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s B 'm: ROTARY EXTRUSION ¥ROCISS (U) - o .
E; - i (COMPIDENTIAL) - ABSTRACT S
¥ “ .
E' ) ' . Rxperiments vere conducted with rotary extruded ‘shaped charge linecs
1 o to determizie the effect of coatrclled msnufucturing pafancters oo the
s ~ ;
1 ‘. "buile " metallurgic& coapensztion effect, and 0 détermine the highest -
2 | cdmpensation fregueacy hhat can bé sttained with this method of ltner - - ;
3 . manufacture under present condi-biona._ The optiszun compensation spin-uate
i is shown to bave a sequentihl shift with a variation in Trocess parameters.
. These spin compensation frequencien are predicted from the exarination of - ; }
- Jets obtained by flosh radiogruphic techniques, The optiwum freauency for
E, eleven lots of 90w a‘p*.ri wental Xiners veries with chenge of procens : '
4 : parsacters, and covers the range of freguencies frou minus 25 yps to i
i ylus 35 rps. The predictions of optimm compensetion frauuencies sre ' '
L | - L' veritied by penetration va yotation ;::cperinents corducted ot Pleatinny Arsenal.'
1 - ) : . o
. ¥ Resulte of the present test are comperad with those of previcus
experiments, snd the usefulnzos of the 2istortion engle as-a specitication .
for optirme compensation i’requencv ia coneidered. The relative merits of
3 rotary ectruded and fiuted liners w.éer conditionz where eith«r can te used, ,
, are discussed, ) R 2
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.~} 777 The penetration perforsance of: shaped charge amminition ia da;xmd

‘ T .mea the projectile 1s.rutated. The delaterious rotetion effectd have o

: s been oycxcou by liners aanufsctored by i Dty extrusion proceu. . :
This procgu Yesuits in apin coapensation wiich minimizes the effects off \
rotation, but 1s. effective only at lov apin~rates. Previcus experiments " .. .
have indicated that an ox;t:ntn spin coupensstion (the rotatiousl frequency. . '

st vhich ths beat penctration performance of the round is cbtiined) depends

on the monufacturing parsnetcrs, The Ballistic Research Laborstories ) i
conduxcted #n investigation to eterxine vhether or not a correlation sctuelly o y o

: .
Lt exists hetwory

R TR T T
i no £
oy

msnufacturirg perameters and optimum spin compensation-

In 1951, a group of shoar—£orsed ccpper liners firad statically (1.e.,
without rotation) at th-
rerfowal‘ and the juty Jreerved rodiogrrphically ware found to be badly
) fragdmtede 3. To irprove” the metsllurgicdl structure, the liner was heat
treated to 9oo°c for :oue hour. ¥When fired, these recrysisllized liners. gave
3 / <. improved penetration pertomamel. The pror statie firing performance vas'-' "‘ SN

Iniiletic Reszareh Laporsticories gave poor peunctratioa

. laxrgely elizinated by this heal trestment, and a Jet winich i3 normadly
e S correctly irterpreted wilid experiments by the Firestone Tive and
= Rubber Coezpeny revenled that Ziners from the same group: (without heat
i} treatuent)
] - zeros’ ’. subsequent peaelraticu-rotution experiments with these ghear-

Ay

E 5

E H A

E<, .. ! - Teagaented ms fransformed €O & continuwo Jet . Thens ixpravements were
§
i

showed a renk of pPugtration g% e rotsiloa frequency other than

formed liners showed thai they had.a maxyzum peantration ot a gpin-fste of

*y s - .
’ (A ninus 45 rps7 . The existence of "huiit in" retellurgical spin compensation

!
o in the linera then was verified with flash rs.alngrw‘v-j . i
i
i

The results o: two aeparate axperinents at ?1restone6’8 zmg;gneted a
correlation batuwcen tha mumturs.ng parszeters for rotury eztngd2d liuers
and the obscrved apin compensation frequency. The spin compenganion "

- N , . . ’ 3

3 "Brocess nt liner renufaciure,

¥+ The coavention for wlgebraie sign of direction of rotation has
been taken as posiilve if the tast orolectile is- -potated clockwise
when viewed from the rear. This correzponds {0 & right hand twist

‘ of rifling in gun, .. - N . ‘
. 5
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frequencies ranged from minus 15 rps to plus. 30 rps. m\fire:tone reporte -
{ndicate that the méacure of dlwtortion angle, V, or metal displacesment. is
degendent on the conditions Gf liner manufacture, sod +hat the cptimum spin-
‘rate varies in ® linear tas‘uon with "¢, ' )

The objective: in-inis- experimént vas to reinvestipste the rotsry
extrusion process of liner munufscture wnder controlled. and precioe wanu~
‘facturing conditions, The lav satizetion -extended over & wide range of
diutort.ion angles, 0. The ultimate gorl vas to determine shether "Q° was
a true measure of, the "bul.lt {n" coepersation, snd to find the grestest
value of optisum compensation frequency obtained with theée rotary extruded
linérs.. . R

The evalustion vas a Joint effort between Picatinay Arsezal snd the
Ballistic Research Lavoratories. fThe prograa Qas divided into three pluses:
(a) The dztermination of optisai ccupensation frequencies at the

ERL by Ziash rediographic techniques, vnich is reported Bersfn. )

(b) The cbzervstion of optimum frequency determined independently at
Picatinny Arsenal by penetraticn-rotation cxperimeste wiich vill be Wd
on seperately, and | ;

{c) Investigxtion of the busic mechaniza responsitle for this
metallurgical cempensation vhich <111 be reported on separsiely by the ad.

The determination of optimum. frequencies (iten =, gbeve) by Tlesh

rediographic technimes ylelded results with s mintmmt of t(.stmg time,
since only & few Tirings were required, ss cuxpsred to penciration experiments

viich vequire lsrge emounts of target weterizle, end.a lsrge number of
rounds to obtain perferasnce dsta, The techoiguas used for flssh rmig g;nw

of Jets from rotating charges have ‘been 'deserived in previous reports
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inches (for s 90mm cone), 'The blenk is.centered in position on ‘the mandrel,
A live center clugs the liher material on the mwandrel. With the blenk fa
yositicn, a freely rota"cing forming tool of carballoy' steel (ten inches in
diameter and one inch thick) is lydrenlicelly xoved toward the confeal
_'section of the live center, When the 100l resches vhe conical sectica, it

< $9 stopped snd a microsvwiteh contest sturts 1t moving downwsrd to forx the
-cone, “Tha materisl is shesr-formed debween the rotabing msadrel end the
roller of ‘the forming 120l o the deaired liner specifications. (Those
sarticular liners are sunufsctured sscording o dvawirg I%-135.19X0, cone .

. O0un MICSELS. The cone angle is 45° und £inal cone thickesss 1s-9,093
inches), After the liner bas been coupleted, the roller retwrns $0 its
starting ypooitiosd, and another tlank is inaerted.

B. Forsueters and Heasurement of Deformation Angle

'The minufesturicg peraxcters of rate ard direction of rotstica of the
mandirel durizg extrwsica, sud rain cf foed of the forming tool may bhe vard
independently, Within the deafjn linita of the equipsent. The overall
c2rect of these pureueters 16 weasvred by the sacuat of wcisl dlsplacewent,

uring the prc'ceas ctf"x'ctn.rf extrurion, the thiclmess of the blank meberial
moy be raduced 504 in one pess of the fonmiing whmel, A twisting aciton is
ayplied o tho materisl es it 1s thinned., %The-metel dfopleceaent coused dy
the twisting actior 1s deaignated as the dsformation sugle, 012,, This aagle
" is detersined by mezns ol 4o lines scribed on the bianks at 900 to each

oA

~othen, end inberscetlng ot the guometri‘c center of the blenk {apex of the
scne) ae ahovn in Figuwce 2a. The seribed blenk 1s then rotary extruded with

¥R - oxygen~iree high confuctivity,

A " CONFIDENTIAL
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5 . A.. Description of Process s L
) The progess of rotary extrusion: aplovea at the Craft Manufacturing - o
. & Compeny, Chicsgo, Illinols, vhich jruduced the liners-tested, is mmmm ) o
- ':,'} “in ngrtlr The operation starts by stamping md cux’p&ng a.blank of om:
) tf‘f copper sheet, 3.5 tnches in.diameter, wita sn- nit{al thickness of 0,225 R
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SR . the scribed surface in contact with the rotating mndrel. A grid grges

o T e designed by the manufacturer is inserted 40 the lfner to messure "3 -
AN o R L direény (see Timure 2b) The zero luse of the ma N“ at the 0.765" .
L L N3, eatum sfrale i nligxed vm; cach of tte scrided lins on the cone,

. ‘Realings-for tbq angle "0" wre \akm at the mteruction of the scrited
line with the 2.629“.56?.\! circly on the grid'gsge. In Pigure 2c, ihe
o defornition angle forwed by the serided lines with both clockvise and

.. ) i countexr clockvise rotation of the nw irel, indicctes ihe displacement of
AU . T < the seribed lines. : )

In order to vary the defcrrition sngle, the astufacturer rotated the
mandre). at 1600 rp= either clockwise or counter-clockvise, sod varid the
roller Teed rate froo 0,78 iuches per minute to 17.02 inches per mimte,
S ) . This covered the range availsble with the axisting rotary extrusion =

) equipment s~ Thé porinal deformation angles were measured as follows: =15,
¢ Co <10, -5, Q,. +5, +10, 415,420, +25, 435 snd +45 dagrees. The numfscturing x

A paraseters and -the resultant deformaticn angles are lisvad in Table I. o !
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SEE PO o LIBCUSEION: S _
A. rluh RAdiography ‘ .
. ’ Althoush ¢lssh radtosraphs were: oz»uinedfcm esch 1ot of liners, a .- .
Tevw muatrationl ghould suffice to Jhow the type of results obtained,
e ard - how they vere eva.luat'«oid‘. The opti@ spin coapengaticn wvas determined o .
‘ by the charastar of the Jet stracture., Coatinuous Jets or jets having only ¥
slight Jongitudinal fragmentalica indicata spin-rates nesr the optimun, |
‘ vhile » severely fragaented or bifurceted jet indicate. opin frequencies far .
' - -'e-m\\i froa.the optimm. %he Sequence of rlazh rediogragas for lots A end 1
‘ X, the tw> extrezee of t.be lots tested (deforiaxtion wngles of ainus 15° and
| plus kSo, resprety vely) are civen in Figures 3 and k.

o

' Tue jets from unrotated (berzss for each ot, & through X, are showm

: ia Pigere 5. The radiograrhs are arrsnged by lots, in order of manufroture, ‘
. from lert to right. Prom pletures taken in this senner, the Gegree of spin
(. 4 conpenration In o particwlar lot is L:dicated by the anount of frogmentation.
‘ The more severs (he fragpentelion sod Nifurcation, the gresiar the ‘Gegree of
*built in® spin cowpansation. The wmeznitude of spin ecoxpeazetion Ireguency
. ‘ sanzet be dnterpreted froaw the rsdiogruphs in Figure 5. EKowsver, the
quatitative natuwre of the Jet, cochined with the Jmowledse of manutusciuring
oxder, 2llovs 04 to plece the Jete in the proper sequenlind errengewent.
Pron 4h2 laterprela .tio- of the jet photographs, it can be seen thut lot K
{Fipure SZ) bae & hi,_,h r gpin compenzsticn fregquency then ot & (Plpure Sa);
the lots & ond D {Floures Sc snd 5&) have lese spin ccmpensation than lots
AorX. ‘

The porformonce dath, beeed on estirmtes Srom all the radlogizpds, are

cma Ame . st en ae

Pr!aen’te;! in Table I. The cpiizua for each seb of manuferturing parameters

was estiwstea by interpoletion from the redlographu, 8 cycexcf.rical patiern 3

ebat the optimm having been shown Lo exist in a aufricieut mnmber of cofes !

tq wsrrant the assurpdion that it exists in 21} cases. Tabulated with tliese . ‘

data are the penetratlon-rotation performance data ovtained ot Picatinny . VT
Arsecaln ’15. There is agreerment, within the experinsntal error, between the L 4
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BRL predictions and those from firings cohdmtaii",w Picatliny Ar&%:_nl.
The peneirationqotu*ion firings give-a ux.nm pe;xetrttion or 16 to 17.
inches of mild rveel at a five-inch utandotr. ‘I‘he gensral aprpeamace of
the jets, &s obahrved tn the fiash radioguphl for all -lots, indicates
that the penetration at optimum frequency for m groups should de at ths
sfae level, and that-the optimun frequency shifts progreseively eos the. ..
asférmation angle passes from minus 15° to plus 45°. In Pigure 6, tx
8pin compensation frequency is pfotted a8 & function of thy deromst.‘ion
angle, Least squars fits of the ovserved dats \ns»d on flash .. !Czraphe
of jets, und tvo sets of separate data ohtained previously by Firesuome ’
1p‘penetraticu-rotat.ion experivents oy similar liners ave given. The FIX

obtained by the flash redicgraphic techniquea ase represented by curve &,

“and the I*irestone data by curves 2 and 3.

rlach rediographfe techniques provida a more sensitive mathod cf
deternining optimum spin campensation {regquencies thian the penstration‘-
rotation ex?eriments'. The penetration performsnce curve i quits flat
near the optimum frequency, and tha precise {requenty of cowpensution for
the pzak pene‘::-auion in aieef 1cu.t to deteramine from this type of dnla.
However, the distinguishing Zeoatures-of a spin compensaticn jet odtained

froa tfiash radiographs allov ¢ rovs preciss selection of the cozpessation
frequency o be wvade, - T

. The data collected at the Ballistic R‘eucarch Laboratories cover a
J.nréer range of defcrmatiop angles than those represented by the Firestone
experiments, Over the ge of deforrntior ~ngles covered by both the ‘
Firestone and ERL data, the osptirmm gspin compensut. a frequeacy does nci )
differ by more than five rps for any particular angie. The sseror in
estimating the ccerpensation frequericy from flash radlographs is considered
to be + five rps, The curve represeated by the more extensive Firesiene
data, curve 2, follows the BRL data rather closely {curve 1),
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L S. Non-deatructive Incpecticn’ reclmigm a T
. - Results of the £2ssh radiographic mve-ziption have been corrcisted -
"-§- ¢ ith results obtalned in & separate fnvestigation conluched y-Gajter end”
S - 0hn9 ol the BRL.. Sulplu of rotary extruded liners taken from elcvea
lots used -here were-subjacted to batk-reflection x-ray diffrastisn. s todies
. at several Adifferens aept.ho &:—v.gix the vall thi ckncu of the line:w in ,
" order to deternine the prefsrred ofientation in the. erystal structure ’ ) 4 4
that is inlioduced by the nethad of muractnre. Nea_surenentc- of differences ‘
in twvo intensity maxiza in the preferred orientation. vere correluted with oo 3
the oplimm spin frequencies cbiained frca eech liner type. Pigure 7 ix
" e plotot the optlmua spin Ifrequancies determined by the radiographs of ) '
each liner group vs the differcnce ia intensity nw:ifua. An approxizately )
linear relatlonszhip resulted. )
‘f Purther ntm.iev9 heve. muc;.«x t.b;t s ctmpux relatlonship exieta
between the surface orientatios and the eriéntaticn in the raterisl wnder
the gurfsce. It is bvelleved ih.\* the sub-surfase-orientation is the
doternining factor in the metallurgical opin cosprnsation yhénomenor,
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" (CONPIDENTIAL) IV, cowuRIONs . T H
These experimental’ remlin indicate the t, \dth present xnovledge »
‘Ltners unuroctured by the rdtlry extrusloa proceu can be conpemaf.ed for
rotation effncts up to 'requencies o, s m" iu.u.omyx ihe highest
- ecmpensatlion treqneucy attained in these aperh-enu was 33 rps, 'previouu -
experiments wiog 105oum shear-formed liners have ahovn & comperdation
frequency limit of 45 rps’. "

B e
«
v

AceTio

T TV ™

The possibility of attuni;:é higher optimmz spin-rates by the rotary

i extrusion method ot liner wanufacture does not appesr promising. Liners

] with deforsation sngles greater thzn 45° are diificult to prodwce with
_good dlmensicnal guality. The liners of lot X (+ 45%) showed snnular tool
rings near thé liner epex, and s geoup of 105am liners with a 90°

* deformation angle liad a considerable daviation from liner to].ermceém. i

. The optimmnm frequency for the zone with a 90° dlstortion angle wes 20 rpu‘w,
v The exrerimental evidence indicates that the deforzation angle for maxizum

compensation frequency resches & upper 1imtt and then decreases with

increasing deformation angle.

Bl i oo, i b
SN N

s i 1o

. e

pa———,

. For, the 0um T300 HEAT rovnd which requires an opiivum compansation
freguency of 25 rps, an inspectiion technique of the deformaticn engle
mMeasurenent betweern the range of l‘§° to 350 is sufficient to‘obta.in the

reguired sompensacion fregquency for this round, 4

spin conrpeanition frequencles. Fluted l'hzero*h designed. to compensate

“at 30 rps (é(hm 7108) have been tested and penetration performence was
greater than that obtained with rotsxy extrided liners. For compensation
at higher opin-rates, the fluted liner is necessury, since rotsry extruded
liners have not been showvn to compensate noove 45 rps in any caliber,

Kt

4
i
k 3 N Consideration choulid dbe given to geometricsl fluted liners at lower
I
{
i
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| ..+ .1, Phebus,-R. L., and Rassenfosc, V. 0., Study of.the Effects of ..
RS * Annéaling on the Psnetration Performance 0f Copper: Shaved \.}mf_g_e. -
T e - Liners, IRL BW,?;ym,oaIm Transactions, Nov. 13-1o, 1.951". e :
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2.‘ Lernow, L. PJst&c Behavior of Polycrystalline Het&ls at Very Righ
lratn Rates, Doctorul Dissertation, Johns Hopkins Univer licy,—IQS’t.

~ 3. Zernow, L.,' ;nd Stron,; J., Flash Radiocgrephic Study of Spin ] g . -
- : Caapensatica in Shear.Formeds Liners, Shaped Charge Jowrnel, Vol.'1, '
3 I o. Iy Jely 1955, 3.100. o : « | 1

. 4%, Zernow, L., end Sixon, J., Hizh Strain Rate Placticity of Liner = - .
. Materials snd Jet Behavior, BARL KOs G4, Auguat-l955. > o3~ " 3

5. Supplesent to the Sivth P:ogres.; Repert of the Fizestone Tire and
Rubbey Cc.- aa Coatract Da-1-33-019-501-CRD-(P}-16, Design and .
Developaent of € ziridge, HRAT, T30 for $Om Gun, T119, October 1953.. ° N )

6. fnirteenth Procres; Reyorts of the Pirsstone Tire and Rubber Co.,
Design and Deveiopment of Cartridge, Bi&Y, TXX0 for S0 Gum, TI119 .o ‘ ;
under Contrest DA~1:33-013-501-0RD-(2}~16, Project TAL-1450, Hey 195k, .
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T. Yarty-firet Progress Repor% of the Firestons Tire und iiubbcr Ca., on
BAL Project, Contract Nos, DA-33-019-C8D-33 snd DA-32-019-0RD-1202,
Decexbar 1653, pp.43 and b6, } . ;

8. FPifty-sixth Progress Report of the Firestone Tire end Rubber CO.;
BAT Projecs, \-'..ztract Dk-3.’)—019-0ﬁb~1202, March 1559,

.
-

9. O&Lner, H., snd Clasa, C., Forthtoming report on the investigation . , )
of metallurgicas spin compensatior. - }
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rotution experiments.. . i .
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- 1%, Letter Trom Yirestone to BRL, rile No. CI-58-1303, doted 11 april 1956, .
Static Penetration Test of T-300E53 Produchion Engineering.
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¢ . Duformxiics Iriimuss of Oprizse N Treatratias into
g ) . ¥andral Rotaticnm Yool Dade dagle . Scsed 211 steel.gt 5
: Sot Xo. | =mate ()1 pite~tiog Toches/zizuta | (Degrees) o Swetognigns (M2)re¢] Ort, Freq. (RPS) | Stande?s (Laches)
A 1500 Cloxkviss L.55 -15 ~35 -0 16.3 %?,
B . 18%0 Clselardsa 2.61 -0 <o -20 %8 i
- ~ . x . N s
. ¢ 1800 Clociries .7 -5 -8, -8 16.3 ff;:-?
h ) 1800 C.Closklas 2.00 . © - e 410 167 E":j
x 2800 C.Clockrine 1.13 5 < +10 1.2 oy
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3 150 | C.Clottnlpe 2.7 B, ~ 3§ ’ -
b 4 1500 C.Clockrine 17.02 131 -3
#  Peneinctiva Powporannsy 13,15 )
AL dats supplied by ©. Zglealedt, Plestinay Azeennl™ 77, ° i M
** Penmtration-kusetion firings for Jota 7 utivsk X inlMcata s reage of
. oytioue fidqueacles for & glven feZometicn angle. .
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FIGURE 3~ FLASH RADIOGRAPHS OF (ETS FROM LOT A AT VARICUS FRE
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