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Dominion Foundries and  Steel 60-mm, Armour Plate: 
Final Report on Correlation Between Chemical 

and Physical Tests and Ballistic Limit. 

Abstract. 
==regi 

Some time in  1940  the hypotheses were advanced 

that - 

(A) 1707 EACH VARIABLE  IN THE ARMOUR-MAKING PROCESS AN 
OPTIMUM RANGE PROF5ABLY EXISTS; 

(B) IF ALL VARIABLES  WERE HELD  IN  THEIR OPTIMUM RANGE 
Taal MAXIMUM  ATTAINABLE Q,UALITY OF ARMOUR FOR  EACH 
PARTICULAR PROCESS WOULD BE PRODUCED, 

Before hypothesis could be proven it was necessary 
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(Abstract e  cont , d) 

to demonstrate that correlaticm.b(.,Dtween a variablo (mach, 

aS, say, phosphorus content) and ballitîé limits could 

'be found °  

Soveral reports already Issued by theso 

Laboratories deal with « the mothod of 'proving that:  a-

correlation exists ., _Laboratory,typo researcWA could. 

not bo app1ied4 therefore, .a system of -analyeng production 

data was developed with the assi;;Jtunco of Lieut o -,C01. 

L o  E °  Simon of the Ballistics Re$search LaboratOries, 

Aberdeen Proving Ground, Abo-cdoen, Md o  

The findings to date applionly to chemical . 

 analysis  and  physical tests of D,P° &  S, 60-mm 0  rolled 

armour plate, Tho .  boundaries of optimum rmagos for'tho 

different variables were found s, as follows'.; 

Carbon„ per cent 
n Silicon, 

Sulphur, 	. 
Phosphorus,' 	 - 
Chromium, li  
Molybdenum,' 
Grosoman hardonability 
Tensile strength, p o s o 1 0 - 
'Yield atrength o  p.s 0 1 0  

. Elongation, per cent 
Izod impact v -foot pounds.1 
Brinell hardness . 

0 0 27-0 0 31 
• 0,30 win o  

Not  le se  than 0,015. 
Not less thàn 0,020. 
Not over 2 0 50 0  
Not over 0,60 .° 

 15 inches max°  
140,000 minimum. 
115,000-minAmum. 
o'o eo-o on 
62 mazimum. 

300 minimum °  

In. 231  heats durin  a two-%year por:lod »  the 

indloatod rangea coincied with the,above average ballistic 

• 
Roports of Invest5eations Nos,.. • 

1144g Arifflur Plate Improvfflont as RolatedIo Statistioà1 
,Analysis of Manufijeturing Data. (4nuarY 9th o 1942). 

1163?, A StatîstIcal Aniaysle of 60-no, Afflour Plat'?  from the • 
Dominion Foundries wad Steel Limq,;tod. (MaY i 3t9  1942). 

?2515. ,,; Q-,tiantY Coutrol Enginooeng 80.0n0O.ApplIod to 
Inspection. Pra'etioe 	(Juao'let„ 1942) 0  

12902 Dominion Foundrios aad_,Steel Lleatod 60-amo  Amour Plate 
Dallistle Limit Test Rosnitg Presented 5,n  Quai) ,r  Control,. 

. 	Cbart Ponn• 0,entoer mb 	19t,U9  ,1,9e2Y. 
1f319: HardenelMty 	W-riim. Armour Plato (Dpeulon Polueeloo nym r;-ele-ie., 4 	_ 	 eme..11n.q 

,w6tFmtn-T-J354i47.11:1" -'-'. 7777 :_7-7,7; 
Hold aU Ve.rîb1Ç.s ooneitant hctt  one and cibsorvo the oftoct 

oeltn vaIata,on o  
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(Abstract, c ont d) - 

l imits °  

It  ha  s been successfully demonstrated that it is 

possible to find the optimum ranges for variables in 	armure- 

making process °.  The variables studied are probably only of 

secondary importance  The most important factors •nfluencing 

the property of armour are generally agreed to bo molting, 

ingot treatment, and heat treating °  If observations in theme 

three parts of the  process were made, it is quite probable 

that very useful information on thO control of armour propr- .  

ties could be obtained° Tbda practice has been followed 

eisewho;re and ls.strongly rocommanded as a project for Cana-

dian armour research °  

4 	 ====== 

Statistical Mothode 

Laboratory research method consifflts In controlling 

all conditions but  one  and observing the effect of Its 

variation °  From the resultsof these experiments general 

. laws are deduced and application to industry recommended° 

The statistical method is designed to find the 

effect of one varlàbi(3 even though all other variables are 

not hold  constant e, Thlm research eau  be carried out on 

Industrial processes while . thoy are in operation °  The statis-

tical method is made possible by whet  are  commonly known as 

the Laws of Large Numbers °  

The first examples of Industrial research. using 

statistical method on steel processes were published, by  an 

 Daeves In 1924, At prssent most industrial research x),:jon /1101 

some use of statistical method. 

Tho following example shows how optimum Brinell 
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(Statistical Method, conrUd) - 

hardnoes was determined for tàs available  data. 

'FiKAMPLE 

• Records of Brinell hardness and ballistic limit 

for 72 arMour plates were plotted as In Figure 1. 

A rational observer would.draw sellerai ConcluE.Uonlo: 

'at. thiWpoint: 

Th natureof the pr000ss Is such that ballistie 
limit valueS'fluctuate hetween 1850-1950,'and• • 
Brinell hardness values between 265 ,-312, 

If the Brinell hardness were held. C onstan t a t any . 
value, the ballistic ilmit'would still vary• -• _ 
avers range of 150 f,p05. 

'Çontrol of armour quality through Brinell:hardness 
alons would not ba very effective °  ' 

There ara other variables fluctuating oven when 
Brinell is constant ° 	‹ 

The  Question, to be answered is n Is thereany .  

Indication  of an  optimum range for  brinell?" The method • ' 

proposed IS to d'Ivide the soattoring of dot,2.•into tbrtme 

groups  • by• vortical lînes„ and intd two groups by à. horizontal 

line. This has  been done'ln Figure 2.• • 	• » - 

From this dIvision wo obtaln• three ratioei. 

Table I. 

• Brinell 	Brinell 	Brinell 
•250-209 . 	';;:„i90:-304 	305-313 

(1)  

(2) 

(3) 

(4) 

Number above 1945 
Number below.  1945 

• Ratio above :1.1,5 

Per cent above 1945 

	

5 	, 	17 • 	10 

	

13 	 22 	 5 

5 	17 	 10 
18 - 	,o IS 

20' 	- 43,5 	67 

OS; -fnWeFFFiFe7F-e-a-an 
( 	Figures lp 2, and 3. 
( Text continues on Page 0, ) 
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"(Example »  contvd) 

The cautious Individual will immediately poiut out 

, that alth.ough a Meer percentage of above-average bal11.at1ci;1 

oocurs in tbe 305-313 Brinell rmge» such an event mient be 

due to coincidence, This possibility must he investigated 

before any statement can be made. &re the ratios ,p 	and 
10 -,----e indicative of rand= order or of purposive order': lb 

The theoretical technique of determining the 

significance of "ratio Utterances can be found in standard 

statistical texts. Report of investigation No, 1395 »  'Field , 

 Trial Interprotatione " dated May lst »  1943 »  gives  charte  

from which ratio differences can  ho  evaluated. 

The practical proof of the  validity of the infer-

ence in Table  I  can be obtained as more data are collected. 

Figure 3 shows how four successive periods of balAistic-limit-

Brinell records wore plotted from data similar to Table T. 

(Continued on next page) 

VP 



(Examplo e  cont , d) 
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- Pape 

Note that the tendency for higherBrinell numbers _ 	. 
- 

to coincide with higher ballistic values is evident over , 
four  successive 	-month periods„ 	 _ _ 

From Figure 	it'seems logical to conclude 1.„..hat 

the lower boundary of Brinell for optimum ballistio limit 

1.s . 300„' The upper limit remains as yet undetermined, - 

The upperilmit e  of courSe e  is determined by the 

bvorproofIng 'sheek teSt e 'another critériOn'for'arMour 

The gry.  of Lea-  . 	 . 	 . . 	 . 

The large number metbsod me,kkes it , p b s sible to 

de termine the. effect of one variable  on a product oven though 

.many other variables are fluctuatinp,;„ . 	. 
Wben heats of steel are divided into groups according 

to Brinell hardnoss e  as In Table I, the variation other than 

Brinell is essentially Uto aine :Ln .oach group„ The larger the 

number involved, the more identical th e .  groups will bocou-Pe.. 

Thm.e from production data-  threo groups of heaUi e  

similar in all redriets except Brinell hardness, are obtained, 

•■■ 

It is then possible to :rind tho 

and ballistic limit, 

relationship between Brinell 

Associated Variables _ _ _ _ . _ . _ _ _ _ , — . _ 

Since four successive six-month periods show the 

same.rolationship between meny variables end ballistic limit, 

the Theory.  of Large  Nuïribers  le subsantiatoà  in a practical . 

manner, However, it has  •boen pointed out Uxat 

nese . classes tie heats are not truly identical since hardness 
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(Associated Variables, oui; d) - 

is related to tensile strength, carbon content, micro-

structure, and procaaing variables. Actually, therefore4 

it would be more precise to state that the groups ar 

identical exosept for the con  variable a:ad its asseciatd 

variables °  

Maosphorus groupng wo,uld also divide the heats 

according to molting practic 	urnace charge, analysis, ete. 

Gonsidoy,ation of associated variables muet be left 

to the practical metallurgist wae is to Interpret and make 

use of the statistical findings, 	. 

The charts in the appendix.are all derived by the 

',.zsame method, as elown in the foregoing example, 

DISMSSON OF RESUVM 

Contra:vy to pre-war bollef Increasing alloy_ - 

content does not continue to increase armour. quality, .:1Ter 

15 inches Grossman bardonability a noticeable deolîne i.a 

ballistic properties :la evident, This IS1 presumably due to 

Ulo sluggish nature of high alloy.  metal In heat treatment, 

With leer alloy a more homogeneous structure Can be Obtained, 

The carbide-forming tendency of chromium over 2,50 - 

per cent and molybdenum over 0,60 per cent Is well known, end 

therefore It is not surprising to find maximum limits for 

these alloys, 

Several steel meiters were askedg "Why would a 

steel below 0,02 per cent .  phophorus be lower in baILUtic 

quallby?" 	The general opinion seems to be that if the molt 

is over-oxidized with iron ore, the phosphorus will be lower 

than usual, and the bath will contain excessive oxides tha. 

are not wholly removed, A low melting temperature may coincide 

L 
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(Discussion of Results, contîd) - 

with low.phosphorUs and other undesirable conditions, 

Thus the correlation of phosphorus with ballistic 

limit given'a clue to melting Practice, -  

If  the  Variables in melting Could be obServed and 

rocordod and then correlated with armour quality, valuable 

information might result °  

Many steel plants employ metallurgiCal  observes 

whose duty it is to observe and  record ln detail the history 

of eaCh heat of steel °  Analysis of  the  data leads to  more 

efficient practice and a clearer'understanding of the  affect 

of steel-Making operations on the final product, The work 

done on gun steel ingot practice is described, In Report  No 

 -00 D  34S 	the  Office of Scientific Rescarel and Develop- 

. ment (Wuàhington, D,C 0 )„ 

*Unknown Influenoes 

The c -ffectiof cc:hem:Ica' and physical properies ate 

minor in cenparison with melting, ingot,  and heat treat 

variables °  • Therefore, controlling Chemicals and physicals 

In narrow  ranges  will not assure uniformity of armour plate 

quality, Some major factors influenoing armour properties 

are 

j-'er cent iron ore in charge, 
Length, of mel':.; down period, 
Length of boll period, 
flgag history, 
Length of refining period, 
De-oxidizing practloe„ 
Eipping tempe rature, 

Pouring temperature, 
and no on, 

If these and other  factors were  observed and 

recorded, more complete knowledge of optimum manufacturing' 
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(Unknown Influences, conted) 

conditions could be obtained, Without the complete picture 

of the process, the information gained on chemical and 

physical tests is of little practical value, 

00 0000000000 

000000 

00 

IHr:GEB. 

(comP,rjaing_Pa ,es 13 to 26.,) 
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APPENDIX. 

• The following .charts are a summary,of  the data 

»etàed to determine optimum ranges'for chemicals and physicals, 

Note that the Oblongs represent groups of test resultà, The 

numbero•in  the  oblongs indicate the amber of tOsts in the 

group, The width of the base indicates the range of test 

values included  in the group, The height of the oblong 

Indicates the percentage of the group 11,1hich vas above 

average in ballistic limit ,.  

Four six-month periods covering 1941  and  1942 . 

were  recorded, Experimental reFiults were included with 

regular production plates in Periods 1, 2 and 3 0  

Charts follow in this ordar, comprising ; )gil.cos 14 to 28g 

Carbon, 
Manganese,; 
Silicon, 
Sulphur, 
'Fhosphorus„ 
Nickel. 
Chromium>  
Molybdonum, 
Harde.nability„ 
Tonsile„; 
Yield, 
Elongation ° 

 Reduction in area, 
izod„ 

HeifflHB e  
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