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UVi. —- «JU WQ REPORT N0S 950 

Plate Penetration Tests of the 2000 lb* Boafc^ 
#«P. (low Drag)« Type EX-li, Mod 0 

»<j»«»<a»«a>«»««-«»«»«»«»«»«i>w>«»  •«>.••••«•••> »cask«»«: 

PARS» A 

SYNOPSIS 

1» The tests reported herein were, conducted to determine 
(ajthe maximum armor (ST3) plate thickness v?hieh the 2000 lbs 
G*PS Low Drag Type EX 11 Mod 0 bomb body will penetrate ana 
remain in an effeetive bursting condition, (b). the degree of 
acceptable deformation of the homb body resulting from impact, 
and (c) the conditions under which the bomb will fall« lurther, 
a metallurgical slmdy was made of the recovered bomb bodies in 
order to determine any points of weakness or causes of faülurä v 
and to suggest any corrective measures that should be taken to 
improve the bcsob performance or facilitate production. 

2« It is concluded that: 

a, 'The maximum STS armor plate thickness the inert loaded 
2000 lb» &.P. Low Drag Type SX II Mod 0 p»ab will penetrate and 
remain in effective bursting condition rösen fired at 1000 ft«/säe« 
velocity at zcr obucjutty is 1-7/8"« 

'' "b%/ The firing condition which caused failure of the 2000 lb« 
GJ?* torn Drag Type BX 11 Mod 0 bomb occurred when the bomb was 
fired at 20° obliquity against 2gÖ STS armor using a striking 
Telocity/ of tPÖQ f^^/sec:.-   - . •.>-•':. 

-"'"•ft* f8>" a^sntiläti**© figures can be given for the asoSHö of 
: iiiöicfp^abjo: defOrmation resulting firom impact «• WÄgrätiön 

•twits •fere- .ttöfc iegpäüftfeeg aM .thus .it cann;ot be estimated5 wftftt 
conditions would be critical as far as deflagration is concerned. 
Möm the montier in which the bomb broke up 'snen* fired against 
&$3& STS armor at 20° obliquity at 1000 «./sec* it may be 
reasonable toassume that deflagration would occur at these 
ssa&föraös.» fhe bomb becomes ineffective 'tfiien cracking occurs 
which takes place when bomb is f iröd at 2.'0 STS armor at SO* 
obliquity ät 1000 £t. /sec), velocity. 
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Plate Penetration Tests of the 2000 lb. Bomb, 
G,P« (Low Dr&g), Type BX«ll9 M«d Q  

d. The primary cause for the failure of Bomb #20 was the 
segregated condition of the steel in the area 180e from the 
weld. The o^her two bombs ej&mined * #3 and #7t were satisfactory 
metallurgieally with ths .possiMe exception that the duotility 
was somewhat low«, - , " 

3« The A. G, $mith Co«, is e^erimenting'with a boron steel 
f4r the'manufacture of this type ot bcmbw Also, the Kaiiohal 
Tube Co* is redesigning the nose section and is modifying its 
N-8Ö steel W ftsbatitaiting a smell, percentage öf ehreMum for 
the molybdehusa cöntenti both of these changes being made fca? 
Strengthening psrpdses« Consequently, no recommendation will 
b# made at present pending the outcome of the abG\*s mentioned 
experiments» 

COMFIDENTIAI. 
SSÖÜHITY IKFOSMATION 
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CONFIDENTIAL IIF0-'REPORT TJOe  9^0 

Plate Penetration Tests of the 2000 lb. Bomb, 
G.P,  (Low Drag). Type EX-11, Mod 0 

INTRODUKTION 

1*,   AUTHORITY; 

«h« SS? SfV^f eoödüpted by authority of references Ca) and f ** 
JPSWSB^5> onducted in accordance with «elJSSJT?* of " 

2»    BBPBKSafCES: 

*"    I°lrch%|f RÖ36"toSmt' •*?' SeyiaI i8721 of 

*•   j£fk Assignment NPG-25~Re^c-321-3 
*•   Sn !ep°*J 5°* IS6 of $1 September 1950 d*   S3 5eP°?t No; 694 of 29 December 19?0 

£*    2JPS Report No» 8?8 of 2© October 19?1 
3» 

oxcÄÄ^L0^^ $? Standard $.Pa bombs, because of 
hit* iSÄ*^^ Of 
*» •fe:.^,-u.:"^...~-j.-;5?-^r^r>?«-i ,?«f*w»£B*  «of  a@S5^ppi9C  g ÄS5? famuli 

.:^|»|^f^^|s^^,;-;fhif Üt^gamll^ Rhombs is^calied 
^9^mi^iYr*Mß$ß:WM-$m*   fhe ^st'jfce^of -this family 
iTOl^ed^the 10qO 2% $otf pr^homb* type EX-1Ö.   ^he Results 
Vr :t?prJ:.^* *ere ••r,öp^S$öd3n deference (ek   fhe, second test 
wag jf the g|Ortlb^ Lpw Drag* a*P. fofb* Types B3£*l Mod 0% EX-1 
^od Ij, and ^2.Mod p.   tThe resultrS öf this test were reported 
**> feferencf t&»   fhe third? test involved the 1000 lb* Low Drag mark ----- -   ---saws? ^i?/i;= sa^ÄV" a«5. j*     "£««  ;re5i*A=&S  of  tfeis töSt Were 
fepprt#d in #6ference lew*   The fiurth test was ä further study 
•Of'• the ;25&m.'' Loft -Drag- ##*. Äab» 'T^pe 23C-.2 Mod- 0« ' Results' of 
this test Were reported in reference It%    The present tost is 
the first investigation of the 2000 lb* Low Dr&g G*P; -bomb 
group, The bomb Type, is. EX*2l Mod 0, 

ÖOI^FTDENTIAL 
SBCÜRITY INFORMATION 4 
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Plate Penetration Tests of the 2000 lb. Bomb, 
C%P. (Low Brag}, Type EX-I1, Mod 0 

«*«••• 

4, OBJECT OF TEST: 

The tests were conducted (a) to obtain the maximum STS armor 
plate thickness the 2000 lb, (Low Drag) a„P, bomb, Type BX-11 
Mod 0 until penetrate ana remain in an effective eewöitio»5 
(b) to determine the conditions which will cause bomb failure, 
<c) to determine the degree of acceptable deforisat-ion resulting 
from impact and, (d) to determine fesr metallurgical study any 
causes Of failure in design and suggest any corrective measures 
pertaining thereto. 

'?• PERIOD OF TEST* 

a; Date Project Letter 
Date Material Received 
Date Commenced Tests 
Date Tests Completed 

2$ March 1951 
27 June 1951 
27 .July 1951 
17 August 1951 

#c 

7.   DESCRIPTION OP ITEM WDM TESTs 

=-   ^v TA. 0> Smi&h Corp, D»r Mtf*9048-A shows the experimental 
2000 lb- Low »rag G,P. bomb,, Type EX-11 Mod ö. as modified for 
gun firing,,  The bomb bodies were inert loaded with versaiculite 
cement having a specific gravity of 1.55. 

8fe. _ DESCRIPTION OF TEST EQUIPMENT s 

a, Guni     l8w/47 Rifled Gun Mfc A Mod 0 No. 1 L 

b. Charges   60 lbs, of SPDN-3369 powder used with 3 «. 
5 lb* powder boosters 

c« Targetss  Various thickness of STS armor plate. 

CONFIDENTIAL 
SECURITY INFORMATION 
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W&k'ZpanTlMj KPG BUPOBT fTO«  950 

Plate Penetration Sests of the 2000 lb. Bomb. 
G«?. (Low Drag), Typs EX«Il-r Mod 0 

9*    BROCEDtffiEs V 

?u Bleuen (ii) EX-Ü Mod 0:, 2000 ib. £ow 3?pag' §#P,t bombi? 
wep§"inert loaded with verasiciilite cejient of specific kmitifa 
i>55i . 2h©f^/ooabs t^pe riped against vafipUs tMcloieM ££$£-' 

öf fipe.—The armor plate targets wepe. baj&Kesi ftfe fey .*' la*g£ 
&uadpiie wft&ch was »sed Ss the peeovepy äeiii^i.r fhe'feacfe half 
of Wie saSdpile was eoifeped with large sseei plates to assist 
£ft holding the £iPed bombs in the sandpile.   Each bomb was 
pecö#ePed and examined ppjLöp to firing the n0xt Pound;   Velocities 
wape meäsuped by us*ng coils and eöuntep ehponogfcaphs* 

$*   Method of Metallupgical Sampling 

Samples fop metallupgical examination wepe out from the 
fpactuped side walls of £©mb #gö* (impact JJb« 39181) which bPoke 
up and from the least deformed side walls of bombs #3 (impact 
#39196) and #7 (impact #39204.) which wept* intact and only 
»ogePately flattened when PCcotreped af fee» f iPing, 

10«SEStJWS AND DlSÖÜSSIOfft 

a*    3?able X, Appendix (#}_« summaPizes the fiping conditions 
and test results,   Appendjbt (E)3. ^abOes ll thPougfiOT» includes 
the butt i#äct pecopds.   fi^ös I thPcUgh 10« Appendix CO, 

/&Sf£w, $£& #öndft|§iii .of the. ^iib^si^-; fii^li; /: ..' 

"•_>%. #^3|^g|ca%l|}caffi^#§#.-•'..'    .-:. .'.'.-." :"--'- 

)M^f§lu#|:i6iaJ .exlmlü^iön conM^s&ed of Chemical and 
''•spcctppgPäöhlic #$?$$&$* -föisiie.,,- BPitieÜ haPdnesi, Chappy 
Sänket':! 'ftöf: 'acid ^ch test? and #fc'p-'piep|,|p',' exami!nat$öh*. 

G0NF1DBNTIAI, 
SEpMlff AQBMAUJXQN 
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W& BEPCRT NOe 4^0 

Plate £$netration Tests of the 2000 lb. Bomb, 
G«?s (tow Drag), Type EX»11V Mod 0 

-era, c* «» »» «*«n  «n e» «i *> a» '<•» ••• ••«•»»«•  e» 

•a> 

ihe results at chemical and speetrographic analyses 
toere as follows s 

Scab #SCr 
Bomb #| 
Bomb #/ " 

;29 1.32 
*31 1*17 
.32  1.07 

£12  ,©34  S?©nO 

*;022  .031 

&me  ;10 
3?pä«a «07 

07 

None 
*0£ «07 

«^07 

IThese analyses represent a medium high manganese carbon* 
steel* 3?he coppert »iiekel and chromium contents are injeidehtä&e 

JMe to the bent and fractured condition of Bomb #20 ho 
tensile test specimens --/ere ta&ia. 2?he results ot triplicate 
jehgituclinai tensile tests of Bombs 3 and, ? and of transverse 

hardness tests are shown below« 

Ylda St?o" Ölta'Str« 

Bomb 

104006 
#600 
104000 

126300 

127400 

Bomb 
J 

92100 

*vww 

£20300 

Elong« 
JLÄ; 

10*0 
läU4' 
ii.4 

M*3 

R.A <L*».- Brihell' 

303 

444 
4ä*f 
42*8 

v4a^4- 
WÜr 

Tt^tmjßgs® "MeMOÄ öf thf^thfee bomblj^rev stehe;* in- 
#fO>^H|@ iolull'cff•.;at- ;100;"r f^öj'twenty, minutes and the: 

. *e'^$$:g^e;;;äfcoÄ fh^gores 11 aha 12y Äppendi* (i>).   Ttfö 
' sections- of- liomb'3J©>.., SO^ario shewn in; figure: &;. Ät, the top- is 

- the,- -ar-ö^i/ti
,\'the?^efe:cti,#c butt: -weld showing soijhd- tstee% and', a 

•gTJO^t; W1&..  ftt the •bottom is SÜ0Ä a sOction 180° f^om the weid, 
-££«£&&& a h*|hjS-y f.egregatoä oonditien in the fractured a^aa*, 
figure-11 shows'-'Siö:ctio% of BOiäbs 3 ää£ ^ ÄLch are satisfactory 
'|i$hoi4gh Bomb '%•. Jhöwsr' eöhsiäerälble segregation and siighfc 

•:ir-- • •' 

ÄÖRM&T1ÖH' 

-     l->.-,-.. I! 
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COUFiBENTIAL KPG BBPÖRT WO, 950       | 

Plate Penetration Tests of the 2000 lb* Bomb * 
G.P* (Eow Brag), Type EX-11, Mod 0 

Figures 13 through 18 show photomicrographs of the three 
bombs takes at magnifications of 2$0t and 100ÖX;, and are 
indicative of quenched arid drawn he^t treatment. Figures 13 and 
14 were taken near the fracture In Somb #20 and shew oxides and      ft 
other iMiöätifns of segregatiofii 1 

^     Table XIII and Figures 19 and 20 ^ Appendix (E) show the 
values of" impact testa obtained from standard Y==nöteh Charpy 
specimens. On Bojnb #00 the impact valueä obtained from the 
specimens cut away from the fracture area compare with values 
obtained On Bombs 3 and 7 at room temperature while the impacts 
from the fracture area show somewhat more brittiehess« 
On Bombs #3 and #7 impacts were made at temperatures ranging 
from lOO-Sto minus 7o°C and the results were plotted as shown 
in Figures 1'9 and 2Ö. On the basis that the transition from 
toughness to brjttieness is taken to be the point on the curve 
where the fracture is 5Qf*  granular ana 5Qf& fibrous, the 
transition temperatures for Bombs #3 and #7 are *So?C and +£5fi0 
respectively which is approximately room temperature or slightly 
above. This is rather a high temperature for the transition 
but it may be accounted for in. part by the fact that the steel 
was tested after, fiäring wh$ch may have caused some work hardening. 

'. gART I \ - 

, • r-i, jm» ; i a [,111 tiui^ _-_ .  .   ,. _  

I 
' &4    The maximum 8TÖ armor plate thickness that the inert 

~3$g$e$ 2ÖQÖ lb* ,.|ow5 §rag 4Mv bomb $ype Jafeilj Mod 0 will -. 
p4ne;t*ate and remain in effective bursting condition when fired 
at_IOO0 f-t#/%sqö ^secfity-Tvith target set at 20* obiiiaUitv is 
1*7/3". ..*"•"••'... ».' •    . '  "  '• 

b* rThe firing eöftdition which will cause failure of the 
2000 1%  low Drag Q..P. bomb Type EX«?li • Mod 0 occurs when the 
bomb isf #tyed at 20* obliquity against |5j)0 STS armor plate using 
a velocity of 1QQÖ f£«./äee« 

G0DF1DEKTIÄI, 
SECimiTY INFORMATION 8 
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6omsmsnAL N£G EEPOBÜ? NO, 9?0 
Plate Penetration $&3ts of tu© 2000 lb« Bomb, 

a*P« (Low ©rag) s 3?ype lX^llf Mod 0 

Q« Kb quantitative figures can be given* for the amount of 
acceptable deformation resulting from impact. It is conclusive 
that #$& c'räclä'hg occurs the bomb becomes ineffective but -the 
a&öJüät öf";doföiÄati^h. i%ieh will..cause, -a böäb- to become 

d« the primary cause for the failure of Bomb #210 was the 
aggregated condition of the steel in the area 180° from the weld* 
t?h& other two bombs e*aialnedt Wo. 3 and No. 7, were satisfactory 
metaliuigiöally with the possible exception that the ductility 
was somewhat low» •     _ 

IS. The A. 0. Smith Co. ±s experimenting with a boron steel for* 
the manufacture of thi@ type ef bomb. Also the National lube Co« 
is redesigning the nose Section and is ssdifyini its N-»8ö steel 
by substituting a small percentage of chromium for the molybdenum 
content/both of these: changes being; made for strengthening. 
piwposeö. epnsequöhijiy* no recömmehdationi; will be jmade at * 
present peädigg the ou^cojae öf the above mentioned experiments.; 
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CONFIDENTIAL N?G REPORT NO. 950 

Plate Penetration Tests of the 2000 lb. Bomb. 
G,P. (Low Drag), Type E3M.1, Mod 0 

*» «•> cs «•«•«*  M^ <m «•  •* M -«f <> or *»«••»*» «• «i» «• «m  «a «t *•  <M» •»• —»> e« «* t=» r*r 

The tests upon #iich this report is based were conducted by8 
W4 W5 MSgBHgy Ordnance Engineer ? Plate Battery Officer, 

Terminal Ballistics Department 

This* report was prepared by$ 
W. W. MSXERS, Ordnance Engineer, Plate Battery Officer, - 

Terminal Ballistics Department 
W. H. HALL, Metallurgist, A & P Laboratory« 

Terminal Ballistics Department 
E. L* EBSVSTIKj Lieutenant Commander, USN, Special Projects 

Design and Drafting Officer, 
Terminal Ballistics Department 

This report was reviewed by* 
R* H. LXDDAN2, Director of Research, 

Terminal Ballistics Department 
%  B. ROBERTSON* Lieutenant Commander, ÜSN, 

Terminal Ballistics Batteries Officer, 
Terminal Ballistics Department 

R* T. RUBLE* Lieutenant Commander, ÜSN- 
Terminal Ballistics Officer, 
Terminal Ballistics Department 

C. C. BRAMBLE, Director of Research, Ordnance Group 

APPROVED -a mt&m T. DUIG^ 
Rear Admiralj USN 
•*" **        Iff-' '»*»** 'I-  Tä*ii»**»4:««f* 

Captain, tJSN 
Ordnahö© officer 
By direction 
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IMPACT No., f? ?/#£-• 
;t DATE.xr.y.a IMPACT DAT&«*£/..U&X'::¥:*-fi* • 

File No......  O ^ 
Btitt   Firinff 

ULS< N^v=i Proving Ground 

Dähigren, Va.... 7* c?.?-.Ä,   *94- . 

OBJECT>/faUnr/f,   T&?7~ ^^'^AüPO Aß. A^G u) JBl&&^£J?Ljä*m& 

REFERENCE W.P.G.J^aa:R g^k^MJfc 2M; ^ &*# DATES) _, :—-—- 

PLATE 
r*  

Class 
/•, 

**M£& 
&. p. ,3o m &      PROJECTILE 

Caliber JL4&& JjSi. 
£T5 

ED 

hu 

i 

*• 
Maker    <LMLMM&1£- 

Contract^ ,   :   ;  
Date received _ 
Dimensions 

Maker A. ft ,.$???,/T&. . , ___^ ^ '"I 

•type. 
Lot No. - 

4c* 

_Year of Specification. 

•i?/- 

No. of impact on plate 
Thickness at impact  
OBLIQUITY _ 

$J&!L)L$£!L 
Date received  
^pped-or uncapped 

--WeigM-^eapped) 

INo. 

jzm 
Impact dimensions_ 

PENETRATION. 
Flaking front  
Flaking back_  

jSiSL 
>6~ 

- 0 

Weight (uncapped)       /?/f, /g 
te»g^h-4iiicappe#  
Fuze 6UKBL         
Filler fo=£jm£*LLL£jl£2 

#" 

• ^:i 

i 

^. 
Dist. from top, bottom     JV " 
Bist, from-right, left        £</'* 
Dist. from nearest impact     //-T 

^£iL 

Flight by screen  .j 
Condition after firing:- i 

EFFECTIVE or INEFFECTIVE A g 

xe_ Spur   , - - ^ 
Cracks - Bulge 
Button (Thröwn)(^^^l 
i:hrou#^ejnngw :;:#^^ % 

BAtBgFIC 1>ASA 
NOTE:    -      ^•   v-;- -• 

-A«* -Ibnits 'b?4- jfor '*Hia 

•only.       -7 

Striking velocity {i.e.) 

•jl- 
6*eiQocT«»Si Chnmocnph 

I 
ii  

-•.:>'.«fc:      : 

Limit.. estim»ed 
for ä)i». thicknen 
of impact. 

.REMARKS-^-.. -:;^^Ji»^ÄÄ^4K^ •— 

iß. 
Actual., «djüM«?' 

to nominal- n»u»e. gäu'c«,   buwl.   on 
Tüu»iimn*et only.. 

("Ädjuifce4  from 
coi\tcnii %) •     - , 

"i^rac*. ',i«t»bti»hea       -i S") 

-'" % 5 

from column 6 moil 
previous imp»ct«. 

r; 

:<^ 

.%UBgJ.A^.3£M,3Sk:L,£m iJkMs3@&-J.i> 

Limit sliots only '  T&*. /* .ti&2*&£ Aeeeptämce'or IUsjsetiessH 

Ftife/tii ;0)L^^,Vf^--*------ 

N.P.6. Photo. No,..., ,• 

r/'   ^ ^r 
aa^.tv*^/. f 

•^ 

&f ^J /f/f7 A/^'^ ^/y^  ^V .v / / t^^^^k^- $ 
•~d\ 

-rU 



Fiie No- 

W.?l 

it,?.. 

tu. 
at " v 

ILL 

E 

Butt    Firing 
U. S. Naval Proving Ground 

Dahigren, Va.     7- 3/- .57       194- 

JMi'Acr No,   S'f / 7# 
c*y 

BUTT No. ./— 

OBJECT. gy/?£fUWEtfrtil-   $#J-U£rsC  ft 
LnLi±J?/Lft-6r  /<0Ti>$   M~~ - 

REFERENCE N.RG.^EESsffi*^^ 

PLATE 
«i 'i - 

 ZUJ2  

-JF$r OF Zoo6\.JL/g* &>/?, 

 DATED... 

Gauge  
Class  
Maker   /J, .<, s T/^rL. 

$T$ 

E: 

No-   Af&mr% Group/£-s£&^Z£# 
Contract      M£a/i - /^Cf> ^ <f92 %       

Caliber 
Maker 
Type i 

^PROjEeme- 

J&J.0 > snuTW 
£&£LL-/2£&&L 

Lot No.     - 

Date received 
Dimensions 

^±JL-±J£2. 

Mark   ^r //     Mod. -^ 
l)ate received 

Year of Specification 
No.  /* £2  

^i?''^    j&ff?* 

yr?»; 
No. of impact on plate 
Thickness at impact 
OBLIQUITY && * 

£2Z- 

-^ftppe^-or uncapped 

-£-7- 23L 

C 
L_. rr— 

Impact dimensions ^L!1^^LSL2J1. 

4' 

ISte^j 

! P' 

PENETRATION 
Flaking front_ 

<*eyn/V£-7-zr 
# 

Weight (uncapped)_ 
Le^^h--(uncapped} _ 
Fuze tf&A&L  
Filler J/F£ni tttlLiZjEL 

CL. 

Fla Inn or Hnr>k •7 
r\:~*  .r_„ 4        U«-4.*-, 
iJiSx. XFGHI ,cOp,  JSOvtiOm       ,.^3  ' 

h3 " JJist. from right,-4eft_ 
Dist. from nearest impact      /*/£ 
Dish .    f«  

d. 
Spur  
Cracks - Bulge 
Button (Thrown)(Staete#  
Through Opening   ./$ " yj g _g^_ 

Flight by screen 
Condition after firing:- 

EFFECTIVE egcJ&^SW^Wtffi« 

"-                               """^ — . BALLISTIC DATA 
NOTE: 

All   limits   are   !\>r  this 
plate and- this   obliquity 
only. 

-1- 
Pusirwl 

_••>_ 

ORcill.tKriipli Chro!»i»rr:iph Limits r.t:s:atÄ!_ 
.for   this  tlnekiu .*•* 
tif lli\p:u-U 

.:,        1    -'V       : 
 A.iiuil. ji'JüJifcSLj Limit. f«r .r.onun»!- 
tc i,iMinn:il -^.tiiKf.    j jrinu;i,1    bttM'd    on 

j IIIIA nnpnct only. 
j (Adjuster)   from 
j  column  41 
1 

-7T' • 

Kfttice, established 
from column-'öind 
pn-viou» impwU; 

Striking-velocity ff.8.)_. <?93 
_ 

-'   4    "• 
t 

REMARKS,....  FZeSL.-r. hf_.Jjr?y./fi/?^    - 

.ii 

s 
^ 

,. ^ .j 

'J' 
.-•3 V J 

ll 

?8F 

'I 

.; I 

Limit shots only 

F(e/d, «>„..  

N.P.G. Photo. No. 
?U&   M 

-rr-T-fptan ['ii ifTVn Hrit't'ri-^"-'--fi"":^aip"?;n^0^ 

^^/r "i /f°/¥7  M/C/?-/??&& 0    ^ft- Off** *    - 

==#4= 



-&<***«**&*&»>. *. - 

1-ili- No. 

Butt &4£ 
!V).V 

U.S. Näval 'Pru-v-ms ^POMöC! "" • 

Dalilgn-n, V«.     * - '" <- - f •     HH 

I Mi-A' '!   K\_iK   -\«^ 0£ic,J?s/'""' 

•in.. f. in A-« >. N.J*-G.*m£K  {<-* -r- •* -i- ~" "? 1* < / ** '-' X) A'K1 y 

^ • • - 

'« la.-« 

XL-uTcr 
- ~: ?z Maker .^;t..^ •S.   «».: »'Jt y.. 

;-/./,:.--v.-  

;    Contract H •/$ 'icJ'Sl/   
;    Hate received    J'/J; V ,',''.     •' - " 

1 >imansions_ _   <f% ¥ "x'.    /'//. ;%." 
;    No.-of impact on plate       ^jT 

Thickness at impact 
OiiLlCAL'ITY ' ~ * - ' 
impact dimensions 7/ ' „r 

HONET HAT JON j^ 
Flaking front       
Flaking back  
Dist. from top,'CDUOTH 
Hist, from-rigkfc, Left 

 ,'.p_,    *_• J j,». 

1 i-O. 

i ,,, -\(J.       _ '.War of Specilii-ation   - 
Mlark    ,£>- .//     . \twL 
"Date received    ~~ rr'~ _"~.-. : .."_"-" 

_ta-j*p<HHw uncapped   .. .,  _.. 
W^^^-fm-pped-)   . 
vYeTjjm -iii-nxitj/pcvj - — rjixrse. 
,engrh (uncappecH          /c?'J&4L 

Fuze ^^f/M£~   
/'•• 

l)ist. from nearest impact     5"^/ "  
1 )ish 4^ I " 
Sj >UJ:  *J __ 
('racks - Badge  __  

Filler         ;j_      
Flitrht l>y screen 
Condition after liring:- 

:thjttrm frhrowfi>#fea^ed')     •     •    '—~y 
Through 0peniug____Zt"^^4^_---^=== 

BALLISTIC DATA 

1 

l>i:iU> Sud .Ü.J     (.Irhq-Jily     ; 

only-     . I 

! ~"  '      j  • f,.i   rl,i.  l'-.-.-:.n.-- 

SuikiDtr vfl"«-»ly *! '•) 

I -I- if 

;•   ,V! JI.'   ::lt'i-i'«l    I mus   Act-,-iiimimil 
i, A-II-I*I•   '>-.i'i»7f," w.-.i ,"f> 

K-E.MAKKS / -• Cc Ti> J    # <*••''• V-^ i'- - >' ^ 

_J omjL shots otilv 

^ 'A'.-.T^r:  PivjN.'->'.-  '•• 

fitz/c^c^te?- 

1 i/J'i j^r^"i^cäry 

&•#. f f f     - • (SL^^^'fr^C-C^Tf*'      /& 

j«   v. *••••«**- 

* ^A.«»J^.W awip^in^ 



File Bo. 
(   ) 

^Ebitt-^-JEl"" " ° 
!/m^ 

' nsr '_ *     *»..•A:Y„. -J>_--    —    n/T U..D. iNavai rrovmtr urouna 
Dahlgren, Vä.    f~ 6^ 57       -ISf 

IMPACT NO. 

IMPART MATE Jf T •&•- °/ • 
BUTT TSo.     ^" 

OBJECT 4J4J& JJSJZIh- J&S3T.. OF f/W£T ^ä*P£t>   £&0M- ^°^ /?&&&<feP-_ 

REFERENCE H.F.G.^SSm^^fK^ä-^^M,^^^,   -.-  DATED ,  
G'.P. $am&' PLATE PROJECTILE 

Gau^tj j>:&-_ 
<rr^< 

Maker _^_iMM£ME. 

Date, received     Ss" -<J#/f.  Wi"  _ 
•         5^-" 

Caliber 
Maker _ 
Type __ 
L,>t No. 

Jl*Jz£~. 

it.*«».*, rx- 

Dimensions irr "Ytt>   H   £hKJZ£ 
No. of impact on plate       ^  
Thickness at impact    _      %}[/$' 

Date received z 

£rappea~er .uncapped 

Weight (uncapped) 
Length (uncapped)_ 

Year of Specification   + 
Mod, 

JSÄE^- 
K—cLi-^a xaiti7wvw -vrroj J^rnnvrrro J9.^.xj_v^ «»J_ 

.a£,&^../i, .<^r. 
PENETRATJON. 
Flaking front  
Flaking back 

.^ug' 

.£. 
Dist. from top, bottom      .5T 
Dist. fr.omjPigfe%7 left       ^/ " 
Dist. from, nearest -impact . _-,^ " 
Dish ...      £-«   ' 
Spur  - .       f''     .   
Cracks> Bulge -;      c2 - 

^Utto^iChfeownrtSte^e^      ; 
^hrin^Ji^eiTihF ,/ MMM f -. 

Flight by screen 
Condition after firing:- 

EFFECTIVE-or INEFFECTIVE 

•Sav^-eiu Sa^LuaAä  -avi*fl   kant"" 

r~.. 

BALLISTIC V&m 

',, -.plate nncf-EhifS  obliquity 

v öRcin«»K,rftni» 

I.' K' 
Stnikipfe-v'iilo'-ifcy (f• -s.) 

•Immt,   i   .UJICIIIHI 

for   On.** iliirt-,«» .-.N It. niirutiitiT VTIUIK*'    | is*«*iis*\    Im^i-ti-   tin,' 
 L* *«*t> iinp;«"lnti(ly. 

lÄmt%,sfi?r' noch in« t      .-J 

prcviflti» impact*. ' 

--r^^*g^<----y • - ^' jfe*V_. 
T>c 

•'•I 

.1 Bi^.-„ 
Ijtitttli 'bnUusr.-Otirjr- 

V -fe&ÄÄ^Ä^^f.;, .•-Jl'^-^^^-^/VG 

^5r^p^C"KWlo. .No,-' .." 

'   W|7ir
,."'"wl    --! T*^    P'T""-- \ H \~r7   "     ¥ 



•""*VV • 

i\3i-A<:'i No.   3^f23 
 .SL*iLä£L...^. 

iMPyy-JT MAT?.     "    '   -•'.  '•--- 
-    -  4,1. Ui     • 

File No.-.        .                                  ^ _    . 
^^V,.-.L--'-.;^-.-.'".-".7:-- -   - -    -BllM.     rMOg   _   . 
       "- .-. £j.'S; Kus&l Proving Ground 

-.  / .'Ddilgrert, V».   ^-7-^7 -HH 

•.'.::.tofflSISeffi^^^^  D^im - -— 
PLATE &.&B>m& PROJECTILE 

\^0       Caliber r1?. °±1 —-— 
"'"         ~ " " " "'   Maker       M Ö.   SmiTZL __,—.  

Tvpe_ # VAou>   B&AC—     
Lot-^o.. _ r. Year of Specification _JZ 

Mod.   V 

T(p 

Maker \ GMm&t£ 
No." . >&&£J£mt_ -'2 •' "ffronp--. 

Dimensions        w#y   $$%" 
No. of impact on plate ^ 
Thfekness-at inroact , 
OBLIQUITY 

TDMe received j^r 
Gapped or uncapped 

iNo.^Gs 

<5C 
<&»' 

Impacf cumenaom^: jßl r ää'1 

Weight (uncapped). 
Length (uncapped) 
Fuze MfiMf 

/ CW 

JASlM- 

PENETKÄT1U1N 'umfiElK 
Flaking front ö    f .....  

-ttUXt£V»_ ~irf7{?,<m.iaStJ£Xm 
~r »nctfT^ 

JSL Flaking back. 
Bist, from top, &>fcte«*    ^ 
Dist. from right, jtft •    *T9 

-A» 

frst," from nearesfe impact ___J& 

Flight by screen 
Condition after firing :- 

EFFECTIVE «• INETFEOgBre 

5=^/-' 
A- - .-- 

Cracks - Bulge JL 
feS?ÄytM ^-^"-•..-... 

Ik, 
!>C1CL 

BALLISTIC RjjVTA 

flGfE 

•AIL limLtft juk Tot fthiy 
gj«*, jitftf :=tihia • obliquity 
oiiiy.. 

•OKtUkwiaph 

.   '"  •$" -   :  .' 

" Limit, «:»tim»t*i- 
for* this thickness. 
.of impact.- 

\   Actual, adjusted 
u> t.omtn»t .sr«uirc. 

•Limit, !fölf Wmönal 
.KHUKC.   baaed   .on 
"«his imgBctOTits'. 
(Adjust«!  from ] 

-:JJ^:...-, ?^. 'Z/^^^.'"-'^^^^'^&^^ 

EI^^.T^^m^HJh^LyiohW 

e/< 

^JC      iJ.. 
-^===^0^-^=, t 

Si^i^^- A" X.aji^-^Ji^-j^.a^^,^ ^ >^H> 

^^pt^&i^c- j$_ 53 

Q? 

^•WWWWff^k 
 ^ws3*^*^/,"-] 



\~/- 
sFilc' No. 

Otltl 
^1»-     i- rfflg 

BUTT NO. 
U- S- Naval Proving Ground 

Dahlgren, Vä.    S'7',p im   . 

ÄEKERKVE N.P.G.^fcESäigR  ^J^&'Ch^-U^ 7& 4 DATF.n  

IUMCT  X!ft      '3-Qffejdi-   -1.' 'L- 

IMPACT DATE.. tr-.^txZ/l:.... 

PLATE & Z SömB;   PROJECTILE 

fttaker, 
»ST"- - " - 

L^- Caliber _ 
Maker_ 
Type. g,f l6t*i 
•Lot No. 

'&j&_ 

?%m A&&&0. 
£>stß received 
dimensions  
No. of impact oti plate     • fe~ 
Thickness at impact __      .   # 
OBLIQUITY       ~'£0*~ 

MIL 

UL1M: 

U0/h, 
Impact-dimensions [9"_X £<3 
- TENETKÄT1ÖN ~ 

* flaking front  
^FiaEmg bacjc  

Date received - 
(Sapped-or uncapped 
Weight .(capped5)  
Weight {uncapped-) _ 
Length (uncapped) _ 
Fuze fj&rfB. 

_Year of Specification _j- 
Mod.     -*       No.  /ä 

/fff "SET" 

403. &£T 

Si 

•y4£TjS_ Tgnrru&üktTE 

& 
Dist. from top, bottom fag' 
Dis't. from right," left        .    &£"" 
Bist, from nearest impact 
 ^,r •.; 

^^~ 

Flight by screen ^  
Condition after firing :- 

•EPFECÖVE-or INEFFECTIVE 

ho l.e — S*.^*-V~wtf'-W     • flA-ffAw/ 
"  d - 

,j?gz>,&rp7F$ ,.-    »o. -ri.;c? ?gT—:TT^? » "ggg -^ns5r* 'rä frTls^^T^ Sw^**"""»-"*- ^^"=3^^*- ~?^ "<r <*•**?* 



•<»r >"•« 

^, 

' r 

?r 

frhb No. 
Ü 

  Buff    Firing       
:•."-.•  " - o 

ÖiS^iMa.vi^ Proving Ground 
}>Vhlgrx.ii^ V*^ f*A6 - .5"/       ^^: 

•_•      QIUJWT   S4H/STH<L   Tg&r OF   Rope   £#,   z**e/ 0/&9&•^^••X^V^j 

rLA.tt 

Class " 
~£e 

-... - »  *-** 
Maker " ~Mfyf £,-,/*       ".    "" 

&'. 0> £'2%tm*L 

Dimensions       g£^_Jt-£&£±_ 

Caliber 
-1Y1CUVV.J. jr/-"    t-r   > —   »rf^y-'T;  - — . ..    ,,     ., , • 

Lot No,     —• Year of SpeGifie&trori  --»•* -',- <*s 

Nö. of iiripact on plate_ 
Thickness at impact  
OBLIQUITY <3<9 ° 

'CM. 

Dale received       '. 
-Cappütior uncapped 
V^ii^ftt-4^ütpped4- 

        Weight (uncapped) /^ff y" 
^e£ 

impact dimensions /<?," X  £/ 

Flaking front o"' 
Flaking i>ack 

Length (uncapped)   /gS* &£** 

jy-cir^aaA^ 
IT *—rr m r\*t r+-*  -*   «rr 

1 

Dist. from top^ b»ttom_ 
t. from right, left  

65 
i^l 

Dist. from nearest impact   JJ--A1 

DisV J4* "_  
Spur   ' %" ' 

Flight by screen 
Condition after firing: 
* EFFECTIVE or.INEFIWnVB-* 

Cracks - Bulge   . .   Q « 
Button (Thrown 

>ening mM-xM w~« 

'BiObilPi^'g^ÄX- 
N;«»fe 

ijijiif.Tor noirtlH*!S 
jtp»a»'. *•*«<• eft; 
;l)li.<JH([..-H-Conl}(.     " 
'I4i|jiisa.i(   fron/ ! 
rtilumtt 4l^r. ^^jj.' 

J* i < ^C*iJ3Si4-«- *A Ji- -'-ff -Aft 3 

ÄBJ»fe'ÄtS^»»>S!Jr .,;J". V 
?Wtn.<olümSTC»nd'  '51:^ 
.prir.viou»: iuipftcu.    ,.>.s,*f| 



;$ 

4 

File^b. l - 
DL.*.* uuu Firing 

Ü. Si Näyäi iProving Ground lintr No. is*. 

QB.lEGT_MjUtj£.Zy£--Jj£gf~   0Z- . «fflVCfW« 
Z7 :'a<f  *      *r?~y,' *^»«« *&?sr~ „at  •*•      ivy *>wt-.»i"      JM-»- 

REPEaESGE N>P:G. tea«L^<iML^t£|^ 

ÄÄ^- 

:RÄ1?ED 

PLATE &*./< &*/»&' 

Gaugg_ 
Class. •-3^ 

rs>x-&P 

Maker _ k±K 
Maker; . ./?,J±.\i#?/Tft 

/2 
. Group JU3£&=SM 

Type. £ocä&tf#<sh <<r>.& $&mä- 

2&l=^g- £d££Z 
IX/t NO, s=r 
Mark 

Year of Specification 
// No.    // 

x>aue recewea 
Dimensions 

Y~z£-$s l?ate reeewea 

No. of impact on plate 
Thickness at impact 
OBLIQUITY ,__ £/}*• 

%r-"-X--f£ftJL- 

fnPF 

•£apped-er uncapped 
Weight^ (es&*>ec& 

Impact dimensions_ 
PENETRATION 

«&>" x ä. 

Weight (uncapped)  
Length (uncapped) . 
Fuze fttotfEz 

W 

i&äzAdL 

,   C;fl}0f7.f 

Flaking back >J_  
©ist. from top, bottom-      .3*?''. 

Finer iittfi-irgL. 

Dist. from right. 4e£fev_  
Dist. f rorii nearest impact 
Dish     . -      S-" 

&2" 
<5/ " 

Condition after firing:- 
EFFECTIVE w 1NEFFEGTI¥I»* 

         0 

2!L 
0 

Spur ..-.-- . 
Cracksi'± Bulge 
Button (Tnrown)l^^^ _. 
Through Opening,['.../if'' X WL 

BÄLtISTICrj>MÄ 
NOTE: 

,01 liSsjtß. ure for Ifcs 
pJaig *r^- •stjiis, obliquity, 
ohlyi ' •.• 

4-- 
..JJeiiraeL« OtclUonmph .Chronograph L|mit^..ciiti.mat€di 

ifor £5iw-thickn«*«- to nominal g»»ice. 
lljJTtlr .jfer,; nominal: 

aiwiinHpacfpnlyi-' " 
' I iVdjjiated ' ißni'" 
-Column 4).. 

^i...^"v:i-';... 



{'"lie N«. 
t 

J 

-•,fr: EL, 
•cito"   J .M .I-VM r7»^-f 

&5f 

iH'- 

.£«•• 

ST'* 

U.S. Naval. Picmrtt{Xii.rt(in«l 

DahWrt, Va.   ff~ #7- S'f       194 

.iMi'A*-:  No. 'JF^3L0*L». 

i',1 IT   \'o. 

OIUBCT SftUh   7£    rF$7~ £>F  $~s££ 1$. JLou,* &t&t&"6-'& &&*&& 

' -^ 
A ,^£ DATJvIi) 

Class 
Maker " 

PLATE hp,/3#mß     -m<tmem$r- 

£ 
(',-'nl'ract_..if^göj^Ä^^^rl_  
11—i.__—-—•-—_j - --^i.   ^.,      — _ — 
"«"-'' t-ctnvcu _   g - /^,.. J5~ff  

himensions ^_ Jgf f>> 4",$^-* —    --" -- 
Nu. of impact OR plate, dT 
Thickness at impact        _/_£$'6L- 
< MJLIQüITY j^ ~;        _    " 
Impact dimensions^   /$"' Y /? " 

PF^ETKATION_ Cinfirm?.. _' ..I"" 
Halting  fivuii       -    £          - - - - 
Flaking La«-k £?_ 
I list, from top, bottom      ,?;? " 
Dist. from «jgfct, left ^ " _~__'_ 
Disk from nearest impact //ö"  
I %_h $ " 

•TW«* _;_ /^, f4_ 
Maker     Ä .&. ^~r?t/7~/?f ..:... 
Type  .   JLA&J 4D£&& J&#r&0.      .. 
Lot No.    .—- Yoar of .Spedfication 
Mark   £rx/j      Mod.   - No 
Date received ~ _ 7  

-trrnmed^er i u.-u'.aj > ped     , ^—   -_-; —„-.^; 
•-vv-i-iKm iretfifwn?  _^ _w  
Weight (uncapped) /9S~&,-.00     .... 
Length (uncapped) _    ./6 3_'£jg"^.  
Fuze 
Fil^r" ...#M&7nii£*MLjr&.  
r rrgrri in SrrVi-n '_      f_"' 

EFFECT!YE 4*H4^^&^W4* 

X 
_-^2 ("racks - Ihilgt-  

Througl) t>pcning__i _./£"£0",. 
,ffl P 

i  1 
1 

,v< 

All   iimit«   ;i;i- 
JflilU'  Jlliii    I'll».- 

for !JHS- 

a; * oniy. , 
1      3 Bü . . 

BALLISTIC WtftfiT 

- 1 *--- ^i 

SlrikjiiK vi'Ui('(J> (*f.».) 

••I- 

C»' "Ji «TTK^r P?*^ 
f../-  n.i.s tin. I tii 

 _iZj^3jleS^2.  

I'ws^ 

'1L- 

«5J 

^j^""*^^ '$&&'&* 

r 

• Ar:.st!; :jrir. r.A j-.I_*«TCTSi= pra^nng 

'   .    1-tiii:. inr[.:i>-t «.«!>>, 

{  < A<1JI.-.!.'<1'   IHBII  * Ifrvviufi» ii'i'nDicta 

Limit sliot.s only 

''C;l\''i'.;,:l,ll.'.l,i».''N'0. 

J^.Ltws 

A- ccj • 111; 1 tu'i • •( iK -i vtq;i_; 'i'^^LJ-'!?''. j n Egggtgfi^LJi; 

^;,   ,?%C*VM*.#-' 
^ ,,- ^—^^—unit. 

V-'y.^fSfe' 
&4ia-&y#i.f^&W4&- #•• M /l 

\ a/M'J* *o=*iw«H''>i* "* «"W"» 

-,  > 

"II— 



< .) 

,m File NA. 

'L^h=i 

ORIKCT 

Butt    Firing 
-U. S. Naval Proving 'Ground 

Dahlgren, V«u f- ./'? - JTV       1:94 

hw&cr No. ^^4.5; 

" "^ PLATE <£*•# &*/&£ ^ftQäfiggEfe&r- 

•Gauge „_ ^ 
Class 

dauber        '^!Z2&&— 

No- £?/y&?       - Group£^_Säb~3M 
Contract   .J^jJt&teä * T_, £&j£&_  
Date received        S?~Ji.~ && 
Dimensions 

Maker _ „, f$,,#>. tfrntpr^t 
Ype 1. l.j&jBJ &&A6eJ$&n*£'.. 

•Lot No.   
Murk jT.y /J 

Year of Specification   ^-. 
MocL. , -*- -  M-Ox 

ijfttte reccivöct 

V-T -. _,.       *»    • • 
7g   J /*—«&ÄC^ 

IN or ox impact on plate 
Thickness at impact _ 
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