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(Introduction, 

value of stt:tiuti3a1 a/Jalïsis of o ;;.eratin,=; data. lirevious 

re:ports on this subjec are:  . 

1144: iirasur flate improvel. , ent As Related To . _ 
ànal -,,:sis of i.dinufacturine Data. 

Oth, 
• 

Lu. 	ilrmour ;:late 	and il;s âclation te 
,.:ber;t5  cal  and 41i cal Tests. Ubruarj 
12t1, 19 ,12). 

No. 1103:  ..;tatLstisal !,.naly:,,Is of i■rmour Data, Applied 
to tYo Ge:xeral teJ. astinip %Jorparation. 
(February 14th, 1942). 

(" . .ese report (c.osIunateU Ues. 1, 	Ln(:. 	of the 

Canadian Bureau of: :Unc.s 194:2 Ar:no ,,rilatez.Ycatistica Series; 

show that Cilemical and )1-17sica1 tests. :awe solre mlationship. 

 to ballistic 

In orCer to,w hoe and vere statistical analysis 

can .£orve a useful parpfx.o in the armour  field,  a  discussion 

the basic priuc.iple;.  involved 	ecil  included  in tnis 

.report:. 

Part rcJeala 	the 	of tne racthod  and 

Part  II  Ç.cntairle  the grapilic and  mathematical  digest of data  11, 
from the iJotainien ?candries and .c.;toel  Limited, Fart III, 

Appendix, contains detailed rocores of correlation and distri-

bution. 

e■IMMILI■11141111111M1••■•111•■• 

• 
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l'ART I. - LCGIC 	e;.:TliOD. 

Why Test Arreour? 

Armour ie tested to  assure  that is is battle-

worthy. Minimum performance standards have been established 

for ballistic limit, shock, ami egermatchinï; performance. 

So far as inspecticn is concerned, if these minimum tests 

are passed and other conditions, such as uniformity, 	• 

weldability, etc., are met, the plate is acceptable. Is 

there any reason, then, for further testine or for further 

analysis of test results? 

Control Tests. 

The manufacturer has found It necessary to nuke 

certain tests to ersure that the quality of the steel is con-

trolled and does nct deviate too far frein the arbitrary 

standards. Amon e control tests may be included the followine,: 

SlaL fluidity, 
UellIng history, 
rouring temperature, 
iould properties, 
Chenical analysis of steel, 
ihyEical tests on steel, 
lioncgenizine; time and temperature, 
Heat-treatin times and temperatures, 
and others. 

Ordinarily such tests are taken and used as a guide 

for applying corrective action if and when necessary for the 

maintenance of the process In such a vay that ballistic 

qualities will pass the ninimum standards. 

As only a small fraction of the product is ballistic-

ally teeted, uniform conditions are the only  guarantee that  

the_unteeted plate  did not deviete from the tested plate. 

Why Analyse Past Records? 

Past reccrds are analysed so that information may be 

obtained and preserted in a way that will make the nature of 

the process clearer. From a better understanding of the 
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scientific laws which are in operation, those in 

control of these processes may bri% about desirable 

changes which will resUlt in some improvement in armour 

plate. 

Exact Laws and Statistical Taws. 

Although It is generally assumed'that exact 

laws are always operating, those are obscured behind. an  

infinite variation in the environment ln which they 

operate. Laboratory experiments stabilize the environment 

and allow us to study such laws very .  precisely (for 

example, drawing temperature versus hardness). However, 

the effect of fluctuating environment on this e7act law 

can only be determined by studying results in actual 

production condittons. ]n the absence of any information 

which can be called truly exact, statistical analysis 

Is essential and :_nformation revealed by this method comes 

as close to exact scientific laws as Is possible in an 

industrial environment. 

Variation. 

"Nn two thIns are alike." 

The aboJe statement illustrates the popular 

conception of variation. The following ch.arts s':,ow how 

baristic limit, carbon e  and Brinell hedness vary over 

a considerable  rage 

ÎT11.Dse cbarts are shown on) 
Papes 5 and 6. 

(cDntInued on Page V) 
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• 
Auy test Ynea3uromont Is subject bo fluctuation 

as Illustrated above. Albough englneers and metallurgists 

are prone to belle7o that their i»roduct is "rigidly controlled" 

and that chance plays no part ln establishing the quality 

of their product, ;his phenomenon  of variation cannot be 

eliminated in a commercial process. 

Statistical_QualitnControl Cha .rt. 

The "Control Chart" retaod (descrlbod in the 

A.S.T.M. ianuai  on Presentation of Data und in many obher 

publications), by ncans of a qLlte simple technique, classifies 

varlaLion Into two eroups (a) porrnal_variatio, and (b) 

extreme results. 

Normal,_-v,ariaLlen ilay be d escribed as that range 

over which a propertw vare4 due to a s;vstem of  chance  causes 

inherent in the process and which cannot bs removed. -2xtreme 

results are due to the presence of definite  assignable  causes 

which can be trace." down  and ell ,ninatod. Page 	shows the 

ballistic llmit values plotted accordlg to tho control 

•
- chart systan. Average and range of successive groups of 

four test values were plotted. Note that all values fell 

within the control limits (limits of normal variation), Indi-

cating that the process ls in statistical control. A constant 

quality of armour is being produced. Note that a change in 

the process on or about Aust 1941 reduced the normal 

variation considerably. Since the process is In control, a 

test falling between control limits indicates no change  in  

the process. A test fallin•  out side  control limits would 

indicate some definite change in the process or testing 

method »  or a definite assignable cause. 

Now, if we assume that variation in ballistic limit 

(Oontinued on Page 9) 
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is due to variation in the environment producing  the plate, 

then a comparison of various metallurgical tests with eallistic 

limit miGht threw :lone lii_;ht on the pattern of relationships 

which exists. 

Provir -r Ground Tests. 

Field tents, or proving ,-round tests, „ive the 

actual serviceability of the proCuct under conditions 

ap sroxinatinc actuLl service. ;;.any field tests are expensive 

and take a loni: tiele,  to comelete. Some  field teste destroy 

the product tested, Auditional subsidiary tests of the 

product are therefore deeirable. 

Subsidiary  Tests. 

The purpose of subsidiar7 tests is to het a cheaper 
se, 

and quicker indica,ien of serviceability. It is t;,eerefore 

essential that the subsidiary  test  bear some relation 

to the serviceabliety t est. Cha-ical unalysiss, physical 

testn,  an pocesnsn,:;  history of ttrmour plate are subsidiary 

tests whicli are as3uned to egve some Indication of armour 

servicesibUity, wech  ie  measured by ballistic limit, shock 

resistance, and ovassatching performance. If the subsidiarsz 

tests do not indicate anvthine  about ballistic behaviour 

elhat benefit is o,ained  from  makin_  the test? 

Correlation. 

It seems lo,4cal  that, inst  ad  of takinL the  rela-

tionship for grantd, the exact corrclatioe between,  sa',  sul-

phur and ballistic limit ehoul(7 be determ:ned. This can 

be done quite easily by statistical I,ethods of long standin. 

Frain  suce analysis, ideal  ranges  for each variable may oe 

indicated and tr.us  im,revsment In  arsour may be erou t;ht about. 

Also, the elost important variables  can be determined. Up to 
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• 

the present time only a few of the many variables 

have been studied. 

Statistical treatment of  data  nuts them In 

a concentrated fom so that engineers can interpret 

their moaning more easily. Many valuable data are 

never interpreted because they  are  spread out through 

so many pages that their true significance Is never 

realized. 

Chanical analysis and physical tests have 

been used to show correlations. Slag properties, melt-

ing history, rellng details, ingot practice, heat 

treatment variations, and many other phases of armour 

production all have some degree of correlation with the 

final properties. Unfortunately, data on the operating 

methods are not available at present. Collection  and 

 analysis of such data is carried out In many steel 

plants,  including the followingg 

American Rolling Mills Company 

Edgewater Steel 

Natonal Tube 

Youngstown Sheet and Tube 

Wheeling 

Carnegie Illinois 

End of  .art  I. 
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PART II. - ANALYSIS OF DOMINION FOUNDRIES AND . _ _ _ _ _ _  _ _ _  _ _  _ 
STEEL TEST RESULTS. 

Qua;ity_Controirt,. 

As Page 8  shows e  the 1941 ballistic limit tests 

fall naturally into two periods: 

Period 1 e  covering january to july e  inclusive »  and 

Period 2 e  covering August to November »  inclusive. 

Trends. 

Graphic presentation of the trends shows: 

Spread »  or range of results 
based on average 3 standard 
deviations except where 
noted. 

Average. 

Direction In which : the 
best plate occurs » 

 according to correlation 
analysis described. in 
Report of Investigation 
No. 1144 (Report No.  J.  
of this series). 

(NOE: leere more than one dot 	) 
c  • 	) 
( occurs„ the data were divided 	) 
( 	 '\ , 
( into throe groupa, each containing 	) 
( e 
( about the sane nuniber of test values.) 

• 
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(Graphlc Prosentat:Ion of Trends) 
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(Graph:1c Pre, sent ation of Trends , co nt ) 
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Discussion, 
Z-IfintelDZI:tràa'nftLW,Z,UC.et 

The following trends are evident in the data 

examined ,a 

BELOW AVERAti' BATTISTIC LTWIT RFsULT(3 OCCUPRVP WHIM - 

Carbon Is below 0.27 par cent; 

Sulphur is below 0.015 per cent; 

Phosphorus is below 000eo per cent; 

Chromium is above 2.00 per cent; 

Molybdenum ls above 0.55 per cent; 

Tensile strength is below 140 9 000 p.s.5,.; 

Yield strength is below 120 9 000 p.s.i.; 

Elongation is above 20 per cent; 

Reduction of area is above 5.5 per cent; 

Brinell hardness is below 270; 

izod Impact value is above 50 foot pounds; 

also 

when nickel is below 2.00 per cent better 
results are obtainod. 

INTERPRETATION. 

The above statistical tr.:atment is merely a 

condensed presentaUon of  the  test results reported by 

Dominion Foundries und Steel. Thip_is_as  far as tus  

,stagstIcian_apos. ,The_meaninr„of_tl-tese_mparent_relation-

.shius,canpnlz be_;,ntorpreted, by_the_onenaers and_meta 

lurests_in_charze_of_throcoss. Inter9rot_ations_g 

,those data by_those_unfami_liar_with,oporations_in the eace 

fa?om_which_the_dat,a_or:W ;nated would be dane,erous and _ „ , „ . _ _ _ , ■e•+no,..ea.,u 	 a.Z.■•• 

unpracticaL  For  example 9  note that bettor armour resulted 
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(Interpretation„ contd) - 

when phosphorus was above 0.02 'per cent than when It was 

below 0.02 per cent. This may be stated in another wayg 

-- n conditions conc%iding with phosphorus below 0.02 per 

cent oroduced below average arm.our n --(obvlously, half the 

plate is below average and half is above average). What 

were the conditions that produced phosphorus below 0.02 

per cent? Only the men familiar with this particular 

source know the answer to this 

Note that high alloys coincided with below average 

plate. Wasthis  the  to the fact that heat treatment was not 

designed for the stable h1E4 alloy structures? -:2vidence 

from other sources shows that increasin alloys results 

in Lmproved plate. It is apparent that FOR THE PROCESSES 

2MPLOYED, LOW2M AILOYS MME 1:10RE SUCCESSFUL IN THIS CASE. 

Obviously such data are limited in their application by the 

conditions under which they were collected. What holds true 

In one plant does not necessarily hold true under the different 

environment of another plant. 

In collecting, classifyins:, correlating, and 

graphically presenting data It Is true  tu t errors can be 

made . In this case all data wore collected b7 Dominion 

Foundries and Steel. The effect of a wrongly classifiod 

value would be anall if the total amount of data were great. 

The groatest source of error in this type of work is in 

drawing conclusions from the final result. The figures 

are as fuund n  and their validity is based on 

(1) the reliability of the test method, and 

(2) the personal element in testing. 

The facts which those figures represent are a 
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(Interpretation, contîd) 

problem of interpretation for the experts. The practical 

man acts upon empirical judgment, because "experience is s  

the best guide." 	All that statistical methods do is 

to present past experience in such a form that it can be 

clearly interpreted and the system or natural law involved 

can be visualized. 

"An empirical acquaintance with facts rises 

•o a scientific knowledge of facts as soon 

as the mind discovbrs beneath, the multiplicity 

of single events the unity of a system." 
n. - Mbnil;R e  1871. 

End of Part II. 

r 	 Te- 

(Part III9 folloving„ shows detailed) 
records of correlation. 
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PART III.  - APPENDI 

Followin are the summary sheets showing 

the correlation between chemical and physical tests 

• and ballistic limit 

(The next thirty pages :, Pages 22 to 

51 Inc1usive 9  are photostated charts. 

Page 52 shows the distribution 

characteristics for the test values 

studied.) 
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