencies of the various projectiles. Initial velocities may be predicted from a
knowledge of the dimensions of the metal casing and the character and quantity of explosive. A theory wa
was put forward that the contribution to the total kinetic energy made by the detonation of unit mass
of explosive is independent of the size of the projectiles. In a large bomb the explosion gases have
actually more kinetic energy than the fragments. A simple expressinn is found for the average
Initial velocity in terms of the charge-weight ratio, C/M; this expression is found to agree with the
experimental data fairly well over the whole range from C/M = 0.06 to CW= 5.8.

Copies of this report obtainable from Air Documents Division; Attn: MCIDXD
Ordnance and Armament (22) Shells - Fragmentation (85791.5)
Ballistics (12)
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~ostru ut

To assess th-e efficiency of a pýrojectile, -it is
ot ter r.-nu!ired to p-red1ict 1,1e iDO tial veboeitics of th.,e

trvroit from, a ;uicwledgc of thie dir-onstcnn of tie metal
oasninr and th-e chlaracter nd quantity of explosive.
Between a pronado contain-ing ibr oinces of H.E. and a bomb
containiing 3000 pounds of' H.B. the difference in scale
iýs so grathat it is a quention ti-ether my~ simple
sioarc wlill apply over tie vr Lole range%. A theory is put
forwsrd, maki.Ang th-e following asvin.wmtion, that thLe Con-
trib~tion to th-e total kinetic eiiergyj ride bj the detonation
of uinit mass of explosive is independent o~f thre size

-e projectiles. In a large6 bomb the explos0ion g-ises
oa actually more kinetic energy than thefrretc

A sintle expression is found for th~e 1,vorage initial
Vulocity in terms of the chiarg7e-weIght ratt.I Io, C/M-;
thio expression is found to agree with the experimental4

data fairly well over the whole rn..ng from C/hi= C.06

'o CAI o5:.6.u

;UxiQ thle Initial velocity v of tiie rtmns We;rucn"",U
t.erv~ with tiiu question, ,,h~!e ievleo trLI r~t:

ti ai h .,eicted fru-i tuie limaiLsoi tRe metai Z!S1k
:,nu troi; tiie c-.arzr~ctur cait. pi'tixtity oci tliesttv-ru..iw

te Uut1 Pounds -ak~- ?re ii 'iinJ~ry ti- ;t:3 't'OLcf

4k V~flhQ3 uoi~tiie, ofII± .4/.' tOyraQ.i

:'±f 5 . ro.1 /as wstiiu onsuit -u t t Vt
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t ;uu~x~ilthr;:fy siuipief schelme tillit Iflaind to AP.;.IY4

I t is we;ll zULovit til;. , t . ey liu'r ici--t Siue-lis

*etorl.teGtoa h ejn 4 , botx±t' efUc>3) -Y 1 fCt-l

.0 :;-.)",yL.-" fCk-bc VO~p ith t!!e sicte sproy; it is In thie
;.ll TioCitites of £ usinthe _yiLtre ijs

;'Lt ire Il;stU

n~ e tile :-S: O t2Xi1,)oiVt; m M t-iiý2 MfLIS5- d'A L
liAl- I 2fi;~~~l it. (Wrtneit2tf cli2iu

auc mitlength) ".,C-' Oiac_

first t1tU follown sL-f picur ci '_iragne.t;lttlon

expand`Is io soe exLttent. LAt t~M rCJI'US At the o'li i vg
;aent-tiun be- d 2 , dud wet theIL u-iflblty w' the ex-uizsis -A
thiii auo-neut be p. The uft-Li~ c.-Lsi-b i.s ~veryalierc ov
(OUtW.i'¼-1 Wd_*t1 : racuk.I velocity vu, 'Aiich a~t t~dint xn uek~o,ýcs

the; velocity. !-f tiiu. .aeuta~iieJ A kimn~ h.the S:!mek: io l).
iNo)w v is .iso ISOte :-uai'elid`ty oftat, i Oz~rt tr t.: explosion

I~~SWitich ace Jii qotc ith t1!AE; :ne-tit c;LSi1Lg. OLL Lin0 aXlo-_

Of toe-ý cy-ilncer t,.u rntci~iw velocity of tfoe gaises ii zero.
£L-se-..v1er-e toet z3-es :iP-r maoving oatdteQS6 with veloc~ity inter-

'-leuiatte Ouween zea~c a v ; %wet shAll- tztre tsitts velocIuty -t

any 1 noint t3 bk. przjpotioi- -L tu. tjic nistance Ir-!%on tzle- c-xis
of t~ie cy jijlmuer (or- fLroff thle ~enlter of ;t spheriý'calgrjoej
tha~t is,

bi 0

Consluer~j now aifftreut typ,),s ofu rjitlsseI 'boics1

We try the aso.-ujfuption trwit t .heI gptiutin toteUh~

gg- g- ~n ~ thy'koutrufl1 puZeC unit ;s of l iz,.~
t Let this Zorlt!ibL~uitlf

tr ulit u js o explo~sive b e l.z u--tinL; thu totni L tC;
enetrgy( to ud Ve- h~ave to- Cylnue:Cr 1me• Quit icngtn

!- 2 + 
2

-v 2 V rrj-;* '-I- C -o a2



Durha th-s -_uc otesml

an ran .fori± a a -rnera

34 +

whtrge B .ius the' G/un uctioan:efon nla6 obs st

and for a~~ phere Mý ± 1 + 5)

to C/N; }lf-t urs iei v d.iueiius of thvhre-weigty raino'l,(
tie toiu Of v.. 2iSa / . O h the-ri hant for vr

.iati'e Va-luts o1 6/M, sutlv ;Iu as , v±r found- int larg bIon--s, -f

to) tlie V-aLUd- 5/-L :or aL sphere. e o ý ph'e

*Tr~e u;onveiition.i ch~trge-weight ratio C/1W tL-Ke.. into aclcount
tir wu1ole sassS oli :m-tal inl the p~rojectile, ;-hiiic our C/M t;,1 ces
inito ý±ccount Only the met,:. ill tile 'nli.o tile casing. Iil

p 15 tile r-ti.) 01, thie exterr±"l to. tiie in-terna;l doaitor3 wnd

tivuly, WE' ..~ for cylinc-lu-iC:-al

C A ~ro oe dnsites o tueexplsive:n'3RL'XT, repec

a . A k -1



i'i' S-La[icity v wias .is:,iUte3Q to have tticý SLISC value

ti~CXii~ teati. J.iay-a .;omc spru-... in the iii~ivelocities,
~tany 1rate nt., te C):i LmCer is 'n -oct. We: -'m,;y tierefure t'iýe

tO Je '1 I'zUIL of t Lnitia ~IvcA. a-ties ofAlltefr'et
;ucncDiti~t tu rit t .. ii.tc nrgy; i.Z:. thesmlit

Lu-,ti-iii to tnt. tiota~l .ULt. IVa.

Z LcO: U±L1' tt J;)'-I~ 6cvvr:.)i aliu o;xchsi*k iou;-:a tazct v 0
~1 ~.x~it3CA to I(±crtýE: Vcrj l' wl Witik 2/,ifl±rop-ooýea t.1r

2,- 1 --3 15 1:c-,n.stCeit .;tii tue ooservel- .Lict. th.at for ni
~roectiesV vrie asraiu~~ly as /7/M. We i-re ible

to remove tho discre .ancy, since for largea v.Alue 01of r tfie
V ;iQ(21t2 ' given by (35: varies as slowily as that g~iven by ()

z. Tziu exprussion (3) rn~±y 'at -fritte!n in the form

t vIA (7)

.THere tne i31" 'laetc" V. CoUpu. Ids .fl thet. particular exjtns3ive

U-,.;O:. It izstItcl to ±movto .:1hat extent we onignt to expect
the vulocities ol r vqet ini the aiue-SQI':±Vr of i. s-liel t u
a' ý:ib t "e?( with(c; iiu t I. ;,.Iand 2 l-ow- th .t £ý:r o
j-,t4t I ot -,L;fi.rc T -1 ;7in te8"6le iSO feet/sec

the ~ ~ ~ T; foTl aic 5.L' xpimnti, &.tv u~~ eeL vv, tSec

rvholtC/M r:-e1;ci01 G.&u to c'/N --- 5.0.2.

It seeo!s then. tnat thev bLasic assuvnption *aay utc correct
tacit for' aL S1ries 01: projectIiUle C~onttining: Litirerent ,Ltlatl-

tie-s 01' trie, sitae exp~losive, the contribution ;aznie to tnt total
t~ue:C ..eryo, the detonation of' e-acL unilt x-ass of ,xplosive

T~ic- ± ivhy for larget va-utut of u;/MtI'..iu initial-L

'r-ue-)ity lails, to inurecirsu ans rpi'Adly is ,]/7M isý cltear.
~i at Knell wiith ai relat-;vuly thicK a~le llea-vy Casding, nezarly

* t~escleofti~e Kineticý ene~rgy is possessed bW'y tnie .ictAI

S:Lin, a-s it oreaks up into fragments. but for projectiles
:i ti, C/N 6 fl3;tC1 ltauW k tijere i5 actually mtore enUCV-y in tnt

I t*W')1 -he:;ort No. 3,47.
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ikinletiC elnergy 01' ruuiai. ;Jotioi Of- tile exp.losion Paase50; iin7ide
t-e 's:Jt. in tflat 01f tnc 'su!eta"l casing wihcoiitaiiis thein;
tais suvc-rtely limits thle VAIuG of v 0for trne frag;,ments.

findrvn (.4) ian1 (5) it was assumned that P wats
colibtant, ;iui-, Lwt insi the projectile the radiacl velocity v
of tuie explosion 'ga~ss w~as proportional to r. It niay be that

tils tS~umtJoa overesti~u;Atts Lje a~mount of kinetic energy of
radial oio retained by the explos-ion gaLses. If thiis is So,
the numerical facto,- 1/,wiLici occurs In the denomninator of
(4) should zx re.Vce byL S0i;;eWhat smaller vjlue, suchl as
0.45. At thle satjC, tirrie; tue v.Jli~c: of v 1I in (7) wouldL nave to

be recueeeL. isxdericn~ltai (1at-i orL. initial vt.locities areý at
presenjt too scanity to Ceiethis 1 ioint; but withi the or,-aetznt

Lutau sign.-ificant iraprovk:.nlent is, obtaiined by *replaaeng 1/2

-L"- jire.sSionts (1) an~d (2) are inte~ndeýd to express3
4jthe fact tj-kt aUhUEt Opti'flunfl COfl.ituj 0i' QetnLLation4 a certalin
tl';LiCtilil Of tuet- enejuiiC:11 energyI Of explosion is conver-tet i mw
rZirjttCunryote atls L;ig qportý-nt. The tntegrdi
lb to be taiwnl to ;A rwa.(ius h; andl It WasSstatted tiuat, tiis
was ti-et racLiusc of th~e c;igitt t:it: uotnkit of rupture, (suggesting
tinat this i. tt aepenid oil the streiigth of the mtzlforda'ing
tile caising). t.L.is :e.-J rk, nowever, wias iitvtrOWICt.;i onLy f'or the6
SaLke of' siaijliailty; the KIrnetic e-nergy of tne 1 e.tal suoula uepend
011±] oni its ms.In the fnragenitation of simul;ted.stiell At
trucetonl, Iucic below'-, steel cu.sings, of vrigcere
of haruness wcre tricýa, r-ng-ing :ro-a, Brinell 1u5 to 530.
No .igiiiici~ant ut.Lut of flartiness on thie initIal velocities
AýLs round.

5. For venen explosive UhLe iniitiail velocities Ywtii be
cetiunrminfcc by tiue ciL;kractteristic value o1' E. We have see:n
tiznt f'or WhiT tuie value of the coi'sitant v 1I i-S 11 thle neijghoor-

iOuof SbUU fteut/sec. Weu li;iAVe th--en

v 8000 feet/sec()

- 244x 1)5 cf/sec.

W'henc e

U 3 -x 1010 ergo per:r g ri

715 .It:

The R(uiort u3J3ýj if5 1U~ CviU±t a Iinc. for
~.uantirity W1 wfiJcl im nt-) Wietycosa ith ,; tni
'jis ti,(dle revex'sib.Le work, per g-raii of prsd~uct. of at zbsatic

'-expainsioni f-rom tnu zauiab-tic constant voiLune explo ion st.2te

Ip -KA4
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to )-r.-,ure, of one bar"l. For TNT of, density 1.59 the vii.lue

glV'n: i

3.72 x 10 ergs per g~ram

890 Cal par' gru%.'()

6. The availaole datui for T14T-fij~ed projedt tit'ars.&s,

a.In the eyeriiaents by Divsip4 ift 8of the h 1.DIt. C-ý*
steel cylirnoers filled with TWZý or othi-ereifi-losive were usead.
The cyiunuerb iand an internal d-iameter -of 2t*Wana a 4nii'o6rm
t-iioaicness of wall. The velocities oif frapePts wraaxe

Uta istance of about'nine feet by muafl$ of tne' Ve1et
C-cIera. The va.ines for different tnickejusses of steti casing
filled with TNT are given in Table I.. attentioný belik paid only
to the iarý,Q and maediuin fri-graents for wliceh the retardatton in te-
air will be negligible. As the number of fragments recotded
YC-s sma;ll, the probu;.le error is large.

TdbleI'-Y.

C/iA U.1b5 0.21 0.%$86 U .U.50Q 0-.775;

v0  OUO 2 3800 '51i0 6108 f t/ s ec.

ITnis hihrv,,.ue was oL taneu when the experim.ent was. reated
*aonth later (Inter-L. i'.-port M.::t - June)-

Ur Tiue 40DO-10) bomo0 nNý-M56, filied with TNT. The
' 1.L ;uIter o01'. tue central c;ylindricaLl piart ot' this bqbwas '
;).1.5 ineri, .itti a tnicKness o, ste'ei uas iing 0.3 1 I.N1I

Tn-~výtlue, dive *C;/M ;-,uigl to 5. 62. The velocities -of some
of t-.e leading, frcitnents only were iae~itsured; these had a-Man
J ±20li 10300) I-eet/Lsec. The dean veliocity off all the large frag-

-~jz-t be soueshIat less than t..is. We ma~y take 98QQ feet/sec
s$; Vl- atile :ore suit1 ±ble lor comparison with thd velocities

outzained fro Otzwr projectiles. ~

zoon e u'tý.er 6u~ti for bo'2bs, inclizdij6 Iii? F41e44' will
-00-1 e- vailable at the Ballistic Research LaOidhbtOryt

VIA

*Irit rir Pký.orts of Divisfn K r4April't)Um 1943.

Di - iiiteirnL- nIN
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c. For thet 105-a±Af Iioilitzer' soiIe MI. Afd for the 75-wina
Shuil M446 thie velocities in the .side-spr:Ly nave been .stimated

Žrmthe changec inl angle of projection wiith enlange in rusiaual
velocity of tii, shell. Thte clharge of TNT in these two shell

1-ad tuet- V;-uins 4.V_ POWLatb Ji~C 1.5o poiuius, respectively;

tile tota1 i xeielgrts Of trie Unfu;e :±eli .re 3Uu;o25 pOW't±lS aridI
1 2'.50 polrunus, respectively.. Thie tiai,,fleL-s of the cylindrical

;'u .lsas In ain)st modern, shell, is vadDe efore .-Ie could
preuict the resultant distribution of frag~ment velocities,
4e- :znlOul ,av,. to answer tne questio.i, to wiiit extent tiie
woall .cts ai whole G~U2ir.g, rupture. Ir.,tu-ýd of a Complex
theory, iiow-,eVer- wuiat is nieeced here is a form-ula by ahich
Lthe zave:-age £rl.ýmeiit velocity can.r- be rapidl1y estim-ateu., Inien
tht! tot. 1 weight, of tiie unfuzeci shell,, andl the chiarge aire given.
11 t'te ratio of these two quantities is tzken ;as c/M (instead
Of tnLý corrdý2t quaintititzs) airid v is calculalte-d fromr (4) anld

(7), se~ttiflb v1  800j, as before, onie obtains tile poinitz
,;lote o h k105-m~n :ind 751-mn ,dhell in Fig. ;e. It will be

s:etsfl tha~t tateLse poin~ts lie On thle straighlt line as well as, or
wetter that., the nigtihboring point., for thie N.Z.iL..C. zfiell
of' conist~ant wall thickness.

Tihu re, son f'or this nay be, as follows. There is ai
thieoretica~l Objection to cri-wing the line- through the ori-In,
sliice th~is imptie%-s tha.t anzteeinl sma~ll ciurge wilt be
sufficient to rupture a Aheavy casing, aind grive the fri-tb-ie-ts
an linitial veloc;ity. jncprwin of tiue form

=o v1 (R -constant) (i

is more acceptable and seeiiis to fit thle facts bette~r. lor theC
practical purpose o1' (stimating tire v for shell bimih-r to) thle
75-nuna anca 105-nuu, 'it seeias, nowever, tannecessavy to use anl
expresoion conitakiniin4 zai. aduitionati iow constianit.-

e. olat iis~i Iepqort* r..co0;-s au.2;.Lsurements of I'ragnient
velcites ut . A-ran ojos .t~e I,~flchis intere~sting; as

its 0,/,'v is exce-ptionaL11y low. Ike velocity Ks. bouns to
050 oir-/sc or fl30 feet/se(c. The charge of TNT was 5o.4
gr-as, zn(G the W~i,.ft of' casing exciul-ing the brass cap and
copper LInd wias 82U gre-ms; the ratio of these quanitities is
onlji U.069. Taýking thisi rAtle as C;/K, as in thle case of the
otnutr siich, tile poin~t plotteu in fig. 2 is obtain-ed.

Aithotil te initial velocities of 1'r-bmnei-ts from
Li~~i-AescontairininL !{.-, xiavu niot ueefl me~as-ured', ther6ý is, some

iniLrct-L1 ev.1dti,,Enc ti.;.t inU e.xIress-ion (7) gives a. correct
eatfrite or grernaiuea, cofit-infi 0 iVt to 2 oulices. of TNT;

cijcdttLi~ofs d onl tuw, ;tnurap-tioi wiere in good agreemenlt

w;itn direct pauei týt.

1,. JI. Toich aria B.Gurney, BRL Meno, Rleport Nti. 207.4 -7-



7. A juowlege utI tl~t miiti. I velocities of fra±gments.
is a first step tocu ; W~Sr ed iJ.o#Iedge of' the velocity
a t any r~t, ..ee i t exibiu.For a rraigment of mass
m this !1 oa* ot'iat~u xromn tiietAt t-S0~

j . -0.013s/n -()

where F i'utý ie fra'n '(co~ is expressed in -r .-is, .s is
expressed in ifret, ii i.v'. ei e.t (_ v.lu- p-~±tf- to

the exploý-ivu used, to- ±.i. v L 1i z.. tnLt V_'±tse &UUu, iflhle for

some othler ex~~it wta z,' elits dy-Ie vailues, LI to

20 per cent LIJWV I. t t~ !i J t,1-:1 t, nuiVC~ he t yet
very consistenit.

For cylinriI.ical rSAI-: ULLd ._a ial~s %Yostntw11 thick-.
riess, thu exP-,Cte)U v...Ues; .)I V 'a. _j at read fro;a T-blu 11.

In the ane of 0,14 le. : bt;~.LJ. t. _-values of V. have been

a~djusteu to zagree withi ti.e .L1AC results plotted iii Fig. 2..

8. In. O:.clusiiOn it rZ1 .1a :eitiRinccl tna-t tlre f~~ei
tioli: ofal' iafijl 1io.1- cyli:u er, deýtoriateu from On ou en.,
was; viscus-.ea bý; U.I. Tiayior**, ;-x.- n texressioU WZIs octained

for ti-e fri ~ni velocities. It ias assumed; that the rý.diza1
iotioli of' t:ýauxtnloAoni gzL- .11 corip.re&t withi the lon-gi
tUcilnal .no0tion; anlr tr~e rUS4ILt re not intended to t~pjply to
a projectile tona -whichl tht. en- L.p' y. i~ru feeble compared
;:jItl t e. sic'e st.rhy.

Ronald W. Gunlp

L _Wrzsc:A iLnl ur *j3% RL ru .o 247.

a' *'~ G. 1. Ta-ylor T.. *

Rbý:CE ~
T77ýýW N -b 1



* Tauic 4'.

Fragment 'hv1ocities froa 'Cylinid i- ca Wallis
of Uniform 'Zjujckness.

uoiumn 1 gives tine ratio of the( extern:1 to trie lflteCrcJ. uiamet-
tenr. In cu.lcut..ting CN th~e den-sity of rretzwL w.t~i takfen to be
1,.9 times the- aen.ity of tine eApi(Thive.

.025.05 956u.

1.04 .50 684,0

1.00 1.6'5 7610

1.1 .97 64 U0

1.2 .44 4i,910

1.3.9 4000)

1.4 .21340

1.5 .163 k) 0

1.6 .13 580

1.7 .0 ~ 4

I,9

- -- - - -
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