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To agsess the efficicency of a rrojectile, it is

oft,” rcauired to yredict the indtial veloclties of the

fragments from a imcewledge cf the dimensicns of the metal
casinge and the character :nd uuantﬂty of explosive.
Between a rrenade containing 1% ounces of E.BE. and a bomb
containing 3000 pounds of H.E, the difference in scale -
is so great, that it is a asuestion whether iny simple :
gei one will apply over the wiwole range, A theory is put
forward, nulw'mefﬂhmqusuwtwm that the con-
trlbutzon tc the total kinetic eneryy vade by the detonatien
of unit mass of explosive is independent of the size .
¢ % projectile., In a largse bomb the exmlosion gases i
tz ¢ actually more kinetie enerey than the fracszents, ;
A simle expression is found for the ..verare initial ,
vilocity $n terms of the charse-weight ratic, C/M;
this expression i3 found to agree with the experimental l
data fuirly well over the whole r.une from C/M = 0.06
0 C/M = 5,6,

= e

. Lo 79 compire tue efflciency of iragmentution oi uifterent
‘ types ol projectiles, one needs to know the velocities of

tite friogments ot sultuble cistances from the explosion,
e For tuls purpose one necds to know both tie returdation in wir
anLa the initial veloclty v ol tue fragments., We are cuncerlhed
nerg with Che gquestion, whzther the v lue of v 1or ally projec-
tile cin e precleted fron the alnensions of the metul zizing
e ITon tae caurceter ane guantity of the eapionive contoainec
in it¢.
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AogLeSTlon vhethzr sny sinple scheme (ill oe iouna to nnly
to tne Tnole set of resulis.
-
It 1s wiell dnown thet, tnou .. o ecyli:eriec.l snell 1s
cebtonutet vyow me en, vothh tre nuse-spo.y e toe Uoil-

3 5OTGY Lin [eeble comp oot with tre sice- Spray ; it is in ihe
Gkl velocities of 1 sents o the cyilnericol wriws i
tunt e oore lntovesteu.

e welT < e the 8L of explosive tna M the auss o1 Lue
Aotel veoii ) uontedlaing it. (wncn trenting o oylinurical
projectile wo ¢ouniter 1LoLel it lc'nbtl‘) <c discuss
a oaetal Sasing Litooow o2 WLifor trdehne s, adia Lnouds

rirst the foliowing si- pleture ol 1~agwentation:

cuiore the met:al casing preaxs intos fragaents, i
eXpiiius Lo some extent. Let tne rooius ot the zoront ol Lrag-
dentetion be a, «nd ret tue density 01 the explasion jises .t
till. avument be . The meuui CiiSilig, 25 eVerydlierc wovisg
outwe e witis raaclal veloelty 70 which ot this zmo-went beco s

the velocelty of bho aetalliz Jioguents, (the Sime 1o all).
EOW v, is lso the rauwiwi velocity of thet part o0 tre explosion

Sames wolch wre Ll contuct with the actal cusing. Ou tne uxis
of tae cvlinder toe raalal veloelty of tne yizses is zero.
Dlsewhierse tue  woes nre moving oatwunras with velocity inter-
weniate bebween zevo i V3 e shi.ll tuge tae velotity ot

any point to bu proportion L s the clistoncee froa tne wxis
of tne cylinuer (or ivom the center of n sphevical £TENRAQE) ~
that is,

Cousiccr now alfferent tyues vi projectiles, saell, boabs
ana grennces wll cont ining tine sioas =2xplocive, suay THL.
We try the asoumption thnet 3 ontiiuii Q9 Gile ginetic
BLUCLES wals by the detonstion o cowr undt 2uss oX Wide wxplo-
. Live lo the swae in oll topes OF projectile.  Let this zontrivution
ol unlit uess off dhglx)w;‘\l\_ be L. =u.ting the Totel dnetic
thf&/ to O we Nave for o cylluver jper unit lengtn

.
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and for o s;hericar casing §
‘ . i
o :
" 1y 2 i, 2 2. .52 ) 1
n f I - r -V — - Al o — L‘-‘P
, LL 2103V * AR L (2) :
O ;
poth these wZpres.ion, reduce to tne simple foru
v o= Wik (3)

Q

where R is the sunction:

- C C/
tor . cylinder R = = M (4)

M+‘(zi l+%‘b/ri .
’ gl
- (‘ C’/V . .
and Tor u uphere oy =t = i (5) :
Mo+ 2 1+ 28
5 H5M

For srull vilues of /M we see that R is approxim:tely equil
to C/M3 hence {or smoll volues of the churge-weight catios,

thie value oI v, Voiies 48 _/C/M. On the otlar hand, ifor very

Large Yolues obf /M, such as are found in lurge bonbs, wi sSee
that R tenoes wsoymtoticully to tune value <« Ior o 2yiinuer, anu
to the vaiuc /5 l'or o sphere.

The quentlity nores tie almensions ol vaergy per unit
massy tuerefors /i hes tie widensions ol a veloeity; in fuct, v,
is wquel to /b when ® = 1/c.  We conciuae then, thet for
lurge v.lues of J/M tue vilue of v, tenas us svatotienlly

to tue viius /B, o7 to tie value /105/5 ror a spuere.

#Tre conventionnl charge-welght rutio C/W tukes into account .
Lie wnole 1u3s ol actal in the projectile, wiile our C/M tuxes Pl
into acoount only the metol in the wolls ol tne casing. It
5 is tiie retio of the externcl to the iInterncl ocicmeter, «nd

N r -
e WG Py wle ti:e densities ol tue explosive arad not L, resjec-
tively, we ...ve lor cylincricua. walls 7 P

) i (S

e AN TSR I o e a4
"




N g DA S i 1 <

ww

g

For slmpiiceity v, wus assunied to have tue seme value
107 oLl the Friosents. Sven for cyiinacrs with wells of uniforw
thieiness toere is leays -ome Spread in the fiit.al velocities,
«b any rote wre. the cyiincer is snort. We aay therefore tude
v, to oe o wair of tie initial veloedties of oll the fri ments i
ynler oonteiouts bo toe tot.i #inctic energy; 1l.=. the suialiest
Progoelts muy be caclllvu oinlgs bthey hege a hegiigivle contri-
vution to tne total ginetic wnerly.
. Meosuring too dndticl velocsities od the lcutllg itoaghenis
CU0n Lalgo 29005, oellwelescnllu e oachg®® foula tant vo
wpUCLeG U inCTuase Very slowly witio /W, anu . ropoaed tac
rolation

o Vers

. A .
v, = () (o)
srien i3 iseonsistent sith tre observeyr fuct that for sill .
Jrojectiles vy, varies as rapiuly as /C/M. We ire ubie
to remove the discorepancy, since for lurge value ol ¢/ tae i

v:Locitr given by (33 varies us slowly as thut given by (6).

L. Tno expression (3) muy be written in the rorm

L/
v, o= VR / o (7

depeads on the particular explosive

5
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L
ued, It is cifficult to znow to what extent we ougut to expect
the velocities of trag
024b to ngrer with {(4). psut fi¢o. 1 ana 2 show that Cor yro-
jueliiso conbuinin: Tal, using too vilue Vo o F 5000 feet/sec,

the formula .3iCs Lin: sxpelllientol woto Luirly aell ovel tae
snule raije Urow C/AM < G.0o to /M = 5.92.

It seess then tnab the busic assunption wuy uve correct i
taut Lor o series ol projectiles contuining dirterent quanti-
ties o1 trne same explosive, the contribution ade to tne total
ditetic eacergy by tie detonation of eutclh unit .uss 0f caplosive

is the saac. i
Tii¢ vewnon #liy for large vaiues of %LM tihe initial i
voloelty Iuils to incerease ws rapidly as J/O/M 1is cieur, ] i

I o shell with a relatively thick anu heasvy cosing, necrly
the winole oi the kinetlc enerygy is possessed by tiae actul

2: s3ing, as it breaks up into fragments. bDbut for projectiles
aili. C/M grecter than < tuere is actually more euergy in ine

##phl hesort No. 247.
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Kinetic enerygy ol rauiad wotion of the explosion guses juside
tie Sono thear An that of tne metul casing which contalns them;
tols severely Limits the wvalue of Vo Ior tne fruiments.

1 deriving (4) ané (5) it was assumad thet p was
coustant, ana tnut insice the projectile tihe raaigl veloclty v
of tne expioslon’guses was proportional to r. It »ay be that
thils as-umption overestimutes tie wmount of kinetic energy of
ratlal sotion retained by the explozion guses: If tnls 1s =zo,
the numerical fuctor /2, wnieu oceurs in the denominator of
(4) should ove repluced by i somewhat smaller value, such as
Ue45. st the same tlme tne value of vy in (7) would nuve to

be recuvec, ikxgerimentul auti on. initial velocvities are at
preseat too scunty to cecide tuls point; but with the present ,
whta 0o signdricant improveasnt is obtiined by replacing 1/2
Uy a ullierent r.cuor. : :

Tus ezpressions (1) and (%) wre intended to sxpress
tiie fact that under optinmua concitions of cetonation o certuin
iriction ol tue cnemicnl energy of explosion 1s convertea into
Linetice onergy, othor detalils being laportint. The integral
is to be taken L0 o4 roulus oy and It was stuted tnat tais
wus tne rooius of tihe cusing at tie momeént of rupture, (suggesting
tnat this igint aepend oun the streagtic o the metul ioraing
the cusing)., Tils Teusrk, nhowever, wus lutroducceu only for the -
suke oi slumplicity; the «inetie ecuergy of tne aetul suould cepenc
onity ot its mass.  In the fragmentation of simuloted.shell st
bruceton, uescriocua below, steel casings of varying cegrees
of haraness were trica, ranging reos Brinell 1u5 to 530.
No signiriciut evisiect of haraness on tihe initiul velocities
aes lound.

5. For ecen explosive the initiul velocities wilil be
ceternined Ly tuc chiracteristic vilue or E. We have seen .
thot 1or iwT tie velue 01 the cownstunt V1 is in the nel nhoor- .

oot of 8UUU Tect/sec. We ruve tihen

il

SEE = vy 5000 feet/sec .

= Z.4h x 107 em/sec.

Whence

210
=3 x BrgS per gran

= 715 cnl o ger graa (v)

The Report usnl 15%vu gives coutsulatsu vaduss Tor o
Lualtity W, wonlzu 1o not cirectly comparaile with Ej tuis
W 1s tne "reversinie work per gram of products of adlabutic .
expinsion from tue walabatle constunt voiume explosion stute '




to  prosoure of one bar¥, For TNT of. density 1.59 the vilue S

= 5.2 X% 101U ergb per gram

= 890 cal gar gram,, - (10)

©
i

6. The avuiluble dutu for TNT—rtﬁﬁea projeéfiﬂ%ﬁ*uréjﬁs
LOLLowS: : -

a. Iu the experiacnts by leiﬁlyn 8 of the N.DR.Cuk e
steel cylinuers filled with ThT or other efplosive were used., : ;
The cylinuers nad an internal dlameter-of 2% ana & uwaniform

talekness of wall. The velocitles ol fragmepts wersd:weasured t
ut 4 ulstunce of about-nine feet by means of tae’ Velgclty S
s1era.  The values for difrerent thickwmesses or steel casing '*,::j
111Leu withh TNT are giVen in Table I, attention: beidg piic only . F
to the large and medium freguents for which the retardation in - -
zir will be negligible. as the number of Irugments rgcofded
#iS small, tihe prooviple error is lurge. ;

Table I-

\"Jilll ;LN _’é," ——iﬂ
Tnickness 2 ' 16

C/i V.65 0.zl v.z86 1 T o.500. 00775 L iF

v . oUU 5240 3800 .. 5110 6108 ft/sem.” ..
~87oT ' - . A

t rnis nigher voiue was oltuinec when the experiﬂent Wi A, rapeuted
a aorth luter (Interisn i-port Mew - June)

& -

B i
oo Tue 4000-1o pouabd al~M55, Iillea with THT. The i
f sicaster of tue central cylindricul purt of this bamb was O .
;4.k5 inen, «~ith a tnickuess o: steel casing 0.31 i¥eh. S e ‘
~ These Values give <U/M e¢iual to 5.62. The velocitias of sone :
of thne leading fracsments only were measured; these had a.mean
‘ veine 10200 Ieetfgeb. The mean veiocity of all the lurge frag-,
' . WeGts cwict be someshict less than tals., We muy tuke 9300 feetl/sec
.5 n valae more sultable for comparlson with tine veIOuitles
obtuined froi otuer p;oaectiles. . .

P rurtoer cuto f01 boqbs, inclﬁdin& ThT-ﬁ;lledn will
i soon be svailable wt tie Bdllistic Reﬁeurch Laboratorye

tie ‘9-'

- 8. B - ) - "'., v .-

*lnterim He,ozts of Div¢s6hn 8§ April —nJune 19&3.-
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¢. For tie 105-ma hosltzer siell ML und tor the 75-mm

shell M4 the velocities in the side-spruy nhave been ustimuted
irom the change in angle of projection with cuunge in rosioual
velocity of tne shell. Tne churge of TNT 1in these two shell
Lad tue valuces 4.92 pounis it 1.50 pounus, respectively;

tne totul welgnts of tne uniuced saell .re JU.ocd pounus and
12.50 pounus, Tespectively., Tue tnicanecs of the cylinarical
walls, s in avst wodern shell, 1= varisple., Before we could
pregict the resultant distribution cf frigment veloclties,

Je 11ould nuaVe Lo unswer the guestion, %u wnat extent the

vull ccts us o whole curing rupture. Instzia of o« complex
theory, nowever, wnat is neeced here is o formula by which

Lhe averuge fropment velocity can be rupaGly estimetew, snen
the tot: 1 welght of tiie untfuzed shell, anu the charge are given.
Il the rotio of tiese two quantities is token us U/M éinsteud
of tus correct quuntities) ana v, is calculuted from (4) and

(7), settin, v, = 800J, as belore, one obtuins the polints
1 ’

slotted ror tie 205-ma :nd 75-mm ohiell in Fig. <. It will be
seell it tnese points lle on the stralgut line as well 4s, or
petter than, tue uelgnboring points for the N.L.1.C. shell

of constia:t wall thickness.

Tire recson for this ney be us follows. Thiere is a
theoretici:l objection to c¢rewing the iine through the origln,
since this impiies that un excecclngly smoll churge will be
sufficient to rupture a beovy cousing, and give tne fragaerts
an 1nitiul velocity. sn expression of tue form

- constunt) (1)

is more acceptubie and seens to fit the racts better. lor tie
practical purpose of estimating the v for shell simiicr to the
75-mn enad 105-wmm, ‘it seems, nowever, nacessaly to use an
expression containing un wGuitionul new constant.

¢, 4 oritisn Ieport* recoiws messurenents or fraguent
velocltics ol o gu-iun Bolors oheil, snich 1s interestling as
its C/% is exceptioniliy low. 1The velociby w.s foune to
650 metles/sec, ol <130 feet/sec. The charge or TNT was 50.4
SPulS, «nu the welgnt of cusing excluulng the brass cup and
copper Lund was 8z0 grums; the ratlo or these gusnitities 1is
only G.oo9. Toking this rotio as C/M, as in the case of tne
otuer snell, the polnt plottec in {1g. z 1s obtuined.

€. Althouph the initiul velocities of tr.gments from
srenades containing H.o. Lave not veen deasures, there 1z some
{luirect evidence thit ine expression (7) gives o correct
eotimite 1'0r _rehiudes cont.ining 1-1/2 to 2 ocunces of TINT3
coiculotions —ade on thi. as.umption were in good agreement
»itu direct pauel teots.t

¥ pele 2432

L. ive Tolch unu ¥. Gurney, BRL Meno Report New 207.
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7. A nuowledpe ui the initl.l velocitles of frugments
, is o first step towast® luae d «d Krowlaedge of the veloclty
ab any disto.ce : irca ¢t e explosion. For a tragment of muss
m this .. nos vg votolusu 1rom the eapression :

pE o-0.013 s/m? R (12)

r

V:Vl.

-»

e R
where B i. uuoi.ined fron (4), ® is expressed in (r.1s, 5 1is
expressed in Leet, i ve s ¢lver tae vilu @pgiogii e %0

the explosive used. Fror aw. v hao T V.iue Zubu, whille for

some othier erplosiVes rovout 20 i ents ¢ive vilues ap to
20 per cent i her#*; toe re ra en-1ts, adveves, oarc r.st yet
very consistent.

o ia,s i constuant w..ll thick- |
y ot read froan Tuble IL. ’

In the roance oi ¢,M lesrs tow: Jo bie values of v, have Leen

wGjusteu to agree with the N.L.H.C. results plottec iu Fig. 2. ;

For cylinuricul ThI-1itlca o
ness, the expucleu Valles w1 v o2

8. In cerclusion it w:, .2 icaticonca tnt tre frigaentu-
tioi: of un inriinitels Loty crli:ner, detonuteu from one eng,
wus viscusied by G.I. Toyaior#k, (30 n exgression wos obtained -
for tne f1ipacht velocities., It vas assumec that the rudial
otion of toe eXylosiun guss e: o7 1L compered with the longl-
tuGinal motion; anc tie resuait: #22- not intended to apply to
a4 projectile Iroa whicl. the en. 9~ ys arv feeble compared
\ witn tie sice syray.

e

| CiatdT) %

' Ronala W. Gﬁrnpy : ;

B L T - CESURET R 7 AURCI, QU+ 3% % J Sy (E3 2% Yo Téimi%‘#ﬂém’mmm ﬂ %Eim l

i
¢ N.L.1... Interie Bop rooo 01 ton E.
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Fragment Veloclties from Cylincricul Wualls
' ol Unirorm Thicxness.

volumn 1 gives tue ratio of the externcl to the intern:l dlame-
. ter., In coleul.ting C/M the density oi metual wis taken to be
4.9 times the aensity of tre eaplosive.

(o8
‘ e Y/ Yo
1.0z 5.05 9560 |
1.04 2.50 B0 |
1.00 1.65 7610
1.1 V.37 6460
1.2 o 404, 4910
1.z 296 4000
1ed, 215 5400
1.5 L1063 « YUY
1.6 L151 2580
1.7 .13 w240
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