
R E P O R T  N O .  262 

ARMOR PIERCING BULLETS . . 

WITH S INTERED CARB IDE CORES 

J 

I. Leeder 
7-1 ..-- . . - 7  - -  -:I r .-. ,.>/ r -  ..'-...... ..,. J . : ] .  .- _ .. . . ( . ) / .  . ,  ' . . ,. 

. . ~. - * :::,; . . . -  8 .  , ? -  . , .  , . - : -  0 ;  . .- .; .. . . . . ,  - . . - .  , 

November 1941 

T h i s  document has been approved f o r  p u b l i c  r e l e a s e  and s a l e ;  
i t s  d i s t r i b u t i o n  i s  unl imi ted.  

U.S. ARMY ABERDEEN RESEARCH AND DEVELOPMENT CENTER 
BALL1 ST1 C RESEARCH LABORATORIES 
ABERDEEN PROVING GROUND, MARYLAND 



Destroy t h i s  report  when it i s  no longer needed. 
Do not re tu rn  it t o  t h e  or ig inator .  

The f indings i n  t h i s  repor t  a r e  not t o  be construed as 
an o f f i c i a l  Department of t h e  Army pos i t  ion,  unless 
so d e s i q a t e d  by other  authorized documents. 



Page 

B. INTRODUCTION 

1 Previous Tests o f  C a r b i d e  Bullets ......... ' 5 
2 1 Composition and Physical Properties of 

Carbide kllets ........................... 5 
(3) fieasons for Further Tests ................. 6 

C. ARMOR PLATE WLOYZD IN TESTS .................... 7 

E. EXPERIMENTAL RESULTS 

.............................. 1 Introduction 10 ....................... 2 Arrangement of Data 11 
3 Table 111. Quantitative Presentation ..... I I 

of D a t a  ................................... 11 
(4) Use of the Navy F Formula for Analyzing ........................ Results, Table 111 12 
(5) Average Performance of Bullets Against 

1/2" Face-Hardened Plate .................. 13 
(6) Arrangement of Data from First Series 

of Tests ..................... ... .......... 13 
(7) Average Penetrating Efficiencies of Carbide 

and Standard Bullets as Determined from ........................ All Available Data 14 

F-1. DISCUSSION OF BALLISTIC RESULTS 

FACE-HARDENED PLATE, NOFNAL IMPACT 

(1) 1/2" Face-Hardened Plate, Caliber .30 
Bullets ................................. 14 

(1-a) Detailed Consideration of hesults ........ of Initial Investigation 15 
(1-b) Detailed Consideration of Results 

of Second Test Series ........... 1 5  
(1-c) Summary of Conclusions Concerning 

Influence of Coaposition of 
Carbide Bullets from Results at 
Normal Impact on 1/2" Face- 
Hardened Plate .................. 17 

( 2 )  1/4" and 3/8" Face-Hardened Plate, 
Caliber .30 Bullets ..................... 18 

(3) 5/8" Face-Rardened Plate, Caliber .30 
Bullets ................................. 18 

(4) Comparison of Results Obtained in First 
Group of Test for Tungsten Carbide Bullets 
Against 112" Face-Hardened Plate with 
beneral Average Performance ..... : ....... 18 



, TABLE OF COMTENTS 
.- 

Page 

F-1. DISCUSSION OF BALLISTIC RESULTS 

FACE-HARDEXEB PLATE , NORMAL IMPACT 
(5) 1" Face-Hardened Plate, Caliber .50 

Bullets 19 ................................ 
F-11. DISCUSSION OF BALLISTIC RESULTS 

FACE-HARDENED PLATE, OBLIQUE IMPACT 

CALIBER .30 BULLETS . . . e . . { . . . e e o e - . . . . . . . . . . .  t .  

1/4" Face-Hardened Plate .............. .............. 1/2fr Face-Hardened Plate 

G . RECOVERY OF BULLET  FRAGMENTS AND PLATE PUNCHINOS. 

CALIBER .30 FIRINGS, F A C E W D E N E D  PLATE 

........... of Illustractions 
Plate, Normal Impact . . 
Plate, Oblique Impact . 
Plate, Normal Impact . . 
Plate, Normal Impact . . 

(5-a) Comparison of Results of Carbide 
Bullets against Face-Hardened and .......... .... Hon;ogeneous .Plate .-. 

(5-b) Dissipation of Energy by a 
Projecti1e.that Shatters ........ 

(5-c) Correlation of Ballistic fcesults 
for Carbide Bullets with Fragment 
Recovery ........................ 

1/2" Face-Hardened Plate, Oblique Impact . 
Correlation of Ballistie Results and 
Fragment Recovery with Physical Properties .................. of? Carbide Bullet Cores 

B. ANALYSIS OF DIFFE;liEl\iCES IN R3SULTS AD DET?3RMINH) ......... FROM TrARi4Yv AND llIAVYll BALLISTIC LIJdIITS 

I. DISCUSSION OF BALLISTIC RESULTS. 

HOMOGENEOUS PLATE, CALIBER .30 BULLETS 35 .......... 
1/2" Homogeneous Plate, ~ormal Impact 35 .... 
1/2" Homogeneous Plzte, Oblique Impact 35 ... .... 5/8" Homogeneous Plate, Normal Impact 36 

J . RECOVERY OF BULLET FRAGMENTS. 

HOMOGEXlEOUS PLATE, CALIBER .30 FIRINGS. 
1/2n Honogeneous Plate, Normal Inpact 37 .... 
5/8" Homogeneous Plate, Normal Impact 37 .... ... 1/2" Homogeneous Plate, Oblique Impact 38 



TABLE OF CONTEIJTS 
Page 

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 
! 

RECO>GJlENDATIONS . . e e . . . . . . .  l.....O..u....u...e..e. 39 

TABLES 

Table I. 

Table 11. 

Table 111. 

Table 111. 

Table IV. 

Table V .  

Composition and Physical Properties of 
Tungsten Carbide Core Material of sxperi- 
mental Bul le ts  ........................ 40 

Detailed Fir ing Data and Notes on 
Recovery .............................. 41 

B a l l i s t i c  Data f o r  Carbide and Standard 
A .  P. Bul le ts  against Face-Hardened 
Pla te  ................................. 84 

B a l l i s t i c  Data f o r  Carbide and Standard 
A. P. Bul le ts  against Homogeneous '. 

Plate  ................................... 91  

Summary of B a l l i s t i c  ~ a t a ' .  f o r  General 
Types of Carbide and .Standard A .  P. 
Bullets  ............................... 
Relative ~ r m o r  Penetrating Efficiencies 
a t  Normal Impact of Bullets  with Sintered 
Carbide Cores, and Standard A .  P. 
Bullets  ............................... 96 

APPENDIX A TO TABLES. Tables  fo r  Tests from TwentyAighth 
P a r t i a l  Report on Armor Piercing Bul le ts .  

Table 111-3. B a l l i s t i c  Data fo r  Tungsten Carbide and 
Standard A. P.  Bullets  against  Face- 
Hardened Plate ........................ 98 

Table IT-B. Summary of B a l l i s t i c  Data f o r  General 
Types of Carbide and Standard A .  P. 
Bullets ............................... 102 

GRAPHS .............................................. 105 

PHOTOGRAPHS . . . . . . . .o... . . . . . . . .O... . . . . .O... . . . . . . . .  114 



', 
I i '. 

i .2  , * Ballistic Research Laboratory 
.. . - Report No. 262 

. . i' 

. . 

.#jsb. ' 

Aberdeen ' having. Ground, Maryland 
lovember 18, 1941 

WOR PIERCIEG BULLETS 
WITH SINTERED CARBIDE CORES 

I . .  . . 
. . 

. . 

Abstract -_ 

Special bullets, both ca l iber  .30 and -50, of standard BOPo 
dfnrensions with sintered carbide cores, were investigated i n  f i r i n g s  against  - 
face-hardened and homogeneous annor pla te  a t  nonnal and oblique impact, 
Against face-hardened p la te  a t  normal impact, the carbide bul le ts  showed far 
greater penetrating a b i l i t y  f o r  a given energy than the corresponding 
standard A.P. bullets; while a t  obl iqui t ies  the penetrating a b i l i t y  of the 
carbide bu l l e t s  r e l a t ive  t o  that a t  normal deteriorated more rapidly than 
that of t h e  staxulard, the  carbide bulleta,  however, s t i l l  maintaining an 
absolute degree of diminishing superior i ty  up t o  about 3Q0. 

It appears t h a t  the superior i ty  of the carbide bull6ts against  face- 
hardened p la te  i s  mainly a t t r ibu tab le  t o  the  fact that  the carbide cores 
tend t o  remain i n t a c t  while the atandard sha t te r  during the  process of 
penetretion. Against homogeneous plate a t  norinal i a p c t  where the fac tor  
ef core failure did not play any role ,  the e f f ic ienc ies  of the carbide and 
etandard bullet cores were ident ical .  At obliqui t ies ,  however the carbide 
bulbeta* performance became progressively inferior t o  t h a t  of the standard. 

m e  sharp t r ans i t ion  i n  theobliquity behavior of the carbide bulleta 
against  both face-hardened and hamogeneous p l a t e - i a  associsted with the 
relative weaknees of these hard sintered materials t o  transverse impact, a l l  
cores tending t o  sha t t e r  o r  pulverize although still.retainiag su f f i c i en t  
toughness t o  surpass the standard bullet cores a t  anglea up t o  30° against 
face-hardened plate. . . 

The phenomena exhibited by the  carbide bul leta  show the extent t o  
which penetrations depend upon the keaistance of the  pro jec t i le  t o  b e a m  
up. While the implications of the behavior of the projec t i le  are known, but 
aometimea not fully appreciated, these experiments tend t o  give added 
emphasis t o  this important matter. .. , . . . - .  

! 
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B. JNTRODUCTION 
\ 

1. Previous Tests of.S~ecia1 Carbide Bullets 
In the Twenty-einhth Partial Re~ort on Tests of Armor 

Elercinn Bullets and First Report on Tests of Armor Piercing 
Bullets. Caliber -30 and Caliber -50 with Tungsten Carbide Cores, 
dated November 25, 1940, special bullets made to the dimensions 
of Standard A.P. bullets but with varying compositions of sintered 
carbide cores were tested for their armor penetrating efficiency. 
Firings were carried out for Watertown Arsenal according to the 
usual routine test procedure of the Proof Department against 
varying thicknesses of face hardened plate, for the most part - 
at normal obliquity, 

! h e  data of the above t e s t s  were partially analyzed 
and discussed in the memorandum dated December 10, 1941 
presented by Mr. Tolch and Mr. Leeder to Mr. Kent of the 
Ballistic Research Laboratory. It was readily shown that as a 
whole the bullets with sintered carbide cores were decidedly 
more efficient in armor penetration at normal impact than the 
standard small arms A.P. ammunition, the criterion of comparison 
being essentially the striking energy required for complete 

-. penetration.. 
r \  

\ .' 

2 .  Com~osition and Physical Pro~erties of Carbide Bullets 
- The individual grades 05 compositZons.tested wer& 

basically of the tungsten carbide type (composition wC) differ- 
ing principally in the type and amount of specific binding 
constituent employed. The composition of the carbide core materials 
along with some of tr?eir physical properties as furnished by 
Watertown Arsenal in their letter of December 1.4, 1940 to 
Aberdeen Proving Ground are presented in Table I and graphically 
portrayed in Plot No. 1 for the tungsten carbide base analyses. 
The physical properties of the latter are generally outstanding 
as compared to those of the hsrdened A.P. core steel with respect 
to the high density, compressive strength, and modulus of elasticity, 
in addition to the high hardness characteristic of intermetallic 
compounds. The high hardness and compressive strength, Plot Ao. 1, 
decrease rather uniformly with increasing amount of binder whereas 
the transverse strength increases quite rapidly at first to 
attain a more or less constant value at t5e intermediate and larger 
percentages of binding element. It is to be noted that the so 
called transverse strength was obtained in a bend test and that 
the values themselves a-re probably only of relative significanceo 

In general the properties of the cobalt grades are some- 
what higher than the corresponding quantities for the nickel 
grades,  with the exception of the specific gravities which are 
practically the same over the entire range of binder. 



. , .  . . C. ' . .+. v .  

The physical properties of the standard A.P. steel 
core material are.. for comparison: 

". 
Hardness,,Rockwell C: 61-------------- 65 

- .. Rockwell A: 81.5------------- a4 
., Compressive ' Strength, p.s. I. '. . * . 3~,000-----3&0,000 

ModtiL~s of 'Elasticity, p.s.i.;i,,: 
. , . .  29 . +X lo6 

/ 4 
specific Gravity - = 8 -00 

At 6% of binding element, Co or Ni, the compressive strength 
of the tungsten carbide material is over twice as great as that 
of the, s tkdard s teel ,  and tine density greater by almost 
the same'factor. At the higher- percentages of binder, the 
hardnesses of the tungsten carbide grades decrease to enter 
within the  range.customry for the standard A.P; steel core, 
while the densities and cmpressive strengths exceed the 
corresponding values for the steeli by a multiple of about 1.6, 

A composition .of unusual'interest in Table 1 is that  of 
the.complex carbides contaltning titanium and tungsten carbides, 
with a density approximately equal to that of the A.P. steel. 

, .  . 
- .  

Of. the carbide core materials listed, only t6e straight 
tungsten carbide types were superior to the standard A.P,,stock. 
The results' for the complex grade 1835 containing both TIC and 
WC were ambiguous. . I .  , 

. . 
, . . . ._I ' . . '  . . .  

3.  Reasons for Further Tests . .  ! . , . . . . 

To confirm the results of these first tests 'particularly 
on the carbide coPe.s with a low percentage of blnding element 
that had shown the superior performance as well as to obtain 
additional data that might aid in'defining more definitely the' 
details of the ballistic performance of these bullets as 
compared with standard A.P. ammunition, further tests described in 
Firing Record No. 22883 A619 were undertaken, A new lot of the 
1774 grade, (9$~i-91$~~j was supplied for the major portion of the 
tests; other grades, however, remaining from the first series of 
tests were a l s o  fired to obtain more complete and corroborative 
infomation. The second series of tests differed from the first 
mainly in three respects: (1) particular attention was paid to 
recovery of bullet fragments and plate punchings, (2) the behavior 
of the bullets at  obliquities was ascertained more fully, and 
(3) homogeneous plates were included in the test program in 
addition to face hardened. - 

, 



C. ARMOR PLATE EMPLOYED IN TESI'S 
7 

The available pertinent information characterizing 
all armor plates employed, including that of the initial 
investigation1, is given below: 

. . . . , '  - . % .  . . 

m R  PLATE mUlPED IN TESTS OF SPECUL CeflBIDE =S' 
. . 

, . . . 
1 

Plate - Brine11 Hardness Test 

Thick Manuf'acturer -- Number - Face - Back - Series Remarks - 

/ A  . D i s  ston 
P4EE-t- 555 4d6 

12 291 . 578 444 Second . - 

Heat . 5 5 5  . , W5 
3/8" Dieston -3 . 1140 555 ' ' 115 Second 

1/2" Disston 
555 388. ,': :.:: : . . 

1 'f8h 555 388'. . Second 
Heat 601 . 388 I 

112" Disston 5 1081 601 401 Second 
I 

5 5  , , :;:* 
555 .: , 375. . First  

555 - 364 
555 .. 375 : First (for obll 

. . 

4l5' - ..<! ..3&7& 5/8" Mebold . g+:,~ 555 First 
..: . 344: -: . . 

1 Diebold W729, . . not g i v a ,  First 

. . 

1/2s hrneg ie  I l l .  ' 154590 a. Heat 3U Second 
15353 

8 

1/2" Msston 1 ,  Aea t 321 Second (I or some 
u 7  obliqpity' 

tesfr a t  
. I at 38'') 

5/8m Carnegie X l l .  174947-3 Heat 
f .  17503 258 Second 

Notes 1 The' tes ts  of the Twenty-einhth Partial Report on Armor Piercing 
ets will be designated as  the first series, those of Firing #+ 'ourd 22883, A619 and related tes ts  as the second aeriee. bny 

teference to  the first test series im always decimated as such. 



B. -YEITAL !ECHNIOUE. METHOD OF TESf 

The quantitative basis of cornparison of all bullets 
involved the determinations of limiting velocities. For t h i s  
the routine procedure of the Small Arms Section was followed. 

The usually laborious task of recovery of bullet fragments 
was considerably alleviated by the following scheme: As 
ahom in the accompanying figure, two corrugated steel drums, 
obtained from standard drain pipes,,were utilized, the first 
being s e t  in front of the armor plate and the second in back. 
The second recovery drum was backed by 1/2" of armor plate to 
insure stopping all fragments from any bullet completely 
penetrating the armor plate. The possibility of course existed 
that a bullet core or  portions thereof might pass through the ar- 
mor plate and shatter on the backing up plate therebyalead- 
ing to erroneous results. However, in such a case, it would 
appear for the most past t ha t  the impact suffered by the 
bullets or fragments on the backing up plate would be s l i g h t  
as compared with the original impact experienced on the armor I 

plate. A t  all events, this type of recovery.scheme f o r  the I 
I back was the only one readily practicable at the  time and gave I 

apparently satisfactory results. I 

A  cove^ with a rectangular aperture' for  the bullet entrance 
was used for the front drum and in addi t ion a l i g h t  shield 
w i t h  a smaller entrance aperture could, be affixed to the cover 
to insure a greater  recovery i n  the container of fragments 
rebowding from the face of the armor p la te .  This increase I n  
recovery co:iLd, however, be secured only at the possible 
expense of bullets that might be wasted through striking the 
shield, Where the quant i ty  of experimental bullets was limited, 
the procedure was to dispense with the shield or even the cover. , 
In a f e w  cases the entire front recovery drum was removed t o  I 

eliminate the chance of losing a round of an experimental bullet. 
The recovery drums were employed up to 30 degrees angle of 
obliquity; a t  the higher angles, however, d i f f i c u l t y  was 
experienced by the gunner in shooting through the foreshortened ' 
aperture and it was necessary to remove the cover e n t i r e l y  from 
the f r o n t  drum thereby obtaining fewer fragments than a t  normal. 
In the future this trouble could be avoided fo r  the case of 
higher angles of obliquity by t runcating the drums so as to 
have their axes approximately along the direction of fire. 

. A  

. . , 





Em J9CPERIlIIENTAL RESULTS 

a*  
The extent and emphasis of the experimental program i s  

yevealed somewhat by the outline below of the expenditure 
QP ammua;ltion: 

TURE OF CARBIDE BULLETS 
I ' ._- 

rhg@ke Type Bo. Number of rounds'fired at 
Ir, o f  of 

. - ' ~ ~ h e s  Plate Plates Normal :, 20O .. 30° 

- _Caliber - -30 Bullets 

. 
Caliber .3'0 Bullets 

i / Z n  FJi* 2 80 9 5 
$/8" FeB. 1 11 3 

. . 

'Cal iber  .50 Bullets 

a F.H. = Face-Hardened 
a Horn. = Homogeneous 



In order to simplify the presentation and dis- 
cussion, ballistic data, results of recovery, and other in- 
formation derived from tests. of varying thicknesses and types 
of plates are generally separated by inclusion in different 
sections although all are interrelated parts of apparently 
a fairly simple, coherent pattern of behavior. By this 
necessary process of artificial selection and division into 
components, their degree of dependence, as well as the aspect 
of the whole is not continually present or always fully 
apparent in the report; just as a jig saw puzzle requires the 
interlocking of numerous sections to create a unified whole, 
before the correct relationship of the numerous individual 
members can become more firmly established. 

2 ,  Arrangement of Data . . - .  

Although the actual f i r i n g  results and notes on 
recovery are given in Firing Record No. 22883, A619, the 
data therin have been rearranged somewhat for more convenient 
presentation, and with the inclusion of a slight amount of 
additional information are presented in Table 11. The data 
of the continuation of the same test program on l/bn face- 
hardened and 1/21t homogeneous plates at 30° obliquity, and 
a 5/8n homogeneous plate at normal are also embodied in 
Table 11. The detailed results of this table in so far as 
limfting velocities are concerned-are summarized for the 
individual grades in Table 111 along with, the calculated 
energy values corresponding to.the striking velocity, for 
both the core and bullet, and the F values for the core 
which are considered more fully later. 

xable I=' 3. % Quantitative Presentation of Data 
In   able 111 the grade designat ion and composition 

sf the sintered carbide cores are given in columns I and I1 
respectively- A new lot of bullets of grade 1774 (9~i-91W~) 
was made particularly for these tests. To determine whether 
any differences existed in the bullets of the new lot and those 
of the same grade remaining from the first series of tests, the 
lots of bullets were kept distinct and the corresponding results 
always distinguished by separation. 

The average weights In grains of the bullets,as given 
in Column II1,were obtained from individual weighings; 
the average weights of the cores, however, were calculated 
from the known specific gravity values of.the carbide material 
(Table I), the known specific gravity of standard A.P. core I 

stock, and the information that the carbide cores were made I 
I to the specification dimensions of the standard caliber -30 M2, 

A.P. core. The specific gravity of the standard A.P. stock 
was taken as 8.00 from an experimental determination. An I 

error of several per cent in the calculated weight of a core 1 
is possible due to variation in dimensions alone. Oae of the 1 



cores of grade 55-8 (20 Co-80 WC) recovered v i r t u a l l y  in t ac t  i n  
round No. 22 against  the  1/21r face-hardened p la t e  No. 1. 
weighed about 144 grains (taking into account a slisht chip 
t h a t  had broken o f f ) ,  as co~yared  with the c a l c u l ~ t e d  value of 
140 grains.  The agreezlent i s  considered as sa t i s fac to ry  and I 
any e r ro r s  i n  analysis  a r i s ing  from the  calculated weights I 

of cores a re  held t o  be negligible a s  compared with the  ex- I 
perimental e r rors  of the remaining data.  

I) / 

The 1or;est complete, highest par t i a l ,  and Limiting 
v e l o c i t i e s  f o r  each grade are  given i n  Columrls V, V I ,  and VII 
respectively.  I n  most cases data have not been entered in a l l  
columns; thus unless there  is  some fea ture  of i n t e r e s t  i n  the 
lowest complete and highest p a r t i a l  ve loc i t ies  from which a 
b a l l i s t i c  limit has been determined, these bracketing values 
a r e  omitted. Under Column V I I I  l abe l led  RDesignationlf the I 
word "Armyn or -"Navyn i s  given according a s  t o  whether the I 
c r i t e r i o n  of complete 2enetration employed i n  determining the I 
l imi t ing  velocity i s  that  of the Army ( l i g h t  through the 
armor plate) ,  or the  Navy (p ro jec t i l e  through the armor pla te) .  
On m a g  grades of bul le t s ,  particulczrly a t  n o r ~ a l  impact, both 
nArmyn and nHavy" b a l l i s t i c  limits were determined f o r  a nore 1 complete basis of evaluation. A t  oblique impact no par t icular  
attempt was made t o  determine Coth L i m i t s  pa r t ly  because of the  
lack of su f f i c i en t  carbide bul le ts ,  and partly due t o  the great 

cores s h a t t e r  as  mas the  case with both the spec ia l  carbide 

a 
slrbiguity i n  the determination of t h e  Cavy limit when projectilq 

and standard A.P,  b u l l e t  cores ( t o  be discussed i n  more d e t a i l  I 

3.n la ter  sections).  
I 

4 .  Use of t he  Naw F Formula f o r  Analvzina nesu l t s  I 

. Table I11 I 

- I 
Numerous formulae'are ava i lab le  f o r  analyzing the 

ballistic efficiency of H.P. bul le t s  and in general these 
formulae suffer  severe l imita t ions  i n  the scope of t h e i r  I application.  The ,ac t ion .of  b u l l e t s  against  face-hrdened plate  I 

I is p e c u l i a r b ~ t r o u b l e s o m e f r o r n t h e  point  of view of adequate 
quant i ta t ive  representation. In the  >resent case wherein a l l  
the pro jec t i l e s  being compsred hive the sane dimensions (znd 
th is  i s  specially important f o r  the  core) the probleu of analysi  
i s  much simplified s ince the f ac to r  of p ro jec t i l e  or core 
diameter does not require  consideration. A s  consequence of 
t h i s ,  the' fundamental basis fo r  comparing the armor penetrating i 

ef f ic ienc ies  of the  carbide and..standard b u l l e t s  or  cores 
must essent ia l ly  be the requisite s t r ik ing  energies f o r  coEpletel 
2enetration. In addi t ion t o  the  s t r ik ing  ,energies which have 
been comsuted f o r  bo th  the core and the bul le t ,  calculations 
of the Navy "Fff values a re  a l s o  included i n  Table 111 in view 
of t h e i r  wide use . in  previous B a l l i s t i c  Laboratory tieports 

i a s  well as in the reports  of the Navalhesearch Laboratory. 
The Navy tlFn formula i s  defined f o r  small arms. bul le t s  i n  t h e  
f ollooring : i 



'w v 
F = 2.013 tt/Pd C O S *  e 

where W = weight of core in grains 
d = diameter of core in inches 
t = thickness of plate,inches 
e = angle of obliquity in  degrees 
V = l i m i t i n g  velocity or ba l l i s t i c  l i m i t  in f ./s. . .... 

 his se t s  the s t r ik ing  energy of the bullet proportional t o  
the ideal  volume of hole the projec t i le  would create  in 
passing through the plate, the variable of proportionality, 
F having uni ts  of energy per uni t  volume or pressure. 
With respect t o  the armor penetrating eff iciencies  of s m a l l  
arms projecti les,  calculations are generally based upon the 
cores of the bullets,  neglecting the jacket i n  so f a r  as i ts  
contribution t o  penetration i s  concerned. From the given 
.F formula it readily follows that  f o r  a given thickness of plat  
ajid dLuknsioas of prbjecti le,  E' -2s- ~ r t i O ~ l  t6 the strikd 
energy E so t h a t  in  the present report  the use of F i s  fundamea 
tally equivalent t o  employing the str iking energy as a basis 04 
comparison of the project i les .  In  C o l m  3X of Table 111, I 

F values calculated f o r  the cores of a l l  projec t i les  are 
given, the lower F values being associated with the more 
ef f ic ient  a m r  penetrators . 

5.. Average Performahce of Bullets Against 
1/2* Face-Hardened Plate 
The f i r ings  against the 1/2" face-hardened plates 

were the most comprehensive in number an8 deta i l .  I n  addition 
t o  the standard, 9 grades of carbide bullets were investigated, 
including three of the Co-WC type (with 9020% Co as binder), 
four of the Ni-WC type (with 6020% Ni as binder), one of 
the Fe-WC type (9% Fe as  binder), and one of a multiple 
carbide variety, Co-Tic-WC (15% Co as binder). The average 
performance of the specif ic  types of bul lets  against 1/2" 
face-hardened pla te  as well as the grand average f o r  a U  
s t r a igh t  tungsten carbide bullets with the standard deviations 
of a l l  average values are presented i n  Table I V .  

6. Arrangement of Data from F i r s t  Series of Tests 

In the first group of t e s t s ,  caliber .30 carbide 
bul le ts  were tested against 1/2" and 5/,8" face-hardened plate. 
The resu l t s  fo r  these t e s t s  excluding that  fo r  the types I 

which proved unsatisfactory or f o r  which the data was too 
I 

I 

er ra t i c ,  namely grades 1835, X1839, 87@, and X1812TC1, are 
given i n  Table 111-B of Appendix A with a summary i n  Table IV- 
The presentation o f - t h e  data therein i s  similar t o  tha t  for  
Tables 111 and I V  t o  f ac i l i t a t e  ready comparison. To r e  
i t e r a t e ,  . . where reference is made t o  any Information . :: ., 

. - 



acquired i n  this initial- research, expl ic i t  mention i s  made 
of the fac t .  

7. Average Penetrating ~ f f  iciencles of Carbide and I 

Standard Bullets as Determined from A 1 1  Available Data 
From a l l  the available f i r ings  against face-hardened 

and homogeneous plate, a summary of the relative armor 
penetrating eff iciencies  a t  normal impact of standard A.P. 
bullets ,and.bul lets  w i t h  s intered carbide cores based on the 
average performance of a l l  satisfactory grades is shown i n  
Table V and Plot  No. 2. Although in the l a t t e r  the data 
for l/4n and 3/8" face-hardened plate  were obtained from a 
less complete s e t  of f i r i ngs  than for the other thicknesses, 
the resul ts  a re  adequate i n  indicating the general trend f o r  
the survey. 

The average F values for the cal iber  .30 eungsten 
carbide and standard h . P .  bullet  cores against face-hardened 
pla te  are portrayed as a function of thickness in Plot No. 3. 
A l l  data f o r  this plot have been taken from the second group 
of tes ts ,  Tables--111 and SV,.with the exception of the resul ts  
f o r  the 5/8" plate  from Table III-B of the f i rs t  t e s t  group. 
The dotted l ines  represent the performance of standard caliber 
.30 A. P. bul le ts  against homogeneous p la te  with high and low 
Brine11 hardnesses as indicated. The reason for the inclusion 
of these curves will be discussed in a subsequent section. 

F a  - I- DISCUSSION OF BALLISTIC RESULTS FACE; 
HARDENED PLATE. K O W L  IMPACT 

1. 1/2"  ace-hardened Plate, Xorrnal Impact 
Ballistic Hesults Caliber .30 Bullets 
The large amount of data for most of the d i f ferent  I 

carbide compositions from both the first and second se r ies  of I 

t e s t s  i n  the f i r ings  against 1/2" face-hardened plate permits I 

an evaluation of the influence of typeland amount of binding 
constituent on the armor penetrating eff iciencies  of the 
carbide cores, and an estimate of the degree of reproducibil- 
ity of resul ts .  

b I 
The F values of the carbide bullets fo r  normal impact I 

against 1/2" face-hardened plate as taken from Table 11143, I 
Appendix A, f o r  the f i rs t  t e s t  series,  and Table III f o r  the 
second t e s t  series have been represented i n  Plots No. 4 al~d 5 
as a function of the per cent of binding constituent f o r  each 
type composition. In  each se r ies  two face-hhrdened plates were 
used and the  indication frofi~ the choice of the ~ l a t e s  (of the 
same manufacturer and heat) as well as the b a l l i s t i c  limits 
determined with  standard amunition was t ha t  the plates f o r  
each ser ies  were fo r  practically_puryoses the same. However 
the two Disston face-hardened plates employed i n  the secorrd t e s t  
ser ies  showed w i t h  standard -30 M2, A . P .  ammunition an average - _ _ _ _ _  ____I ----- - 

(Lb) I 
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P vr?lus (for the for'e] of 72000' as compared with 66250 for 
$& twp 9 i s ~ t o n  p l a t e s  of the f i r s t  series; or based upon energy 
@f the agre required f o r  penetration, the former plates  
p e q ~ i r e d  approximately 20% more energy than the latter, which 
i s  ' a s & g W i c a n t  amount. - - 

.__. . .. . , 
. .  . . .. 

idera t ion  of Results of I n i t i a l  

C~ns10ering the first ser ies  of t e s t s ,  the F 
values for  the carbide cores with nickel binder a r e  not 
sggpificagtly different from those fo r  the cores with cobalt 
as-Pindjng element. The one sample with 9% iron as binder had 
wi!?- experimental limits prac t i ca l ly  the same F value as 
$he cobalt nickek types with the same percentage of binder. 
This f a c t  in eonjumtion with the faiUy cioae agreement between 
%he piekel.and c ~ b s b %  ser ies  would indicate that the exact- I 
nafure of $he binding constituent i s  of secondary importance I 

so fap as %he pene%rating properties of the s t ra igh t  
8 ~ g s t e n  carbide cores at normal impact are concerned. More- 
ever, $he pepcentage of binder up to  about 20% does not 
~ppear  $0 be ef consequence for penetration k t  normal. Those 
@6&~s&t&ons with 25% binder were clearly inferior in perf oraance 
and tbwef ope are not discussed further .  

From 'fable V it follows that the average F f o r  I $he satisfaetery Wngsten carbide bul le t s  against the 1/21r 
fgge-har4ened plate  was 8% less than that  fo r  the standard -30 M2, 
B , P ,  bu&&ets, or, s~pressed otherwise, the carbide cores re- 
gugyed approximately ~ 5 %  less- energy t o  penetrate the given 
@pmqr pl&e than the standard .30 H2, A.P. core. A s  mentioned 
pleeviousLy, ealculatierls based upon the cores of bullets  are 
af s&gniffqance i n  determining the relative armor penetrating I 

effSciencies o f  s ~ l a l l  arms ammunition. With respect t o  other 
f g e h g r g ,  such a s  the gewder charge required, consideration of 
%he bul let  as 6 w419Ae i s  desirable.  Therefore, in Table V 
?&! re la t ive  perf ~rmarice of the carbide and standard bullets 
as a whole ape given, basing the analysis on the striking . 
ene?gies of the respective bullets f o r  complete Penetration. I 
OM?ie-rnethod o f  comparison ra tes  the bul le t s  with heavy carbide I 
Q Q F Q S  even higher inasmuch as the heavy cores constitute a I 
a greater proportlori of weight of the ent ire  bul le t  than i d  
the case with the s t w d a r d  s t e e l  cores; and therefore a smaller 
proportion of energy o f  the bullet  i s  contained i n  the In- 
effectual.  Jacket. 

. = Detailed Consideration of Results of aecond 

While the differences i n  penetrriting efficiencies 
of the carbide and standard cores as found in the first ser ies  
. -  - lr.r. 
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of tests are significant but not particularly startling except 
in the demand for an adequate explanation, the second group of 
tests gave rise to differences of a much greater order of 
magnitude. From Plot No. 5 it follows that the F values for 
the carbide cores were for all but one grade (that with 13% ~ i )  
appreciably lower than the corresponding values for the same 
grades in the first t4xt  series, (see Plot No. 4), while with 
standard A.P. ammunition as mentioned .on page::15, the l/Zn 
face-hardened plates employed in the second test series had 
a g r e a t e r  F value than that of the  plates in the .first 
test group. This combination of factors resulted in a greatly 
increased comparative efficiency rating for the carbide bullets. 

Comparing the different grades, the F values for 
the nickel and cobalt types are practically tne same at 9 
and 20% binder. At 135 binder, however, departing f r o 3  the 
agreement found in the previous tests, the F for the nickel 
grade is approximately 11% higher than that for the cobalt 
grade. While the features of fragmentation are to be discussed 
at length in later sections it may be mentioned here that the 
cause of this difference as well as the dispersion in results 
is probably to be attributed to fracture of t h e  bullet cores 
as dependent upon the complex circumstances reigning at the 
time of Impact. Taken as a whole no significant differences 
are found between the values for the cobalt and the nickel 
grades. Likewise confirming the evidence of the first group of 
tests, the penetration of the bullets at normal against 1/2* 
face-hardened plate is not influenced to any appreciable extent by 
the percentage of binding element, nickel or cobalt, in the rxnge 
from 9 to 20% binder. The value for the 9% iron bearing grade 
is well within the general limits for the nickel and cobalt 
grades thus indicating that with respect to penetration at normal, 
iron is as effective a binding element as nickel or cobalt. 
With reg.ird to the manufacturing process in reproducing compositions 
no differences were f o l d  in the results for the old and new 
lots of grade 1774 (9 Hi-91 wC) . 

Qrade 1835 with titanium and tungsten carbides 
and 15% cobalt as binder is ,as noted previ -usly, of particular 
interest in vi~rv of its having approximately the same d e n s i t y  
a s  that of the 3% tungsten, standard A.P. steel core stock. 
The F value f o r  this complex type is also shown on Plot No. 5 .  
In the initial lnvestigution two lots of this grade were 
tested with an ambiguous otltcone; one lot giving an F value 
60,800, which agreed fairly closely with that found in 
the second test series, and the other giving the much higher' 
F value of 71,800. From the recorded observations of the first 
test series, and the bullet recov?ry of the ~econd t2st group, 
it appeared likely that this disparity could be ascribed to the I 

intrinsic irregular nature of the fragmentation of the bullet I 

cores; grade 1835 apparently possessing a stronger proclivity 
toward breaking up than the others. The dispersion in the 
results for the firings of all grades is too large, and the 
number of samples of this composition tested too f ~ w ,  to 
determine precisely its relative status. For the purposes, 
of this report - - - -  

I 



however, the available evidence i s  conclusive i n  proving t h a t  
with the weights of cores equal, the armor penetration of the 
carbide core against face-hardened p la te  was f o r  the most 

- part superior t o  that of the standard; from Table I V  the I 

value of grade 1835 was 14% lower than that for the standard 
A.P. core, or based upon energy, the complex carbide core 
required approximately 25% less energy for  complete penetration 
of the l / Z f f  face-hardened plate than the standard. 

1. - c. Summary of ~onclusions concerning Influence 
of Com~osition of Carbide B u l l e t s  from hesults 
a t  Normal I m ~ a c t  on l f 2 V  Face-Hardened Plate 
Any attempt at conparing the r e s u l t s  of the 

two series of t e s t s  is rendered difficuit , b y , f i r s t  the natural 
dispersion arising frequently when bullet.or core f a i l u r e  
occurs, and secondly by the difference i n  b a l l i s t i c  quality of 
the 1/2" face-hardened plates employed i n  tne two groups of 
t e s t s .  The features t ha t  are corlsidered of host consequence, I 

I 

however, have been proved with a reasonable degree of engineer- 
.. . b g  accurzcy, namely, t o  reitierate: . .. I 

I I . .. 
. . -.- (1) , '  The tungsten carbide cores with 6 

. . .  . . . .  - -; . 
. :. ; . to  -20% of binding element are 

, ... - . 
; " , . 
. . -  

. _  .. . .  . ' - --. .superior t o  the,  standard A.P. cores 
. .  - 

.. . . .. - .  . ' ' "  . .  . - -  . in ,.their penetrating efficiency agains 
. . . . ,. 

. . . . lf 2* f ace-hardened , plate.  - . - . * 
i - (2) ' Nickel, cobalt, and i ron  (as in- 

dicated from the one grade tested) 
. - - .  . are -.equally eff ective-as binding - 

elements for. the - tungsten carbide. 
L . (3) The exact percentage of bindin:, 

constituent i n  the range from 6 t o  
20$ i s  not of first  order importance. 

(4) ,  he e r p l a ~ a t i o n  for  the superior 
penetrating ability of the carbide 
bullet cores is not at t r ibutable  t o  
their greater sectional density 
than the standard A.P. core; the 
results for  the..cornplex grade 1835 
with approximately the ssme weight 
of core ,as the staxlard necessitates 
the consideration of other physical 
properties o r  character is t ics  f o r  the 
solution of the predominantly greater, 
efficiency of the carbide bullets. I 
.As w i l l  ' be  shown i n  l a t e r  sections, ! 
the question of the breaking up of 1 
the bu l l e t  cores seems t o  be of I 

' - . paramount ,importance. 
' . . . , .  . - I 



2. and 3/8" Fac-e-Hardened Plate. Normal Irn~act  
Ba l l i s t i c  Results. Caliber .30 Bullets 
In order t o  obtain the action of the tungstea carbide 

bullets against face-hardened plate as a function of thickness, 
and observe the behavior of the bullets as dependent upon 
velocity, several additional face-hardened plates  were f i red  
In  addition t o  the comprehensive 1/2" f ace-hardened experiments. 
Since the l a t t e r  had indicated that  the exact percentage and 
nature of binding constituent was of secondary importance fo r  
normal impact against face-hardened plate, the resul ts  ob- 
tained w i t h  the more limited number of t e s t s  a t  other thicknessei 
are believed t o  be f a i r l y  re l i ab le  in  representing the general 
behavior of the carbide bul le ts  as  a whole. I 

1n the second series of ' tests ,  l / 4 n  and 3/8"-face- 
hardened plates were investigated, grade 1774 (9 N i - 9 1  wC) be- 
ing employed against the former, snd grade 1830 (13 Ni-87 WC) , 
against the l a t t e r .  The superior performance of the carbide 
bullets against  these plates  mas even more marked than against 
the 1 1 2 ~  face-hardened. For the 114" thickness a low enough 
velocity could not be readily attained t o  give a pa r t i a l  
penetration and therefore enable the determination of a 
b a l l i s t i c  l i m i t .  With this plate,  from Table V, the F value 
f o r  the carbide core was less than .6 tha t  of the standard, I 

,. and the carbide core required l e s s  than .4 of the energy of 

1 the standard core for complete penetration. 
i 
I 3 0 

5/8" Face-Hardened Plate. Norm1 Impact 
Ba3listic Results: Caliber - 3 0  au l le t s  

I - - 
In the f i r s t  group of t e s t s ,  5/8" face-hardened 

plate, was investigated with the s t ra igh t  tungsten carbide 
grade cores,779 and 1774, containing 95 cobalt end nickel 
respectively as binding elements, The resul ts  fo r  both grades 
were practically identical thus indicating tLat f o r  thick- 
nesses of face-hardened plate up t o  a t  l e a s t  5/8" ,  cobalt 
and nickel are  equally effective as binders with tungsten . 
carbide. . . 

4 Com~arison of Results Obtained i n  First Groug 
.of Tests f o r  Tunasten-Carbide Bullets anainst 1/2" 
Face-Hzrdened Plate w i t h  General Average Performance 

. . 

From Plot 210. 2 graphically portraying the average I 

performance of the cal iber  .30 tungsten carbide bu l le t s  relative1 
to the standard, it appears that  the values i n  the second 

I t e s t  ser ies  for  1/2" fsce-hardened' plate  may be more representa-; 
t i ve  than those of the i n i t i a l  investigbtion. The smooth curves1 
t h a t  may be drawn through the points f o r  the 1 / 4 ~ ,  3/81', and 
1/2" piates of the second t e s t  ser ies  znd t h a t , f o r  the 5/81? 
p l a t e  of the f i r s t  s e r i e s  may be a coincidence but on ,engineer- 
ing principles some such orderly-.relationship is' probably to  
be wpacted, , . and the r e su l t s  fo r  the 1/21' plate of the f irs t  . . - . .. L -.-.. ---- 



test ser ies  depart considerably from the possible relationship 
among the remainins values (practically a straight line in the 
case of the F points).  . ' 

5. 1" Face-Hardened Plate, Normal Im~ac t  
B a l l i s t i c  Result3. Caiiber .50 Bullets 

Caliber -50 bullets  of the s t ra idht  tungsten carbide 
type w i t h  n icke l  and cobalt  as binding elements were employed 
i n  the first  group of tests against 1" face-hardened plates  
with the results given i n  Tables 111-B and XV-B of Appendix A 
and graphically illustrated i n  Plot No. 6 .  Fron this set  &of 
data, it appears that in.eorlfirmation of the pev ious  remarks 
about the caliber -30 tungsten carbide bullets, nickel and . 
cobalt were equally e f f e c t i v e  as binders, a t  l e a s t  f o r  
penetrat ion a t  normal impact. However, i n  the case of the 
caliber .5O bul le t s ,  F appeared t o  incresse slowly with  increas- 
$ng percentage of binding constituent. The lowest and therefar e 
the  optimum values of F were attained with  678 binder. The 
average F of the carbide cores mas .91 times that of the 
standard. To institute a comparison of the average penetrating 
efficiency of t he  caliber -50 tungsten carbide bullets aith that 
of t h e c a l i b e r  .30, t h e a v e r a g e F v a l u e f o r  the caliber .30 
bullets was in terpolated from Plot 10;2 f o r  an equal r a t i o  of a 
as that  obtaining fo r  the caliber .50 b u l l e t s  against 1" 
plate  with the r e s u l t s  as given below: 

..,.. . 
. . . . . . - .  . ..,: . . , , ... - . . . Gt- i - . . -  thicbess of armor. plate ' . , . 

. ... 
, , . d'/:= diameter o f  . bu l l e t  core.  . . 

. . . -  ..- . . _ .  
, - . :.;- :>-:. ' - ., 

. . * .  - - ' . t i  :' 

- .. ,Ratio 
5 .  ... 

Bullet ' t .  . '  - d  - .  ' tld : " - .Fbf .  Carbide Core 
' . . . - 

Design . . : .   of dtandard core 
. . .  . . - . < .  : . . . . . . 

The b' values agree f a i r l y  c lo se ly  and this may be of some 
significance in indicating the  order of magnitude of resu l t s  
tha t  could be obtained with cal iber  .50 carbide bullets. 

/ 

F. - 11. - DISCOSSIO1J OF 3ALLI;TIC RZBULTS' 
FACE-HARDENXD PLATE. OBLIGUE IFPACT 
CALIBE3 -30 BULLETS 

In the i n i t i a l  investigation only a l i n i t e d  amount 
of experimentation had been conducted a t  obliquities; 
grade 44A (6 Co-94 wC) had been f ired a t  normal, 20°, and 30° 
against 1/2" face-hardened plate ,  snd grade 779 (9 Ni-91 WC) 

- had been fired at normasland 20° at 5/8" face-hardened plate.  
The t e s t s  viere inadequate i n  nuaber to pe rmi t  of a r e l i a b l e  

- - n  . * . .  - - - - -  ------ - -  
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estiinate of the obl iqui ty  cha rac te r i s t i c s  of the carbide bul le ts ,  
and therefore one of the msjor objectives i n  the following se r i e s  
of t e s t s ,  was t o  g ~ i n  a nore thorough representation, The 
r e s u l t s  of the,foregoing a r e  summarized i n  Table 111, and Plo t  
No. 7 , -  Mo. 8, and 140. 9,  , 

. . ' .  
. 1 .  ~ / d *   ace-~ardened pla te .  Obl icui tv  Perf ornance 

, .  , 

, One grade of the carb3de bul le ts ,  1774 ( 9  Hi-91 WC) 
was investigated a t  obl iqui t ies  of 20° and 30°, the r e s u l t s  
being graphically shown in P l o t  No, 7. From the slopes of the 
F curves of the standard and carbide bul le t s ,  it readi ly  
follows t h a t  the penetrating eff ic iency of the carbide bu l l e t s  
a t  oblique impact becomes r e l a t i v e l y  uoorer (i,e. r e l a t i v e  t o  
i t s  normal value) than t h a t  of the standard; the absolute 
super ior i ty  of the czrbide grade, however, i s  s t i l l  maintained 
up t o  angles of 30° a t  l e a s t ,  Thus the  r a t i o  of the F value 
of the czrblde core t o  t h a t  of the  standard increases from 
.61 or  l e s s  a t  nornal t o  -89 a t  30°, the l a t t e r  f igu re  
continuing t o  denote a subs tan t ia l  super ior i ty  of the carbide 
grade, _ - 

2' J/ 2n  Face-Hardened Plate .  Obl iaui tv  Performance 

The most extensive se r i e s  of t e s t s  were conducted 
against  the 1/2" facePhardened plate,  the r e s u l t s  f o r  the 
d i f f e ren t  grades be ing- i l lus t r a t ed  i n  P lo t  No. 8. The in- 
creasing spread i n  F values as  the angle of obl iqui ty  increases 
from norrnal t o  30° i s  apparent, Inasmuch as l a t e r  sections 
on recovery of  fragments show t h a t  a t  oblique Impact all carbide 
cores shattered,  or  ra ther  pulverized a s  distinguished from 
the behavior a t  normal, according t o  past  experience large 
d ispers iors  i n  the experhen ta l ly  deterained b a l l i s t i c  l i m i t s  
are t o  he expectcd a s  a consequence of the i r regular  o r  non- 
uniforn fac tors  influencing the process of f racture .  The 
writer believes that probably the major portion of the  
va r i a t ion  i n  r e s u l t s  of the czrbide grsdes a t  ob l iqui ty  i s  
a t t r i b u t ~ b l e  t o  fea tures  of an accidental  nature r a the r  than - 
t o  inherent differences in the cha rac te r i s t i c s  of the carbide 
grades, Because of t h i s  factor of fragriientation o r  the  
associated dispersion mitigating against  more precise results ,  
no de ta i led  attempt i s  made t o  c l a s s i fy  gredes or  compositions 
f o r  obl iqui ty  performance, The apphrent superiority of grade 
55-A (13 Co-87 WC) i s  noted f o r  norm1 and 20.; a t  30°, however, 
only p a r t i a l  penetrations c o - ~ l d  be secured, The grzdes with 
13 and 20$ nickel  showed the poorest performance of a l l  a t  
20°, the only ~ n g l e  of obl iqui ty  a t  which t e s t s  were carried 
out f o r  these grades, the penetrating eff ic iency being l e s s  
than tha t  fo r  the standard. The %< nickel  grade had a low * 

F value a t  20°, and the lowest of the group a t  30°, The t e s t s  



evidence tha t ,  a s  with the l/4" face-hzrdened plate ,  the 
carbide bul le t  cores a t  ob l iqu i t i e s  becose r e l a t ive ly  poorer 
penetrators than the standard A.P. In general, however, the  
absolute superior performance of the carbide cores is maintained 
up t o  angles of a t  l e a s t  20°. No complete penetrations could 
be obtained a t  30° with the standard bu l l e t s  against  1/2n  
face-hardened 2 la te  and therefore a comparison i s  not possible 
although the  inference from Plot  No. 8 i s  tha t  a t  this angle, 
the standard core might surpass the carbide ones; but it i s  t o  
be noted that with respect  t o  the b u l l e t s  a s  a whole, sone of 
the carbide bul le ts  s t i l l  maintained an appreciable greater  
eff ic iency a s  a consequence of the more favorable weight 
d i s t r ibu t ion  between core and jacket. 

L _ 
RECOVERY OF BULLET FRAGMEGTS XiD PLATE PUNCHINGS 

CALIBER .30 FIRIXGS.  FACE-HARDENED PLATE . 

lo Presentation of I l l u s t r a t i o n s  
.* -- 1 - 

In the second se r i e s  of t e s t s  particula'r e f f o r t s  
were directed toward the recovery of bu l l e t  fragments and plate  
punchings, the  means u t i l i z e d  having -been discussed i n  the 
sect ion on Experimental Apparatus. The detai led observations 
on the  recovery a r e  noted i n  Table I1 wherein the  amount of 
p r o j e c t i l e  core recovered i n t a c t  from the base o r  nose section 
i s  indicated i n  appropriate columns. dome representative photo- 
graphs of the r e s u l t s  of the  recovery program, and the  types 
of holes produced by both the carbide and standard cores a re  
presented in  the P l a t e  Series, P 1 - P 22, the i l l u s t r a t i o n s  
for fragment recovery and armor p l a t e  corresponding generally 
t o  the same rounds. The notation accompanying each f l l u s t r a t i a n  
has been made complete for a ready appraisal  and convenience 
i n  reference t o  Table 11. The f igures  a re  numbered consecutively 
fo r  each thickness and type of p la t e .  Complete penetrat ions 
are shown from the face  and back views of the armor p la te .  
The bu l l e t  frzgments have been segregated according as t o  whether 
they were recovered i n  the f ront  recovery drum from t h e  
face of the plate, or i n  the rear  drum from the back of the  
plate ,  with no e f f o r t  made t o  separate jacket or p l a t e  material 
from that of the b u l l e t  cores. A l l  i l l u s t r a t i o n s  of armor 
p la t e  and fragments a re  approximately ac tua l  size; i n  the  case of 
the armor p la te  se r i e s ,  some vzr ia t ions  i n  the sca le  ex f s t  and 
i n  add i t i on  because of the d i s to r t ion  present i n  the  pictures 
(areas of armor p la t e  mere photographed on 8" x 10" film and 
the resu l t ing  p r in t s  cut  up f o r  the  individual i l l u s t r ~ t i o n s )  
accurate measurements a r e  not f eas ib le .  



I n  order t o  bring out slore shhrply so:ue aspects of 
the penetratio:;~ in the armor plate ,  r e so r t  was had t o  the 
a r t i f i c e  of paint in3 the sides ofmariy of the holes with white 
paint ,  =;id sose tiides i~i p l ~ c i n g  screens behind the pla te  t o  
increase the contrast  by making the holes themselves photo- 
graph d ~ r k .  A judicious use of such schemes can with somewhat 
nore practice serve kdmirably t o  del ineate  and reveal  desired 
features  tha t  might otherwise remain obscured under the  
p rac t i ca l  conditions exis t ing a t  the  time of photography. 

2. f/ln Face-Hardened Plate.  Normal I m ~ a c t  

The appearances of the penetrations of the s t a n d ~ r d  
and the carbide bu l l e t s  against  the  1/4" fzce-hardened plate ,  
Figure 1, 2 of Pla te  1,were qui te  s imilzr  with no gross d is t ingui  
shing charac te r i s t i c s  i n  shape or  dimensions discernible.  The 
recovered fragments of the bullets and the p la te  punchings, 
however, revealed well marked differences f o r  the carbide and 
standsrd bu l l e t s ,  The re su l t s  tabulated i n  Table 11 showed 
t h a t  the standard cores were breaking up to.a gres te r  extent  
a t  normal inpact th in  the  chrbide cores, approximately 3/gn t o  
9/2" of the bases of the carbide cores remaining i n t a c t  while 
the standard cores were breaking u p  i n t o  smzller fragments. 
Figures 1 - 4 of P la te  1 3  demonstrate these points, Figure 3 
having a substant ia l  port ion of the carbide core i n t a c t  i n  the 
p a r t i a l l y  i n t a c t  jacket. 

4 

The punchings from the standard h l l e t s  were 
approximetely cy l indr i ca l  slkgs i n  shape  h he curved surf ace 
i s  t o  be noted i n  Figure 1)  having roughly a diameter of 
about 1/4" and a length equal t o  tha t  of the thickness of armor 
plate.  The punchings froin the carbide bullets were smaller 
i n  length with l e s s  d i s t o r t i o n  of the sides. The most 
s igni f icant  difference,  hmever, i s  not  readi ly  perceptible 
from Figures 2 and 4 of Plate 13 portraying an end on view of 
the punchings from the bu l l e t  entrance side, the  in ten t ion  
being t o  exhibit  the c lea r ly  defined iapression of the t i p  of 
the ccrbide core, Figure &,lacking i n  the case of the punching 
f o r  the  standard, Figure 2. From the accompanying sketches, 
delineating the general features of the punchings discussedo 
and the bu l l e t  reeovery resu l t s ,  the  inference - 

sketches of Punchiws from carbide 
and Standard A.P. Caliber .30 Bullets  

114" F.H. Plate  

P 

Standard, Rd, 4 

/Outline of core t i 1  

W g s t e n  Carbide, Rdo 7 



i s  t h a t  the standbrd cores. were shat ter ing i n  the e a r l y  stages 
of penetration on the face-hardened pla te ,  whereas the carbide 
cores i f  breaking up, were doing *so a t  a later stage when the 
process of penetration had been Bbout completely e f fec ted j  
the l a t t e r  point being indickted by the fact that the t i p  of 
the c ~ r b i d e  core had prac t ica l ly  reached the Lack surface 
of the armor plate  before the psnching was ejected from the 
rezr. This b e h ~ v i o r  of the carbide and stsndspd cores a t  
nornal impac t  with respect  t o  f ragment~t ion  aLLd the aspects 
of the types of plmchings produced proved t o  be cha rac te r i s t i c  
i n  the firings agzinst the thicker face-hardened p la t e s  as well, 
with an addi t ional  d i s s imi l s r i ty  i n  the appekrance of the 
penetrations. \ i  .-. - 

. . 

3.  L/d" Face-Hardened . . . .  . .  plate': . . 0bliaue . . . .  l rn~acf  

For a l l  cases of oblique inpbct (200 and greater) ,  
against  both face-hardened and homogenedus p la te  of the  thick- 
nesses included i n  this  investigation,  the recovery r e s u l t s  
denoted clearly a sharp t r ans i t ion  i n  the %behavior of the c a b i d e  
cores on impact; wherebs a t  normal a subs tan t ia l  f r ac t ion  of 
the average carbide core remained int,ct, a t  ob l iqu i t i e s  a l l  
carbide cores were recovered broken up in to  f a i r l y  coarse f r ag -  
ments ( i n  s i zes  1/16" - 3/16") f o r  20° obliquity, o r  i n  a 
completely pulverized s t a t e  (pa r t i c l e s  mostly l e s s  than 1/16" 
i n  s ize)  for  some 20° and all 30° angles of obliqaity.  - I 

The standhrd b u l l e t  cores broke up a t  a l l  angles of obl iqui ty  
against the face-hardened glates .  Figures 5 and 6 of Plate  14 
i l l u s t r u t e  the recovery fo r  20° f i r i n g s  . The \penetrations of 
both the carbide and s t ~ n d a r d  bu l l e t s  k t  obl iqui t ies  against  
the 1/4* pla te  were i rregil lar  i n  character (p la tes  , , 1 and 2). 

(i 

4-  3/8" Face-Hardened Plate.  Normal Imuact  . 
1 _' : 

The jlerforations of the  3/8n face-hzrdened p la te  by 
the 'standard and carbide bullets  a t  norrnal.impact (Figures 1, 3 
of P la t e  3) displayed d i s t i n c t  differences which sere further 
accentuated i n  the 1/2" face-hardened plates  t o  be described 
i n  the  following section,  and there  shown t o  be charac ter i s t ic .  



. , 

The entrance hole f o r  a cornplete penetration made by. a stkndard 
b u l l e t  was l ~ r g e r  than tha t  lnade by a carbide core, t h e  former 
always being greater  i n  diaaeter t h u  tha t  of the b u l l e t  core, 
the l a t t e r  i n  general s~mewhat l e s s  than the diameter of the 
b u l l e t  core (due t o  the e l a s t i c  contraction of the p l a t e  &bout 
the hole a f t e r  the core hc;s passed through or been removed). 
The notes on recovery f o r  the 3/8n firings, which were less 
complete than those of the others i n  tha t  the bsck recovery 
drum was oait ted,  shoaed tha t .  the standard bul.let cores were 
breaking up or  shat ter ing while the cr~.rbide cores were break- 
ing up t o  a l e s s e r  degree,  up t o  1/2" o f t h e  bsse being re- 
covered i n t a c t ,  The punchings from-the carbide b u l l e t s  were 
typica l  with respect t o  the c l e a r l y  defined penetrations of the 
carbide cores while the one- punehing recovered from the  standard 
b u l l e t ,  Round . 5 ,  was peculiar  in that there w a s  a clean bored 
h o l e  within the punching; according t o  the included sketches. I 

. - .. . 
I 

Sketches of ~unchings  f r o s  Carbide 
and Standmd A-P.  Caliber - 3 0  Bullets  

3/8" F.H. Plate  

Standard, Rd. 5 Tungsten carbide, Rd. $ 

5 .  1/2" Face-Hardened Plate Normal Im~act . . 

. .. The f i r i n g s  against  the 1/2" . face-balsdened p l a t e s  
were the aost  extensive in  m n b e r  and appropriste pains were 
taken t o  secure a d e t a i l c d  representation of the behavior of 
of thk various grades of carbide b u l l e t s  as wel l  as  the  Standzrd 
The appelirances.,.qf- sone of the penetrations a re  g iven  i n  
Plates 4 - 8 and the results on recovery in Plates 1 5  - 21. I 



The trend sho-m i n  the 3/8" thickness -of face-hardened p l a t e  , 

has now becorne very pronalnccd; the  holes made by the . s t a m ? ~ r d  
b u l l e t s  a re  general ly i r r egu la r  i n  shape and appreciably 
grea te r  i n  d i m e t e r  than the core (p l a t e  t ) ;  whereas the 
perforat ions  m~de  by the  carbide b u l l e t s  represen ted- in  some 
d e t a i l  f o r  a l l  grades i n  P le tes  5 - 7) are  sinilar i n  showing 
a ra ther  symetrical conical  surfsce with a c leanly formed entrance 
hole of s l i g h t l y  smaller diameter thzn thz t  of the core9 a t  
the f r o n t  surface, and an e x i t  hole of approximztely 1/21! i n  
diaineter a t  the back surface. 

The punchings obtained ( ~ l n t e s  15 - 18) possess t o  
an accentuated degree the  dis t inguishing chhr&c te r i s t i c s  of 
those f r o 3  the previously discussed thinner face-hardened p la tes .  
While the  punching f r o a  a s tandird  b u l l e t  may be a cyl indr ica l  s lu 
( ~ f g u r e  4, P l a t e  15)  as  in the samples from the l/,$'! face- 
hardened pldte, o r  a punching rrom aithin a I ~ r g e r  punching 
(~igure 2, Plate 15) a s  in the one exa!nple f o r  the 3/81' face- 
hardened plate, the  punchings from the carbide b u l l e t s  &re  
near ly  a l l  alike i n  having a riiaximurn diameter a t  the  base, 
corresponding t o  the r e a r  surface o f  the  armor plate, of about 
112'' and a well defined penetration of the core extending t o  
the base or r ea r  surface (e,g, Figures 9 - 11, Pla t e  17). 
Figure 9 and included sketch exemplify p rac t i ca l ly  an i d e d  
punching of the carbide type, Figure 10 i s  noteworthy i n  por- 

-Sketch o f  Ideal Punching from 
Caliber .30 Carbide Bullet 

a 2 .  F'aae-~a~ened Plate 

- 
' Round 23, P l a t e  I 

t raying the  punching f r o n  a round wherein the carbide core re- 
mained coaple te ly  i n t a c t .  The appezrances of the  penetrat ion 
( ~ i g u r e  6, P la te  5) and punching from t h i s  round are s h i l a r  
t o  thoce of the other  carbide f i r i n g s  and cons t i t u t e  an ex- 
c e l l e n t  example o f  t h e  b a l l i s t i c  behavior of high qua l i ty  



face-hardened plzte  t o  bu l l e t  cores t h ~ t  remain i n t a c t .  

The general nctes in-Table II on the recove& of 
b u l l e t  fragments show t ha t  the standard cores iiere breaking 
up or  shat ter ing a t  normal ( ~ i g u r e s  1 and 2, P la te  15) sad 
the  carbide cores vere breaking up  much l e s s ,  usually &bout 
1 / 2 n  - 5/Sff sections of their bsse alid smaller portions of 
the nose remainiiig int,ct (e.g. Figures 9 and 11 of Plate 17). 

. * 

Some exceptions- t o  t h i s  general behavior, however, 
were noted and require an explanation. Thus i n  Figure 3 of 
P la te  1 5 ,  a standard bu l l e t  core i s  stown i n t a c t  t o  the 
same extent  as tha t  of many of the carbide cores. But i n  
t h i s  case for the st,'ndard, the rcund g2.ve good penetration, 
being i n  f s c t  a Navy Complete, ivith the  appearance of the 
penetrat ion correspanding t o  the carbide type, so t h a t  no 
contradiction t o  the thes i s  of the influence of the frsg- 
menting of the  b u l l e t  cores r e su l t s ,  Fur ther  exceptions are  
noted f o r  those carbide cores, ghfch were i n  the minority, 
recovered as badly broken up o r  sha t te red 'as  the standard, o r  
even worse (~ounds 38, 51, and 71 against  Plate No, 5 il- 
lus t r a t ed  i n  Figures 12, 13, and 16 of Plates  17 and 18). 
Round 71 i s  of special import~nce as being the f i r i n g  or the 
conplex caybide grade 1835 with the same densi ty  as tha t  of 
the  standard A.P. s t e e l .  The perforations produced, 
however, by these rounds (~igures 7, 8, and 11 of P l s t e s  6 
and 7) ere those of the  carbide type, tha t  f o r  grade 1835, 
Figure -11,being f a i r l y  typical. Rotund 38 f o r  grade 1695 was 
a very high veloci ty  Navy Complete t o  see the er"fect of 
increasing the veloci ty  of carbide bullets several  hundred 
f / s  beyond t h a t  required f o r  complete penetration. Consider- 
ing all of t k e  features  pertaining t o  the above carbide 
rounds t h a t  shattered a t  nor-ml  and any others, the follow- 
i n g  per t inent  facts a re  assembled aboq-it the usual example 
of such: 

- (a) The 'appearance of the penetrat ion in' 
the armor plate is similar t o  t h a t  f o r  - 
the firing i n  which the carbide core 
remained wholly i n t a c t  (~ound 22, 
Figure 6 of P la t e  5) 

(b) '  The appearance of the punching i s  
cha rac te r i s t i c  of tha t  resu l t ing  when 
t h e  core i s  known t o  have remained in- 
tact (~ound  22, Figure 10 of P l ~ t e  17) 

(c) The b a l l i s t i c  r e s u l t s  agree reasonably 
well with other rounds wherein the cores 
are known t o  have remained moct2y i n t a c t  
(as the f i r i n g s  for grade 55-B) 

and the resul t ing deduction i s  made t h a t  the  above carbide * 



cores although recovered in the shattered condition -must have 
resained substantially Intact for the,major portion of the 
process of penetration in.contradistinction tu the case for the 
standard A,P. cores which shatter in the earlier sthges. . . 

- .  

5. - a. ~oi~arison of ~ e s u l t s  of Chrbide Bullats against 
. , Face-Hsrdened and Hoaoeeneous Plate 

. . .  
I 

Further evidence of *n indirect nature i s  avail- 
able concerning the action of the carbide bullets against ' 
face-hardened plate from the dependence of the average F values 
of the caliber -30 bullet cores as a function of thickness, 
Plot No. 3; the averalre values for the standard bullets- against 
the same face-hardened pltte being also included for comparison. 
Anticipating the results for homogeneous plate, it lnay be mentionec 
that under these coilditions where the tro;lblesome circum~t~~nces 
of cope failure were pr~ctically entirely absent for all bullets, 
the penetrating efficiencies, or F values, for a11 the carbide 
and standwd bullet cores were identical. On'Plot No. 3 the 
F values for a series of homogeneo~s plztes of high and low 
Brine11 hardnesses have been denoted in t&e dotted lines to 
obtain representL4tive limits of perforsance', the data being. 
taken froin the set of comprehensive firings of Carnegie Illinois, 
embodied in Firing Record Mo. 20702, A301, January 6 - 21, 19.41. 
In asmuch as the F v@ues for the carbide and stzndard cores 
are the same against homogeneous plate, the indication from 
Plot Ito, 4 is t b t  from a qualitative and even semi-qusntitative 
aspect the ballistic behavior of the carbide bullet cores 
against face-hardened plate approximates,that of either the 
standzrd or carbide cores against homogeneous plate, Also 
for additiorlal corrobor;tion, the. 'average F value for the 
caliber -50 tun sten carbide bullet cores fired against 1" face- 
hardened plate % = 55t200 from Table IV-B) closely approximntes 
that obtained with standard caliber -50 cores against hard 
homogeneous plate. These results seem indeed reasonable: 
that face-hhrdened plate of good quality, with a face brdened 
layer that will not spall, shoilld so act in penetration by 
bullets that remain intact roughly the same a s  if it were 
homogeneous plate of the szme analysis and hardness as that 
of the body proper; takfng into account the fact that in the 
fsce-hardened plate the face layers are so hard as to be inferior 
to the body of the plate with respect to ballistic resistance. 



- 
5 ,  - b. D i s s i ~ 2 t i o n  of Energy bv a Pro jec t i l e  t h a t  Shatters 

1 

The grea ter  energy required f o r  complete penetrat ion 
by n pro jec t i l e  t h a t  sha t t e r s  i n  the i n i t i a l  stage of impact 
as cospared with one t h a t  reinair~s i n t a c t  i s  assignable t o  
possibly several causes: (a) the energy expended i n  the shat ter-  
ing o r  breaking up of the p ro jec t i l e  i t s e l f ,  (b) as a r e s u l t  
of the shattering,  the dispersal  of the applicztion of the s t r i k i q  
forces over an increased surface area of the  armor plate ,  thus 
necessitat ing the e jec t ion  of a la rger  punching (or increased 
voltune of arrnor p la t e  material) than would have been the case 
had the p ro jec t i l e  stayed in tac t ;  the increased work demhnded 
probably begring some r e l a t i o n  t o  the incrernent i n  a rea  of the 
sheared surfaces of the punching, (c) the r e l a t i v e l y  ineff ic ient  
shape of the fragments fo r  srmor piercing, and (d) possibly 
an e f f e c t  associated ~ f t h  the impact s t rength of materials  as  
being dependent upon the r a t e  of appl icat ion of force; some 
of the current  hypotheses, ver i f ied  p a r t i a l l y  by experimental 
evidence, affirming t h a t  above c e r t a i n  r a t e s  of appl icat ion 
of forces (of magnitudes readi ly  a t ta ined under the c o n d i t i ~ n s  
of armor plate f i r i n g )  the impact res is tance of many materials  
including s t e e l  decreases sharply, so tha t  i n  L s i t u a t i o n  

6,- ' . - 
wherein the p ro jec t i l e  i n i t i a l l y  sha t t e r s  the r a t e  of appl icat ion 

. - of forces i s  considerably reduced thereby favoring the Impact 
strength of the arsor  pla te ,  . - . " 

A l l  the avsi lable  experimentti1 evidence indicates  
then t h a t  the  appreciable difference i n  penetr>.ting ef f ic ienc ies  
of the standard and carbide b u l l e t  cores agtdnst f ace-hardened 
p la te  i s  a t t r ibu table  t o  the basic f ac to r  of preazture core 
f a i l u r e  i n  the ac t ion  of the stsndard. That sec t iona l  density 
probably does nbt play a role,  a s  might be readi ly  assumed, may 
be inferred from the resif i ts  f o r  the complex carbide grade, 1835 
with the sase weight of core a s  the standard. 

5. - c. Correlation of B a l l i s t i c  Results f o r  Carbide 
Bul le ts  with Fragment Recovery 

As i s  evident from the r e s u l t s  of recovery,with 
the exception of a few rounds-. the carbide cores probably did 
not remain i n t ~ c t  throughout the e n t i r e  process of penetration, 
and i t  ~ o u l d  appear therefore t h a t  the differences feud i n  
the r e s u l t s  fo r  t h e  vari,)us grtides 5s well as the dispersion 
or  e r r a t i c  behavior .encountered i n  some rounds a re  t o  be 
ascribed to  the breaking up of the carbide cores. The exact 
stage a t  which frbcture  occurred and other d e t a i l s  of the 
act ion of any given carbide b u l l e t  are of course qui te  impossible 
t o  determine f u l l y  although the nature oL the punching produced 
and the recovered fragments may furnish importhnt clues,  In 
general, detai led c o n s i d e r ~ t i o n  of the features  of fragroentation 
of the  carbide bu l l e t s  from the experimentd data available 

- .- 
( 28) 1 



cannot lead t o  a completely straightforward explanation of the 
observed differences,  , ' A  

The penetrating eff iciencies  f o r  the cobalt  s e r i e s  
follow re&sorxibly c losely the s t a t e  o f - t h e  recovered cores, 
the compositions with 13 and 205 cobalt ,  which possessed the 
loxest  F values of a l l  cbrbide cores, having a la rge  f r ac t ion  
of an average core remaining i n t a c t  ( the  core found completely 
i n t a c t  was froiq..the 20% grade). The punchings f ron the  above 
series and the in te rna l  penetrations of the core appeared 
well formed with no abnormal features .  Similzrly no serious 
discrepancies &re found i n  the other f i r i n g s  except those f o r  
the 13% nickel  grade and the conplex grade, 1835 both of which 
had a ra ther  high F values ~ i i t h  a normal amount of i n t ~ c t  
recovery, A possible explanation f o r  these i s  advanced on the 
indicative fes tures  of t h e i r  punchings, the in te rna l  
penetrations i n  both cases showing 20° ox l a rger  yaw from the 
normal to what corresponds t o  the rea r  surface of the armor 
plate, as i n  the accoapanying.sketches. - 

. :  . . . .  
. .  . . ;  ketches of. punchinas from carbide . . . . . . . . .  

. . . . . , 
. . s . *d.Standard ~ A.P. Caliber .30 Bullets 

.*-- . . . . . .  
- ' . 1/2"- F.H. P la t e  . . . . . .  -. 
, . - .  . . . . . .  . ;- 4 <- , . .  . . 

. . . .  / . . . - .  . - , ' 

Lowest complete .Penetrations, 
fllustrating Yaw of Bullets i n  Plate 

- 2  

\* 
of 

Core 
Penetration 

complex Grade 1835 Grade 1830A, 1 3 % ~ ~  
Round 5 5 9  Plate V Round 71, Plate V 

-. 
This in te rpre ta t ion  does not account f &  an). of the other 
rounds f o r  these two grades with high F values and no f i r t h e r  
attempt i s  made t o  do so, the complexity of the act ions  in- 
volved i n  the penetrations of pro jec t i les  that break up making 
any thorough evaluation too d i f f i c u l t  and not vmy convincing. 
For engineering reasons the 13s nickel  compositions should not 
be in fe r io r  t o  the 6 or  20% ones so t h a t  the spread i n  F values 
f o r  the respective-cores probably i s  soae measure of the 
dispers ion i n  r e s u l t s  t h a t  s a y  a r i s e  due t o  var ia t ions  i n  the 
precise conditions of t e s t  a s  well as i n  the manufacture of the 



bul le t s ,  although t e s t s  of the two l o t s  of grade 1774 (9 13i-91 \nrC 
demonstrated a r e m h r k ~ b l y  close agreement i n  behavior. 

6 .  J.kn Face-Hardened Plate.  Obliaue Impact 

A t  a l l  angles of obliquity the standard snd carbide 
b u l l e t  cores broke up or  pulverized [plates  19 - 21) as i n  the 
obl iqui ty  f i r i n g s  against  the 1/4" face-hardened p la t e ,  For 
the  20° f i r ings ,  from the appearances o f  the holes produced 
i n  the armor p la te  (p la tes  7 - 10) and the m t u r e  of the 
punching s , a ra ther  reasonable explanat ion of the penetrating 
e f f i c i enc ies  of the cores in P l o t  Ho. 8 rnay be advanced i n  t h a t  
there i s  a f a i r l y  close degree of c o r ~ e l a t i o n  between the s ize  of 
the-perforat ions  produced and the penetrating e f f i c i enc ies  of 
the cores;the la rger  holes and punchings being associated 
with the l e a s t  e f f i c i e n t  penetrators, The data from Plo t  No. 8 
and the pert inent information from the photographs have been 
tabulated below: 

d- 

F Size  ole, - Illustrations 
Grade - vaiue Punchinq Armor P la te  Punching 

Most Efficient ~ e n e t r a t o r s ,  Lowest F Values 
g .  Plate Fig. P l a t \  

\ 

5 5~(13co) ' 60,600 small .14 8 20 19. 

3.774 ( 9 ~ i )  66,000 very.  small 16 9 23 20 

Least Eff ic ien t  Penetrators. Highest 'F Values 

Standard ' 78,300 la rge  12,13 7,8 18,19 19 

1 8 3 0 ~  (13Ni) 83,500 l a rge  17 9 21 20 

18316(2011), 85,300 l a r g e  

Results f ~ r  Which relations hi^ Does N o t  H ~ l d  

1695 (6Ni) 76,600 small 16 '9 22 .. 20 

5 5 ~  (20Co) 67,700 ' f a i r l y  la rge  1 5  8 21 20 



The corre la t ion  i n  the above t s b l e  i s  qualitatively f a i r l y  sat-  
i s fac tory  with the exception of the two r e s u l t s  noted, 

. . 

A t  20° the general absolute' 'superior penetrating 
ef f ic iency  of most of the  carbide core b a l l e t s  i s  a t t r ibu ted  
t o  the f a c t  t h a t  although a t  t h i s  angle . a l l  cores a re  recovered 
shattered or pulverized, %he ciirbide cores showing the bes t  
performance remained substantial ly.  i n t a c t  during the greater  
part of the a c t  of penetration ahereas, fn cimtrast, the carbide 
and s t a n d ~ r d  cores w i t h  the poorest performance shattered 
soon a f t e r  impact. These statements a r e ' i n f e r r e d  from t h e '  
charzcter  of the resu l t ing  punchings: the punchings fo r  the 
cores wi th . the  poorest perfornance; e.g. Figures W a n d  24 
of P la te s  19 and 20, were slugs with very l i t t l e  penetrat ion 
of the  cores showing therein; while i n  the punchings from the 
carbide cores with- the best  performance, the cores penetrated 
a considerable distance, e.g, Figure 20 of Plate  19. 

A t  30° obl iqui ty  complete penetrations were obtained 
w i t h  the 9$ nickel  and 20s cobalt,  tungsten-carbide bul le t s ;  
p a r t i a l  penetrations resu l t ing  f o r  the 67: nickel  and 13% 
cobalt grades a s  shown graphically i n  Plot  No. 8, A l l  cores 
were recovered pulverized (plate  21); and concerning the appearanc 

: [--. of the  armor plate,  the perforations are i l l u s t r a t e d  i n  Plate  10. 
-> 1 

< -  
One of the punching~, Figure 26 of P la t e  21, indicated very 
l i t t l e  penetration of the  cbre before f rac ture  occurred; from 
the other,  Figure 28 of Plate-21, no de f in i t e  conclusions appeared 
warranted, . - 

'7- Correlation of B a l l i s t i c  Results and Fragment Recovery 
with Physical Properties of C ~ r b i d e  Bul le t  Cores 

I n  view' of what has been s ta ted  concerning dispersion 
as  evidenced i n  the case of normal impact by the lack of agree- 
ment i n  the r e l a t ive  s t a tus  of the grades from the b a l l i s t i c  
data of the two se r i e s  of t e s t s ,  and i n  the case of oblique 
impact by the anomalous r e s u l t s  of the f i r i n g s  a t  30° obl iqui ty  
against  1/211 homogeneous p la tes  ( t o  be discussed i n  l a t e r  sections: 
as well a s  i n  several  examples pertaining t o  face-hardened p ls te ;  
any c l a s s i f i c a t i o n  of the  various grzdes ~ i t h  respect t o  general 
b a l l i s t i c  efficiency would be insuff i -c ient ly  c l ea r  cu t  and 
controvert ible.  Accordingly,beyond the proof of a negative 
nature expressed previously t h a t  sect ional  density per se  
c a ~ o t  account f o r  the prevailing greater  eff ic iency of the 
carbide' b a l e  ts &gains t face-hardened plate,  no cor re la t ion  
of the physical propert ies of the carbide core materials,  as 
given i n  Table I and P l o t  I, with the complete r e s u l t s  of the 
investigations seems appaPer1t;and any extended analysis  could 

. .. - ---  , 
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scarcely be very profhable .  If, f o r  example,;vith regard t o  
the obl iqui ty  f i r i n g s ,  tile. pelat ive transverse s t rength of the 
carbide materia1s:be considered a s  indicat ive of the . res i s tance  
t o  trans'verse impact and therefore a possible influence i n  the 
act ion a t ' ob l ique  f i r ings , . . t he  high F values fo r  the 13 and 20% 
N i  grades a t  20° a re  unexplainable, evidently inasmuch a s  they 
possess approximhtely the  sane transverse s t rength a s  the 95 
N i  grade urith.one of the  lowest'F values a t  t h i s  angle. 

. . - .; . . .' . ' -c, 

Further speculation on t h i s  score i s  not offered 
other than t h e  wri ter?  s belief t ha t  the major f ac to r  i n  the 
carbide cores1 behavior distinguishing them f ron the s t a d a r d  
i n  f i r i n g s  up t o  about 30° or  l e s s  zgainst  face-hardened p la te  
i s  t h e i r  greater  res is tance t o  the isupact forces during the 
pr incipal  par t  of the process of penetration, tin6 t h a t  t h i s  
high res is tance t o  n ~ r n a l  imp=ct may possibly be associated 
with t h e i r  high coinpressive s t rength.-  A s  the cor re la t ion  of 
impact propert ies of metals a t  high ve loc i t i e s  with s t a t i c a l l y  
determined physical propert ies i s  r e l a t ive ly  i n  an embryonic 
s t a t e ,  the above hypothesis i s  advanced as a conjecture with- 
out much bhsis. 

':?,?; . 1. . 
I...... . 



8 ,  ANALYSIS OF DIF-TERENCES IN HESULTS AS DETEZGVIINED 
PROM "@MYir AND "NAVYn BALLISTIC LIMITS 

'L", ; 

In sections concerning the ballistic r e s h t s ' o n  lace- 
hardened plates at normal Lrpace, the analysis centered on the 
efficiencies of penetration based upon lliiiting velocfties 
determined in accordance with the A r m y  criterion of a complete 
penetration, and the question a r i s e s  as to what degree'would 
the comparison of the bullets have to be modified were the 
Navy criterion of complete penet~ation employed. From Table, 111, 
tho data bearing on the relationship between t h e  nArmyv and . I  

"Navy" results have been outlined below. Some results for 
obliquity firings are also included where this was found incideLt- 
ally in the course of the investigations, no particular effort 
being directed toward this end In view of the difficulty ex- 
perfenced i n  determining Navy limiting velocities at obliquities 
when projectiLes break up ox- ahetter. - .  5 -. 

s, 
COMPARTTSPNNNOF RESULTS DETERMINED 

FRO* A-RMY AND FJAVY CRITERIA , 2 
OF COMPLETE PEIJ~TRBTIOIJ (fro% Table 111) . .I A 

-DEPJED PLATE e: 

Grade Angle "Am@ Wit nAnayn... ': F$aoy- V ?ply FNary-FAnny ' 

e% Veloeity F f/a 2 ;:. 
~bliquity $/a L> , J ,.;. 

Qickness 1/4~ 

8tanda4.d 1 - --- - - -  2ll9 78200 87 
1774 P 949 )47j00 > 349 >17500 

3400 

(gertial) ..% 

Standard ,lS..'. . . 
1 a 5 3  72000 . o o 
T . (Average of two teats) - 

Subscripts nAnnyw or wNavyn denote which criterion of penetration I s  employed. 
- -. 

( 33) I - .'F. 



For the 1/4n plate the data are too meager to warrant 
any conclusions other than that the large differences for the 
carbide grade can possibly be attributed to the effect of the 
jacket at these low velocities. In the 1/2" thickness both 
"ArmyH and "Navy" results are experimentally .identical for I 

- the standard bullets and two of the carbide type; for the 
*A?' 

remaining carbide bullets, the greatest difference between I 
I 

tihe W A r m y n  and WNavyn F values was on the order of 1 6  and I 

the average about 6%. The explanation for the generally 
close agreemeat, identical in many instances, in striking vel- 
ocities required for an nArmya or nMavyn complete penetration 
against face-hardened plate, (in contrast to that against hom- 
ogeneous) is readily apparent from the examinations of the armor I 

plate and punchings. In obtaining an 1IArmy" complete penetration 1 
with a standard bullet, a cylindrical slug of greater diameter 
than t h e  bullet core (due to breaking up of the core) is ex- I 

I 
pelled from the plate thuS leaving a hole through which'the I 
core material can pass to make also a "Navyn complete penetration. I 
With respect to the carbide grade bullets, the character of the 1 p>unchings, showing the internal penetrations of the cores, was I 

discussed in some detail in pages 24-25 . Numerous examples 
of punchings (some of them illustrated, but not with sufficient 
clarity in the photographs) were found in which the carbide 
core had penetrated just to the rear surface, thus making a p i n  I hole in the back of the armor plate and therefore an "Army" 
complete penetration before the punching was sheared from the I 

plate. The cores of the carbide bullets, however, were hindered 
somewhat in passing through the armor plate after the punching 
.by possibly forces of a restraining and destructive nature: I 

the armor plate in the immediate vicinity of the entrance hole 
is constricted by elastic reaction about the bullet core and 
therefore additional work, which should be slight, is required 
to complete passage through the armor plate due to the frictional I 
forces; furthermore, if the bullet strikes with slight additional I 
yaw, the core may be broken by the bending forces encountered 
at the sides of the restricted entrance hole, thus accounting 
for the large nmber of sections from the base found in front of 
the plate. The circmstances affecting the course of the above 
actions are complex and unpredictable, the data given furnishing 
an indication as to the limits in behavior that may be expected. 

From the results described in this section it would 
follow that the comparison of the carbide and standard bullets 
based on "Navy1' ballistic limits would deviate quantitatively I 

slightly in that the measure of supremacy of the average per- 
formance of the carbide cores mould be slightly less than that 
derived from the nArrnyn ballistic limits. 

I 

.,+ i 



1 DISCUSS103 OF BALLISTIC RESULTS, 
~ A L I ~ E R  I__-_C__-__ .30 FIRINGS, _ _ _  - _ ___ H0;lfOGEiJEOUS _ - - .  PULTE 

In order to obtazn an rulalysls of the r e l a t i v e  perform- 
ance oP the carbide gnd standsrd cores under conditions wherein 
core Pw3.lure would play r a t t l e  Z f  any role ,  and thereby t h a t  
the W l u e n c e  of section~J. density and possibly other fac tors  
dependent upon the physics1 properties of the core materials  
might be aseertalned, P i r a g s  against hoaogeneous plate were 
included in the seeond ser ies  of tests. The plates  tested, of 
thicknesses $12" and 5/8n, were chosen from a group of 
Carnegge Illinois homogeneous armor plates  of a given composition 
type s l t h  y a ~ y i n g  Brine11 hardnesses at ta ined by drawing a t  
different temgeratureg. As s t s t ed  previous-ly, a conprehensive 
series of reauts for the behavior of the entire re la ted  group 
with atandard ammunition a t  normal and ~bliquities was availabLe 
from F I I n g  Record NQ, 20783, A301, January 6621, 1941. 

The b/2"ea\sgengous plate  sellected f o r  tes t  was of 
I 

medium BrL4elL hardness, 3.4-I, Two carbide grades were investi-  
*1 gated, 1774 (~NI-~Iwc), and 1833 ( 1 5 ~ 0 - 3 9 ~ 1 ~ - 4 6 ~ ~ ) ,  the former 
,. befng among the densest of tbe carbide core materials tested, 

density 34.57, and the Latter  among the lightest, having approxi- 
mately the same density as that of the standard A.P. core stock. 
The results iR Table IT1 g h ~ w  ~ e n c l u s i v e l y  that well within the 
expertmentaf e r r o m  the B values fer bo$h grades of carbide 
bullets are identical w i t h  tha t  for the standard A.P. cope, The 
P values herein discus8ed were based upon the nArmyn limiting 
veloc i t ies .  Consbderation 0% the F vakues based upon the RNavyw 
limit is hampered somewhat by lack 95 a su f f i c i en t ly  w e l l  defined 1 
"Navyn bal l i s t i c  limit for the carbide bullets due to  Limitation 
of i~nmunitlon. K Q W ~ V ~ P ,  the indicat isn from the da ta  i s  tha t  
the F value for the  carbide core, grade 1774,would be p~a~tically 
the same as t h a t  for  the standard 4 , P ,  core, as was indeed found 
t o  be the case f o r  f 2 r b g s  against  the 5/8" homogeneous plate.  

2,  112" 'Romo~eneous Plate, Oblique Impact 
" B ~ l l l s t i c  Hesd-ts, Caliber -.30 Bullets 

The oblique performance of the csrbide cores against  
the 1/21? homogeneous p l a t e  was determined f c r  grade 1774 (9Ni-91~C: 
a t  30°. Unfortunately the firings on the 1/2n Carnegie f l l i n o i s  
plate had to be discontinued before a b a l l i s t i c  l i m i t  could 
be attained. In the ensuing interval before the t e s t s  were re- I 

sumed, the 1/2" Carnegie pla te  was removed. A Disston 1/2" 
homogeneous pla te  of Brine l l  hardness 321, and having approxi- 
mately the ballistic limlts with standard ammunition a t  normal 
and 30° was selected f o r  the  completion of the  obl iqui ty  t e s t s .  
With the few earbide h u l h t s  remaining a complete penetration 
was not quite obtagaed and f k e ~ e f ' o ~ e  an estimate based upw 



the results of the incomplete tests of both plates was made. 
From Plot No. 9, it follows .that the penetrating efficiency of 
the carbide ,bullets Sested against homogeneous armor plate . 
at obliquities becones inferior to that of the standard. 

3. 3/8" Homogeneous Plate, Normal Impact 
Ballistic Results, Calibzr  .30 Bullets' 

The.'5/gn. obtained from the related g r o ~ ~ .  of 
Carnegie Illinois plate, was the softest of the- series having 
a Brine11 hardness of only 258.. One carbide grade, 1830 
(13~i-87~~) was employed for the tests. The results from Table 11: 
show that again well within the experimental error the energies 
or F values for the core are identical to the corresponding 
quantities for the standard core when calculated according to 
either the nArmyfl or nHavyn limiting velocities. Of course,if 
the energies. corresponding to the mass of the entire bullet are 
.considered, the standard bullet is less efficient than the 
tungsten-carbide requiring 1.3 times the energy of the carbide 
bullet for complete penetration in view of the greater proportion 
of its energy being dissipated in the ineffective (for armor 
penetration) jacket material, as pointed out previously on 
Page .15 o 

. . 
.l , . . . .  - 
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J. '.RECOVERY OF BULLMl FRAGMENTS 
CALIBER .30 FIRINGS, HOMOGENZOUS PLATE 

1. 1/2" ~omo~eneous Plate ,  Normal Impact - - -  

As expected, i n  no cases fo r  normal impact was 
shat ter ing of any of the cores found. Generally the cores of 
the two grades of carbide bul lets  were recovered broken approxi- 
mately i n  two, the base section fa l l ing  in f ront  of the plate, 
and the nose remaining intact,usually i n  the plate ,at  the velo- 
c i t i e s  employed. Two of the standard cores behaved fn a similar 
manner while four with a higher s t r iking velocity remained 
completely in tac t .  Typical examples are i l lus t ra ted  in 
Figures 1, 2, and 3 of Plate 22. 

P 

ObservBtions a t  the time of t e s t m a s  s tated previously, 
the plate was removed before fur-er t e s t s  a t  obl iqui t ies  and 
illustrKEions could be secured-revealed no important differences 
i n  the  character of the perforations produced by the standard 
or carbide bullets.  

As opposed t o  the case with face-hardened plate, no 
punchlngs were formed from the re la t ive ly  sof t  homogeneous 
plate, the process of penetration being essent ial ly of a piercing 
character with the armor plate possessing suff ic ient  duc t i l i ty  
t o  yield by plas t ic  flow t o  the bul let  cores. 

2 .  J / 8 n  Homogeneous p i a t e ,  Normal Impact 

The recovery resu l t s  were similar t o  those found for  
the 1/2n homogeneous-plate, the proJecti le cores remaining. 
e i the r  in tac t  or breaking i n  two with the nose in tac t  i n  the 
plate. The appearances of the penetrations i n  the armor plate 
are  i l l u s t r a t ed  i n  Plates 11 and 12. The only difference i n  
the perforations produced by the carbide cores of grade 1830 
(13Co-87WC) and the standard, w a s  the s l igh t  impression on the 
face of the armor 'plate concentric t o  the entrance hole in the 
case of the standard. This i s  undoubtedly due t o  the impact 
of the Jacket material which had a greater energy i n  t h e  standard 
bu l le t s  than in  the slower and heavier carbide bullets.  With 
respect t o  the other features of the penetrations such as the 
flow of metal as  revealed from the back, Plate 12, no significant 
variations could be detected. 

For both homogeneous plates,  therefore, the inference 
from the essent ial  similarity i n  appearances of a l l  perforations, 
and the complete agreeaent in  F values fo r  standard and carbide 
cores: i s  tha t  the breaking of the carbide cores in two d i d  not 
a f fec t  adversely the armor penetrating efficiency of these 
bullets;  or expressed otherwise, against homogeneous plates of 
low and medium Brine11 hardnesses a t  normal impact, both standard 
and carbide cores remained in tac t  fo r  the greater part of the 

& 



process of penetration. 

3. : i / 2 r t  Horno~eneous Plate ,  Oblique Impact 

A t  30° obli&.~ity, the carbide cores of grade- 1774 
(9Ni-91WC) were recovered i n  a pulverized s t a t e ,  as  shown in 
Figure 4 of plate  22, i n  confirmity with the previously prooved 
weakness of these cores t o  transverse impact. Although no 
standard shots were fired a t  this obliquity, the results being 
avai lable  from previous firings, it can reasonably be assumed 
on the basis of numerous t e s t s  of the same nature t h a t  the 
s tandard-bul le t  cores broke up, but did not pulverize.,, The 
superior i ty  of the  standard cores a t  obl iqui t ies  against  
homogeneous p la te  is, of course, t o  be ascr'i-bed t o  the latter 
fact .  

\ 



CONCLUSIONS 

The superior penetrating efficiency of the carbide 
bullets azainst face-hardened armor plate is due to the , 

important feature that in the process of penetration, the 
carbide bullet cores tend .to remain intact,.whereas the 
standard tend to shatter initially. These results corroborate 
the well known fact that in face-hardened plate, the primary 
purpose of the face-hardened layer is to shatter an armor 
piercing projectile in the initial stages of impact; and that 
when It fails to perform this task, 'the resulting ballistic 
resistance of. the -plate is inferior . . to that of best quality 
homogeneous armor, . . . . 

For homogeneous plate the results are conclusive in 
indicating that for small arms projectiles the sectional density 
of the core per se has no influence upon the armor penetrating 
efflclency thereof; and the extension of this significant im- 
plication to projectiles of the major~crt.liber type appears 
reasonable. 

Apart from the economic factors involved, carbide bullets 
for practical use suffer at the present time severe limitations 
that are associated with their relative Geakness to transverse 
impact. Thus, for use against aircraft, In which application 
the airplane skin or covering customarily imparts an appreciable 
yaw to the perforating bullets, these carbide bullets would 
probably be unsuitable in view of the poor penetrations that 
could be expected from them with large striking yaws. 

RECOMMENDATIONS 

If the advantages to be gained from the characteristic. 
behavior of carbide bullets against face-hardened plate prove 
to be of importance for any specific applications, further 
experimentation on practical and academic grounds would be 
warranted on other metallic carbides and intermetallic com- 
polads that might be economically preferable to tungsten-carbide. 

ACKNOWLEDGEMENT 

The author wishes to express his appreciation of the 
criticisms and suggestions offered by Mr. Kent and Mr. Tolch 
In the preparation of this report. 



T A B L E I .  
\ 
\ 

2. 

Composition and Physical properties of Tungsten Carbide core 
Material of Ex~erimental  Bul lets  

-Grade ' Comp. % . Hardness : -  Specific Strength Modulus 
- R0ck.A ,: ' .Gravity Trans. Comp. of 
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List of ~bbre$iati&s Em~loyid7. ' :  . . .  . , . '.,, 
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1 .  
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,.:; . . .  .; .! :,"i':t. . . . . .  \.. . . -  ,,. :...-: > y  
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A .  
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Dia. Pen. '~i&etbr~.&netration .: I . .  

me S i  : .  ,Punching started 
. , 

' .  Slight bilge, ; s. B.' ' :;' I . . . .  , 

1 .: 
..... .. ' 

M. B. . . Medium bulge '.., ' ' !  
. . , 

L. .B. Large bulge 
C0I.P. 

. . 
.  orei in . plate 1, ': 

P.T .P .  ~ i a s e d -  through plate I 

int . . ' . .  Intact ~ 
. . . . 

t: Face spa11 ! F. S. 
I... ' . : . . 
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, A. = Army type complete penetration. . . . . . .  , .  , .  . . .  
: w I : . -  . , .  i . 

8 .  = Navy type complete penetratiop A 

cd.= Dianeter of penetration a% face of - =. 

plate is equal to or slightly less - >  

- . , than;that of the standard caliber . .  _ . . . .. 

1. Under "Results on Platen, the diameters of the penetrations I 

at the face and back of the armor plate are entered in the appro- 1 priate columns. To conserve space, any additional remarks con- 
cerning the results on the armor plate are made in  the same columns 
Estimated values of yaw refer to the yaw of the proJectile hole 
in the armor plate. 
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2. Under "Results on hojectile" the attempt is generally 

made to separate the remarks on the nose and the.base sections 
through inclusion in the appropriate columns. In many cases, 
however, the amount of space is Inadequate and overlapping is 
necessary. Fragments recovered in front of the plate are noted 
besides the l e t t e r  F. while those recovered froa the back are I 

noted besides the letter B. . . . - .  .. .. d 
. . . . .  , . .C_ - - [& . : .' < '  F 

3 .  In the colu&under n ~ t k i k i n g  velocitY.fl, one asterisk ' 
sign 2s used to indicate both the lowest complete and'highest 
partial velocities employed in de-termining the "Armyw ,type . 
b a l l i s t i c  limit, while double asterisk signs are used to 
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--- ---- 

Rnd . ~ t , l . i k . ~  Ceeult on Plate  P 

Grade Core Didm. of Pen. 
Result on Projeoti le  

B m  

3/8" int .  

Face I 3nck ? .  Hose 

1 

. ~ e a k  17505. TI 

2 1830 10 

3 1830 13 

11, 

,1/32"xl/?i - . 

,3 /16"~3/lt l  

l/bllxl/f+n 

*- @"in 
plate 

Hornoj?bneous - 3rInellr 321 

231.5 

230.5 

232. 

" 

1830 

1 

N. 

N . 

N. 

F. 

3 

1 

Base in p a e 
1/16" f om face I"* ' 

9 

, 

1'7079 

1800*& 

18b6'* 

232.5 

* -- 

C. 

Navy 
P .  

No vy 
C. 

N. 

C .  I. P 

C . 1. P 

1668+ P.  C . I . Y v  
M.B. 



Tabla I1 Detailed F i r i n g  Data arid Notes on Recovery 
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- - -  - -  - -- -- - - ------ 
1 U, L1L 1 u' L L  Y 

k 

tirade ~ o n p .  c, . v .  H'+ , i t  , 11 l e  I, .  t, . t: :I i k; , - , 
+ .!kin, ! rlcrgy 

, j r) G r  L i n s  i 0" - 'oL-~  ' !  I? 
*. . . 

V t ?  ~01.it.y .>~I I  L. t <'": 'c A ,  t . l , b L  1 C! . I 

Caliber .30 h.Lins t b;~s ton 
I '  I II 1 

t e  N % , 5 .  Heat 1381 ' h i c k -  l/g 
pace.irbrdened. 3r 11: k . 601-601. 0.  aOU-% 

1831-A - Ni W C  
20 80 

I 

I 

227 

227.2 

141 

(average 217) 

. A - - - 

- 

147 

---~--.. 

Fe & 
91 

N 

20° 

1 

- --- --- 

234 

233 

234 

235 5 

- -- . 

N 

N 

200 

20° 

I . 

---- 

n 

n 

-- -- - 

- ,  

1574. 
- 

1633 

2j16 

2316 
., 

2649 

1604 
---- 

1574 

2092 

1605 - - -- - 

"rW 

L I L ~  N 
- - - - - - 

,. - -  

85,300 

41290 

1330 - 

, 

I 

(810 

636 

455,000 

56,000 

75,700 
-6d,500 

(76,000 

A r m y  

N ~ v y  

35443 

I 

54,aUO 
- - - 

L2i)O 

kr uly 

---- 
Navy 

- -- 

42780 $1750 

1300 
. - - ,  

808 
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Table 111 Ballistic 'ata f o r  Carbide ~ n d  Standard A . P .  Yullets z,:oinst Hor;l~g.m:de :Plate . ... . 





Table 111 Ballistic .;,-.t.i : ' ; I ?  Csr*l)i.\,c - 1 1  :3t,...~!:! ..?ti !-'. -11 ? . t s  ., di11st . Plate 
f- 

2 
Grade 

n 

rrc" 
u 

L 
, ~ t r ~ i k i n ;  I nergy 

f ' t  . 1: . 
Pull t r ore i 

Standard 
.30X2 

- -- 

1830 

XI 
Comp. 5 

I 

KI; 
v .  Jt ; * h t  
i n  Cr.1ins 

LV 
. , n  Le 

of 
Oblis. 

:, p- j7-I-u 
L - ~ .  : , i r n i  t e s i g .  

L- Ve iocity I Bullct 

Ccrlibe:* 17503 . m c k a  5/a" 

53icOQ 1900 958 

. Core 

.3U 

165 

' l i ~ i r ~ o  s ~ l d t e   ins t 

03 

' 

H 3. 

rnal:ir 

M 

- - - . , . - 

- --- 
-7 u * 

L1 ,ore 

232 

I 

1 4 0 .  17/23 

* Pro11 

t7-3 :le;..t 

147 

I 

I 

f 

;L r ~ d y  

2*74 

Lpin~ i : en~o~s  ~ r l n b l l  

Army 5270U 

N ~ V Y  5 '/30c) 

1 NLVY 

250 

+22d0 

N 
N 

57600 2240 

LbUd 

' 1633 

r 

, 

1 it '10 

1730 

yreviol 

I 

r~sr i~ l t s ,  

-- - -- , 

930 
1100 

s 

. - - - . - - - 1130 
u 
r r 

I 

F i r  

L - 

, 
I 

1 

~301. 

I 

n 
I 

- 

LLe:ords 207)3, 

I I 



Table IV Summary of ~allistlc Datd for General Types of Carbide 
and Standard A.P.  Bullets 

. . 1/2" Face-Hardened Plate, Caliber .30 Bullets 
<. - 

General No. of Average Average 
Composition Grades F Std. Striking Average 

(Core) 
Std. 

Tested (Core) Energy Dev. 
Striking 

Dev. 
Std. 

Energy Dev. 
a,,= .Bull let  Core C 

~t./~b. ~t . /~b. ~t . / ~ b ,  ~t./~b. 

Co -wc 3 
, 9-2OgC0 55300 2200 1290. 99- 827. 21 . 

. .. 
Combined 
average -. 8 .., ; of t u g -  . - (up to *56400 2400 . 1350. .. ...- - ' - &.. 857..;; 23 . .. 

20% binder), . .  . . . .... . . . .  . _ . . cores above T :A 

A.P. Tests 
-- -- 



1- ----  . _ _ _  __.. , . -- 
Table V. Relative Armor Penetrating. 

Efficiencies at Normal Impact of Bullets 
with Sintered .Carbide Cores, and Standard A.P. Bullets. 

(values Based on Average Performance of 
all Satisfactory Carbide Grades 

from Tables I1 and I11 which are to be 
. Consulted for Details) . 

. . 
. , .?; . 

.P,. '-- ' , 
:*: 

:i ,. ' ., . . . . .  . . 

Thick- Caliber 'P carbide core Energy carbide core * Energy 
ness Bullet Fstandard core. Energy standard core carbide bu3 

let 
. . Energy 

standard 
bull0 t 

' I 

- -- 

. , i Face-Hardened Plate , . 

.., I/,$" 030 -608 ,366 29 
3/aW 0 30 .685 .472 -375 1 
142" 030 .784 .. ., . . .616 

. . .  
-490: 

(1) .; ! . . 
. .  112" *30 924 . .'855 . . 

. . 
. . . . 

' ! 

-676 
( 1 3  I.! 

.i 5/8n .'30 . . -892 . 8 0 5  , -' . . 
. . ' ¶ .  , 

627 ;>. ,.$, 
. . . . . .  (i) i:. 19 . . -  

. kp . . , ,G':2> .:,;:,; 
. 1.50 , i 9 1 5  -834 : . .  

. . . .  j' . . . . . . . . .  . . 
.672. 

. (&' ,  4 ; ,  . , . . . . \,&; '2 , '. ' . . 

' . '  ' . .  ~omo~eneous Plate . 'i ' . . .  . . :'i . 
. . - t: .-" i ;  

a 30 , -998 , . : a 995 - . . 
ihr ,.. .: . . 

.?7& 
.... d:.' , -  ;i :. , . for gracle ' ,177, 

I '  
. m 1-02 : 

.. ! 1, . . d 

*;I:: note t h a t t h i s  r a t i o  depends 'upon the mass of the core as w e l l  as its 
.: : armor penetrating efficiency. 
! ! 

(1) Ron f lrst test series, "Twenty-eighth Partial Report on Annor Piercing Bulletq 
. I .  .... i : . . ; .. ?' ', 

. .i.:;,.'.:*:.. . .  i : , 
. . 

I. ..v. I 
t I 

. i' , . . 
. . , .  . :nl . . .  i ' i 



Table e 

for 

F i r s t  Series of T e s t s  on Carbide B u l l e t s .  

Twenty-Eighth Partial R e ~ o r t  on Tests of 

Amor Piercing ~ullets. November 25. 192/0 

Note that numbering of tablee and column heading8 

correspond t o  similar tables in main body of report 

for aeoond ser ies  of t e s t s ,  Firing Record 22$$3, ~619, 



Table 111-B. Bal l i s t i c  Data for Tungsten Carbide and Standard A . P .  Ballets against 
Face-Hardened Plate. : i  

. . ,  . 

. Av. w t .  in  Grains Ballis t i c  F Striking Energe Ft. LbII 
Grade Com~. % Bullet Core Limit Core Bullet Core 

I 

Ca1. ,30 aaafnst 1/2" Face Hardened plate' - 100 Yard Ranae 

13 87 233 - 147 - ' 1748 60600 1570 PO00 
20 80 .225 140 , , 1817 61500 1650 1020 

, . 
.. 25 "75 220 136 ' , 1917, app. 64000 app. 1790 app. 1100 app. . 

'c 

9 91 - .. . -237 151 . 1675 app, 59000 app. 1470 agp, 945 appe 
I @ , - .  '' 

Fe . . WC - 
. V '  

1816 9 91 234 . 147 . ' 1754 61000 1600 1010 
Standard 30M2 P.P. 165 83 2537 46250 2350 1180 ! 



Table 111-B. Ballistic Data for ~ u . r t e n  Carbide and Standard A . P .  Bullets against 
Face H - - ardened Plate. .. 

Av. w t  in Grains Ballistic F S t r i k i n g  Energy, Ft. Lb. 
Grade Comp. L i m i t  Core ' Bullet Core Bull e t  Core 

- 3 .  

. , 
. , 

Cal. .30 aaainst 
. . 

.5/8n' ~ a d e  ~ardened ~lbte' - 100 'Yard 
. , . . . . , . 

Rarllga 

- - 

Standard - 30M2 A.P. 165 83 3123 73200 3570 1780 



Tabla 111-B. B a l l i s t i c  Data f o r  Tungsten Carbide .'and Standard A.P. Bullets against 

Av, w t  , i n  grains Bal l i s t i c  F Striking Energy Ft, Lb, 
Grad.0 - Comr,. $ Bullet  ' Core L i m i t  Core Bullet  Core 

Cal. .SO against 1 V a c e  Hardened platea - 100 Yard Rangg 

QZ wc + 

44A 6 94 PO78 756 ' 1651 52700 6520 45 80 
779 9 91 l08k 745 41813 457500 17870 4 5420 
55A 13 87 1059 722 1772 55300 7360 5020 
55B 20 80 102 5 690 1860 56800 7900 5300 
DM25 25 75 1016 670 Not 

Determined 

765 . 
Not 

Determined 

183U 20  80 I049 696 - 1869 57200 8100 5380 
1832A 25 75 676 Not 

Determined 

Standard - 50 Mi A.P. 750- - 408 ' 2577 60400 1100 6010 
- - 

NOTES: 1. The cabalt  bearing 'series, and the iron bearing sarllples ( ~ r a d e  1 816) were 
f i red  against Disston plate,  No. D5 - Brinel l  face 555, back 402. .The nickel 
bearing series was f i red  against Disston plate, No. D6, Br inel l  face 5 5 5 ,  
back 370. 
The b a l l i s t i c  l i m i t s  of both plates as determined with standard 30 M2 A , P .  , . 

Bullets i n  2 t e s t s ,  were pract ical ly ident ical ,  
. 2. Dlebold 5/8" face hardened plate No. 138-700-344, Brinel l  face 555.  back L15. 



Table 111-B. Ballistic Data for Tungsten Csrblde gnd Standard AwPe Bullets against 
; ,.:,,: 

' (Cont'd) Face Bardenad Plate. , .  ,- - --- 
' i 1 

NOTES: 3 .  Dlebold 1" face hardened . plate . No. ,10729, Brine11 hardnesses not given. 

4. The weight of core was caiculated using the value of 8.05 for the den- 
s i ty  of the standard 35 W stock for the standard 30 M2 AwP. core, the 
densities of the tungsten carbide material as furnished in Table 1, and 
the information that the tungsten carbide cores were made to the dimen- 
sions of the standard 30 M2 A.P. cores. 

a app. App~oxlmate.value. Results of firings for two lots uti l ized.  
d .  Doubtful value. Low coapXete &@24: f/s. 

Hlgh 1647 f/se 



I 

Table ZV-B Summary o f  Ba9lbs'tllc Salta fop General Types of Tungsten 

Carbide BUlets, and S t a n d a ~ d  A,P, BulBe$sr - . -. Average Average 
General Corn osition No. of Average Std, Striking Energy Std, Striking Energy Std. 

(CoPef Grades F Dev, B u l l e t  . Dev. Core Dev, 
Tested Core ft .  Ib. ft; l b ,  ft. l b .  ft, lb, 

d- . ' . ,. Cal. :30 a ~ a f n s t  1/2" Face Siardened Plate 

. . 

' 3. . I  . . 

Ni-WC (6-20% Ni) 62000 290 ' ' 1623 13 1033 13 

3 
Combined average b f  8 
tungsten carbide 
cores above n o  61200 8'80. 1590 62 - 1010 28 



Table IV-B Summsry of Ballistic- Data for General Types of Tungsten 

Carbide Bullets, .and Standard A,P, Bullets. 
I - Average Average 

General Corn osition No, of Average 'Std, Striking Energy Std, Striking Energy ~ t d .  
(corer Grades F Dev . Bullet Dev Core Dev, 

Tested Core ft, fb. 'ft. lb. ft. Ib, ftr Ib. 
' , 

Caliber -30 against 5/8m Face HCrdened Plate 

1 1 (. 

(9% Ni) 65500 

: Combined average of 
1 tungsten carbide 2 65250 250 

cores above 

1 73200 -- 3570 -- 1780 ...- Std, 30142, A * Y e  



Table IV-B Gmmary of ~ s l l i i : . t i c  1)s;ts for .~enerlr l  Types of Tuny sten 

Carbide Bullets, and Standard A.P. Bullets, 
Average Average 

General Corn osgtion No. of Average Std. Striking Energy' Std. Striking Energy Std, 
(Core! Grades F llev. , B u l l e t  Dev . Core Dev . 

Tested Core ,<. I  , ft, lb.. ft. lb, ft. l b o  fts l b r  
. i :,. * ' 

Cal. .50 aaainst .ln Face &rdened Plate , 
, ,: 

I 
1 2 

N%-WC '(13-205 Ni) 55600 1600 7590 510 5090 290 

: Conbined average of -. 1 

> - tungsten carbide 
I [b t o  7392 480 5016 298 cores above 20% binder 

1 

1 , 55200 lP60 

Std.  SOEU, A,P. Test 60400 -- 11000 -- 6010 -- 
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