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TOWINAL MU.IST1C StOfl OF FLEOilTTM (U) 

An-T  VJO   ballistic   liaii-a   »r*  <l«iani»<{  *ith   tU   rL-17,   FL-1TC-4. 
10,    IS,    1«,   »d   1»   (l.ck^tt..   afaiaat  «laaia»   Ut«»«a at  0*  obl>»iiiyi 
*»4  »ith  (ha  PL-IT,   0,-170.6.    ud  PL-ITC-13   lad   16   flackatta«   a|«Uat 
alwaiM«   rargat«   at   45*  abli^aity. 

trnplf-img  tka   balliitic   li»ii data,   daMarra-typa  aqaatioaa  aara   de   i»td 
far   tha   llacbatta  daaiga*  aad  abliqaitlaa  aMdiad.     A aatiafaaMry   raprc- 
d«aUM af   tfc-i  balliati«  data wiUia   ■ auiH* arrar of t% waa obtaiaad 
aith   tba  aqaatiaaa   dari>ad.     UM  9ii»*r ot aHfgriijUy of  tlachattaa   afainat 
th«   alaaiaaa   tarfata a*al«atad < 1 rc 

tßaHimi* 

1. PL-IT 
2. PL-ITC-10,   13,    U,   and   16   (all   aqaal ) 
». PL-ITC-* 

1. PL-IT 
>. PL-1TD-6.   PL-ITC-12  aad   16   (all  avail 

'• —;—:-j£  c. A. nmu 
bflaaarinf lackaiciai 

4- ••Jtar 

*A.!.i: 

taaa Araaaal   LaboraWtlaa 
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Am   r«rt «i   «  c*BtiaaiBt ■(f»(t  te davalap   .■prc*«d  enlatae   aanBittMi 
fat •t^ior**»*- ttfaiaafe •■■■*<]  iafutry  laaaat t*,   auch   ■■  •aeeoatarad  la 
Koraa.    vöa "ffei^m       Cjrr-  ha*   baa»  iBTaa»i«a'i»|   fl   ah«tt«-tytia  aiaailaa 
• f Tarioua 4aai|»a.      N««wrBaa  ^aai^a ha*n  baa« •valaatari   for  (tifltt 
atabllitv«   ra>fB-val«eitr charaetariatte^,   ^aaKtit?   and   sis- «f   loarilag, 
peoaany   af   tahricaUoN,   affact «f Baauf»ctariac  dvaiatioaa  oa   fllfht  par- 
fatuKca,   at«.,   Wy OrAiaaca Cotpa  eontracMra  tadar CAKtracta M-33-001- 
(WD-lüÖ.   IM-33.MI-C«tk-1IST,   MJ UA.33-Mi-OBD.1561.      Aa part af   thia 
prafraa,   >»ta»tov)-   AraaP-J   had   baaa  ra^aaakid  to coaduct  tanaiaal   balliitic 
■ utdia«  vilb  ««rims   fla^hatta   daaafaa   aj^aia«!:   lifhtaaigfat anaar  aat-rlela. 
aaak   «a   aaployad   ia   anarad  aaata,   balaafc».   Bad paraeMal   carrlara.     Mato- 
riala   okaaaa  tor  ihia  atadf van aaboadad nylaa,   alürtj—,   aad Hadtiald- 
aaBfMaaaa   aMal.     Tfcaaa aatarlata aara   a*>lnatad   »ith   tka FL-tT   (i-araih) 
flaekafte   at 0°   aad   4SS  obUqaiiy  aad   tha   laaul tiag data pabllakad.1     It 
aaa   e^aeladad   that  oabandad aylua,   aad  prab«biv   all   fabric aatariala   tkat 
fail   to  dafana   tHa  niaaila,   affara  rary littta  brl lia ti« tyaiataaca   to 
tlaekatta   attaak,   aad   that Hadfiold-naacaMia   «taal.   hawwaa of a   rafrattabla 
lariatioa   ia  balliati«   prrfDraaaca  of  aisllar plata,   ia aat aaitahla   tor 
dlaciagaiahic«  «ariatioaa   ia   ball.atic   rarferaaa<e   of   iadiridaal   flachatta 
daaliaa.      Accordiaglr,   it  aaa   raeaaNaaadad  that   (aMra   taraiaal   halliatic 
flaehatta  atadiaa  ha  eaadaatad  «iU  alaMiaa« aa  tha   tartat aatarial.     Thia 
raport  eaaara  thaaa   taata  aarf  alia iacurparataa  tkF   data praaiaaaly  fatkarad 
with   flaehatta*   ajaiaac aiaaiita« araar.     Of   tha  aavaa   flaohabta   daaifna 
atudiad  it  ia paaaihla   to diffaraatiata   het«aaB   paaocratiaa partataaaca 
agaiKat  UM  alaaiaaa  araar Batarial   aad   ta aalact  tha aiiaile   that aakibita 
optiiMn  parfomaaBa. 

It aaa daacaad daairaaa to aataad tka kalliatic liait data ta Ui^.r.- 
Taloclty lerala, kavaaar. liaitatiana iapaaad by atractaral lailaraa af 
tha «ariaaa flaehatta daaifaa dariag aa —hark id laaaekiaf (roa the gun, 
raatf-ietad   tha apyar  ralecity   lisita   that  caald  aattafactorily  ha  aoployad 
■ith   oach   daaiga. 

Tha   fatloaiacr   aavaa   fiachatte  daaigaa  aara  aaplavad  ta d«tarai> 
balliatic   Iiait data   far  taafariaau  at pai^tfatio«   vartaraaaea: 

las. "litii 
1.      PL-1TC-4 4 Gralaa 
1.     FL-lTD-t « Graiaa 
I.     n.-n 8 Graiaa 
4. PL-HO 19 10  Graiaa 
5. n.-17C-)3 12 Graiaa 
6. PL-1TC-U It Graina 
T.      n,-ITC- 16 16 Oraiaa 
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Ttiva   flocbaltaa   arm   Ulattttt-mi   in   Figni*   1   tog«ikar with   ■   tabulatioa 
of ■••a   iimnmiom».     In  or4*r   to Ht'ili»   tlM  prcnoSB data,   accuaalatad >i tk 
tb*   FL> IT    tiachatla,    tiring tat   ce'-tinuad   «i Ih   this  rfaatgn   m   prefer—5(    to 
tha  latsr  ft-17D-!.     It haa aiac«  bean  dctaraincd  that  th» ■••ar FL-1TD'B 
daaign,   >hlck  dUfur»   fraa   tk«  ff^t?   in   noaa  e*»fmr  »ad   a   .COS"   !ars*r 
diaia«ter   acraaa   lha   ftit«.   «xklki ta   auparior  feloci ty-daaay  parff>r«BBc*   u>d 
■«•atar Je^tk   of panctratiox  laia  eelotox  targata.   partiaalarly in   ttw   ■■r«(- 
acaie   raJocry   rafif««.' 

B*G*aa«   »f   tka  pr«»ioa»l¥ ■otad  liaitatlona   iapoiad  by  unbcndaJ aylan 
and Hailfiaia-«i«S|a»«B«   ataa'.   aa  a aeanc   of diffaraOiatia«  batvaaa  ballistic 
r-niormmrm  ml  tka  »arioua   fleckattaa,   3034-T4 ainatinnM  alloy •■«  ttBployad 
aa   tka   tarfat »atarial-     Anv Vjo   balliatis   li»ita   ««i«   datanainad  at 0* 
and   4SS obliqaity againat   tka   tarutt   i,klckaaia*">   tabalatad in Tabl«   I. 

Ja   nrdar   ic  BTalaat«   tha  a»,     panatratian   capabili tiaa of   tke   variMia 
flachelta   dmtigmt ■  nanbar   of   ronnda  ol  cask  ware   firad «t  tka   alutnin«« 
taifata  and Aray Vjo   balUatic  liaiia   d^tan»    ad.     A aafflcivnt nnaliap  ot 
Tounda  ««ra   firad  au  tkat   ppojaetlla   dafaat  and   raactration n(  tha   urf*t 
■sra   aekiavad alar   tka   *ala<city  raafe   traTeraad.      Aetordinf  Co   tha Atmy 
critavla,   a caaplata panatiatiai ot %>*  amvr «Ccara «kc« a hoi« er erach 
nm   tba   ra^araa  «id« ol   tka   plata,   sanaad  by   t-h«  aiaatla   ispactinf   tha   tartai 
ia   aarfieiaat   to parait  tha paaaap «f  lifht.     Tka VJA Amy   unit i» tkat 
«•iaclty   at shioh   a S0% probability «aiata  that   tha  iritaila   «ill   ackiava  a 
cM^lat«   paoatratioa »t   the   anwr.     Tha   raaaita   i'riai  tha  baltiati«   taat 
plat«   ftrinia   an incorporatad ia   tka   fallowing   forwuta   (or   tka calcalation 
of tha Vso  balliatio llalCt 

IV  * tfW - ^CJ 
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fir    ■     HigtieBt   nlocitr r**iiltiBg   in   ■  pMHUd   pvnatrBtivii 

VLC    '     ''<l«*at   »elociiy   raaul tia«   in  a  »»p^cie   paaetration 

W'Sff    '   ZBM*   DI   aived   raaulta 

£?     -     S» of  valtfcitica  -ilhin   the   icu.d   of  nisad   EMtlM  ianluding 

ffP      ■     NuBbcr   of   partial   |»B« tration»   Mithin    tha   loac   of  ■i«e<)  raaulti 
iacludiBf Vfr 

ftC     *     Nunbar of   roiaplcte p«aa trationa  within   tlic   lone of -mcJ   raau]' 
iacladio«  V^ . 

FJachatta «alocitiaa wara datavainad by thair paaaaga thrcufh a pair 
ol Inalina acreaaa apacad 10 faat apart and connactad to a 400 Kc countar- 
chroaof rapli. Ilia firat ac raaa activatad and tha aacond acraan atoppea the 
chronograph, ihu» parai ttint tli- ^"tamination of tha ciaail« •elarity at. a 
point «idasT betaaan tha acraana locatad at a diicance of T.S feat froai (ha 
targat. Since co«pariaona of inf{i*tdHal flachatte balliatiu limit* ate nt«d, 
r*lati*B to thi« velocity, correctiane «are not applied for «elacity IDBI 
ttom   the  «idpoijlt of   Uia   lynline  «creene   to   the   tarxat. 

PeaatreUon  Eifiatio»« 

A plot on  leg-log paper of Aray VJQ   balliatic  ÜDeit  veraua   the ealiwFt 
thiekitaeB  ratio  'field«  tha   eunai   «hown   in  Figurea   3  and   3.     Hie   alopa   of 
tha  etraight line   that «oat.  cloitely  fite   the   data   then corraapondL   t«   the 
evpoaential   function n/S,    aad   the   intercept  at e/d   -   1   yield«   the  conatant 
tern K  in   the   follaaiag equation: 

e penetration   equation   that  haa  pra*ioualy 

The  anponcnt n/!  in   the   foregoing equation   rcry  often   penait«   an   i^tar- 
pretetioa  of  the ■echaniaia of  armor penetration dependent upon projectile 
aoaa   ahapo  and   araer hardwaae.     la  the   eaae of  flechettc  ocnetretioa.   ha*e*er 
the  ««poaent«   are  q«ite di tferon*.  fro«   thoae   noraelly encouatarad   in  deHarre 
equation!   and  indicate «achaaiaaa of poBatration   of  a   different   type   than 
aamally  obeerved   for  kinetic  energy   ar»or piercing  projectilea.     Thua,    the 
cqoatioBn devaloped  for   the  different   flechettea  are  pj-eaentcd only  «a   • 
coBTaaiant «ethod  of  repraeonting  the   balliatic   teat   »eulia   and   apply  only 
to  aluiainum annar ■atariel   «ith  the   flechetiee atudied. 
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A  tmmtrf  •!  tk*  b.Ili.tU   t«>t  i»tm it   pr*»Rtad  is T.bl.   I,   »4   Ui 
pAHctratiBD  •q«atioa*  d«rlv*4    trom   than*   imt*   «re   coKtuintd   in   T*bl«    II. 
Pr«>«BUd  la TsbU  III   art   th«   antaal   balliatie  Uaita  ofct.i.erf   (VSQ)   ■"<■   • 
iCOBpariaon  *ith   iho«e  coaputad   iro«   üi»   paaatraiion   eqa^ticma   {CL) ,     Cloie 
«gr««««nt   ia  dHoaitrktad,    the   avarafa  daviatiaii   for  SO  balliatle   liwilii 
b«iBf  Z.SS  bctvatn   the   actual   and  darioad  Hmt»-     EKaaiaatioa   of  fig'ttt* 
2   and   3  d«Maa«rata*   that   tk«   PL-IT   flackatt*   dafaata   tha  alniaw   targati 
at   to-.r  aaloeitiaa   tkaa   tha   r«—iain« tiaehattaa.     Th«   'ifbi,    FL ■ Hr.-* 
riaekatta   ia  iaferior   to   the   PL-IT   at  0°  abliqaity  by   appfoniaataly  SOD 
ft/a««  oT«r  tk«  aatira rMfa  of   tern  t  tki<:iui«>.«aa   t«ated.     11«  !taa«iar 
■iaailaa,   FL-ITC-IO.    12,   U,   and   16  all   da-jn.r.T.t,   aiailar pan'eraaaca 
aad  ara   coxaidarably   iafaHar   to   tha   Ft-IT   a^alHat   the   tkiaaar   taryata, 
■MlV  «pprvackiac tha PL-IT   in  p«Tl«nia»o«   ■■ainat  th-t   hea*i<rr   tarfata   at 
■a   */ä    ratio  of   S.S.      Abava   tkia   point   inferior  parfonaaaca   ia   ««'in   «am- 
faatad   for   the   FI-'-17C-13  aiaaiit   ie   the   only    two   caaea   teated  with   kaavier 
flachotka«.     At  iS0  ob'iqaity  aaparior parfanaarca  a*cr   the  aatira  rMge 
of   tarsata   «yalaaud   ia  dMMnatrated   far   tk«   PL-IT   daaign  over   tl.a   FL-1TD-6, 
PL-ITC* It,    «ad   U,   tka  aapariority  iacr«aai>c alighiiy  ai  tka  amor  thichnaaa 

MCCtMtWDATIOHS 

Batau«»  of   tk«   aaparior parforaanca   of   th«  FL-1?   flaehatta   it  ah«uld 
ba   aelectad   ia   prafaranca   to   th«   other  daaigaa   tan tad   for   caniatar   filler. 
Howavar,   before  aatabliahinf  tk«  FL-1T   ■«   atandard   fil'ar,   aiailai   taraioal 
ballistic   »Udiaa  »hould   be   c«udactad with   tk«   FL-lTP-o   flackatt.   to  cktar- 
«is«   «kick   «f   tk«««    tuo  daaigna   axkibit  optlaa*   penetration   performance 
againat  al«»i«wi   tarfat*. 

Ua« of  tk«««  flvohatta  daaigna either  ligiiter  or haayiar ia  ««igbt  '.ban 
tk«   PL-!T   aeriea   ia  mot   rsosMMadad  aiaea  no   advaataga  of  teiwiaal   parfonaanca 
ia   gained  with   tkaac   aiaailea,    and   only   ia   th«   lighttr   deaigni   is   there   any 
.id*antaga   gained   ia    danait.y   «t   loading. 
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MULDOON.   R.   A.,   -T.n.i«.i   Belli 
WAL Raport  N„.   «AL TH-76 3/(l99( c 

l-vh.ti,- (U), 

Zmm,   C.   ■»d  HOUXMAN,   J.    E.^UacbaniM   of  Arsor 
Partial   Baport. "    WAL Report Na.   710/4S4.    3  Sapca*bar  1942. 

HIILOOON,   K.   A..   -BalHatic   ■*«i»MlM   of   Varia*«   Par.|>nr.rl   Anor  Umi 
riala."    «*L Baport  N«.   710/1044,    Mareh    19.S4. 
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TABLl  III   (QonAmi+d) 
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