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Introduction: 

On December 3r(i. 2.943 0  two pieces  of 7-mm0 bullet-

proof ?plate, approximately 2 x 6 inches in size e  uare receiveci 

from the  Shurly-Dietrich-Atkins Company Limitedp c<tp Cntario 

In a covering letter e  received on the same dste it was reported 

that the pioces . hae: been sheared from locations  about 7:weeve 

inches apart in  a larcr plate which had been  fired at in the 

ballistic test.  One of the pleceop identified  an A D  contained 

the point where a  bUlet had 	and  failed to penetre;e; 

the other piece e  identified as 13, col]tained th a e;pet  whore n 

bullet hafi  penetrated  th o plate. The velocit7 oC the bullet 

striking A was reported  as 2156 fee .',; per zecond„ and that of 

the one strikine B as  2 s 130 feet pèr seond. 

In the letter  a metallurgical examination was requested 

to determine :, if poesible,the cause for  the failure of the plate 

to.withstand the bulle; penetration. 
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Macro-Examination: 

On examining the  two  pieces  it was  seen  that in one 

piece,  As  the bullet  ha  d failed  to  penetrate, while  in  the other, 

the - bullet has passed completelY through the plate. A longitu-

dinal section was cut from each piece  and  macro-etched for thirty 

minutes in 50 per cent hydrochloric acid. Figure 1  1 a photo-

graph of these two pieces after etching. 

neure_l.  

A E3 
MACRO-ETCHED LONGITUDINAL SECTIONS FROM 

7-mm. BULLET-PROOP PLATE. 
Mal 

Hardness:  

A  number of hardness readings were taken on a 

longitudinal section from each piece of plate, using the  Vickers 

testing machine with the 50-kilogram load.  The readings were 

analysed mathematically  and it was seen that a significant 

difference existed between the  two sets of readings. Table  1  
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(Hardness, cont , d) 

lists the results (the mathemaUCalcalculationa are shown  In 

the Appendix, Page 11). 

TABLE I. 

	

; No. .1 . 	 1A7711=-7KLUM--- 	:Si:andard r Range 
Plate: of : lia).--=.--7-7anianurr —: ree.-.7.me :aemistione,  of 

	

No. :read-:V.P.N.:drin-:V.P.No:BrIL-:V.P.e.:Brin-: 	thardness e  

	

...11.ele : 	; ell : 4 	 : ell ee : 	: ell. : 	tr 	VP.N: 
•Mouweica. 	 «CY' 	 •.•••■•••••■■•• 	••••••.....,e........w 	, 	....................w.,...,_., 

• a 	 t. 	 . 	 • 	 • 	 . 
A 	: 21 : 395 : 379 : 385 .: 372 :389.,a :376 L 	344  :389,3±10„ 

• 
• 

B 	1 20  ;  375  :  363 : 362 : 551 :371.4 :359 : 	4.06 :371 , 41-12.: 

■•••■•••■ 

e  • DOU.  -. The Brinell hardness numbers listed were converted  from 
the Vickers Yardness numbers by means of the Scott-
Iray conversion chart. 

.pmeth-Hardness Survey: 

Hardness readings were taken across the face of a 

longitudinal section, from edge to edge, uslng the Vickers 

machine with the 10-k11ogram load, The results are shown 

graphically in Figure 2. The face of attack is the face of 

the plate which the bullet struck. 

?Igure 2. 
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O•ssivare Pam Mai or,  Armor - ionse. 

DEPIE-BARDNESS RELATIONSHIP OF 7-mm. BULLET2ROOP 2LATE 
Note lowering of hardness at surface,indicating -partial 

surface decarburizationg 
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Desi°a1  Pre3P.Aele.: 

Table II lista the physical properties of the plate 

material in the longitudinal and transverae  directions, as  

determined by tensile tests on micro-tensile test bars 0.160 

inch in diameter. 

TABLE II. 

:Direction ---Trm-rnE-F7Yl:M *oang ectW 

	

Plate: 	of 	 strength,:in  1 inch,: of  are% 
Je0Imilmeamemumwmlaceepeàlà==lmger  cent  : Va.L.gamm 

	

. 	 . 

	

. 	 . 	 . 
A  :Longitudinal : 163,750 : 	19 	• . 	50 
A :Transverse 	: 173,120 : 	12 	• . 	34 
A :Transverse 	: 171,900 : 	14 	• . 	35 

. 	 . 

	

. 	 . 	 • 
B :Lengitudinal : 175,000 : 
B :Longitudinal : 168,750 : 
B :Transverse 	: 163,750 : 
B :Transverse 	: 161,900 : 

18 	: 	48 
18 	: 	52 
11 	: 	35 
14 	: 	34 

• 

Inclusions:  

A microspecimen was cut from each piece of  plate at 

the point  where the bullet had struck the plate. Before  pre-

paring the specimens for metallographic examination  they were 

'heated  to 1600°  Fo  and water-quenched so that any non-metallic 

inclusions would be rotained in the steel during  polishing. 

On examining the unetched polished specimens  under the 

microscope, the inclusions were found to be long stringers, 

Figure 7, at X250 0  shows some typical inclusions.  The inclusion 

rating  of both pieces of plate was found to be 25 by  canparison 

with A.S,T.M. standar::1 inclusion rating charts. 

Micro-Examination:  

Microspecimens cut from each piece of  plate at the points 

where  the bullet had struck the plate were prepared  for metallo-

graphie examination. They were etched in 4 per  cent picral and 

examined under the microecope, Figures 3 and 4 5  both at X1500, 

show the structures of pieces A and B respectively near the peints 
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(Micro-L:xamination, conttd) 

of impact of the bullets, Figures 5 and 6, both at  X250 0  show  th 

structures at the surfaces of pieces A and B respectively after  a 

2  per cent nital etch, 

X1500, picral  etchQ 
STRUCTURE OF PLATE A (LOEGITUDINAL) 

Tempered  martenelte, 

Elapre  4, 

X1500 0  picraI 
STRUCTURE OF PLATE B  (LONGITUDINAL) c  

Tempered  martenslte, 
• 1111', 



v]..^? r1 rt1 ^ o^

%235G^- x;ita3 etch o

SURFACE OF PLATE A^

Note decarbwiuation at surfaaeo

,..

X250A r.ital etch.

SURFACE' OF PL ATE .3 0

.Tote docarburizatior at sur-face.
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X250 0  unetched. 

TYPICAL GROUP OP INCLUSIONS. 
game 

Discussion:  

The only  difference between the two pieces of plate 

as determined by the laboratory  tests  lies in the hardness. 

Plate A has  an average hardness of 390  V.P.11,  (376  Brinell 

equivalent) while plate B e  vrhich had  failed. ballistically »  

has an average  hardness of 573_ V.F.N. (359 Brinell  equivalent). 

This difference was probably caused by local vs.riaticns in the 

cooling rate during quenching. However e  this difference alone 

is not considered to be sufficient to explain the  difference 

in talliatic oroperties of the two plates. 

It was reported that the velocity of the bullet 

striking plate A was 2,158 feet per second »  while that of  the 

one  striking B was  2,130  feet  per  second. Since these velocities 

can only be detormined with an accuracy of 35 feet per  second ; 

 little can be said for the difference between them. 

The  macro-etching in hydrochloric acid indicates the 



(Diacussion„ ^ont+d) -

rolling direction of the plateU The laminations revealed

(see Figure 1) are nornaâ, for rolled plate and do not appear

to be excessf.veo

Both the depth hardness surveys (see Figure 2) and

microscopic examination (see Figures 5 and 6) show that the

two pieces of plate are partially decarburized at the surface

to a depth of about 0,020 i ri c h (005 mm.,, ), on botii surfaces o

One surface of each pidces the face whieh the bullet struck

in each cases shows lower he.rdnass raac:ings than the other

surface, indicatin6 that one aurfaoe of the large plate from

which the pieces were cut was decarbu.riz©d more than the othor

a urfaoc ^ This decarburization probably occurred during the

heating of the plate at the hardening temperature, and the

greater deearqurization probably occurred on the surface which

was uppermost in the furnace (S.oe^,a not in contact with the

hearth)o

The physical properties of the plate material in the

longitudinal and transverse direot3.onsa as determined by tensile

tests on micro-tensile test 3arsp appear to be normal, The per

cent elongation and the reduction of area are greater on a teat

bar taken in the lon6itudina.i, direction than on one taken In

the transverse directiono This is due to the long stringers of

non-metallic inclusions vrr.i.ûh are longitudinal in direction and

hence do not affect the properties of the plate as much in that

direction as in the transverse direction. It is surprising

that difference in hardness between the two pieces does not show

up in the tensile strength9 o The two sPocimor.w taken

in the transverse direction °rram piece B gave lower ultimate

strengths than did the two specimens taken in the longitudinal

di.rect3.ono On the other hand, the two transverse specizmns from
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(Discussion e  cont?d) 

piece A gave  higher ultimate strengths than the one longitudinal 

specimen, It is felt that the result from this one longitudinal 

specimen may be lue. Unfortunately„ insufficient material rentable 

to check this, However, it is felt that the hardness readinge 

are  sufficiently accurate to be taken as an indication that the 

tensile strength of piece A is higher than that of B. So it may 

be said that the ultimate tensile strength, as well ac the elong-

ation  and reduction of area e  is higher in the longitudinal direc-

tion  than in the transverse direction. 

Microscopic examination showed the inclusions* to be 

long  grey sringers, probably of manganese sulphide, They were 

squeezed  out into this form by the hot rolling of the plate. 

This  type of inclusion is known to lower  the  ballistic properties 

of  armeur plate. It may be that the bullet ctriking B, by  chance 

struck a group of inclusions with the result that the plate  failed 

at  that point. 

The microstructure of the plate  material  appears to be 

normal  for the heat treatment the plate received.  This  conaisted 

of a quench from above the critical,either in water-cooled platent 

or in water (probably  the  former), followed  by  a draw at  1000- 

1100° F,  To  the casual observer, no difference  In  microetructure 

eximted between the-two pieces, A  and Bc, 	There  is  soue  indica- 

tion, on comparing Figures 3 and 4 0  that piece  3  may tend to have  a 

feathery  structure commonly associated with high-temperature 

transformation products, whi:;cd piece A  has a  tempered martensitic 

structure, However, there is insufficient evidence to  say defi-

nitely that a difference in structure exists between the two 

pieces. 

Summing up the results of the  tests  described herein, 

it  is felt  that  insufficient difference  exiets  between the  two 



' 
• 

-  Page 10 - 

(Discussion, cont ,d) - 

pieces of plate to explain the difference in ballistic properties 

metallurgically. Rather, it is felt that the failure cecurred 

due to a difference in the velocities of the two bullets which 

was not detected. 

CONCLUSIONS: 

I.. The  two pieces of  plate  differ slightly In 

hardness, A being slightly harder than B which had failed 

ballistically„ It is not felt that thie explains the differ-

ence in ballistic properties. 

2. Both pieces  are oartially decarburized at  the 

surface to  a  depth of about 0.020 inch. 

3, The physical properties of the plate material 

appear to be normal, They are greater in the longitudinal 

direction than in the transverse direction, due to the  presence 

• of non-metallic inclusions. 

4, The inclusions  are in the  form  of long grey 

stringers and have a  rating,  in each piece  of  plate,  of 

5. The microstructures of both pieces of plate  are 

practically similar, 

6, No difference in propertiee of the two pieces of 

plate was brought to light by the tests carried out, which 

would explain the ballistic failure of  one of the pieces. 
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JPO:GEB. 
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APPENDIX. mifflumwalsokas 

The  followine method of presenting data May be found 

in  the A.S.T.M. Manual on Presentation of Data (1943): 

Pie ce  A 	: 	 Piece B 

ZA  = 8185 	 :  ::3  = 7427 
: 

= 8185 = 389.6 : 3 =Z_B = 7427 = 371.4 
-mr- 	Woi "er 

zA2  = 3190421 	 : ite = 2758337 
e  e 

: ( ff) 2  n 137900 

• 'b  V.  B2 on 2 

• Nb 

Arp-ar-z-M7-7.  : 	,1\7/t758337 - 137900 

(X) 2 = 151913 

C—a  neivel-2A 
aa  

Standard error of difference: 
cra,) 2 	cr-b ) 2  

(.10■11111MMM ) 

	 12 / 3.44) 2 	cum, 
=  \ti c 	 ) 

= 	1.:52 

r 	= 389.8 - 371.4 =  13.9 
Standard euni"77777/17117= 

Sinee  this ie greater than 3,tbere is a  significant 

difference between the readings on A and Bo 

Definition  of Selple. : 

= Sum of the readings on piece .A, B. 

X, 	=  Average of the readings on A, B. 

Na ,  Nb  = Number of readings taken on A, B. 

2-.A2,ZB2  =  Sum of the  squares of  the readings on Ap B, 

ecr;  = Standard deviation  of the  readings  on A s  Bo 

JPO:GEB. 


