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Armour Improvement: 

• 	 Research may develop new analysis and manufacturing 

methods which will result in a superior quality of armour plate. 

Actual manufacturing records, however, Give  research data in 

mass production quantities. The information derived from this 

source is likely to be of much more timediate practical value 

than single laboratory exceriments. 

One might think that statistical analysis can only 

lead to relatively email improvements . in  armour plate and that 

radical departures from nresent methods of production must be 

made if great inprovement in armour is to bc expected. This  is 

not necessarily so, however, for - while  the application of infer- 

*. 	motion obtained by statistical methods should lead Gradually 

to ideal proDerties for armour plate, the tendencies or trends 

revealed  b  statistical methods would serve to intelligently 

direct experimental work designed to produce a markedly superior 

armour. 

In order to show the pessibilities of statistical 

analysis, a set of records was obtained from the Genoral Steel 

Company. Page 2  shows the  form  in  which the data were recorded: 
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Pase 3 - 

Data Sheets: 

Tho data were transferred to forms as shown on 

Page 2, so that information on every heat was available 

for plettin() . Several e.etheds cf analyzin,?, the data were 

;)roeoseC,, These will ue described in the rollowin t; sections: 

(1) Graphic presentation. 

(2) Correlation factor. 

(3) Ratio difference. 

(4) Quality control. 

21:122.2..nMgntati°n: 

Figures 1, 2, and 3 show the data plotted with 

rinell hardness as a base. Some trends are evident, For 

example, it would appear that as _lardnese increases from 

260 to 270, ballistic limits increase, reduction of area, 

impact and elon,ation decrease. However, the sc.ittered 

nature of the data indicates that every property must be 

considered as a distribution within a range. 

In order to see what relationship exists between 

the variables (for examele, Brinell hardness and ballistic 

limit) the correlation coefficient can be obtained. 

Calculation of Coreelatien  Coefficient:  

"Correlation impliee commonness of causation with 

respect to two or more pheneuena. This does not necessarily 

mean a relationship of cause and effect." (EnLineerls ianual 

of Statistical Pethods,  ï. Simon).  For exaitule, silicon Lia.y 

correlate with ballistic ii-it but this (lees  no  t  necee-

sarily mean that silicon bas  an  y effect on calliette 

Perfect co,erelation  is  Indicated by a correlation  coefficient 

of 1  0;  no relationship  between  phenomena  is  indicated by 

(Continued  on Pane  •C) 
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obtaired. 

r = correlation coefficient 

11  = the sum of 

X  = a Brinell readinG 

X  =  avera:',e  of  the  Prinell  readins 

=  a ballf”stic  limit 

- rrvcrale 	tue 	 11m:its 

PaGe 6 - 

(Calculation of'Correlation Coefficient, contid) - 

a correlation coefficient  o7;:  zero. In data subject 

to statistical variation perfect correlation is rarely 

Solvini:;  this equation  usinil; the  data  of  Paco °  '7 

this becomes: 

r 	Z (X  - 	 — 	 . 

„cr—  -amera-- 
ÇX 	X)- 7I(Y  -  1r) 

=  12,261 
v--  1391. x 312,224 

loG  r 	4.088525 -  i-J13.14353 	5.49447) 

log,  r 	=  1.760E325 

r 

0.58  approx. 

This means that  the  correlation between 

the Brinell hardness  and the  ballistic limit is 0.58. 

This type of calculation Is o2 value in detornininr,  the 

relative deÉ.ree  of relat1on:2hin  betreen, for exallole„ 

Brinell and ballistic  limit,  yield point and ballistic 

linit, carbon per cent  and  ballistic 2imit, etc. 
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latio Difference: 

As the number of results increases, t ho  o_lculatIon 

of the correlation coefficient becomes  more  anc,  more  

laborious. It is desirable to know not only whether or 

not a property is correlated to ballistic limit, but also 

in what rano of the proDerty, if any,  are the best bal-

listic limits likely to occur. This information can be 

derived by  the  use of the .Lairly simple ratio difference 

technique. Consider FiLure 4, in vilich the  tata of 

Fiure 3 have  been  divided aprroximately in half. (The term 

medial.> shonld he ubsti :ted fcr ara,P cre) 	The Information 

expressed in ratio fors' is as follows: 

2600 - 2705 

2405  - 
• 

Brinell Ranges 	250-267 '-)6S-279 

In the Brinell  'ane 250-267, 7/20 = 0.35 per cent are 
above 2600 F.S. 

Ballistic  Limite 

In the Brinell range 268-279, 16/18 =0.89 per cent are 
above 2600 F.S. 

Ballistic Limit. 

The question Lagediately arises, "To what extent 

mL,ht  -Lic Above difference  in ratios  be due to chance?" 

This can be answered b -,7  usine the chart shown  in Figure  5, 

derived from "An 11:nineer's nanual  of Statistical l'ethods," 

by rajor 	Simon.  This  chart is ap_)roxinately true only 

for samples from a lot known  te  be 50 per cent ,00d and 

50  per  cent  bad.  By usini_  the  medians, tills requfrement is 

met.  By a)plyinL this cnait  to  the ratios 7/20 3  16/1E, 

the follsweni_ results  arc eetained: 



-Pao 9 - 

(Ratio Difference e  conted) - 

Ratio difference e 	0.89-0.35 = 0.54 

rumber effect' 	1/20 ± 1/18 = 01055 

Probability of chance producing 

this ratio difference (from 

chart) 0.15/100 	15/10 e 000 

Significance = 99,85 per cent = 9985/10 e 000. 

With the ratio diffeence method it is possible 

to find . the relation between two different properties and 

also the significance of this relationship. The follow:Li:1G 

,pages will show  this Inethod ap,plied to ahoy.,  the relationship 

between chemical and physical properties and. ballistic 

limits e 



Figure 4, Ratio Difference, 

!!/1  

méià1 -__ MUM mmummumm ...
um 

91.........weurr  
.... 	

e .. mum......mm . . m .. . 

Ha_ ... mo 	... m . .... ... __ t _ mr, pm real  
hua 	

: re 	mi. ..__. _ JAI we. 1:1 	- IL ...., m 	urn  
unglime 
r 	

mund lammum 
ammilimmusurer 
lignopoomular : 
imullommum mil ........ amm....m.11(1111» 
1:::::::::::::Fig: 	0  

!I  
r........-- 1 . vv.-4'er 

...... .... morUMmirei  ilim „met: 
.:

M
M rp lioeiedUM  

UMUMM 	

um 
MU Mr

MM
» iellle M 

IIIUI MI 11 
MMI 	

7 Meirmq F 

IMIM 171 M
id

il 

	

NIMMIMM »WO UM

1 	
' 

ummanum gang mu pi 

1:801  .1 011i 	11 :I I  11111 .......logiummemumm. »N M 

"Inirlie einenninel M U II MI UM Ma @_____ _AIM __UM 

11:91119::::1116 1181::::::: 
:MI  :  M:  R 	li ealalredran:  
1111111 I  11111101111!!!!!!  
:::::::: 11:111 O' 

:111W 'filielgell: 
MIMMUMWM 

IIm:. 
Mg IM 	r  •MMM _4 1  

la».. 111.....11MMell 1111  1_ 9111 
UM m 	..  	. 
Immm..m.......... . m..... 11 

	

.. ... .......m... 	. BUM 
11:11::::::::::::: 11::::::::::  
'50 	260 	1270 	280 

Belem., HARDN ESS 	, 

t.J 

cri 

rz 
fx1 

0 	E-4 

çrl  • 
CL4 

0 

rfi 

0 	LI4 
0 H <4 
(D 
C\1 

 

0r1 
P-4 
VII X 

E-3 
H 

0 H cc 
LI) 	4 

rt4 
0 0 
1-1 >-4  
CI) H 
H H 

0 
0 4 0 
0 <4 
.31 	el 

• 



0-8 	 SiGeteitice 	•etTo /5/,,feet-cre5 

EX/497PC, 

5,9.99zer-u,nre 7-4.«.e9 

S  .07.1-9207-/V6  

2erelle  • 2. 	 0 029dier/ve ra ,-, 09. 97 

0-7 
Q" NOW 5/49119-/449-7 /i 19 5  e9979,  

/9. C.. 3 	C,.e O 	 • 

It. /7  

/297:0 .e7/6feeee500 	_ c. 	_ É7,7sj 

.0/9766/2.66.6-  

0-6 	
/71/11 020  2f9e27,  e .4) 	e /7»,  

RÉCOBAYS/4/1")" 77597/1//1-,  Two L.07-9 495.9_0 1//99e 

/3/9 -/.95 .0/99-2XCe• .95 aeerel-  c..».o 412E97972  

76199/ 2 -9,  /5-  EcPc99e.. 70 0/3 4.6".65 7190,7" 

5/e,r/F/cee. ce- 	- ;Ye:" ;0-6 2 

7;e-elf 91/02  z  C9-9/70.3" 0, 7  09 /00 

76/97 rm. re/save ..-.9-r/e 

/5 y707-  0.16 70  c/51/3CE. 

0.1 so 

9e 

se 

sw 7.' 

90 

15 

ci  

1r- 

I 

: 	 ! 

ego 
" 

; 

 

075 

 :o 70 

o 

o 

0 55 

050  

0 5, 5 

0 . go 

o-33  

—0 30 

0.25 

0-20 

0./5 

010  

0.05 

-01 	 -00 	 .03 10 	13 	 .13 	16 	./ 	/0 	./ 9 
CO  

nvm eee 	r = 

zne 
05  

, 

• 

03 

0-2 

Significance. ea.«. F1 ,11re 5, 



- Page 11A - 

Sirnificance z 	(Emeanation_foryir,lure_5 9._PAGe_ll) 

Major Leslie 	Smon e  in "Engineer's Manual 

of StivbAstical Liethods," gives the following methods for 

obtaining the significance of ratio differences 

(a)  

t = (x/n) - (1 /2n) for small samples of equal size. 

(b)  

t ut (co/nn) for lare samples of the 
order of 50. p%lbAl  1/11 .2 ) 

-JOTE 

number of standard deviations(above and be-
tho average)within which ratio 

differences equal to or less than 
(_) 	1  ( c - 2 ) would fall due to chance. 

1:12 

ratio differenc e . 
number of samples. 
number effective in Sample 

02 = number effective in Sample n2. 

P 	proportion effective. 

Q = proportion defective. 

Since the manner of selecting data always 

arranges P and Q = 0.5 these factors are constants 0  

ror the purpose of this investiéption we are not so much 

concerned with the actual si,.,nificance as with tho relative 

degree of significance. For those interested in actual 

degree of significance we would suggest that they consult 

?lajor Simon 's text. The chart of Page 11 was constructed 

usinG Equation (a) up to 0.07 number effect and Equation (b) 

from  0 .12 to  0 .20 number effect.' 

x/n 

t zrz : 

nlo 
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COBRELAIUMY BETSEED, Brinell 1,imi,t 

IN. 3It Armour  ,  . 	leK0,4  Geners.1 I 	 f,  • 	• t 

100 •••■••■••••■•■11 

90 

80 

70 
11-1' 

Cr" 
04  
(3) 
CW,  

0 

•t. 

.1  
40 

ea .  

«gm.* 

Let.e.4_ 
279 

pc4 abc.;ve 
2600 

roaribor 
rer;u1t:.,: 	. 

7. 

20 18 

1  , 

a••••••••••—•••• 

Pe r ent aGle: 
4b-p11.1: 

89 

% 

'rills means that (loo-ggAgp equals the ) 
peroentae  of the  time the above ratio) 
difference would occur due to chance. ) 

‘ Significance: e  

• 
(NOTE: 

Ratio difference: 

Number effect: .... .05 	+ 	0.0555= .1055 • •  •  • 
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CWELLATION ETE Cowbell: ,  e , 

H.  Sr , Arnacke 

100 

90 

80 

‘4 , 	70 
o. o 
c.) 	6o 

l•-- 

1.7:■ • 

••■-• 
• 

50 

40 

30 

.26 .30 

• 

Illib..■•••••■110■■••■•■■••— 

••■••••■• 

11111■11111■11. 

.....■1•111■■■•■•••■•• 

Lo 

111■11111 o 

2600 

! 

.29 	.35 

	  13.,.,„..20 

22 	 20 

.59 	100 

.41. Ratio difference: 	 

Number effect: 	  

Significance:. 	99   
•	  
(NOTE: This meant; that 	(raurm7-797711-wrii-rsu--- ) 

percentaëe of the time the above ratio) 
difference would occur  due  to chance  ) 

.095 



.tr) 

7c 

sz• 	 60 
c■2 

50 

40 

-•••••••■•••■••••••■••••••••••••*•.••■ •••••••• 

....••■•■•••••■ gale 30  

- - Pip ,  14: - 

C=...LA.TLDM  C'jertli 

71P'ee 

..einutezt eues 
Î 1 L:  

100 

85,000 
118,900 

19,000 
133,500 

ti  

20 

10 

11 

0 1  

90 ease........•••••••••■•• 

80 

 	• 	7 	• 	c.•e. • 17 	  • • 
uhiv  

2600 

11T •  

• •  • • 

	

t 	h 

	

1 - 	•-• 
17 	22 

Eerf..:entac-t .41). 	.77 

Ratio difforence: 	  

Humber effect: 	
.0588 1 .0454 -.1042 

f 

(NOTE! • 7717-g-TtieanerfaTf-TI00-91- Is the --) 
percentage of the time the above ratio) 
difference would occur due to chance‘  ) 

.361 



■••■•• •-• 	 ••■•••■••■■• 

••■•••••••••••... 

Percentage 
above! 

.47  6  
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Tet4eelte., 411.17e44/94 A  -41g3;ligt t 13 14114,  

nZ 3 11
. 

104 

90 

so 
■Zi 
‘b; 	70 

o 
4, 
ee 	60 

50 

ers 
E; 	40 

et21 
34 

20 

Q  

10 

de. 

0 
,0 0 hire 

Prdet 	 141,900 148:000 

No, above 	 -,, , • 	
, 

2600 f- /- -  	 1Q 	14 	  

	

Total number‘f 	 21 	 17 

	

tct rc»ult:  	  

.34.9 Ratio difference: 	  

/lumber effect: 

	

.0476 plus .0589  -  .1065 	

.Significance: 	
95

.   %. 

(NOTE: This means that (100-JKLe—UqUr1s  the  ) 
percentage of the time  the  above ratio) 
difference would occur due  to  chance.  ) 

• .Y11 
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nRRI14TION l9Er1r.N ,8i116°U., — ,a,84111.4*1C.10114$,_ 

IN. r.àxmour,, 	Gea4Z41,... 

I 

.30 

16 

4 

.31 

.35 

No aboyé 
2800 

Tetal numburf 
toat re!iultu: 

Percentagol 
qbovo ;  

13  .....  ...11 

.81 	.48 

Ratio difference: .81 	- 	.48  	 

Significance: .  ?• • % 

Number effect: 	........ 	 .............. ..... 

gt. 	  
(NOTE: This means that (100-.g)  equals the 	) 

percentace cf the time the above ratio) 
difference would occur due to chance. ) 
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COU"LATION 17,ETVLEEF e.10Ufgat404 .4(.. 13,1411e4q.44114,.. 

...■■••••■■■■10•••■■•••••■rroar 

70 

■■■■•■•••■■•■•■ j.  

.roamwerelIo! 	 ...eme•••••••■■•••■•••»11. 

-■•■•••■•••■•• 
1 

••••■•••••••••••■ 

9 
15 

Total nurat>at of 
tout  renulta: 

Perentac,., 
sboniu: 

.74 	.43 41 

23 	16 

Ratio difference: .303 

A
B(

) V
E

 X
6Q

Q
 

40 

50 

E. 	40 

Gz.1 
SO 

€.4 
F.1 

20 
L. 

10 

0 

15.1 
20.5 

•  NO, above 
2600  fri's:  	 12 7 

.0425 plus .0b25 - 	.106  Number effect: 	....... ......... ..... 

Significance:. 	 92  

MOTE: This means that (1VO-Vj..%)  equals the 	) 
percentace of the time  the  above  ratio) 
difference would  occur due to chance. ) 

r 	 ; 	 4.4 	C 

. 	 • 	t 
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C(ilifia.aTION 	Rod* -of àrek,„&„.Balliatio,LImit 

IN. 3n ,À3110U7 PIR IA440011.7a1  c e 	• • • 

100 

90 

•••••■■•■•*•••■■■•■•■•••■••••■•••■ 

es, et,v 

Total  nunbor rf 
to;)t  rosulta: 

ercentag.i 
qLove: 

19 	 19 

1 78 8-  •  •  •  • 1,4!.  4 

••■..—■■••••■•■•• 

Va.* 

1 

1 

1 

53 40 

9 J-e 

o  
24 	41 

80 

Io I 4Y 
c4 

4 

I-1 

:12 

4  

Cf  2 

e 

50  

40 

50 

20 

Number effect: 
.1055 

8? 

.28 4 Ratio difference: 	  

. Significance:' • • 

(NuTE: ibis means a 	 equa s  a  e —) 
percentaee of the time the above ratio) 
difference would occur due to chance.  ) 



- 

90  - eee••••■•••■•••eelle..*.Mour.•-••••••• ■■• 

••••••• ■•■■•■•••■••••• 	 +■•■•••••■•• 

••••■••••••■•■•••••• 

rewoOftomeermeeme.....■,...e. 

41 .  

1 40 

39 
t- 

20 - 

1 

40 	 51 
50 	 67 

9 	 11 

RAW,i 

Nulebov  u 

%. 85 
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bET‘iiElei•;94  —  . „ •  • 

5 11  43,IQur 	 (etaei7a1  , , , 

140 

, 

0•■••11111 
80 

vi 

70 
'<à 

et 	60 

0 	50 

see 

 

1 0  

1.1.1■111•11111.- 

Tuttil  roeibue 
	 11 	22 	  

lbove: .82 	.50  	  

.32 
atio difference: 

Number effect: .091 plus .0454- .1364 ••••. ...... ••••.•••••••  •••■ •••  ••• 

Significance: .  

(IWTE:  This means -that (1100m5...7,)  equals  the 	) 
percentage of the time  the abcve ratio) 
difference would occur due  te  chance. ) 
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COBRUATION BETWIt  Mki1yb4anum 
1 	4 

Tic  zet jam= 	. 1i'ue0  iituterig 

•■•••••■•••••••••■•■•••■• 

..110.U.4,tto 

■••••■•■•••••,■■■111....■•••■ •••••••■••••■•••■•••••■••••••■•••••••••••• ■■................. 

11.1 

0 

:72) 

c£: 	30 
F.  • 

2a 
w 

Nit 	10 

PANGË 

Nc.:  above 
2600  fie? 

••••■•••••■•■•••• 

• 

.55 

.58 . 60 

50 

40 

-1 

ç.  
e - 

numburt;f 
to:>t 

:cr*:en4ac4 

25 	17 

.52 	.76 

.24 Ratio difference: 

.04 plus  .06 e .1 Uumber  effect: 

85 Significance:. 	  b• 

de 	  

OMTE:-  • 	means  la 	 equa  s• 
peroentaé;e of the time the above ratio) 
	 difference would occur due to chance.  ) 
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CORR.UâTIOS Bev,27 KAO1anffler.<_,01141-44eigP,Ielet,_ 

50  

40 

• 

— I 
;  .41 

20 -e.mr.e.-••••■•••••• 

PANGe 

No‘ above 
.2800 

.59 

7 

.••■••••••■•••,— 	 mlee ....1.111•■■•■•■•• 

P 

10 

TvtiLl numberof 
tebt results: 

Pereentav3 
qbove: 

Ratio difference; 

.68 	.44 

.24 

25 16 

7!.  .  e. r 	,,sc;t, 	 ' 

.04 plus .062 : .102 
Number effect: 	  

84 , 
Significance: . 	  ›. 

•	  
(NOTE: This means that 11-00%) equals the 	) 

percentage of the time the above ratio) 
difference would occur due to chance. ) 
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G(i12LATL.:14 BneriEN,4181Phue.,,,..„&-,#*440gq.44,41,- 

le.31  .42receur 	nicdicaleeirgi 	.  . 

	

f 	 90 

80 

ot,  

40 

	

0 	50 

..a 

‘.4 
ce 

20  
0 •I ......- 

i 

• 

.049'  

.011 	.014 

No. above 
2600  r/ c, :  10 	 

Total numbercf 
to.iL robultJ: 

20 	21 

Percentacl 
4 bove; 

.50 	.71 

Ratio difference: 	 .21  

Number effect.  	 .05 plua  .0478 	.0976 

80  Significance:. 	  70. 

(NOTE:  This  meana  that  ti-o0-.p.g.- S1-  equals the 	 ) 

percentage of the time the above ratio) 
	 difference would occur due  to  chance.   ) 

8. 
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CORRELATION Ttlr.ei ZhQaph4r.4111...• At, iktUtet(1, 

r 
r*. 

I 

20 
Ct. 

Io 

0 
.009 

RANGE 

No.. above 
2600 . 1 /—    • le • 	 •1Z• 

■111011M111.4••■■ 

.024 

LI __;__;,......  j•-.  •  - 
. 02 
. 035 

Tvtal 
to:it vesult:i: 23 	19 

Per:,:entaG4 
.2 	.68  

Ratio difference: 

Number effect: . 

Significance: .  

'PM #  49.5A 

5.  % 

ROT]:  This  r.earls that .-Loo-...65.5t; equals the 	) 
percentage of the time the  above  ratio) 
dtfference would occur due to chance.  



20 

10 

r 
;4 

Cs. 
0 

0 

8.49 	8.69 PANU 

No.  above 
0000 e/e:  

-  Page 24  - 

CORREI6TION BETWEEN ebasmegia„...  ..1williratlita Mint 

• 

k 
fc0 

• 

12 40 

0 

Jane= 	?Rom. **Ware 

	 ••■•.... 	 ■•!.••■••■••■•••• ■ 

....aw 	 ■M..m 	 •efr . 	 wa■■• ■•• 

ibs• 	 • ■••••••••■.,M 	 ee•■ •■•• ■■ •••,. 	 S■■■■•W■M4 	  

em... .•••■••■■•••■■ ■•• ••• 	  

• 

....M.••••••■•41.M•mesere 

■•■ 

l' 	 --emmummit-- 	44- 	4.4.14........d. 

Total number  ce 
tout resultu: 

Percent k9 
etbovez 

Ratio difference: 

Number effect: . 

Significance: .  . 

17 	 88 

.53 	;', 	.68 

I» 

•Se.9. * ........ 

%• 

(NOTE: This means that (100-jml,) equals the ) 
percentage of the time the above ratio) 
difference would occur due to chance.  ) 



24-40 

0.59-0.60 

40-50 

0.50-0.59 

0.012-0.014 

n e*)or r 

2.50-2.G9 

ex, 

tea 

ee, 

87 

85 

85 

BO 

65 

60 
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Table 1. 

Summary of Ratio Differences 

Property 	 Most Desirable Part 	Significance 
of Actual 

P or centj_ 

Brinell 	 268-279 	 99.85 • 

Carbon :, p.c. - 	0.$0-0.35 	 99 

Yield, p.s.i. - 	119,000-133„500 	 96.5 

mensîle e  p.o.i. - 142,000-148,000 	 95 

Silicon,.pc. 	0.29-0.30 	 94 

Eloni.ption„ p.c. - 	9-15 	 92 

Reduction of 
area  p.c. 

Llolybdenum, p.c. 

'zed>  ft.lb. 

I:ancanese e  poc. 

Sulphur, p.c. 

_Phosphorus, p.c. 

Chrordmi, poco 

The thirteen properties of the plate which . 

v)ere recorded have beon arrans:ed in order of decreasinG 

significance. Tho optium operating ranes (for the 

peried under  investigation)  have been outnnedo The 

relative sicpificance of heat treatment, chemical 

analysis and steel-making process can be inferred from 

the followinr, arrangeront of the properties according 

to their position in Table D 

(Continued on next DaGe) 



Molybdenum 

ManGanese 

Chromium' 

Silicon 

Sulphur 
Phosphorus 

- racje 26 

Table II., 

Order of 	 Properties 	Anarysis 	 Properties 
Significance 	controlled 	 Connected 

by heat 	 with 
treatment. 	 steel-makinG. - 

1 	 Brinell 
2 

Yield 
4 	 Tensile 
5 
6 	 Elongation 
7 	 Red. of area 
8 
9 	 IzoC 

10 
11 
12 
13 

Carbon 

Prediction _ . _  
Having obtained an indication that control of 

armour plate properties in GENERAL steel depends mainly 

upon heat treatment, next upon analysis, and to a lesser 

extent on i)roperties connected with steel-;makin, one then 

wishes to know, nWill application of the liuits of Table 

produce hiGhor Quality armour?u 

Before attemptin to ap,:2,1y any limits to 

production variables  one  should have a thorough under- 

standinL; of the variable »  what it represents and hew closely 

it can be controlled. 

Exemples 0±  SOITle  Caus e s   ffect Both P,allistic Limit 
and the Variable i 

Brinell 

This is a measure cf the drawing time and  tempera 

turc as modified by section size and carbide 

stability. 

(Cont -Inued on next  page)  
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(Exam. , )les of  Soie  Causes Ulich Affect Both 
Ballistic Limit end the Variable„ con -bid) - 

Yield 	• ield is af•eced b7 • ine cool .InG rate on ouonchir,2 ... 

pi14on -- Both silicon and 1:..a.nanose reflect variation 

• in deoxidation nactice. 

Thus a relationship between two properties 

(for exauple„ silicon and ballistic limit) may be due 

to the effect of a co=on  eau oc  (deoxidation). It is 

quite pessible that a sliht chane in meitinb„ castinn 

or heat-treatinE; practice 	Cilane the optimuM rave  

of one or .:nore variables, Therefore, before any wortbmhile 

predictions can be based 0.3 operatin data, a state of 

uniformity of °pore:Lion  u t  exist. 

Deree of Control ,  

An examtnetion of plotted data revealed that a 

certain period showed a cl oser deree of control than 

the remainder. These samples represent Heats 4198 to 

4088. It was decided to calculate the averac,e and 

standard deviation ror tbe throe periods 

Period  one  ilea- a40913 to 4190 

Period  two 	'e 	4190 to 4288 

Poriod throe :, 	4310 to 441 9 

The  result thorn this procedure are tabulated 

in Tables III and IV<, 

(Centinued on next paze) 



Propert- 

Ballistic  li it - 
Brinell 

ert 

-,Joe of results 

Standard deviation + 3 standard deviations 
If 2k 

;,J 
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(Degree of Contrel e  cont!d) - 

Yable  III 

Averages. 

Period 1 , 	Period 2. 	.Peried $. 

-2.71eld e  p.s.l. - 
Tensile, pes.l. - 
Elencation e  pec. - 
Red 0  in area, p.c, 

ft.lb. 
Carbon, p.c. 
Silicon e  
UDIU1110,S , s  p.c. - 
Sulphur, p(,c. 	- 
1U)sphorus,  p c- 
1, -.olybdenum e  p.ce - 
Chromium e .p.c, - 

260 
109,000 
136,000 

J. 

- 
57' 

0.29 
0.315 
0.61 
0.011 
0.024 
0.58 
2.46  

2073 
269.5 

120,000 
143,000 

-tr:d 

51 
0.295 
0.30 
0(.575 
0.0115 
0.02$ 
0.585 

t..u..„  

2600 
209.5 

138 e 000 
139 4,000 

5%  
57e;; 
47 

0.30 
0.32 
0e58 
0.03.25 
0.014 
0.58 

8 

51 •.-bje TV 

Standard Deviations. 

Property Period 1. 	Period 2. 	Period 3. 

Ballistic limit - 
Brinell 
ield 

Tensile, p.s.i. - 
Elongation s  p.e. - 
Red. in area e  p.c. 
Izod, ft.lb. 
Carben, p.c. 
Silicon„ p.c. • 
UianL;anese, p.c. 
Sulphur, p.c. - 
Phosphorus, p.c. - 
Molybdenum,. peo. - 
Chromiurl, p.c. - 

of results 

96 
4e56 

12,400 
10,330 

n 

, 6.4 
5.35 
0.024 
-0.019 
0.048 
0,00129 
0.0053 
0.02 
0.163 

19  

21.4 
1.4 

2,980 
1,8'75 
2.7 
5.73 
4.1 
0.006 
0.0076 
0.026 
0.0009 
0.00$2 
0.007 
0.102 

13  

55 
5 

3,420 
4,675 

2005 
6e3 
4.78 

0.01 
0.0087 
0.035 
0.00125 
0.0067 
0.007 
0.086 

6 

0 

Probable Errer 

The accuracy of averages may be reported as 
Average 3 standard deviations 

v jÇf  
the accuracy of standard deviatrIons as 



Average 

Standard deviation 

Skewness 
F 3 

Kurtosis 	'Ti 4 

X 

tea 

- 1.?aGcl 2D - 

Distribution Characteristics 

The results of Table III show apparent differences 

which„ if true, are significant. However, the small number 

of results does not c:A.ve much wolat to tho conclusions which 

one is Lariredia'tely tempted to formulate. It would seem that 

the high ballistic limits and the narrow range of ballistic 

limits encountered In Period 2 were directly associated with 

a :;reater degree of control over variations in physical and 

chemical proporties. 

It is hiuhly prç';bable that the followinL proLram 

when carried out will provide a considerable fund of infor-

mation on armour plate: 

Obtain operatin_ data covorin each successive 50 heats 

and determine, Cor  ballistic limit and all measurable 

properties, the followin distribution characteristics: 

Name 	 nuation 

KEY 	- the 	of 

a test result 

the number of test results )) 

average of all test results 

These measures will show the general.nature of 

a process for the time interval oxamired and will make it 

_ 	 
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(ÏYIstribution Charactoristis, contîd) - 

possible to compare the characteristics of dîfferent 

periods and different sources. 

Stantlard Deviation - 

This is a measure of the ability of the 

source to hold the property measured constant ( ,:ye the 

spread of the results). 

Skewness - 

This is a ucasure of  hot far the distribution 

varies from a symmetrical distribution. If tho skewness 

factor varies in successive periods, it nay be suspected 

that bias has entered the sam»linL tes .;in  manufacturinés; 

procedure. ' 

Kurtosis - 

Thore will always be ,Jxtremo results when a Group 

of test data is examinad. These results  are  caused by 

human carelessness, mechanical breakdowns, faulty ..,aterial, 

power failures, etc., etc. The kurtosis factor is a measure 

of the frequency of extreme results. Thus an intangible 

operatins characteristic caa be quantitatively described. 

Oonclusions 

I. STATISTICAL •fTHODS ARE TOOLS W7ICH MILL GET 

INFOREATION .UICIU1 THIS INFORMATION UOULD OTHL:RWIE BE 

OBTAINIIID ONLY BY LONG PRACTI  CAL  .C,PIMIENU OR HOT AT ALL 

ÏdHETHER OR POT ANY -jOOD COS FUOL THE INFOMATION OBTAMD 

DEPENDS =DULY Ut2ON THOS CHARD WITH THJ. CONTROL OF 

1.:ANUFACTURIL 17;. OPERATIOUS. ANY IMPRULENT OF AREOUR PLATE 



- raLo 31 - 

(Conclusions »  contd) - 

TEAT IS UADE 	BE DUE TC TUE TIRELESS AIM SKILLFUL 

EFFORTS OF  T1-{OSE 	 L:ETALLURGISTS AGI)  SKILLED 

-JumnICAL PERSONNL WUO 	EPUGED ï N COrTROLLING MANU

FACTURI:r0 OP.RATIONS. 

2. The ballistic lirit of a plate for a projectile 

is the maximum velocity of the nrojectile which will not 

defeat the plate. The main purpose of armour manufacture is 

to obtain 7.)1ato with the bïh:.;:st possiole ballistic limit » 

 consistent with other i)ropertis ,such as weidability »  ease 

of fabeication e  and resiste2,nce to shock. 

- • A plate hhicL is ideal for 2-oun.(,1 , hou  ma  

be very poor when tested wïth (.7.-pounder shot. Larcer 

Drojectîlos therefore requre softer plate for their defeat 

than do smaller projectîles, It is well known that the 

U. S. Army has reduced the hardness and the ballistic limit 

requirements of its immour so that satisfactory  rosi stance 

 to heavy projectiles. could bo obtained. 

4. The data of this report have accepted the test 

with 37 re. shot as the on:  y criterion o£ excellence. 

5. A measurable dei s:ree of correlation has been 

shown to exist between 

propertiosu 

Tensile strenCh 

Yield point 

Elonation 

Brinell hardness 
Manganese 

Uelybdenum 

ballistic limit 

Impact strength 

Car bon 

Sulphur 

chromium 

and the following 

Reduction of area 

Silicon 

Phosphorus 

(Continued on next pa;-::,e) 
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6. Since this correlation can be measured, it 

is possible to find out the  most desirable operating range 

for each measurable variable. Since the above variables 

can bo correlated with ballistic limit, it is highly probed-

that there  are  other measurements of physical property e  

microstructure, hardonability or urocess characteristics 

which can be correlated with ar::.our propertios. 

It should  1.e  sbrou ,) c:caohasi-zed baat a 

relationship between a variable and the ballistic limit 

	

......... 	......_ 	... 	... 	, 	. 	. 	. 	....,_ 	_ 	..._   . 	..„. 	. 
holds  truc  only 1".'er tbo source from which it is drawn. 

	

„... 	, 	 . 	_  

1:ach_soure_must be considered ils an . ( ,nt.i.rely separate 

problem, 

.'.etallurgical processes are subject to trends. 

Properties of raw naterials chango„ furnace refractories 

wear awLy  air humidity var!..es, moulding sand changes in 

properties, etc, For nis reason, a relationship between 

. 	....._ _ . _ 	. a variable and baillstle limit will not r6main constant, _ .... ., .....  _ ... 

5:?:...erofero successive periods 

must be analysed in order to • eep informed of any changes 

In  the 1:undan?ntal 1,tws controlling the process. 

9. CORTIOi; DO.,M 	 CAUS AND II171!X;T. 

If a variable--for example, silicon--has a close relationship 

with ballistic limit e  it ma7 be due to some phase of the 

deoxidation process which affects both. silicon and ballistic 

limit in a sluilar manner. If a variable, for exemple 

sulphur, shows a close relationship to ballistic limit e  

it may be due to a slag reaction that affects both sulphur 

and 'ballistic limit. The f • ct that a relationship exists • 

is a powerful Glue to the ensUneer, metallurist, and skilled 

8 . 

but will bo subject to trend s . 
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personnel chared with the responsibility of controlling 

operatin conditions. 

Statistical methods only serve as siun oosts to 

point out the path  over which metallurgical operators must 

toil and strumle. If materials, equipment and man power 

are not able to hold  variables  to the limits pointed out 

by statistical methods, there is no point in obtaining the 

information. 

10. The data anal-used in this  investigation  show 

the advisability of shiftinG the limits of several variables 

as followsr 

Property 	 Median as 	 median 
found 	 recorin:lended 

e)ro 	 (DMZ . Brinell 	 ..=„0 ,:.› 	 .,„(,... . 

Carbon, p.c. 	 0.29-0,30 	 0.325 
_ 

Yield e  p.s,i, 	 119,000 	 :126000 
Tensile, p.s.i. 	 142000 	 145 0 000 

Silicon e  p.c. 	 0.33 	 0.29-0,.30 

EionL:ation, ID.0 	 15% 	 12% 

Reduction of 
area e  P;;Cti 	 4O-41%  32% 

Each subsequent period of analysis will suce st 

further sliClt shifts of the desirablo medians of test 

results. Thus all properties can gradually be shifted to 

their most desirable rnne. Of course, this is based on 

. the use of 3 7 mm shot fc5r testilv.;. LiGhter or heavier 

projectiles would require difforent properties for their 

defeat. 

11. A very low dej,ree  of  correlation does not --- 

necessarily iiean that thre is no relationship between 
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ballistic limit and the variable in the present range 

of the variable. It may be that saniplinb or testing 

Is carried out in such a way that the test is not 

representative or the materia1 . flxamples of this  are g 

Hardness tents on decarburized metal 

Separately cast and heat-treated test pieces 
used for physical tests. 

The engineer, metallurgist, and skilled personnel 

will be able to judge_whete or not such is the case. 

32. RWOM:S,NPED PROGRAM - 

In view of the  information obtained up to 

this point it would seem advisable to set up a statistical 

program for each source of arriour so that use could be made 

of Information nov lying dormant in ballistic and metal-

lurgical test records. An outline of such a proram is 

therefore suggestod 

(a) Determile Ideal Operating Rallos 

Use the ratio difference method to show which 

variables are r:ost closely related to ballistic 1:11.it„ 

also the desirable control point for each variable. Deter-

mine  the se  relationships at regular Lutorvals (every month, 

every 50 heats, etc.) 

_M Set Up Practical Control Limit Charts 

For each. variable construct a chart so that 

results can be Dlotted in chronoloical order. The chart 

Should have a centre line And h-fLh and low 15.:_its. Consider 

Brinell hardness, for exerfflie. The chata of this renort 

sugest that a centre  1iie  of 273 Brinell should be used. 

and low limits r1a7 be arbitrarily .  ap,,lied but'it  1 s 
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probably  botter  to use  limits  baSed on trevlous records. 

If the data of Period  1 (PaLe 28) were used as  a  ,,tido it 

could be inferred dAat  there nas  a reasonable cliance,  of 

ccntrollin within 27e1 3  X  4.5  (3 siGna limits). The 

low limit uould  tnon be 2i3C) rin(', the hiL;h. limit 286 Brinell. 

If the  data  of Period  t  vera p.Sed  us a  L -uide  the low lirA.t 

would  be-259  and  the 	limit 2770 There are nany  practical 

considerations  involved when limits are )1aced on a variable. 

7ide limits r;.ean  a variation  In ballistic linits, and narrow 

limits incroasc  the  cost  of the 	 and  •  tend to slow 

dom  broduction.  The purpc,so of  tiiese control limit charts 

is to  show when action is necessar7  to correct anytendency 

to deviate fro  tbo  limits t>roven to  e the most desirable> 

Thus  each  test  result can  be  inter,reted as 0 0 K 0 , bad,  or 

cf little sibnificance, acce2dIn 0,  to inr - cd5ate  past 

ex,,2rience. 

(c)  Periodic Revision of  Control Limit Charts 

As  each succossivo i_ortod of statistical analysis 

brin,s  out more information, chanGes can be made  in  the 

control charts. 2ventlially each property will b3 bruurht 

into it .s optimum ranL,e and the  process  'i1l reaoh an  equili-

brium. 
a 

..(51)  Statistical  Control Charts 

nen  an equilibriuril is reached, the process 

should be under statistical control. At this point 

statistical quality control can be put  into effect.  When 

ti'w process is ul.der statistical control, it is .confidentl:y 

expected thet A .1- DUCTIOU GrIL  Br,  iduq:.:  IN  T:h; NUBAi 0?  Plie`:C-

TSTS,  SLIM  NON-DESTRUCTIVJ?, nSTS % ILL 3IVE  A  SATISI-11CORY 

INDICATORS  OF  AE,OUR QULLITY. 
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Summary e 

This report has indicated briefly some possibilities 

of the statistical analysis of armour plate manufacturing  data. 

Manufacturors oan e  by usinG statistical methods e  achieve the 

folloving 

1. Determine the most significant variables in 

their process. 

2. By placing the se variables in their ideal operating 

range s  determine statistically the effect of 

minor variables. 

3. Once major and minor variables are properly 

adjusted, trends or tendenCies in the process 

under control may be noted. These trends or 

tendencies can be corrected before they impair 

armour quality. 

4 0  General improvement in ballistic properties of 

the plate can be mado. 

Once the process is under control the number of 

ballistic tests may be greatly reduced. In spite of the 
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PI (Sul=ary, cone:WOod) - 

fewer tests a better quality of plate can be made. 

Since the presont prooess is statistically 

out of control the ability of selected armour test plates 

to predict the quality of sueceedin heats of plate is 

very doubtful. Actual firing test results support 

this statement. 
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