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Pso:e 2 - 

(Introducticn, conted) - 

guide its processes and determine the quality levdl. of th.. 

'materials prcduded. To - whet extent should Ordnance Inspection 

duplicate the work 3f nanufacturer's inspection? 

FoIl3win3 are comments from Britain and the Ualted 

States Kar teoartment on this subject: 

' 1.Pe have no intention of ellowinG the ordnance inspeotor 
to bscome a sieve for weeding.out defectives from the 
product of a low-quelity manufacturer. That is the manu
facturer's job. Eut we will help him to get the quality. 
of Ms produbt under control at a satisfactory level by 
advieinz with him and by makine constemtly available to 
him all informatfan as to levels and trends in his quality 
which may be evidencee by ordnance  inspection  results on 
his product." 

The above e as  contained  in  "Quality Control 

Procedures in Ordnance  Inspectior," by  G D 0  Edwarda, ar 

repartment, kashinton, D.C„ outliehed in  MCPANICAL 

ENOINIJERING, Saptember 1942. 

"The inspection department of the Ministry of Aircraft 
Production is henceforward -prepared to judge  the  quality 
of a manufacturer's product on the evidence provided  by 
the control chart  and e  if that evidence is satisfactory, 
to leave inspection to the manufacturer. It is to  be 
hoped that .the inspection departments cf the other Pro-
duction Ministries will follow this timely lead in  the 
direction of economizing in governmental inspection 
effort and man-power.' 

The above state:lent of policy was nede by the Chief 

Inspector of the A.I.D ‘  and is reperted in the April 24, 42, 

issue of TdE ENJINEER (London). -  

From the above it would appear that inspection 

involves  more  than accepting or rejectino individual products, 

It also involves acceptin: or rejecting  a  manufacturinF 

procees, Processes are accepte or rejected on Ufa basis or 



the q;ial1c7? 1'ev.41 of tir 

t:- 	. 	• 
' chart. 

3 t 

(.7_31zrodiuu i.c.h, 	) 

111. 

rhe 2h:incl .:p1e that a sv,Ita;_atia_..2.rc. 1..ust 

•adonted in order to stud ani control induatrlal output: is 

inferred in the above  uotations. ,  The Lest a-ratem of 	 , 

-Inc  the manufactured .rroduet is the duality con'trol chat 

Metod. 

The preeent re - rt e  nnd ctheire in this l ,eriep> 

attempts ta suppl ,r sone of the parte of the •ackground 

required for  L 4.ua71.1ty 	proGrall on ermour plate. 

Thoso c.larz,ed with the 2esponaibility of exse_Lnirk;.arcicur 

plate roçuire ap,svers to the follow:in.; queetions 

1. ..1/1-..Lat are the factors that affect amour quall',:v 
• in order or  impor tar. ce 

2. What is the ideal ranee for eacll  factor? 

3. llow closely can this factor be controlled? 

4. Waat proof  • s required  tt Làe 
factor le in control? 

The ansvers to the above al'a  at present  dogmatic 

rat'r.er than scientific,  it  13 expec -i;ed that r.cientifie 

aaswers will be  obtained by statistical  analysis of 

operating data. Unfortur.utely, at  present  only a few of 

the 'many  operating variables are  recorded. This  reporr, 

was written to show how  the  ideal  rance for test values 

can be arrived at 



- Pace 4 - 

PURPOSE OF WORX: 

Armor  plate Is made for the purpoào of resisaing 

projectiles. The best proof of acceptability  of  armour is an 

actual  test  of its resistance to projectiles. UnfortunatelY e  

such  a teat destroys the material, It Is desirable to  have 

some non-deatructive test which will*  servo as an indicator 

of  armour quality. To date no single test has been found 

which will serve to indicate the quality of armour, Some 

tests, such as  the  through-plate tensile specimen and the 

notched  bond test, have  a  more definite relationship to 

ballistic Properties than have others sect as sulphur  and 

silicon, 

In th3  manufacture of armour plate there are 

factors which ere iptegral parts of the process.  Carbon 

content, Brinell hardness, etc., are properties which can 

bo measured and which are always there, Rate of ccolinc 

from 1300P to  1000° F, on quenching, pouring time, and 

pouring temperature are more difficult to measure and 

record; nevertheless, ttey are always present. For each 

of these factors tnere nay or may not be an ideal range, 

within which the optimum effect of the factor is reached. 

Production of the highest possible quality of industrial 

output depends upon lining, up all of the important factors 

to their optimum point . This m4;ht be compared to tuning 

an old-fashionel radio which requires that each of  several 

dials be adjusted to  an  exact  point  before  perfect  reception 

is achieved. Upfortunately, metallurgical variables are  not 

all easily measured and.unknown factors may have a greater 

influence than those that are st present recorded 

The test data recorded herein cover only  a fraction 

Oer the  production variables  Vee  main  purpose is to  s1-cw  how 

• 



-  Page 5 - 

(Purpose of Work,  conted) - 

ideal conditions can be arrived at by a study of industrial 

data. 

EXAMPLE: 

Page 6 shows the Grosaman Hardenability and 

ballistic results as reported by D.F. & S c  for 134 heats 

of 60 mm. armour. The data 13 arbitrarily divided into 

three  groupa:  

A - 2-5-9 inches diameter (Grossman Hardenability). 
B - 6-9-9 	m 	m 	m 	 m 	

. 

C - 10-21 	m 	a 	 t? 	 tt 

A line drawn through 1,930 feet per second cuts 

each group in two. Then we find that in Group A, 30 per cent 

of the results are above 1,930 ft./sec.; in Group B, 56 per 

cent; and in Group C $  35 per cent. 

The relationship is shown graphically on Page 7. 

Note that the width of each oblong denotes the range of 

hardenability included in the group. Eeight of each oblong 

indicates the percentage of results in that group abcve 

1,930  ft./sec, Also, the number Included in the group is 

recorded in the oblong. 

The chart on Page 6 indicates a relationship 

between hardenability and ballistic limit. How reliable 

is Uâis indication? 

The odds that chance alone would produce'a scatter-

ing of dots as shown on Page 6 are 104 to 10,000, or about one 

chance in a hundred. The methods of calculating this type of 

probability are explained in standard atatistical texts. 

(Pages 6 and 7 ara photostats.) 

(Text resumed  an Fare  8) 
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0  - 

(Reliability, conttd) 

Thera is a possibility that this relationahip 

holds only  for a certain  process  and a change in the 

process mipt,_t alter the relationship, There is also the 

possibility that tilts relationship is a transient condition. 

A practical proof of reliability  is  given with 

time. Censider the chart on Page 9. In Period  No,  1 the 

ballistic  limits of heats containing manganese 0,62 -  0,75 

per cent  were greater than those containing manganese 

0.34  -  0,61  per cent. 

1,  Is this  a reliable guide? 

A. In Period  No. 2 on  Page 9, the relationship of 

No.  1 . 1s  reversed. In  Period No, 3, only 

slight effect  due to ranganeso is indicated. 

The  indication of relationship shown in 

Period No, 1, therefore, did  not prove  to be 

reliable  and  was  probably produced by chance 

or by transient conditions. 

On  Page 10  the relationship between hardness  and 

ballistic limit is shown .  Note that  in  Period  No,  1 as 

hardnesa increased the ballistic limit  increased also. 

This result  mit  have been aceidental, llowever. in 

Period No, 2 the same trend is evident. In Period  No 3 

the same trend is still shown. Could these results be due 

to chance or accident? 

(11c2 9 and 10A_Ehotostats 0 ) 

(Text resumed on Pare 11) 
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fe11iibt1i  ;h.  cent 'd) 

e 	'Z'eree similar results  in thet—taste tire almoet! 

eafficient to rule out any possibility efeehance —teredeelag 

the result.. The relationship between bardanen and ballietic 

limit Is tbernfore aseume(1  to  be as eceen. 

eeliability of trend simends u2en :_the  amount of 

supportinr evidence  and  the lemzth of time  ever  which  the 

trend existed.  . • 

•••••••• 

CORRELATION:  

The  factors studied  have  been placed in  two  groups e  

as follows: 

CEFINITELY CONNECTED 
WITH 

ARMOUR gpUITY 

Hardenability 
'Phosphorus 
Yield 
Molybdenum 
Carbon 
Izod 
Tensile 
Brinell 
Chromium 

•Q bEPINITE 
CONNECTION  WITH  • 
ARYOUR WALITY 

Nickel 
ElongatIon 
Sulphur 
Reduction of area 
Silicon 
1:an3anese 

In crder to prevent undue optimism, it 18 neceesary 

to point out that linine up all the factors known to correlate 

*with armour quality will not necesearily oroduce high-quality 

armour e  This is because the unknown factors may be more  . 

effective than tàe known, and their influence may produce 

wide variations e  

Mora information through production research aa 

armour plate could be obtained if testing and recording of 
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(Correlation, contid) 

nee  intangibleiSatterewere undertakeni-3eme,  factors which 

, 

•i 	 • •■• 	f, 	 ' 

Grain size. 
Inclnel•b ratin2s. 
Notched bend test. 

• o 	 Through-plate tensile test. 
. 

Details of heat history, 
-!:charge make-up _ 

molt-down time 
-  additions 
- slag fluidity.  
- pouring temperature. 

Details of rolling history, 
Temperature-time curve on quenching. 
Hardness after quenching, 
Amoant of decarburization. 

.  In the ever1astin3 struggle towards perfection, 

everything which might he,ve  sotie  bearing on  the amour 
, 

quality snould be,measured and reccrded - for comparison 

with  .15-6111sties, not once or tw5.ce, but a sufficient 

number of times so that true re1atione4p, if any  can 

be-Seen. . 	 . 

FACTORS DEFINITELY CONrECTED WITH ARMIN  ‘pALITY: 

• Pages 13 to 19  show the  results of comparing 

test values With ballistic limits over three 6-month 

•eriods. The results, of course, apply only  o the source 

.  and should not be-taken to ba of 2enera1 application. 

These trends hold true for a wide variety of 

analysis are:‘4 çonditions. 

(,TIa22_13 to  19  are ehotostats.  

(Ilext reurr.ed on  Page   20) 
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FACTORS HAVING LI'l'TIa;Cür+.f<l-C.:TiGN 1i::fTFI ARKOY.JR

Pages 21 to 26 show the re9ults of conpari

test values with ballishic I.ixr1ts over three 8-month

periods. The results, of course, app.iy only to the

source and should not be taken co be of generfal app7.

cation.

periods, chanCas in ana:a.ysis or mi?.1 practice alinmina

oe.io

(Pages 21 to25)
(are photostats)
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