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7,rLSECURTY 1NFORrAATJCN

A long-torm prcjett has bean planed. to stiafl

initial seri~ea liae bnn ozplet&a an~ tre discnsod

b-ov. A £or=2a is auggemted La a firat
approximation for ostimating the angle of projection

th iiati ±l f f thel fo=4 willformthe n.i

of ramensderind from a torim eaawbyTaylor (ef ) a
ba- sdwith sea confidence. Talroriestedetonation of an
axplqavein an infinitely long hmclnroacu. H ara l
detnatonwave witbout r-eflecto4 wares (r~isf" xaaa fte&m~rthat La, only the detonation wave and iz41g pre&unre a tetve

The notion '.s discusmd with Wreewe osevr=l-gwt vlct
U of the ashoe wave; the oeasing appros~abns the observex with 86 v*3 *ty U
parallae. to the axcis and leaves hi. with a v oiyVin dlr~otion T
degecta. Dinoattca is measured relative to the axis, tho forward looking
axial direction beinZ 0 degrees, The angle a is therefore the s2283e of
coning (unrestrained by end effects) of the casing dua to the exoension

which follow the detonation front. ?zw bringinggth* obnsemrr to rost the

of tefrart on prowlection in the dieringiven by

sine a7 Vt*t**b~ (....

Applied to the st;=andr shall design with nose or base initiation, the
forsula gives a reasombly go&~ estlnatc of thz &v-erag agle of tizow, end
then ombined with a dispersion factor of say +± degrees, prodtms &n
aooe 1 Aable fit to the ernerimantal data from statio freapantatioa trill.

'Zn &owe LAstinces, for example the thin-wa.1led 3-in. U. P. *1*1wll, tii~j
of the cating pcttsts close app'oxization to the priueas requin-d for
Tay2.cr'i theorY and the fit ise them very good iteed. P7ot other ibells, an
empirical zodification ofl the5 forw2a, suggested by A.D.E., is Mm~d to be
more muitable (Rst2):- -

a0.58 &in V ............... (21

Th'e probiet ca=, be occle y answered iLn terms of sim&.ea theory
based on steady onditions of flow; iz practice a. easing has f inite length
and the type of end aonataimt is of .ajor i=portance. The tuke ;Lay beo
open-eanded, orit mSayb closed bysarseed-n plugs or by solid erisU IntegralI with the tube; In each eae the end atffeort results in coc'texity of the

- detonation wave Mytem and interfaels with the 'ocring' visnlid in Taylor's
:inilite tube. Some intaresting evid~eoe was obtained from early
experiments with the -aIl '1del bomb" aing developed at Buton; this
casing had a fra._menting length of 3,, in, interna.1 diameater 1-1/4 in. &ad
sateeIn. ezt plugs. Photognaphs mshowed that, on detonation (from one end),
tho c-aaing be02s= bLxac-sh~jsd prior to r~pture; the centra~l part waa oones.
sligtjy, a r-ugsted by thisry, but at ach end the tbe rae oonetrainsd
to its5 or.-4.n.9.1ldiamoater. Thie bulgin4 auggests that son of the Gasing
at the iAiltiakar endI will be pro")oted slightly backvwrd w'ith respect to
the axtal direction, sad this i8 borne out by later experiranta. with
tb~ot-walled oasinpB, oo=pleto detonation W. take place before the casing
beguns to rupYttoe. In pig. I thrac. dic&a A= o luirt hblonn

~'Cl~f~fw _Ik flt"11Tain
T____________ -1J'-I
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of a ossig during dfonaticn are shown; I& show tlhc orig~..nJ asing, a.M
ia lb &ad Ic the detonation wavv ase nrn4 to the positions a~s tnd±cated
CoInz the length of the casing.

With the introdwtion of now deeigna, a in- gt4de4 wnapons, it beoa
obvious that aLoosumt rist 11- takern of the position of the point of initiation,
the sPZread of the detonation wave, and the ed-effect, Thran the detonation
T,.,e :r te io~ thic. twel of e. m teing1 the tr twil=
Seo pr'ojected normally; it would ap oa thwctfore that angle. of projalwtiunz
of 0 aMd sit& V degree. are the Uniting oms orresponding with rad.ial

.rmt ioagi.tatua2 detoatiom wan.s, and that the irnflasioa (if a aixple
*&S neti& f~ ftion af thet "gl -tr tLiz d"'tgbaati1on wa- n h

r=*&2@ f ta ~angubouAd providse a e m- of gradation btwen b w

Considar a oa-ing iznwhiuh th noml to toe awtaoe r.akn an anglg
with the rIts (flg.S ). lot tha nnzw2 to t!16 dwto-nati*L wart at £ point
on the am'ofo have &tncationdc, aLl cmgls being acaatamd fr~n the =zse.

.et w AJ#~s 1 wir aiftul t e a treant sinilar to ?vr s(ns04 'i

in view of the ccmslnxity of the a-,ok wan mytes, but we -boll attowt to
extend his arg~flnt lass rigcrnfaly. if the velocity of detonation is U,
thern the apeed along the xaio &t the point of interseortion of th p
detonation front and the st'rfaoe of the os-in ta U MM (jF +.w -P -l
?4 the asing behind the detonation tarot. deflected tbrouh an angle 6,
then, by qO2yng u~imi-er r2s-aaonng to that wzAd for long tubes, the r msultc~t
speed of the cu~aing iz el Sin iu adi.ctoan whare

sins am V 006 +~ cope*eae...a.a.**a.fe (3)

Thus the fra.4ct ear aefl (I frvathe nors&l to the wrtaoe (ayq frcc tho
dotantion front) by an att L9 whon:" is the anete between the

rzw&l to the detonation wav and the, suef&*e of the os-sig. ?Uis angle
may be eswtimated, o n the b - a of Sqgen';a prinople. With 'moat solid
fillings, wher, the velocity of detonation in tbe ooter is Llmoat the sa4k
as that in the main filing, the mral to the detonation friont =&7 be taken

athe streI,4t 2Lim to the remi*Lt pomint on the letonatoar ea n'fae' whom
the at ige onsists of az aumltu Of txplosive, suitable ad taszt mwat be

L. tolavey tIla to (3) whicAh tekia goout of the abqie of the
detoration wave wauggested by Shapiro (Eef.3). Shapiro regardead the

p~nofnaof detonation froc the viewpoint of a& aationary obserrer at an
Taylor pointe out the process iA very "oplex aina the expabding gases give
kinetic 67 to different part. of the ease at different tiws,. Shapiro
u~gemd that, wttm the detonation wsve reaches a point P on the avurfae,
the 04fl bamsz to * oratflrdZ with velocity7 V 2in t .n St t detonation

travels along the cuing to a point Q oz'iginfa1ly a distance r sec + toe)
f"roms P ad thuse the deflection frrt-, the nals to the surface is given by

tane V*tS.Oa*O*O ()

2u

Ibis atavaent is m islenaing a-- it suggests thAt is a nabAaxre Pfthe
ovrnrtire of the casing following detonation, wheram iL fact 9 Is of the
ardor of -,where 6 is the angle through which the t -agent to the aurfene
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nOV85 froza4-- orjcgral pOI!4tion tO the =Cmnt of nrojeotion.

is emphaaised, hoverer, that forflas (3) a-nd (4) give aImost
identioa,'. results when applied.

O-3J3iS 0? ARCS

-t is appa&rent from the pre-ceing secotion that th er mar
pxroblems t-o be investigated in order to standardise the proo-sdurea for
prodioatiig the wigClar throw of tr-agmants from a warhead of gins sine,
shape a-ni fillIng.

(i) The vvlocity of det-onation is known for various explosive
filligs3 buat the effect of shape of the det-onation 'rave should bes
investigated for cases where t':e rave does wt aas~ a steady aspe with
reepeot to the wall, for sxa=.i8, in e-nunwer charges with ay~stria.2 or
saymmetrioC. initiation. So:-- &z-peots of this =roblea have beac studied
ar~d a report is in preparation (Ref.4).

(11) 11t is necessary to study t.he velocity of fragments ori-gnating
from different points alog th a Length of cowing. The si-pefrua
suggested by Girney (Ref.5) have be-en fittod to a wide range of data and
prov-ide good estimtes of average speezd, but it is tzxoertain to what
extenzt the variation of speed frois diftferent portions of a shapsd caslig
may be attributed solely to variation of V3c ratio. The degree and tp
of end restraint are be~leved to be important factors.

(14±.) ?orzfaew (3) and (4) aesoribe the diwperaion from a warhad8 wh ich
dilffers in two respects from the sirlpie cylindetr cantaining a plane
detonation front. Acooutov ls taken of the point of initiation eMd of the
raot that the casing Wa have a cur-ved inr surface (in the axial plane).
:t may be n-cessary to study these factors sape-rt-ely. Moreoveir,

independently of the shape of the inner wall variation of the ourter nltO@.0
of the =.siag Wa alter the throw of fragmets. 3Mn restraint must also
affect the iape-aicn of neighbo uring fragments &aprt from affecting fragment
Ve 1zci1ty.

(iv) Thle meohenlml properties andl dimensions of the casing, methoda of
comtrollng trantaton (o~g. Srooved obargm, notohsd rings, pofr
rragznnta) m&y e&ffezst dispersion either- by alteringt velocoity or by
mazhanical interaction of ad~a~sct fragrmts. Additional factors anm~tearad
in warhead dasi~z, such as the effect of fairings a~round the casing, must
also be onsidered.

in order to obtain th,-.s infer-ration, a L,15tc"za~~Lha
started. Htost of thz trials wilbe made t.'th azll oeingap fragzented
i-n a. str"awbcard layout giving almost 100 per cent, recovery, The strerboard
pa"k of height 3 ft. and width 18 in. or 2 f't. are ar-ranged tagentiaolly
along two seo ic:rculCar arcs at di-stances 5, .3 or 10 Pt. frvthe casi-ng
(Pig. 4). '.-'e asing is3 suspended in the centre cof the le%, ut with its a=ia

v~rioC " in. above packs la-d on the ;,nnw'd 7'h^ atr~wboard paeks wre
markced in ]rrizont.lI zone-s each repres-en-tig a 5-degree arc from the ccetr-e
of the casing. Multi-veloity screens onneote1.d to an argon-l=
ch.-ow-'aph are arranged in the various zones(ais t-Wo or more
vertioa&.ly i-n one zonn). The casing ta engraved in orciot to assis-t
!oor:elation of both scpa! and direotion of flight with the origin of the

SELRITY INFORMA
CONIDEniL



ftagrsnta on the o-sse After detonation, the Posi-tion, maza and depth
of penetration of each fragmant vfre rackorded t'ogether width az asooiated
velooity aMd an estimate of its or4.nmal position :Lm the oeam. Thee
raw data provide the means of examning the spetid, dispersiot and mass
Zaitrit .ttn of fragzents from th-a aides of osae-d charge with dItferdnt
conditiLon of length, diaeter, shape end zmteria.2 of casing; the affect
off method of closure off the enis3 of the case, the positio n oi the point
of initiation, typo- of = ~?aad (for -r'l"&' &hrgem) the- diotribution
of erAlouive within the casin can &law be etu~ie4.

The first ezpria~ts in this progra~ ha"e been analysed end the
informaticn which concerns fraZsnt disprsioz extracted. No types of

zaii dLeIa 1-1g 6- ; -- - (?.'1,5 ). The first was oyliu-oa&, wthn
charge length of 4 in,, internal diameter 1,25 in. "M wv'l thicksas

0,i5 i 4; h" %asiag W" tiflld w"t4 Qomt =lt=m'5/4 with inzat 0.-..
boostex, 0.55 in, diam.., 0.4 i" long, initiated on the axism at one erA;
three os~sing ware fiLred for natural fragmentation aMd three with g'oona4
charges demigmed to produce 10 staggred rows of 13 frlamamta. The seriod
type was & cinl-h basrrel-shapad casing, again having a. chauge leng8th of 4+ in.,
wall- thioknsuz 0425 in. and internal diater varing on & circular aro
trcnm 1.25 to 2400 in,; the filing was R/tM 55/,'45 with similar and
initition, Two brnlIs mirt fired for nAtr'aZ frapnetation and a f=rte
two contained ~I'oond charges having 10 staggered mooctions, etch with 20
grooves. ?or both typo. of caaing the grioove-d charges ra*re prod=.d 1
trarting flutitd rubber liment Into the asings prior to tilzing (RofA)
All the caqing were caftet- at. each erA to take sc=rwed end pieies; I in.
thick.

The two mrdal casings form & usefulZ starting point ror testing
diuperaion th. or an' the analysis of data hasL beon co-ordinated with an
ezaaination oft data from full sosle static trials of G.E. warheads
The data employed are as follows:-

(a) Yo del cai - oylJind~e
Ntt'nl f r, a entat i -An -Berme 1; 3 trials
Control (grooved charge) -Series 2; 3 trials

(b) Uodel casingS - barrel
Natural fragmftation Series 3; 2 trials
Control (Scomed charge) - Seri es a1; 2 tr ials

(o) G, W. Blue Sk' (trLis 1*, 5, 9, 10, ii) (RR27)
Control (mcthe rings) -5trialsjf

(d) G.E W.Rd Shoes (trials 2, 3, 4*) (Ret.?()
C"otrol (pn'= fcrmd trspents) - 3 trials

=nS RnmaYAL. iMSrzs

The dat-a relating3 to zpatiefl diatribatinn from, Saries 1 to 4 Aa xhvn
im the A&pendix (Tables 1-14); =Wh %dditional information concerning ams
distributions, penetration into strsxboard; secondary break-np, eta. wtfl
be dinissed i-n a later report.

The zones in th: strerboad L~'out are defined with respect to ths
aaentre of the e-sLsing but it i~e irnporan: that the angle of thrcrs of a
fragntt mshoud be maaxured from its point off prv. u4ULom fr=m ti~ w-IL. a-
error of 2 in. for ovcp:L wi-.l result -n. an aeiable error in sLngle
exsecially7 for ffz-apentis colleoted in the 3 ft.-adixa Packs. :A the G.E.
trials where fragents &re oo2,octed at distanoea 30 and 45 ft. raM casing
art fraented writh the axis horizonts.l, the error ii not so great. in
order to make this. correction, ane i-n fact to enable a precise atwr of

diwprs~o phe~ni~t to dealrsble to brvea ome Meana off identifying



fra&gets with respect to their point of projection. With controlled
rae~ntation this is comparatiraly simple, &L3 the stggend rom of

fraegn~ts resulting from the r-oored charge are easily idktified; with
natural frg-mentation great diffoculty has baem experienced in suitably
engaving fragets witlout a feotinj the brza'k-tp of the oaaLig, san it
has been n e4sary to develop a procedure for estimating the point of
pro jeoticn from the dispersion data itself. The target shhets from the
3-ft. poks for & shot from e&ch of Series 2 to 4 are shown in Fig.6;
the r-gularity of the rows of holes resulting from the ontrolle4 casings
is str4i-.ng.

The dispersion data for a shot or series of similar shots my be
represented by a weight histogram showinL percentae ei&gt of f'ragat
GooiwatsA anv*inat sknrnL_'r -nrn (A& f'7stA rr therM n~ N At" t~ hn% nL*s4n a)4
Histograms for the four series "e shown in ?ig.7: from each we may dra
a calatve curvp showing percentae waight of fragmented zaing oolleotad
forward of angle t, where V varies betwee o and 180 degrees (?i&4 8).
From the dimensions of the casing, it is possible to calaulate the n-rtticn
of -ight per unit length along it* length, that is, if we izaate the
caing (the portion between end plugs) to be divided into ten seotiGn. of
equal width we may estimate the percentage weight of each. ?or the wdel
bombs (Series 1, 2) these sections will each represent 10 per *ent, of the
oasing; for the odel barrels, (Series 3,4) the percentags are shwn in
Table 15.

TABI 115 - Vearaticm of weight along the logth of
a barrel-shaped casng

Section 1 2 3 4 5 6 7 8 9 0

I Percentage
weight 6.2 8.6 io.6 ia.o iz.6 i2.6 12.0 'o.6 8.6 6,2

The point of proection of each scction =;7 be =.-ud to lie at the
suz-face in the midde of the section in question. The &isaprs.on angle
(with respect to the centre of the casing) may now be estimtne from the
curves in Fig.8 by noting the centre point of the zones utich oantain
successive incements of percentage weight given in Table 15 for barrel
casings or equal increments of I0 per cent. for tubes. This dIzprsion
angle must be orreoted to give the true angle of throw from its point of
projection and this involves si2pl tritgometrica.1 caloulation.. This
method of eetir~aticn ha bee adopted for Series I and 3 since it wa often
not possible to identify fragments with respe-t to poLnt of proJSction, and
values are given in Tables 16, 17.

TAB.E 16 - Series 1; estimates of dispersion angles, dere-ea

Se 0%io- a.t ~etion I 5..rt. 00Jetion -Aver age
Angle fro= Fst~sted Angle f'rom simte at izate

a-entre angle o f C-atre ang'le Of
Projection projection

1 84.8 87.7 86.0 87.7 87.7
2 89.4 91.6 90,7 92,0 91.a
3 92.2 93.8 92.3 93J5 93.6
4 94 - 95e 93,7 94-3 9-7
5 95.;. 95.7 95.0 95.2 95.5
6 96.C 95.7 95.8 95.6 95.7
7 96.7 95.8 96.4- 95,8 95.8
8 97.2 95.6 96.8 95.9 95.8
9 97,9 95.7 97.5 96 2 96.0

10 98.7 95.9 98.7 96;8 96.5



TKU 17 =Series 3: estizates of dispersion angles, degre,-u

Sectin 132t. lleotion- O-t ofloton AVearage
Axgle froml Zs,?tiL.ted Angle from Satiz-ated 1 atizate

Ioentre angleo of centre anglea o f
pmjeci--mpro . CttOn

I 1 70.0 72,6 73.8 75;4 7"0
I 2 77.0 i 79z1 78.8 P80.1 1 C $C6

I 3 81.2 8L.8 82.2 83.1 83,0
k, 86.0 87.0 86.-3 M6.9 87.0

6 9-6 0 96.2 95.4 952 95.7
7 Do0.6 m9.1 99.8 99.2 95.5
8 1 U615 j 103e0 1 C" 1 103,21"

With the ocatrelled oaslrnga of Series 2 arA 4, the- dispersion anzln
say be estt.te,3d by7 it airect mathod and these "obseredY &glez uk 1:4
comparel with thoate *stiLzted by the r6-hod of etrapolation outlino4 above;
th" for Seriesf 2 -M 4 wj mmLy obtain. dispersio*n angle! in two ways and the
oowparisons are abon In Tasbltc 18, 19.,

TABIB 18 - Sezies 2; dizersion TfLIS 49 - Ssrin4 4; &tzpeteioa
angles (degrees) angles (deveas)

Sacitioz Batlzat ed) Observe-d Seotion Stir.ti FObCCruI4
aangle eage zle &agls

i 87.2 87.6 1 7L.5 72.6
2 90.4 91.1 2 77.1 79.4+
3 922~ 93.2 3 81.1 82.5

0193.7: 90 : 4. 85.8 87.4
5 94-5 95.1 5 9-1.2 93.9

6 9501 95.3 6 96.7 97.5
7 95.4 9502 7 104t 101.,2
8 95.5 95. 7 1 1o6.9 106.1
9 o5,8 96.1 9 110.0 110i.0

10 96.3 95.1 10 114f0 l13.4

It L emphit.{ustA thpkt i csntLf iocatinn of frtganta with re*peot to their
Points of protlection is to be, Preferred utenaer jcasible.

Thn orde? to test the validity of a forn~2a siwh Oz (3), we mutt
calculate the =pe,:ted- angles of throw predicted by the forfl'A and o~axle
these with observations. The erpuoted disper-si-or &n~gle ±p a tancdoz of
valoc-ity of prot ection V, velocity of detonation r.; and thea angles i4 eM.
which W.s be caloCllated from the dfrnasions of the o-sming; an acouwate
eatimr a of veloeity V is the most iacrtant oeqtremznt for the applicatian-
of the formaa, &ad we therefor-e nee to knw the velocity-of each section
0. thV a=O Theame have beean msazstae in -.he oo~so of the experm76nta and
are s1~wn V'aphioally in F'gs 9 an-d 10. Snooth curves have been :'ittmad
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to the Points, and estimated velocities &4 wn i= Table 20 for series 2, 3 axid
4; the recordings in Seriles I ifre naot auffioiantlyv nuercu to pert
loctLrate estimation ofl velocities ±zou ifferent poi.nts of a casing.

TAMA 20 Vlocities of fra~parto;, ft./aeo

Seotiona Stries 2 Series 3 Series 4.

1 .8. 4-850 4Z70
z 405C 5020 4450
3 4220 5230 4.630

44J4 5480 4.4
5 "IC1 5720 5050
6 4470 5950 5270

745,T617C 5450

9 4530 &,5C 5700
to 4200 6450 -575C

Ubtng t'ora (3) ezroted dizpcrsin angles have b-een alcaated and are
OvCr ith ths observed minues (Table 21, ?igs. 11, t2, 13)

?ABIZ 21 - Dispersion aglos, ccmpariaon of expected with obaierved, degr'ee

Section Sj~4es 2 Series* 3 Seriesk4
F F qested Observed Erpeoted! Oserned sxp*ae Ot. s-Wive1

".6 87.6 74"2 74.0 73.8 7L.6
2 M35 91.1 79.4 80.6 78.9 F79*4.

3 9-"3 93.2 84.8 83.0 84 .2 82.5
4 46 94.0 89.2 87.0 88,5 7

5 9".8 95.1 93.8 9-1 3 93.1 93.9
6 95.0 95.3 58.0 95.7 97*. 57.5
7 95.0 95.2 10243 "9.3 10a!.8 101.2
8 95.0 95.7 ,o6.6 1Co4..1 10i5.9 io6.i

I 9 5.1 96.1 111.4 107.9 110.7 10*0
110 94.8 95.1 115.4 111.3 114.7 113.4.

The data t~r series I to 4+ are derived fro-m thae froamtaticn of modal
casing; the resu.Its of a recant fiuJ.-soale G.W. f.ragntation trials
have been snAlysed by a similar mthd end expected disp-ersion engles
(OpauJAted from eus~ion (3)) oo=;arei with observed values. The axlgle.
togethar with an:othad vui-ocittes are givon in Tabi.as 22 an~d 23, end &re
&betn gr'phi"-2  in FIgs. 14 to 17. The 'zarheadz Rad Shoes and 32s~ Sky
have beean described in detail (Ref.7); the former is m.se up of pre-fornd
1/4-cs. fr&p-snta and for ccnveniemzo tne oesirc is divided into 20 sections.
The Blue Sky oauinj co~riaes 33 notohad ring., a$-b in divi-ded int-o 11 sections,



TAMA 21-2 Rod d osa ffaL, velcoits (:tt./ato.) and angioi (daot)

Sti tEzm,- Ob-- "

6750 67c, 2 64,5
27050 68, 67,2

3 72.r 70.8 69.5
4 320 7L.9 72,0

5 7532 75.2 74.46
7430 77.5 77.2

7744 80.1 80.0
740 849 63.0

974 85.9 85.8
10 744 89.1 88.8

744 9043 91.6
'12 744 94. 1 %-7
13 744 97.1 97.5
14 744.0 99.9 102
15 740 S0.5 I
16 7"( i 0.% 9
17 74W 107.3 I0"

S18 72 109.2 110.8S 7050 111.1 112.8

: 6750
...... .I _ 1lI_-- - I 1. 0. .

TAZ 23 Blue S4 "aa, noU .tin (ft./m.,n.) &M. aa (4..gm )

I 4.70C 1. 75.7
2 4.~OSi-.57905

3 5070 82.0 81.7
45170 j 83.3 83,7

5 5270 85.9 85.8

6

5350 89,6 88o

5170 9 9 9 92.7
9 5430 95.0 95.1

t5 350 95.5 97.5
11 5150 95.5 jI0.c

_ _ _ _ ,_ _ _ _ _ j _ _ _



4i) -or natLuca.! fragmntation, the average spee-d is a{)prox.rately that
estizated from the !rne f'ormula, but ther-e iz a variation along the length
of th-e oasinrg wlitch ic not actoru-zed ror purely by variation of' WO ratio.
With the oylindAiical casinmg there Ls a redxaction of speed tow"r~ the eras
oT the casing, which sugests that the type of' end confinement is an
irportant factor. There is 4oa suggestion that with end in-itition thb
mAaxz a pead of projeotian is not at the xiddla of the casing but at a aort;
diatamne from the cent"e ay f1rom the initiator; these oonolualonsar
borne Ott frOM to e results with the sell barrel-shaped casing. With
grooved charge control the speeds are lower than from natural fragzentat=o
and this may bea due to the preaernce of tho; rbber liner and grcoving of the
charge with consequent reduction in E.E.

The Red Shoeis data prov-ide a good saeed curve which is eyatrric. (eas
thec casing in &tic nd Intaincentra.) and ggain there is a.
f&ang-ot? of speed at the erds. -t is difficult to make oonpriona with
apme tormula.. si=e with rn=.e&r charge. theec fonmzls.a have not yet bead
ftl.y estabLished. The Blue Sky records are also very con~ee~njuin but
again d:Lficvult to tLnterprr owcing to a large fuse cavity which ran
centrally down on half' of the charge.

(Ui) On tb-c basis of formula (3) or (4) the expected distributions
aWee very well with tha obsecrad. There is ao=~ departure at the eras of
the casing which mVy repreasent a true &evttion. from tha hypothesis; the
.sstiatea of tragpnt speed may, however, tbc =eliablo In these regions-
and again, the method of extropolat-ing the dispersion aagles frm the dais
is faulty nea the ends of the casing (Tab ,a 15, 19). For naturcj
fraommtation it might b3 more atxtot to assooiate a dispe-rsion factor with
the t -o^retica2 formula; it isa certainly trues that fra~znt zone. overlap
to acme eXtent, though with controlled casings, especially of the barrelled
typ-e the angular pattern Is rerrksbly regular.

There is m'wh information yet to be obtained from thes-e trials, as for
exs: le, oa~pariaon of mas istributions, aeooMary break-up etco. T he
trials indicat-e further lines of research on angular distribution &ad
suggest that it shoulad be possible to solve the problem.

1,* G.TI Taylor; AnA&.*v*s of' the explosion of a long cylind3rical

bob inmitiated at one end.. 240-1S93, A2XC743

2. .V. ?7ieat; A-D.E. Teob.Note TZ1/12/LV2t

3. S.N, Shapiro; Aalysis co' the di.stri-bution of' perforsting
f'ragnta for the 9C0 =. WZI. ?uzed T74-76, Bur.Ating charge
T.N.T. TWIR-234.

4. a. Titman and 2A4J.W. Billingx; Shaped Charges, fnec~d
of' the detonation wave in annualar chargoee (2r; DRL:R,

5. R ~n~y .. Report iXTh

6. W.O.F. Shepherd and J.WK. &ibson; ControlLed -Frajentation, =L.
The developFent of' rubber liners for the groove- ohergc stimbid of
con-trolling tragmntatinn; Thxt-on Rerort E.19. -, A.R.ZO Rernort No.tSI I

7. A.ZE T:cb.Nct-e :2,/;.w.4



Th Aflenix r "tins the dretet ata trcs
Serioa I %a, b4 oonne<-t@& with matri~&±snu:o Of
trtgL~tS. Tabits iad 2 Z .ve raea ez deuciptions
offsoste uiAd oCfllcted ret-.ts. orpn n ith
n.~h beries there are f=u tab"les; the ftnrt giyv5 raw
data olLasS?±e4 in thre-e wys - tLntQo shots, e-ofleo-.n
arcs u4~ &iatpets±on zones, Ythxbtri M weights off fraem=t.
&2te 3&hfl; in the =abr ooltmn, & A first ntsb!,,r rvopnsx.t

brteketcd ntmber rvpresents the nmber .-ff holes w1~d Sn
the stnutoar4 paciks The acooni table, in &suon eocies

give's izt~e- and weights Of fmta~ntx corcecatsd Q-6
Ugree* ~ ~ ~ O~ LNP ~v d- c c-4.ig utict Lies l-tm

the az plugs that is, £ramncta ?rc the thr'ade pcrttcns
a. nzoltbe4 Ths ttrd &-a ft t taol ,s ah-s averg-
over collecting ercs* aM. shots,
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FIrf.-I

D1RECTioh of PI..GPIT WOAMA. TO CAIP40

NORMAL TO gTomrloom wAK AT p
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