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breaking up, whereas ‘the ‘flat-noedd projeatilss pene7 
.’ tirat@d +a who&e though sornFhat deformed amditioa, 

I’ At s/b 6f 0,6ct f lat-nonsd profeotilas w@T8 
’ fou4d to havd litite lower than ths w9 prajectilser up 

tq’ 40” oblfguft 
.obliQufty the .f g: 

tnfhami they were about equal, At nomel ’ 
at-nose limit wa6t 62$ of the 8879 U&t, 

IAt SO0 and 30° th@ -flat-4om limit was 86$ aad 93% 
F0SpeOtfPbly -Qf the w9 lim5ts, 

A ounpiwative tsat Of MW end flaWmse& prg- 
$wSiles ‘was oer~iad out ageins % divided Q~W atructu2e 
mmistSxse: of 318’5 
et 30@ obliquit$r 

S!!5 and f/V” STS spaasq &feet apart 
The lfrdt .far the flat-4oaed projea- 

tuss was 78% of the M79 3&&t, 

that thEn flat-4osed priaaiple cm result in penetriiions 
<of homogge4eous plate at velooitflsa muoh. lower than those 
mquired for mnoblook 84’79 prajeotflea. The advmtage. 
ia pertfoulstly striking ia the ,attacrk of homgene&is 
eX%OF et,e/d -1U8B Qf 0.5 Or lQ$es et hi@ Obliquity, 
where the limit vsloofty my be I@as thaa ma-half thet ’ 

For qom ts8t conditios 

llQ flat-nosed projmtilaa sh6tter and Pall to penetrate, 

suo~essiul 
Rut-meed grojeotlles fitted*with oaps we~e,~u4- 
in that plete fafhrs by puaahiag ~88 not pro- 

ducsd ati thkfom law limits were not obtained, , 
R@Oommendstiono are laoluded i4 the report fop 

W1t8 0% flat-noned AP bomb8 84d for mumto projeotibs 
w W 54mh for the attads of 1Qhtly armored targetej ., 
b/a of W an8 WWudr 
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Prel&inary teats of 3" flat-nosed projaotllea 
at the Naval Proving Ground against homogeneous plate 
were carried out in early l9&3 The results of those 
tests reported fn referenco (lj indicated that under 

# crertafn conditions + flat-nosed projeotilas were able 
toa penetrate homogeneous plate at oonsiderably low& 
velooities than wire mauired for pointed projectiles, 
At e/d values of 0,s or less the advantage of flat- . 
nosed projectiles was particularly pronounced - the 
Umit velocity was less than me-half the value ob- ' 
taiAed with M79 projectilear At e/d of 0,67 and O" 
obliquity flat-nosed projectiles shattered and failed to 
pemtrate. It wa8 considered that flat-nosed projectiles 
of higher quality oould be obtained and additional flatt- 
nosed projectiles were accordingly. obtained from Frank- 
ford Arsenal. The results of the test of these projec- 

P kilo are disauseed ip this report. 

Plate: .0:'6 STS Carnegie-Illinois Plate No, 
125687 (Tensile,+reqgth 123,OOO'psL) 

175 STS CamogLe-Jllinois Plate,i$, 
40500, (Tensile Strength * 122,00~~pslm) 

175 STS Carnegie-Illinois Plate No. 
40915 (Tensile Strength-127,000 psi.) 

220 STS Carnegie-Illinoiti No. X&SPfi 
(Tensile Strength-127,000 psi,) 

2YO STS Carnegie-Illinois No, F-1790 
(Tensile Strength-116,000 gsi,) 

, 
.E 

. 

284 STS Carnegie-Illinois No, 29 33 
(Tensile Strength - 127,000 psi. 3 

320 Class B Carnegie-Illinois No. 85187 
(Tensile Strength -120,OOq psi,) 

3;2 Class B Carnegie-Illinois No,X9021 
(CTensile. Strength-124,000 psi.,) 





1 

? 
I 

? Projec- 3” M79 AP projectiles (15,C-lb.) 
tiles: manufactured by Frankford Arsenal, 

3” Flat-Nosed projectiles (15,0-lb,) 
manufactured by Frankford i!rse:~al~ 
Th-.a following different hypes tv~re 
pro,eided (the cap weights are ex- 
pr zssed in per cent CJ?’ tr3tc71 pro- 
,ie~~Ila weight), See P’fg,,L* 

[I 
t 

No cnpo 
5% welded flat cap?- 

b 15% welded flat c&p,: 
1” fi 1 

$fJ;~;;~dcy; _ n 

All of the above projectiles, both MT9 and 
flat-nosedi were manufactured from WD415C steel and were 
haat, treated to a uniform hardness of 55-60 RQ except 
for a base draw to about 40 PC. This is the standard 
hapdness distribution for the M79 projectile and is 
believed to be the best one for flat-nosad projectiles. 

The $est conditions are aumm&aed bGlow: 

O?6 STS at 0’ and 45’ obliquity. 
1’;‘5 STS at O”; 300,- 45” and @% obliquity, 
2!‘0 STS at O”, 200,, 30” and 40*% obliquity. 
2!!4 STS at OoW obliquity, 
370 Class B at O” obliquity, 
Divided structure, 3/@?, 125 and l/4** STS 

plates spaced 2 feet apart at 30” obliquity, 

Method 

All limits reported herein are expressed in 
terms nf F(e/d,Q) values, where F(e/d,Q) is defined 
as ,follows: 

F(e/d,Q)= 4L57 M l/2 VT case 
(1) 

- -- 
e d 

M is the projeotile mass in pounds! IL is the limit 
%locPty in feet per second4 the minimum velocity re- 
qufred for a projeotile to pass completely through the 
plate), 5, the obliquity, is the angle between the nor- 
mal to the plate and the line of flight, 2 is the plate 

-2- 
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thickness at the paint of impact in inches, and d is 
tha projectile diameter in inches, All of the above 
quantities are measured directly except V j the limit 
velocity, and its meaauramsnt is describe !i in the 

Limit velocities for each test copdition were 
determined using a routne procedure developed at the 
Naval 3oving Ground for 3-inch tests (references (1) 
and (2)). With this method the first round was fired 
at.a velocity slightly in excess of the estimated Limft. 
From tha striking and residual velocities the limit 
was then calculated and on8 or more rounds firad at that 
limit for confirmation, For most of the subject test 
conditions ..both complete and inoomplete penetrations 
were obtained to give a bracket of the limit; Using 
the limit velocity so obtained a limit F(e/d,Q),value 

‘wes calculated for the particular test condition. 
When a bracket was not obtained an F(e/d,Q) value was 
calculated using either the.lowast velocity giving a 
complete penetration or the highest velocity giving an:. 
incomplete penetration. This value was marked with the 
appropriate sign to indicate that the tru8 limit had 
some higher or lower value. 

The calculated F(e/d Q) values er8 compared 
\ with the standard Nsvy*F(e/d,B) - values given by the 

2931 empirical formula, (Buord Sk. 78841), 

Fb/d,Q) = 6(e/d -O&5)@ + 2000) + 40,000 (2) 

where ebd is the ratio of plate thickness to projectile 
diameter, both in the same upits, and 0 is t e obliquity 
in degrees. The calculated values of F(e/d, ) in tha (s 
present F port are expressed as percentages of these em- ’ 
pirical F t e/d,@) values, -.. 

III 

Appendix, 

. 

. FtES~TS 

The results, which are given in detail in the 
are summarized below. 

SYMBOLS 

Projectil8.ConditiOn I 
Bb l . . l . . Pro;Sectile undeformed 

ii0 : : : : : I, 
Projectile defom8d bpt not broken 
Projectile nose chipped. 

x ..I... Projectile shattered, 
-3- 
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0.20 

0.49 

; 0.67 

0.80 
! 

1.1 
- . 

. 

0,67 290 
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SUMIWY OF BALLJSTTC~ DATA 

Plate 
Gauy projectile< o" 

0!!6 

I:‘$ 

2!m 

274 

3fT2 

105 

(Ni7;ap) 

WY 
Flat-Nose 

Flat-Nose 

(N7;ap) _ 

Flat-Nose 

(No oap) 

(No cap 

Flat-Nose 

M79 
Flat-Nose 

(15% welded 

(N-&P) 

Flat-Nose 

3 

48;100~300 

l;,;z=;;z 
I - f$ 

)49,300 

l&6;.500~t;200 1050 
28,5og~20.0 

> 

644 
46,100+400 

41,500 : 

l210 
28,6 OOk500 74-g 

47,300&.800 1378 
41,000~1000 1190 

1598 
3.1642 

Q1396 

) 1392’ 
owl 

Flat-Nose >42,200 

M79 
20° Oblfquitg 

44;000&300 
Flathose 37;%00&500 
(No cap) 
Flat-Nose )38,90Or 
(15s welded , 

cap 
Flat-Nose 
(15% slotted 

> 38 ,YOO- 

nose 

1229 
1056 

> 1085 

31077 

o” ’ 
M79 t? 4 f%&% 1082 

Flat-Nose 3O,~OOi3( IO 791 
INo w?) 
Flat-Nose )33,700 )866 
( ;tp’-d ’ 
Flat-Nose 
( ;zpylotted 

>33,900 
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93 
94 

115 
71 

l:; 

108 
93 

103 
>I04 

P 8 

>89 

102 
8g 

390 

>go 

101 
74 

> 83 

B3 

E 
D  l 

D 

i! 
E 
D 

X 

X 

E 
D 

D 

D 

E 
D 

NC 

NC 



.70 2.10 BOB’ 361400 82 nert-ma0 
(No oeP) 

28,400, 3% 64 E 



576 67 D 
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33 EJSCUSSI~. 

jut fnsp.ecrt~on o.f the reeults reveales immediately 
‘,, 

that 3n flat-no&ad projectiles are tib1is to penetrate home- 
1,’ 

$eneous plate over pi rather wide range of e/d and .abli- 
/ ‘:i 

quity at velocitim ooneiderably lower than am required I 
by 3” Id’79 pro jeotflee~ Flat-nosed projsotilsa co@etely 
penetrate,: a plate under &~ome conditions whfr~b result in 

*, 
ahatter of’ 3” M79 grgjeotiles, The results are dFsouased 
in detail in the Sulkowi~g~ The term ++2i@t” will ril~38n 
the ks;lmit F(e/d,Q* galue unlem agecifioally stated other- 
lycbe, , , 

At e/d(of 0,20 i5-lba.flet-nosed rOjeotile@ 
ana l&79’ prajeotfl~ have t;bout $he 881~ li m! ts at nor- 
ma obliquity, ‘AB &he obliquity is Increased to 45” the 
limit for grsje@tile beoomea ,&ese than 6746 
(probably limit, As reported in 
ref%renaa grojeotiles at a Bimilar 
a/d value (0,2&) were found to have about the fame limit 
a6 r$l9 rojectil%b at no-1 obliquity bqt at 60” obli- 

uity 
ii7 

t Bh B flat-nloarsd groj&Ue had B limit of 4% .of the 
g- 1wt. ‘The ‘difference ,fn agpearanaa of impecte of Id79 ’ 

snd Plat-noered gojsotilea et high obllfufty 632 thin plats 
%i atrclk ng, L T Cat-nosed prs$satile outs a dSok out of 
plenttss j&h very 1’;Lttle dishing @herepa the L79 d’ishes a 
MmrSdarable urea ar,qtnd the img’aotq The mucrh la.r@r 
pLa&ioelly deformed zone i~r the?- 0688 of the K79 probably 
accounts for mo8t of the increasel energy required, $or 
pensiration at high obXiquity. For typic)a;L imgaotar see I 
F%&iree 2, 3, 4 snd 5. 

At s/d of O&3 - O,C9 15rlb. flat-nosed pro: 

1 
wiiet8 WTB found to have dts from 755 to less then 

oi B679 limftls under the same tset oondftiorss, For 
e of i/,&9 at 459 and 600 obZiquity M79 projectilea are 
shatt~erad whersag L.51lb, 3: flat-nosed JJr0j8Ctib8 pep&rat@ 
in 8 whoi8 C0afti0n. 51-1br, flat-nosed projsHiles geve 
‘om~arabls performance to that of the lj4b. flat-nosed , 

P 
rojeotfleti at O* and 30' but had lltita about 4% hlghar 
oeferenoe (a)) 1 I&pa&s by flat-noersd projectiles re- ’ 

suited in, fsiluqe by fl,punohing+? characterized by the - 
-thravMg of plu&grs from the plate, Bar vle~ of plates, 
projectiles and pumhings 888 Figures 6;7, 8 and 9. 

At e/d of 0.67 &lb, flat-nosed prOjeCtfla8 
had Umite InoraaAng fram 62% of the M79 limit at IWIIB~ 

8 obliquisy to’loO$ at 40° obl$qtiity+ At UP both flatc - 
nosed and w9 projeatileo wsre,broken, For viewar of plate, 

-7m 1 

J’., 
,,:, 

:i,* I”: :‘ 



projectiles ad puaohings see Figure@ 10, 11,X2 and 19. 

At e/d of 0.80 15db. flat-nosed grojeotiles 
had a liinit of 86$‘of the Id'?9 limit at normal obliquity, 4 
Sin08 th8 deformationa of the flat-nored projeotil8s were 
large on this test, it waa ‘apparent that the subject Q~D- 
jeotiles would not stand up to more severe tests‘ See 

.Fi@ares 14, 15 :-ind 16 for vPews of plate %d projeot2les, 

s 

At e/cI of 170 and noelal obliquity 15-lb, flat- 
nosed projectiies were shatter4 with nggligible pen@- I 
tratfon up to valoeitiee 3% above We M79 limit, See 
Figures 20 and 21 for vi8ws of projeotiles and plate, 

c 

From the prsoading diaoussion it is apparent, 
that the flat-nosed projectiles used in the present fnvesti- 
gation were of mmiderzbiy hSghar quality than thocjs of 
reference (1) l In ti&o$a testa flat-nosed projectPles did 
not auooessfully penetrate 2” STS (e/d of 0,671 ht O” 
obliquity, On the other hand the .preaant projeotfles 
penetrated at e/d of 0.67 up.to 40* and e/d of 0.80 at 0’ ’ 
oblf uity, In view of the gerfanaanae of the subjeot pro- 
jet&e it does not a&pear that sut2aeasful genatrations 
at‘e/d of 1,O mn b8 aahieved for ,projaetile having a 
full oalibsr f$it-nose unless ger4apa &a overN3ghQ p&o- 
jsptile is usadr / 

Against tha -divided pl.tts struoture (3/8w, 103 
and l/kfi STS spaoed 2 feet apart at 30* obliquity) the M79 
projeotile benetrated the 3/$fl plats and stuok in the lV5 
plate at a velocity of 1105 ft,/$eo, The flat-nosed pro: 
jectile penetrated the antire struoturs at 940 ft./see, 
and had a residual velocity of 294 ft;,fseo. From the ‘> 
reofdual velooity and t4e strikrng vdocfty the limit 
velocfty of the struoture for flat-noasd projectiles Was 
caloulated to be 8$0 f.s, using the equation developed in 
Appendix E, The limit ValWity of the StrUOtW8 for the 
la‘79 projeotile was eatknmtsd at 1130 fL/secm Thus for 
this struoture $lat-nosed projectiles have a limit velooi- 
ty of about 75s of that fouxld for the M79 projsctile. 

Limit penetration ooefficients for various 3-inuh 
‘b capped grojeotilas aga nst homogeneous plate were reported 

in rBf8rsncs (3). The oompariaon of those limit valuas 
_-,. 1;+1. with values obtained for flat-nosed projectiles under. 

similar test conditions gives the flat-nosed projactile 
a saarked superiority provided that e/d is not above 0.27. 
zz ;$mple in reference (3) 2w STS (a/d of 0.67) at 0 

, .and 0,73 STS (e/d of 0.24) at 6V obliqu%ty 
/ -& 

‘, 4 .’ ,‘,,.Y ( .bLJi --,- * ,, -... - . “,._ 





























VI 
-1% io reooweadrsd that the Bureau OS Ordmnas 

init2qte a pro&m at ‘full rsoale for the dewlogment 
flat-noasd A$ boWsc It fs further reoommende,d that 
flathawed aomw& projsot&lea.from J-inch to.+3.noh eaale 
be ,obt@ined ain&e such projeotilq may be oonaiderab3jt 
my efiiokgnt tkAan current projf3ati+ea in the attack of 
li$htly arnto~sd Mssslrs+ i, i \ -e*, /; j ,, ,, ‘, 



where vL iea tai’ Illaft vslooity (minlmm mlooity for aon- 
,pJ.ete penetratiaar , , * > 

1114. ~r,rao. Inoasaae in diameter in irMbt4$ of the forward 
bouP$eiat of the projectile PS a re8ult 0% the 
SmpaQt. 

No l 4m*m4 NQ$% offset. For Jvl79 projeotiles the ‘dfatanoe 
in ,inohea the nose ia dfspl.aoed from the Loagi- 
tuUna1 axis of the projectile, For flat- 

the maximm diaplacemnt of 
lat-nose with tiespemt TV the 

ather along the lo~$tudiaal 8x28 of the pro- 
j%pil%,O 

. ‘\ . -$Q+ 
L~,~,‘,,,, 3, ’ ). .&iv.;: ,, i I : :” ‘1, 1. .’ 2. ,.‘L’i,. : Ti, I,” ,1 ,. t,. I, ,;.I;, “L!d 



‘X 
I i 

‘, ”  . 



(  ‘::i>r” >’ I ! 
‘t, ,“: ‘,b 

, ‘:,I 
,,‘.,,, ”  

i :, 

.‘, 
*: 

:,. 

: ,. 



‘ ’ 

)I t ,I j ,t t 

!‘,,, 

: , 

i, 

i 

/ 

t I 
I 1 I 

. 

000 

0 l g 1 ??P 
a!% 

uu uuu 



le P 
r ‘; 

94 

t 2 w 
Y 1 f t 

, 
,,,, ,, ~,:,I’ 

”  /,, 

!. 

1’ 
: ,I 



,’ 
/  

‘\ ‘- t 

?, 
1 .(’ 

: I, ,’ 





,, :,,::: 
‘:,, 

\ 

, 

Q 
l 

8 

?,oP 
888 



1 
‘W 

- \ Shatt,ered, ,i;i ‘I ( ,! 



,- 
:, ,‘; 

I 
(_  ‘, 

I ‘/ ‘, 

‘. 
1  



To use expression (7) it Is noted that v~uIuen of the DOD- 
;;4;nt$ &i;GIBaare hecsasarg, Let us, applp equation 

armor etructtm of the subject report> 

:,, , 
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Frm the results for r’kat-nosed praJect5les 
agafnst the div9dtad struotura wa hevs ear a strikiiig 
velooity of gaco .r,s, a residual velocity -of 234 f’,s 
AgpLying 8c~uetis22 (71, the limit velocity oomes out io, 
be 881 f*e, 

The limit velocity $0~ the divided armor 
iW'uCtur8 agaiizat the IA’79 was found expsrimoatally to bre 
,a130 fcsl, l3y tiubetitution,of values from the above table 
Par Id79 groJeatf3as in eguatian (6) one g&s 1145 LB, 
which fs in agrwrnant wi$h the experimental result, 

1 I 

\ 

-2gY- 


