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PART ONE. 
11111:11geffiZe «111:›21` .C. 

Orlkulr of Reouest: 

At the roquest  of the British Central Scientific 

Office, Washinuton, D. C., statistical analysis of homogeneous 

armour plate data has been undertaken. Investigation Nu. 1144 

• 

(January, 1942) described the statistical methods proposed 

and Shored their application to one source. Further investi-

t;ation, on four sources vbich are designated as follows, 

GENERAL STEEL (General Steel Castings Corporation), 
UNION STEEL 	(Union Steel Casting Division, Elam-Knox Co.) 
AMERICAN STEEL (American Steel & Wire Co.), and 
REPUBLIC STEEL (Republic Steel Corporation), 

was undertaken. The results of thia work are included in the 

present report. 
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Conciuslonsg _  

The accuracy end amount of bias in the results 

charted are not known. The ability of a test in any source 

to serve as an indicator of . armour quality can be determined 

very accurately by correlation methods. 

Data accumulated from successive periods of 

analysis„ when available, will Give incontrovertible 

evidence about the fundamental laws underlying armour 

manufacture. 

Since the physical and chemical tests are cor-

related with armour quality, it is almost certain that there 

are other variables in manufacture which are closely related 

. to armour quality. SuRented for investigation.  are  

Pouring temperature, 
Melt down time, 
Time of boil, 
Quench temperature, 
Cooling rate on quenching, 

and many othersft 

Since steel properties vary widely, it is obvious 

that there are variations in manufacturing processes. 

The relationship between a value and the ballistic 

limit of armour plate is  ce  dependent upon manufacturing 

conditions that it can have meaning only for the source from 

which it is dorived. For this reason a test value (Brinell 

hardness, for example) can not be specified with any degree 

of certainty that satisfactory armour rill result. Sensible 

specifications for a source can only originate from analysis 

of data taken  from  the source. 

The most practical solution to the problem of 

improving armour plate lies in the establishment of metal-

lurgical statistical departments in the armour plate manu

facturing concerns. Metallurgical observers Èhould collect 

e> See Investigation noo 1144, january1942. 
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(Conclusions, contqd) - 

data on  ail phases of the steel making and testing 

processes. These data properly recorded and correlated 

will give information which will enable improvements to 

be made. 

Characteristics of different processes can be 

accurately compared by the frequency distribution method. 

PART  TWO  

NATURE OF VARIABLES RECORDED „— _ 	_ _ _ _ _ 

Ballistic Limit is assumed to mean the maximum 

speed, in feet per second e  of a 37 mm,, shot which will not 

defeat the plate. These data were correlated to ballistic 

limit results using only 37 mm c, shot 

or lighter projectiles would require different kinds of 

plate to defeat them most successfully. 

Indepondent,Variables .  7 .. h,lloys. 
(Carberi e —nfOlàMU7gOlybdj.juïrrIlcUe.„ and Manganese) 

The effect of variations in these elements on 

steel properties is universally known and therefore there 

should be some degree of similarity between their optimum 

values in each plant. To a certain extent they are 

Independent of the steel process used. 

Carbon "caught cming down", however, might have.a _ 

different relationship to ballistic limit than when carbon 

was boiled down below the control range and then the bath 

recarburized up to the ideal point (the usual method). 

Since chromium cuddizes so readily, It Is quite 
L-P 

Heavier projectiles 

See "Armour for Fighting Vehicles", a British 
Ordnance publication. 
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(Nature of Variables Recorded, canted) - 

possible that early Chrome additions would result in a 

different ideal chrome content than would  la te chromo 

additions. 

Since mananese may exist in the iron as oxide, 

sulphide, and in solution, each process may have a dif-

ferent ideal manganese range. 

DeE22.9.2e Variables - MeitinT. 
7Sulphur, Phospho .rus, Silicon 

The ideal or optimum range  for these variablee 

is dependent upon the melting methods. 

1.)hur and  Phosphorus - 

Temperature  of bath,  slag characteristics, sulphur 

In  charge, time allowed for  slag reaction, and other factors 

vary from source to source. Assuninc; a practice is fairly 

constant e  correlation of  sulphur and  phoaphorus  to ballistic 

limit may  point out  how slight  changes may improve armour. 

0.03  per cent sulphur may be desirable in one plant  and 

0.01  per cent sulphur in another. Non-metallic inclusions 

are  probably closely related to sulphur and phosphorus. 

Silicon - 

The amount of silicon in armour may with reserva-

tions be  considered as a measure of the extent to which the 

bath was oxidized before ferrosilicon was added. Ideal 

silicon content,thereforg, will vary according to the manner 

in which silicon is added and the extent  of the  boil-down. 

De endent  Variables - Heat Treatment. 
(Brinell, Tensile, Yield, -ElongatidRedUction of Area,Izod) 

Brinell hardness  is  dependent upon hardenability, 

tempering temperature,  and  amount of decarburization.  Optimum • 
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(Nature of Variables Recorded, cont 7 d) 7 

Brinell hardness in each source will vary according to 

the amount of notch sensitivity. Non-metallics, oxides » 

 carbides, and structural Inhomogenelty affect notch 

sensitivity. This test is notoriously the most subject 

to the effects of surface preparation and individual 

interpretation. 

Tensile stronpth is related to Brinell hardness, 

although imperfection In the steel may lower tensile strength 

without affecting Brinell. 

vi.eld_point may vary considerably for the same 

hardness. This is due to variations in the 'cooling rate 

through the transformation period in general, the higher 

transformation temperatures produce lower yield points. 

Lower yeld points (for appro.7.:41ythp_same_strenGths), 

mean_that_beforo rupture a greater amount of_enery,y,is 

absorbed. 

Elongation and Reduction of Area - 

Elongation, indicates the amount of plastic flow 

the armour is capable of before rupture. Homogen:yzing 

affects the elongation and, of course »  the Brinell hardness 

has an effect on elongation. 

Reduction of Area Is affected by the homogenizing . 

treatment. Temperature of transformation also affects 

reduction of area. Austempering heat treatment,by preventing 

a low temperature transformation, results in - 

low yield, 
high elongation, 
high reduction of area, and 

high impact strength. 

Therefore it would seem very important to concentrate on • 



0 average g average g ton gWOULD IMPROVE 
ARMOUR 

Carl:, on „ 335 
O 335 

- 0 28 
.295 

.325 
CHANGE 
.315 
.325 

0 >NO 

g 

g NO  

g40 
99 

>60 
>20 
g60 
94 

g40 
50 
94 
84 

Silicon 

g 4,1 

e 18 
O'  
0 365 
.295 

e 215 
e255 
.395 
.305 

CC, 

 c2r. 

0 37 
0 605 

1.00 
.545 

.41 
Q 685  

1 0 07 
,595 

.1 

85 

98 
g80 

0 
.014 	, 
CHANGE g 
0 016 
0 013 

.016 

.015 

.018 
0 011 

Republic g 
Union 
American g 
General 	g 

g 
Republic g 
Union ° 
American g 
General g 

	

manganeseg 	Republic 
. Union 

	

g 	American g 

	

. 

• 	

General 	. 
, 

	

Sulphur g 	Republic g 
. 	 g 	Union 	, 

. American g 

.

• 	

General 	. 
" 

	

g 	 . 

80 out of 100 

out of 100 
out of 100 

out of 100 
out of 100 
out of 100 
out of 100 

out of 100 
out of 100 
out of 100 
out of 100 

out of 100 

out of 100 
out of 100 

- Page  11 - 

(Nature of Variables Recorded„ cont , d) 

getting the armour to transform on quenching witbin a 

definite tamperature range. Tho temperature of the 

quench medium will have an effoct on this. 

Yield, elongation„ and reduction of area 

will serve as guides in arriving at the ideal quenching 

method. 

1.zod impact_strongth ls affected by 

inclusions (carbides„ feri L;o oxides non-metallics„ 

etc.). The significance of izod as an indicator, therefore„ 

is that it indicates the degree of structural inhomogeneity. 

CUANGES_SHOWMO_BE_DESIRABLE> 

TEST 	g 	SOURCE g Prom 
nuANGE 	ODDS THAT 

To 	gDiroc- THIS. CHANGE 

(Continued on next page) 
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(Changes shown to be Desirable e  contW.) 

CHANGE 	g ODDS THAU 
TEST 	SOURCE 	g Frein 	TO 	iDfrec:g THIS CHANGE 
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ARMOUR . 	. g 	 , 	. 	 . 	. 

• 
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SEL! THE TARGET. ... 	• _ 	_ 	...,D,,,,w.0,0,0DDgDD00Ix_.D.D-00,D.n0.DDD.D.00.vrn0.ntrrt0.0.DD -0D0.0à 
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RELATIVE SIGNIFICANCE OF VARIABLES AS FOUND; 

It was :Immediately obvious that a variable 

can be closely related to ballistic limit in one source 

and have little relationship to ballistic limit in another 

source. 

TABLE I. - Relative Significance of 
Metallurgical Variablea AS indlcaters•of Armour 

Quality. 

ffe-..1."6"irrv-c'T---"-- "---"-Ï-- r--------r-"----------r-------- "—  
. Signif- g REPUBLIC' 	; CLNERAL 	 UNI 	. ON 	 AMERICAN :Leone° ; 

F.,2=e7e.l'e.'2ar.'",==1:4,."-=`,'="1,1eZr-f-117===.7."..e.- 1':=';i74 ,-.'-,;% ,-;•gf..'re,°;;;!:-7,sel'7- 7,1,,,==',°.-,,,,,,,M=1.-97g=2:ree7eLeerCeZrrsg>"1- -",”elr--'",:_- .1%-21:q%7 

. 	 . 
5 . 	 gSilicon 	; Manganese 	gManganese ' 

g 	 . 	 ' . 	 . 
6 	g 	 ;Elongation 	; Phosphorus 	;Yield 	. 

g 	 . . 	 . . g 
7 	;Nickel 	 gRed.„ area 	g molybdenum 	;Silicon, 

° . 	 ' . 	 ; Molybdenum 
g 	 . . 	 . . 	 . 

8 	;Phosphorus 	;Izod 	; Brinell 	. 
. . 	 0 . , . 	 . 	 g 

9 	:Silicon 	;molybdenum 	; Silicon, yield ;Brinell 
0 	 . g 

10 	;Manganese, 	. 	 . 
; Red. area 	;Manganese 	g 	 ;Ult„ strength 

. ' . 	 . 	 . 
11 	. . 	 ;Sulphur 	; Carbon, Chrome,; 

. 	 . . Sulphur 	. g 	 ' 

12 	gChromium 	;Phosphorus 	' . 	 ;Chromium . 	 . . g 	 . 
13 	vUlt, strength ;Chromium 	. . ;Phosphorus 

g 	• 	 . , 	 . . g 
14 	gBrinell 	. . 	 . . 	 ; 

g 	 g 	 . . 	 . 

1 	;Yield 	 gl34.nell 	2 Redo area 	;Sulphur 

F, 	:Sulphur, Izod ;Carbon 	: lilt °  strength gIzod 

3. 	 :Yield 	g Nickel 	 gRed e  area 

4 	gElong, Carbon,gUlt,, strength; Uongation 	;Elongation 
; Moiybderrum 

. ° 

(Continued on next page) 

• 
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• 

(Relative Significance of Variables As Found, contid) 

Table I gives a clue to the nature of 

armour and what affects Its properties. Note that in 

one source Brinell hardness was more closely related to 

ballistic limit than any other variable. In another source 

Brinell hardness was the least significant of the physical 

and chemical variables. 

This fact  shows  that  toc  much faith should not 

be put in any one metallurgical test performed on armour 

plate. 

When Brinell is closely associated with ballistic 

limit, it  may  be inferred that a change in the Brinell 

hardness mould improve the plate. It might also be inferred 

that the Brinell test is performed in such a way  as to be 

a sensitive indicator of armour quality. 

When the Brinell hardness is not closely related 

to ballistic limit, It may be'Lnferred either 

(1) that the hardness of the material examined remained 
in the ideal range, 

(2) that the Brinell test was performed in a way that 
made it a poor indicator of armour quality. This 
latter may well be the case, since instances of 
decarburized castings ara well known, 

or 

(3) that change in that part of the process affecting 
Brinell hardness obscured the relationship. 

It will be noted that In one source sulphur 

proved to have the highest significance as an indicator of 

armour quality. This is a clue which the experienced 

metallurgist should not fail to interpret. It means that 
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(Relative Signdficance of Variables As Found e  cont 2 d) 

there aro variations in the melting practice which have a 

great effect on the quality of the armour and incidentally 

upon the sulphur, By a careful study of actual melting 

conditions and their relationship to sulphur content, 

Improvement of armour from this source eau  be obtained, 

In  another source sulphur content ls shown to 

have little relationship to ballistic limit, Note, however, 

that sulphur and izod impact strength tend to occupy about 

the same position on the table of relative degree of cor - 

relation. From  th  is It would seem likely that  impact 

strength and. non-,metallic inclusions were very closely 

related °  

Chromium does not appear to be of very great 

significance in controlling armour qualitles„ We might 

assume then that if alloy content is above a certain minimum 

 limit variations are of little significance. 

Nickel occupies a higher position In degree of 

correlation with ballistic limit. This might be due to 

the fact that nickel prolongs the transformation tImo and 

hence variations in nickel affect the homogeneity of micro-

structure °  Chromium and mo1 bceniijn steels transform in such 

a short ttne that transformation may bo assumed  • o bc) com-

pleto in  ail  cases, 

The significance of any test, therefore, can be 

evaluated °  Should t.hls significance change drastically 

from one period to another, It is almost certain that some 

drastic variation in either testing procedure or manufact-

uring methods has taken place, The correlation technique, 

however, guards against giving  toc  much weight to any test 

value, 

Statistically speaking., 
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O  

DISTRIBUTION CHARACTERISTICS: 
■r1,-,e37%1+4..ez.r.v , s1,1-.• 

After observing the results in Table  I  it was 

decided to study the Characteristics of each group of test 

data. 	APPNDIX B shows In detail how distribution 

Characteristics are calculated °  Each process, method of 

operation, and method of testing, results in a type or 

distribution which Is as individual as a fingerprint, by 

comparing distributions of tests reported by different manu-

facturers, an idea can be obtained as to the relative 

efficiency of each department in the steel mill. Considering 

phosphorus, for example, we find that one wzaurce is able to 

control phosphorus to within t0 0 001 per cent, while another 

plant can control phosphorus only within -0.0063 per cent, 

Now, while the desirability of maintaining a narrow range 

has not been . proven, still It Is obvious that in one plant 

a different method of operation is being used. Further 

investigation may reveal which practice is most desirable, 

In such a case information will be available so that a 

manufacturer may, if he wishes, change his method of 

operating so as te produce more satisfactory.  results, 

The kurtosis factor*  serves as a quantitative 

measure of the frequency of extreme results °  Extreme 

results are undesirable because their effect on the armour 

cannot be predicted °  Therefore, some thought should be 

given to the correction of °berating conditions which 

produce tàese extreme results, For example, one source 

has a kurtosis factor of 1612 whereas another source has 

a kurtosis factor of 206565 (unit is 0 ° 01 per cent chromium). 

It should be possible by O. COMparÎeOn or conditions in these 

See Appendix B.- Relative Kurtosis and Skewness. 
o  • 
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(Distr1bution Characteristics, contîd) 

two steel plants to find out the reason for the extreme 

variations in the one case. 

In general, the greatest variation appears to be 

not in the ballistic limit but rather in the tensile and 

yield strength. It would seam from the limited amount of 

data on hand that the greatest Improvement to armour would 

corne s)  first, through a closer control over heat-treatment 

operations and, secondly, from closer control over melting 

operations. At present the variations due to heat-treatment 

and melting operations obscure the effects of variations in 

alloy content (chromium, molybdenum, nickel, etc.). Ap-

pendix C shows distribution characteriStics of all variables 

recorded for the four sources. 

A notation was made on each distribution charac-

teristic result indicating whether or not a variable was 

under statistical control. The fact that only a small 

percentage of metallurgical variables are under statistical 

control Is not startling. Variations in raw materials and 

in furnace conditions are to a certain extent uncontrollable 

and, therefore, metallurgical operations cannot always be 

under Perfect centre'. At present it is sufficient if 

progress towards statistical control can be mado, What is 

aimed at Is not merely a control of the variables such as 

sulphur or Brinell hardness within a narrow limit, but a 

uniform, consistent method of manufacture. It would seem 

that the method of manufacture 1s tbe thing of greatest 

importance and the purpose of metallurgical tests is to 

guide the manufacturing process. 

• 
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ACTUAL CONTROL RANGES 

After examining data from. the four sources the 

narrowest control ranges encountered were tabulated as 

follows 
,-.}. 

Ballistic Limit 	- 	-165 ft8/sec8 

Brinell 	 - 	
.4- 
-18 

Tensile 	 - 	-4-  -15 9 000 p 8 s8i 8  

+ 	' 
Yield 	 - -21 000 " , 	p 	. 

Elongation 	 - 	-,;-- -3 8 5 per cent 

Reduction in Area 	- t15 	F P 

Izod 	 - t12 ft 8/1bs8 
.,_ 

Carbon 	 - L0 8 03 per cent 

Silicon 	 - 	, ± ..,0805 	t? 

Manganese 	 - - + 0809 	n 

Sulphur 	 - t08005 	n, 

Phosphorus 	 - 	;= -,- 08007 	u 

Nickel 	 - 	±0819 	n 

+ Chrowlum 	 - 	-0815 	f 2 

M 0 :1. yb d 0 MUD. 	 - 	t0803 	F P 

It should not  he  Inferred that these are the most 

desirable  limite  within which the variables should be expected 

to remaino ‘  Much further work will be necessary before control 

limits can be accurately outlined8 

QUALITY CONTROL DEPARTMENT 

On the basis of the work done to date it would 

appear desirable that each manufacturer of amour plate 

collect and analyse his own operating  data,  It has been 

proven fairly conclusively both by statistical analysis and 

by practical experience that physical properties and chemical 

analysis cannot be transplanted from one steel plant to 
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(Quality Control Department »  cont 9 d) 

another° Therefore »  there are only two alternatives »  

(a) By a series of costly trial-and-error experiments 

de termine  how to make armour; or 

(b) By a statistical analysis of operating data determine 

optimum conditions of each factor in the environment which 

produces armour  plate °  

. The prograM which should be followed by each manu-

facturer is briefly outlined. as follows; 

1 °  Metallurgical Observers should measure and 

record test data and conditions surrounding the manufacture 

of the product under the direction of a competent metallurgical 

engineer. 

2, This data should be classified »  analysed, and 

correlate d  by an engineer familiar with elementary statis-

tical procedure °  

3. The first results should indicate In which 

direction lies the optimum range of each  variable,  

4. The relative degree of significance of each 

variable should then be determined. This -would Indicate 

which part of the process was In the mest immediate need 

of corrective steps. 

5, It should  thon  be decided what changes in the 

process are necessary to shift test data results into a 

more desirable range 

6 °  After this prouam hau been set in motion 

periodic changes should be made to determine  the relative 

 significance of each variable and to calculate the frequency 

distributions so that any Change In-relationship or in the 

process can be detected_ 

(Continued on next page) 
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(Quality Control Department, contid) 

7. Finally, a statistical quality control 

program should be instituted. This phase of industrial 

management has been described in detail in 

"Enginoer!s nanual of Statistical Uethods"„ 
by L. E. Simon. 	(John Ulley Pub. Coo, Eew York) 

uApplied General Statistics", by Croxton and Cowden. 
(Prentice-Hall rub. Co., London, J ,Alland) 

"Ao So T. n„ Manual on the Presentation of  Data 
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GORRUATIQ BET 	Brinell  . 	 ,Limit 

TN*  31( itreaolue • General,.  • '• • 

	

267 	279 

7  

	

20 	 18 

Ratio difference: 

number effect:  . 

54 

.05  +  0.0555= .1055 

Tb (NOTE: 	- 1  s  means la 	ff....— A .  equa s 	e 	) 
( 	percentaËe  of the time the above ratio) 
( 	difference would  occur due to chance.  ) 

•	 
(NOTE: 

 ificance:e  
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Carbon 	.Ballistic  Liait  

IN..  -  3P Armour—  • 	General 
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CDF.R.CLATION 	 . .&,,  „Ba3..11stig .Ljaett 
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Tensile Otrength & Ballistic Limit 
12 
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LATION BETWULV Rod. , of  Jess =, ...St...n*1118914 Jett% C 
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CORRELATION leINI.SkIN  molybdenum  . •  .  AllUltievt* »An 
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(Appendix B) 

• 

- Arrimmx B - 

Distribution Characteristics. 

In tho follo • ing four examples„ test data are 

plotted uaphicallj in order to Show the rieaning cf 

STAnARD DIWTATION, 

• 	 SKEeNESS (Relative), and 

KURTO • IS (Relative). 

Compare 3 and 4 and note tho great difference in 

the way sulphur results  are  distributed. It is obvious 

that the source of the data used for 1:xamp1e, 3 must have a 

different method cf opera:G:11v, than the source for Example 4 0 

r,-ote how the Standard Deviation, Skewness, and Kurtosis 

measure quantitatively the characteristics of a distribution, 

as followsr; 

Standard Devition indicates the spread within which 

the majority of results are included. 

Skewnes ,,. fYlvec,  a  mea sure  or  'ba dcr  e of departure 

from. symmetry. Jxample 1 Is the most symmetrical and. 

..ii:xample 4 is th• least s7i-mmetrical. 

Kurtosis:; B •  using the fourth power of the difference 

from tho average, the extreme results are measured. 

The powcr of this method to detoct chanGes 

from month to month can be readlly seen. 

Sources also can be compared, 
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CALCULATION SHEET FOR THE 

CHARACTERISTICS OF A DISTRIBUTION 

Pnonny 	 D „ 	IN ereePerle. Q 

( urn i t : 0.001 % ) 
— 

X 	x - 	Y 	(X - 	'Y) 2 	x 	TÉ ) 3 	- - 3É) 4  

27 	 8 	 64 	512 	4 , 096

•22 	 9 	27 	 81 

16 	-3 	 9 	 -27 	 83. 
, 

14 	5 	25 	-125 	625 

16 • -3 	9 	-27 	 81 

16 	-3 	9 	-27 	 81 	 • 

15 	-4 	16 	• 	-64 	256 
, 

17 	-2 	 4 	 :-.8 	 16 

15 	-4 	16 	-64 	256 

19 	0 	0 	 0 	 0 

16 	-3 	 9 	-27 	 81 

17 	-2 	4 	-8 	 16 

17 	-2 	4 	 -8 	 16 

23 	4 	16_ 	64 	256 

17 	-2 	4 	 -8 	 16 

16 	-3 	 P 	-27 	 81 

16 	-3 	 9 	-27 	 81 , 

19 	0 	0 	 0 	 0 

19 	0 	 0 	 0 	 0 

18 	-1 	, 	1 	 -1 	 1 	 • 
19 	0 	 0 	 0 	 0 

20 	1 	 1 	 1 	 1 

16 	-3 	 9 	-27 	 81 

23. 	2 	 4 	 8 	 16 

19 	0 	 0 	 0 	 0 

17 	-2 	4 	-8 	• 	16 
, 

16 	-3 	 9 	-27 	 81 
......... 

.-esselecomes====x-  ire 



- 	,CA40tTL4.TI0N ÈHÙT  FOR  TIfl 

.014111A0eRISTI 0F A2DIpiiBUTIOÙ‘ 

20 	1 	1 	 1 	1 

18 	-1 	1 	 1 

19 	0 	0 	 0 	0 

21 	2 	4 	 8 	16 

21 	2 	4 	 8 	16 

17 	 4 	 -8 	16 

20 	1 	1 	 1 	1 

20 	1 	1 	 1 	1 

17 	-2 	4 	 -8 	16 

20 	1 	1 	 1 	3. 

18 	-1 	1 	 -1 	1 

18 	-1 	1 	 1 

17 	-2 	4 	 16 

18 	 1 	 1 

	

1 	1 

23 	4 	16 	 64 	256 

	

4 	16 	 64 	256 

20 	1 	1 	 1 	3. 
' 

28 	9 	81 	- 	729 	9,049 

29 	'10 	100 	1,000 	0,000 

9, 	81 	[ 	729 	9,049 

21 

21 

17 

20 

20 

17 

20 

18 

18 

17 



(Calculation Sheet  .L'or the 
Characteristics of a Distribution 

prop ('rty 	  in 	 ) Conttd)  

1085 
-556  

glZ (x  - 	.V6TiaV1713 3.3 = 	V 	
, 

56 
Standard deviation = 

%MOM 

1085 615 

N = number of resurc.s 

3899 	156,30 

56. 

19. 
X 

Skevmo e a 

nirtosia 

= 	17 3 	=  Z  (X —i) 3 _ 	  2899 

56 

SS 	Tr4 = 	( 	)  4  ,1136,347 is 2635. 

51.7 

56 

•(statistical  For  No. 7) 
HHF:PES. 
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Distribution Charactcristics  of Test Data. 



SOURCE 

REPUBLIC 

«MAL 

UNION 

AMERICAN 

REPUBLIC 

GENERAL 

UNION 

- 

28 	25.51 

i 	61 	22  1 
- 

I 	33 31 

29 

59 • 

33.51 

33 	29  ! 

• 7 
• 

• 

57 	39. 

61 	41. 
OUGANESE  

3: 	I  60 
2 	er 

Statiataill  form No. 6) 
'ffqP:PEG. 	• 

;o‘ or : 
PFu',P'!I,17Y 	resultn: 

egIll.1111■•••■3,11,■11111111.0.1.01111~ 7-7777171  :STAMAnD DEVIATION: 
:Pr-Alable:  As' 	: J'robable : 

found: error : found error 

L109 	 5.1 	+35 • 3,126 	 (a   )j 

(I ) U; CONTROL 
(pI ort OF CONTROL  • 

sximullzs 
eAc ..ecie 

nitTOIJIS 
FAL:TOR : 

hemarzr 

geMMIM■ella.111«. 

AMERICAN 

REPUBLIC 

GENERAL 

UNION 

AMERICAN 

I. 
• 

60 

m= 4_,STLTCON eliNGANR8E 	We•Ille ARMOUR  PLATE 

60 	I  34 	1 	I 1.1 
CARBON 	 -- 

1.8 

12.  

9.8 

3.9 

66.6 

172. 

87. 

1,b)   

2.5 	1 	+1.34 	 83. 

9.4 88.6 

4-0.122.1)  • 01_1 (  

_AO 

-0.9 

+7.9 

3.0 

1.7 

	

2.1 	 .1 	-12.9 	 81. 
'  UNIT.- -0.-01-4-(-14: 

	

1.7 	 +5.2 	 25. 

_  t 
!  2.3 	 +9, 	 99. 
i 	 --4-    )--- 	 La ) . 

1  2.9 	e 	 -13. 	 236. 

g 
1 

5.1  1 	 +99.7 	i 2,476. 

15,760. 



SOURCE 

REPUBLIC 2" 

GENERAL 3" 

UNION e 

AMERICAN 2 

DISTP.IIMIOU MARA CT i:LR I SW. US FOR  _gruguR_ pms,pgoauge_ezzEu„.../g_211.3"jejeuR pun 

GENERAL 

UNION 

AMER  ICAN  

REPUBLIC 

GENERAL 

• 

REPUBLIC 

UNION 

: 	7';o„ 	o 	A IfeRA 	2..L1.172;-.1.92; 
PROPERTY 	: results 	As. :Probein":—.Ab-----i-NrUbibIé-: 	SNE=ESS 	: 	nRTOSn 	Remarks 

• Fi.:CTOR 	 . found: error 	: found  : 	error 	• 	i7ACTC. 	• 
' 	_-.,...--......,==-1..r.,.......- 	:'-',--....:=4.e.3/lis=3:=  -  - - •  '  -- - 

•-•-•-••-•-••••••••■ 

	

3.2 	 9.5 	 271 	i Sulfur 	 61 	18i 	
I- . 	-- 	 __-____ 	 -i-- —ffligif  • 	• r 	 . 

I e 	 35 	j 	12 	1 	 1.3 	 -1.97 	 6.9 	1 

re 	 29 	15 	t 	 1.27 	 -1.27 	 6.6 

-----------4 t 
	  _i_____ 	

--F a 	 2,435.  	 . 56 	19 	 3.3 	 b1.7 
--------e---- 	 --4 	---- 	(a)  

	_____....,..--__ 
1 	 r--  

Phosphorus 	60 	17 	 1.9 	 11.6 	 90.4 	UNIT: 0.001 , % 	oble 
------r- 

so 33 	22 	 I 	6.3 	 -83. 	- 	4,214. 	 (a)  	___-- 	- 	...,..;___ 	_____ t..............._  • 	 ................ 

R 	 28 	26 	I 	t 	2.2 	 8.1 	 59.4 	 (a) 
s 

w 	 55 	23 	 3.9 	 a 12.2 	 889. 	 (a) 

, 

Nickel 	 60 	3.e 	7. 	 1.3 	 7,464. 	 (a) Ii 	Obi 	• 	• 	 • 

.. 

	 111.fflOMme - 

" 	 29 	3.23 	 6.4 	 -70.4 	 9,794. 	 (a) 

	

-- 
	 .   	

(e) IN CONTROL 
(b) OUT OF CONTROL 



(Statistigel Form ro. 6) 
HHP:PES. • 

DISTRTIOU CHARACURISTICS FOR _rnsaina..._xoymmium e,32_ARitainT.4irr.- 

11411/ICE 

REPUBLIC 

GENERAL 

UNION 

AMERICAN 

REPUBLIC 

GENERAL 

UNION 

AMERICAN 

:AVERAuE .T.t.i7D/Li:7) D ....:JIiLTION:  
. 	KURTOSIS i 	emarks PROPERTY 	! results: 	As 	:Probable: 	As 	Probable : 	SKIMLESS 	• 
• ÊAUTOR 	: : 	:  found: error 	: found 	error 	: 	FAC/4.0R 	. 

! 	--- 	 -- 

61 	1.49 	 4.6 	 43.7 	 1,612 
(=MIMI   	jaalluTT 1 C4n1  %  

34 	2.48 	 ]3.1 	 302. 	 206,505 
	 em.........rnm•eamee l 	

ile)  
29 	1.28 	 8.7 	 +1,368. 	 50,015 

b) -  
56 	e97. 	 13. 	 38. 	 11,647 

ai 

	I- 
I 

61 	54. 	 . 	3.3 	 -16 	 438 
— 	 kit). TTNIM 4  C1 .03 %  

33 	58 	 0,87 	1 	 +0.39 	 1.85 

	

—.. 	 10- . 	 r 
29 	51 	 2.7 	 -:44 	 534. 

56 	41 

1 	
1.58 	 +11 	 79.5 	(b1 

 

...I■.• 	  

■ 

s  

■■■■■■■..”...■■*■em......■■■■■ ■■,== 	
■m.. 

(s)IN  CONTROL 
(b) OUT OF CONTROL 



SOURCE 

RISPUBL IC 

GENERAL 

UNION 

 AKER DIAN 

REPUBLIC 

GENERAL 

UN I ON 

AKER I C AN 

REPUBLIC 

GENERAL 

WIC& 

AMER  ICU 

DIST7n7TI0U CHAAWRISTICS FOR  Bunue_xinno_mializmulian._,_.121. 111!me._al  mom. plate 

: 	No . 	:,f 	: 	A 	 ; 	 .r:.-. 	R 	ak 	G 	E :  Ci.i.'.i, -1;liA,.:D 	D;.;711:TICIi  . 
1 	PROPLRTY 	: results : 	As 	:Prv)bable : 	Jr 	: Probable . 	SKEWL2M 	: 	1:7,.'RT0SIS i 	Remarks 

	

' 	_____ _ ____ 	:,_ f  ound: 	error 	: 	found 	: 	error 	. 	. lei"I'' 1(111 	 . 	....,..=.1eA___="CLL .«... ..._ 

i
i 

HBR TNRT,T.,   	65 	292 	 . 	5.9 	 -200 	 4,471 	 10  UNIT I 1   
1 	a 	 30 	264 	 6.0 	 -100 	 2,855 	 . 

• 28 	266 	 11.8 	 -3.3 	 66,400 	(a) 	  

1 	 78 	239 	 7.9 	 +1,346 . 	 63371_ 
 

64 	120 	 6.8 	 +1,932. 	 8,522 
, 
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