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Abstract 

1.fter studyino ballistic records on 
11-inch armour plat  a new method of dater-
minit„; resistance of armour to penetration 
was proposed, It is possible that this method 
may ba more accurate and more economical than 
the Dallistic Lirlt method, The damage done 
to the face of a plate is measured and the 
plate 1s .  given a face damage rating, Only one 
shut Is flooded to test a plate by this methdo 
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OTTAWA 	December 4th*  1943, 

REPORT 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investigation No. 1537. 

A New Method of Determining the Projectile 
Penetration Resistance of Armour Plate. 

of_Er2.Pot te4_fM2:22 6e  of Investie.1.12.q: 

This report is a part of the research work on 

armour plate undertaken by  the Physical Metallurgy Research 

Laboratories of the  Bureau of  Mines, Samples. were obtained 

through the assistance of Dr,  G,  W. Drury*  Director of 

Metallurgy, Army  Engineering Design Branoh, Department of 

Munitions and Supply,  Ottawa, Ontario, and  Mr. H. 	Batten, 

T.00,  for A.D. Tech(M)„ Inspection Board of United Kingdom_ 

and Canada, Ottawa *  Ontario.  Data  supplied for 	Dominion 

Foundries  and  Steel rolled armour plate, including chemical 

analysis and physical and  ballistic  test results, were used in 

the present investigation. 
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Ballistic  1:ei22 .ta: 
In  testing 11-ainch  armour, a  2-pdr 0  Shot is fired 

at right angles to the plate °  The results of this  operation  

which are recorded are: 

(1) The speed of each shot, in  feet per 
second. 

(2) The depth of penetration into  the face 
of the plate by each  shot, 

(3) The  height of the  bulge raised on the 
back  of the plate. 

(4) The extent ef cracking  on  the  bulge. 

(5) The nature  of the hole made.  by  a  shot 
passing  completely threugh  the plate. 

(6) From the nhots fired, an  estimate of the 
epeed required to defeat  the plate Is 
obtained °  This ie  the ballistic limit. 

Tn determining ballietic limit an attempt  is made 

to bracket two shots so that one will not  penetrate and the 

next at  a  higher velocity will  penetrate. The  speeds of these 

two shots '.re then averaged, and the everaga  is called  the 

ballistic limite 	 • 

The accuracy of the  ballietic limit is equal to: 

a-  distance between  bracketine  shots 
•  2  

If the bracketing ehots are 70 ft,/sec 0  apart, then the 

accuracy of a ballistic limit  SO determined is within 

± 35 ft./sec, Pigure 1 shows the distribution of the  spread 

en  feet .eer second.) of the bracketing  shots used  to  determine 

the  ballistic limits on • the  armour  described  in this  report, 

Note that differences  as  great  at 70 ft,/sec. occur, In 

U.S. practice a maximum spread of 35  feet per  second  is 

specified, This results  in an accuracy  greater than  ± 17.5 

ft./sec 0  in. reported ballistic limits. 

7Pigure 2 elos  the ballistic  limits plotted  in groups 

. 

A Discussion  of  Summarizatioreef Cast  Armour  quality 
Control Chart R-11,  Aberdeen  Rroving  Grounds, 

 Maryland, 
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(Ballistic Reports, contld) 

of fcur. (The grouping liet ehown en Pae 19 Cives the 

.e7ate numbers included in ci ;h  group). The  variation 

is such that within four successive test plates a difference 

as great  as  137 ft./sec 0  in ballistic limit may normally occur. 

The ballistic limit of the armour was not under etatistical 

control.  In section marked 2 the ballistic limits were 

definitely above average, and  in  the section marked 3 there 

was a run of low results. Since runs aboVe and below average 

of this length rarely occur  due to chance, we  are  justified 

in  stating that three different processes° were used, viz., 

Groups  

1-5,  Period  1 -  Manufacturing and/or testing method A . was used, 

	

6-14,  Period 2 - 	et 	and/or 	e 	e 	B " 	11 
» 

	

15-20,  Period  3 - 	il 	and/or 	e 	le 	C " 	tt 9 

The ezact  neture  of  the  differences in process  or   

inspection  technicue in the three periods can only be explained 

those familiar with thee° processes. 

A conpurison of Qualfty  Control Charts  for chemical 

and physical tests  dUring the trial  period will give some clues 

to the changes made  in the process. 

Face Damagsactor: 

1;otine that the depth of  penetration  of  each shot  wae 

recorded, it was deeided to elot.Face Damage  againet velocity 

of shot. Yieure  •  Shows these data  in  scatterplot form. An 

estimating ee.uation uas e.erived eihich  describes this phenomena 

as follows: 

X = Y-  5E3 
--eg--  
When X  as depth of penetration in 1/16th eecond 

Y = velocity of  shot in  ft./sec." 

From Figure 3 it can be seen that the  amount of 

°  Statistically epeaking, the product differed and therefore 
the  process  nust  have changed. 

tt For  methods  of  deriving estimating equations  eee  "Applied 
General  Statietics," -by Coxton & Cowden. 
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(Face Daneae Factor s, conttd) 

penetration Varies above and below the given equation, The 

plate could be rated according to its deviation from this 

Thus, a plate struck  by a  shot travollIng at  1362 ft./acc has 

a  calcu1aee3  penetration of 30/16  in, If the  actual penetra-

tion was 2e116  in 09  the plate is  2/16  in, better than average . 

 It was decided to usa the  difference between calculated  and 

actual penetration  as a  rating factor for face  damage, A 

plate  that is 2/16  in  better than  average  is given a face 

damage factor  of +2« 

in Figure 4 9  face damage factors are plotted in 

groups of four,  It is  immediately  .vident  that  runs above 

and below averqge in face damage  parallel those in  ballistic 

limit, This would lead to the conclusion that the quality of 

armour micht be ;Tedicted by the face damage, factor. 

Back  Dama  ll Factor: 

Figure  5 shows back  damage  results plotted againet 

velocities of shot, The  average condition  is estimated to 

be 

X = Y- 948, 
45 

where X = height of bulge on  back of plate 9  and 
Y = velocity of  ahot, 

Back damage does not necessarily correlate to face 

damage, Therefore the two phenomena  are considered separately, 

In Figure  6  the back damage factors are plotted in 

quality control chart form,  The back damage factor is  the 

difference between actual height of bulge and that.calculated 

from the above equation,  A  back damage factor of  minus  1 

indicates that  the bulge is 1/16  in, larger than the estimations 

equation would  indicate, 
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Back Crunc. : 

A survey of firing records indicated that 40 per 

cent of the bulges of 6/16 in 0  in height were cracked, 

90 per cent of the 9/16 in 0  bulges were oracked and all 

bulges 10/16 in, and greater were cracked. Figure 7 shows 

the frequency of cracking for bulges of different sizes, 

For purpoaas of  comparison it was decided to call 

plat Which were not cracked with  an 6/16 in 0  back damage 

GOOD, PIatea which cracked with an 8/16  in  back damage are 

called BAD. This nomenclature will be used  in correlating 

armour properties against docarburization  and  Inclusions. 

Hy2othesi3:  

varizing e  tLen,  one shot fired againat a plate 

following information: 

(1) Face damage  factor. 
(2) Back  damage factor. 
(3) Back cracking characteristic, 

This information may be enough to  rate the plate 

as:  

(a) Better than average, 
(b) 'erorse than average, or 
(c) Similar to that previously accepted. 

Before face damage factor can be accepted aa an 

alternate for ballistic limit $  It must be ahown that: 

(1) Face damage factor correlates with 
ballistic limit,  and 

(2) Face  damage factor and  ballistic limit 
are  both correlated to  the same metal-
lurgical testa in the  same way, 

Correlation with ballistic limit alone is not 

sufficient evidence that face damage factor is  a aatiaraotorY 

substitute. In  order to prove that face damage factor measures 

the samo phenomena, it must be ahown that it correlates with 

properties known to  affect ballietio limit. 

Summ 

will give the 
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Correlation Between  Face  Damaree Factor and Ballistic Limit: 

A comparison between Figures 2'and 4 shows that a 

high run of face damage factor coincides with a high run of 

ballistic  limit e, Also that group 15-20 are all below average 

in both face damage factor and ballistic limit. This indicates 

that the tests are comparable. 

Correlation Between Ballistic Limit andj'hysical Tests: 

The following physical properties were definitely 

correlated to ballistic limit and the optimum ranges are 

indicated: 
Yield ctrength, 52.8-57.1 tons/sq.in. 
Impact strength, 46-76 ft„-lb. 
Tensile strength, 59,3-65,1 tons/sq.in, 
Brinell hardness, 261-269 

The graphs on Pages 15 and 16 show these relationships. 

Correlation Between Face Damage  Factor and Physical  Tests: 

All physical tests were correlated with the face 

damage factor and the optimum rangee ara: 

53-57.1 tons. 
.61,7-65 tons. 
46-66 ft.-lb. 
270-302. 
19.5-21.5 per cent, 

Yield 	- 
Tensile 
Izod 	 - 
Brinell 
Laongation - 
Reduction 
or  ares  6265  per cent, 

The graphs on Page 17 show that the above relationships between 

face damage factor and physical properties are or a higher order 

than that between ballistic limit and physical properticas. This 

means that face damage factor is a more accurately determined 

value than ballistic limit. 

Back Damme_porrelated  te_phatel£21_11rourtlem: 

Page 19 shows  the relationahip between back damage 

and physical properties. Optimum conditions are: 

Yield - 	52.6-57.1 tons. 
Tensile  - 	61.5-65 tons. 
B.H.N, - 	286-302. 
Izod 	4E-65. 
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Discussion:  

The question might be raieed, Why not use physical 

tests as the acceptance criterion for armour? Static tests do 

not always indicate the behaviour of a plate under ballistic 

impact, The static and dynamic properties are correlated but 

the correlation is not exact enough to substitute physical 

tests for ballistic testa, 

Since all plate cannot be tested ballistically, 

physical tests are used to indicate that manufacturing practice 

is uniform, 

It is recommended that only o ..ae shot need be fired 

in order to obtain e measurement of the resistance to penetra-

tion °  ThiE could save considerable time and material in the 

testing of armour plate, 'f.he test would consiet of firing one 

shot at a velocity between 1280 to 1440 ft ° /sec, and comparing 

the actual face damage penetration with the calculated penetra-

tion, If the difference is within t 2/16  in  accept the 

plate, 

This suggestion is offered for the serious considera- 

ton of Ordnanoe officers engaged in teeting armour plate, 

CONCLUSIONS: 

Evidence has bean presented to show that face damage 

factor indicates the same thing that ballistic limit does, 1,e0, 

resistance to penetration. 

Resistance to shock is another property of armour and 

is not necesearily related to resistance to penetration, 

00000000000 
00000 

HHF:GHB. o  
(11"Wir,es -117=4 are elartn-- ) 
(Pages 15 to 18 are graphs;) 
(b181_12_12_ZIE21-lang  
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