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AbstracZ7.. 

In the inspection of war matrials 
&neat numbers of inspection tests are 
performed. 11:uch useful Information can 
be obtained by analysinr; lare numbers of 
tests. This phase of industrial research 
has abled inspection costs and production 
costs to be lowered and quality improvements 
to bo rade. 

Unfortunately, many inspectors and 
manufacturers stf..11 do not know that statis-
tical methods are available for the study 
of test results, The purpose of I.;Ms 
v.rticle is to draw attention to the value 
of statistical methods. 

;sny contributions to a more efficient 
vue effcrt can bl made cy applyiné; the 
knowledce obtained fror. rational interpre- 
atioa cf large numbers  of  test results, 

The methods described have been used 
k,alccessfully for many years.  'rxamples  of 
common problems  in  interpretation of 
industrial data are 7iven 0  

A bibliography is attached. 
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Introduction, 

'''No empirical knowledge is ever 
cwitain. From t.lr:e cradle to  th6 
,;1:.eive one muse:, of necessity act 
on knowledge which is probable  fn1 .7, 

- Lt.-Col. L. 	Simon, tu  
"Engf-nesr's  'Jam:al  of 

Statistical  Method:i.," 
■•■■■■■■•• •••• 

Th a proO.uction 	inr.oectton of the materials  of  W&P 

involves nousands cf.c: observatic,ns. Loicë.-.1 action is  E:ebarally 

based ou tha intrprotation-f  • aL -à,  ibservD.tIons 	jhc suces 

of such actictl ecpens upDn 	a  ccucacy of the obsorvutIons  ar  

the  soundness of the  interpretation  place« ue.pon  tom 

'rer-':re are  countless inztanzes t:e2  observer  "sees 

but perceivee  not" that  in, the' siisliticance  of a  croup  5f 

observations is lost to Min, du aitlier  to faultï.  interpreta-

tloa Cr  7.;0  no interprétation at •ll boir ;:/iaceci on• 

• 
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side. 	illjae 

QUALITZ CONTROL 014 MUNITIONS - Go D. Edwards, War 
Department e  Washington, D.0 "Army Ordnance„" 1942 

- page 2 , 

results; This condition is›being partly .00rrouted 

in the United Kingdom and the United StatesM by 

the promotion of certain principlos by Ordnance offi-

cials. The term e  "quality Control", has been adopted 

to describe a r,3ystœ 1 of studying and controlling Indus- " 

trial products by méthode of handling observations. 

• In these  pages  an attempt Is made to outline 

in a non-technical manner some of the ideas USed in 

the handling of observations. Of course the authenticity 

of the observations,dotermines the worth of any decisions 

barJod on them. No matter how brilliant is the thoory 

- built on unreliable sampling it is usually of little 

practical value. 

In some fields It j_D almost impossible to 

obtain observations free from bias  hot  us suppose that 

observers of speed  :n miles  per hour were available 

for judgment 	(a) a bystander, (b) a motorcycle police  - 

man e  and (o) a mot 03  :1_::113 accused of speeding. The by- 

stander might be unbiased but probably would be vwcy 

-,oist le usually biased on the  lew 

n . .18 the only qualified observer 

and„ if overzealous, he might be biased on the high eide 

, Conclusions drawn from largo numbers of biased observa- __ 

natural.ly_would be of little value. 

The oolleetion and study of a great number of 

Observations will often bring out invaluable Information 
/. 
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from the te nt an estin 

made °  If thià introi  
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100 Per Cent Inspection Witb.out InterpretaUon 
Mar  Not Be catfactory„ • 

On destructve tests :Co' projectiles' anmouretC„ e  

ate of ne untested material must bc 

eation Is to be done scientifically 

statistical method shOuld be usd„ It 	freeuentiv.stated 

that whore 100 per cent inspection d  no Fibat -:i att. 0 r;') 

method.:1,s neaded slnde 100 per cent assurance is obtaind 

t4at no defectives ocAur 	100 per coh1.7,  GO-NOG° tYPE 

iaspection does not -om 

as 

 edf,ct the onïwt of dcfective matorïal .„ 

do es the Quality C9ntrol,System, Th opiniaa' . of the ' 

Ordnance DAvision of 

folloviT): 

the U 0 S,,,,Alee on thio subject J.q aa 

But e•m "ere  .the neessary inopections.aro not 
destructive, ,, in,:zspection fatigue,' uteps,in to preyE .,..2 . 
ono hundredper- QeJE peoUens l'rom providing ono 
hundrod 1;1:1 *&ei:;;Liaeloe 	c6n:Éoidiance.; '17:0:3pii6 0 ïl- 
caon requirements. 'ff you have befo 	ou re y a hand 
truck containing  :3 00()  cartridges, eimd you are  gïven  
the job of inspeting 5,vid.e,mging them visually ono 
hundred per cent) they probably will ail look al5,ko , 
to •you after you have  examined aboLit 9,000 of them»  
and yeti wont know whether the discoloration which 
evidences nocessiry shouldor annoal, 	example, is 
there on the 90?ist cartridge or not,. ThiiJ Is no 
insult to your intelligence; it ïs just a plain 	• • 
illustration of )1.perience, 

"So 100 or ',:i;00 or even. 500 per cent  menial 
inspections arcl not the antmor where large quantities 
of matorl,a1 are tnvolved„• even If. the resulting 	. 
production delays could be tolerat3d„ Meehànical 
gauging and photeloctric-ooll gcuging aro balng used 
in the inspectlou of ordnance mat,eral Wherevbr 
possible to'circumvent inpc , c•ion fatigue, but even 
the  best of theso substitul::,e;3 have their own margins 
of orror,; In other words, it must be.rocognited that 
the element of risk just can , t bo eilminated from . . 
quality consideràtîons in maku production, and the  
real problem is bow to-rduce . the chances which mot 
be taken to a milmum without unduly impding output ° 

 Quality control techniqua are buil. around limiting 
suCh.riske to a éredetorminod dogreo, and.they axe 
thus admirably adapted to the ProbeM in hand," 

• 
- ( entinued on next r. -.)i -/E -..;) 

Quality Cvatroi. of Munitions" - (G, D, Edwards),. 41 
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(100 l'or rnt Inspectlon -;!It).out ïnterretation 1ay 
Not Ro ::ats2a.ctory, contld) - 

On F(,)bruary 12th, 1943, inopction. of mater*:i.al 

was discus.ocd at the annual meting oi tho T-neneorIng 

Inmtituto Q2 Cenada e  in Toronto, Mr. 	Vroom e  chlef 

inspector ror the Northern Electric Company of Canad, 

stated that  ait; ar many inv ,astigatIons„ extending ovor at 

least Mira years e  they had dotormined that on 100 per c8nt 

inspection Inspectors would plck out about E5  per cont oe 

the defsctive matorIal. This rcJferred to experlemued 

• Inspectors. 

The exprience of the Northern Electric Company 

is borne out by statements mde br the inspectQrs In tho 

Westinghow.449 Manufactuing Company and in. the Picatinny . 

 Arsenàl, Vic»3.A 0  

Thore 	a-great amount of evideno, t1eroork-9„ 

to dâow that 100 per oont inpection do  es not give 100 

per cent  assurance Ulat defective work Is all detectod0 

Statiotical analysio of a number of toots can probably 

predict tho occurrence of def6ctivo work more accurately 

than can bo done by ordInary '100 per cont n  inspection, 

• 



collectlon of faets arranged  In  

is evident 0  

orderly »MAW so that soffl 

The facts may be retained pattern of behaviour 

occurred °  Examining Figure 1 0. we see,that yield values ,  ta • 

- Page 4 - 

The SYanificance. of Two Observations Differing in 
, 	• Maraibude, 

Let us suppooe that an ordnance inspdctor is 

examining test resultà whiCh represent two lots of  castings,  

1 0  

One test 'bar  s  reco: ?ded. at 110,000 p o z.1,1 0  yield strength 

and the other at les :  090 p 0 s 0 1, yield strongth0 What- does 

this moan? ,Should the manufacturer be asked . to take 

corrective action.? ShoUld the work be rejected? The 

following is a demontration of how suCh an occurrence 

should be interpreted, 	• 

Without a ackground of e2.perienc'e 0  interpretation 

of observations is 4Possible, By experience we melgul 

mentally„ or they  ma  y be recorded., 

The inspec . :,or should first acquaint himself with 

the normal beha-viour of the observation for the source . 

being studied. The frequency distribution chart is a , 

convenient graphic method of showing how observations have 

the past have occurrd around a central value of 117 0 000 to 

120,000 p,s 0 -1 0  und 

If the process remedy 

-er a range of 100 9 000 to 1A4: 9 000 

ts unchanged, then what has happened 

before will be expected to happen again, that is - (from Figure 

Approximately 67 per cent of all results will fall within 

11'3 000 t O 

Approximatey 

109,000 to 

12 4 9 000 u 0 s 0 1., 

87 

000 p 0 s o l, 

or  cent of all results will fall within 

• 
( ontinued on.next page) 



(Page 5) 
rinure  1. 

el= elmimLiL 
117 121 0 /29 /33 07 e4/ 143 049 133 
VO /24 128 131 06 go i44 149 '52 /56 

I 

93 91 01 lei 	11J 
96 100 	K4 fa 116 

PAST EXPERIENCE UITH YIELD STRENGTH OBSERVATIONS 
SHOWN GRAPHICALLY  BY  A FREQUENCY DISTRIBUTION 

(Unit  - 1,000 p.s.i.) 

It only common sense, ther.,forn, to say  that 

proof of departure  fx:)m normal operation requires that  an 

observation  well outtide the above limits  be encountered. 

The frequency  distributicr (Figure 1) provides a  background 

of experience  to which the new observation  can  be be  compared. 

Imdeliont_21 an observation  must be either that 

there ia no  indication  of a  change  in the krocess or that 

the.process  haschilme.. If th  n process has  not changed, 

there is  a question cf  whether . the process itself is  accept-

able. This  can best be answered by comparing frequency  dis-

tributions of  the observation taken In different  industrial 

establiehments known to be producing a satisfactory  product. 

A  set of distributions for Yield  Point is shown an 

the  following pages. Note that each source  ha s a  character-

istically  different distribution of yield strenEth  observa-

tions.  Sonie  results were opread out because experimental 

results were  included with production results.  These charts 

show enough  background in yield tests  to  rationally  interpret 

the significznce of a difference of  16,000 p.s.i. between 

two specimens. 

(Pages 6 and 7 are photostats) 
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- Page b - 

Conclusions Drawn From  A  

sample is  a  small  part  or  .euetetity  of  anything 

intended te be '..iS9d  as evidence of the  quality of the 

whole, A common ilistake,  made bv   ïran inspectors,  1 3  th .  

assunntion 'thc.t the  material is exactly li.t  the sallolo o  

This fallacy  1-,as  eeer exposed  verT definitely by L o  E. 

, 	( 15 ) S./mon o  

Cammon  s.ense  would indicate tflat the lare!.' the 

sample tahen trle 'ore sure is the estimate  of  quality, 

Simon i,)rovcs  tnat  if a lot of q:.aterial  were 10  par cent 

defectIve  end simples  of ton were taken at  random, then 

35 per cent of the  samples wou7d contain no defectives, 
39 per cent  of the samples would contain one defective, and 
26 per cent of the samples would contain more than one 

defective, 

Obviously, the  -naterial cannot then be exactly like the 

sample rn  60 per cent of the case.  

Z.••  How e  then e  can a seople  be interpreted if 

there là  tic  certainty that the sample is like the material? 

à.  From  the value obteined from a sample, the 

range -!:ltidn  whicL  the true value lies may be es:.imapd. 

A  valu cUiireJ from  a sa:,1p1e  is merely an istimate, the 

accura -cy of  which depends upon  the  nueber In  the sceple. 

Iage ;  shows how accuracy of a sam .21e found to 

be 10  per cent defective :increases with  the  size of  the 

 sample, 

(Pace 0 f.s a  lo.ce chart) 
(Text continued on pap;a  1C) 

7 

) 

SNGNEE..:1 1 3 UNUA.L  OF :.'TATISTICAL LETEODS e  by Lto-Col. 
.r.;,  Simon e  CrOnance 'Department U 0 S,  Army, 

As.'eistant rjirector,  The  Ballistic Fieseaich 
:rabo ..catory o  Tub,  by John 'iJiley  k  Sons e  
Wew  *Lark (1941),, 

• 
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r st ;s, 

The accuracy  cf 	 percenteGee and 

deviations is also subject to the sane effect of rssmber 

in sample. Any report of - roperties of a it of muterlal 

should be qualifisd by statinG the slocuracy of the es 1;imate. 

Un  page 9 it can :)e seen how many observations 

must be made to obtain an accurf.scy of 12 per cent, Statistical 

orcanizationa questionirw, ,.ndividuals muet obtain about 

one thousand observations in order to stete  th s attitlzde 

of tte whole population.within 2 per cent (assuming perfect 

sam:Jling method), The follwinG xample is offered in order 

to illustrete the calculatinns Involven in assessing a sample0 

An astimat(i of Izod L.loact strenï,th of a 

steel  from Cpauy 	4_r required. Ten values for 

successive heahs wore reported aD follows: 

izod Impact  :';tren.:ts. in Ft. Lb, 
(Number •f observations = 10) 

69 	) 
61 	) 

) 

54 	) 
) 

56 	) 
) 

74 	) 
) 

AveraGe is  61.3 

The average value in the sample is 61.3 foot pouads. 

Values recorded in the sampl 'ane from a minimun of  61 fuot 

pourris ts.  a maxizum of 74. foot pounds, àhat Is required is 

an idea of wherm the averai.;e izod for  :,;he process lies and 

the limits within which individual values  are mxpected to 

fall.  This requires that tho stands.rd doviation of the 

results be calculated. 

(Continued or next paGe) 



6-  —  X  ; 

• 
813 	 - The sum cf all: E = 

• • 
Standard Deviation  lon Yagee. 
The term 'sigme and the symbol  6 are 

often used  as abbro ,fiations  for standard  deviation. 
........•■•••■•••■■■•41-.111.01.  

Observation  Deviation 	1 eviab1ons2 

- 	 -  -  ,2 
X 	 X -  X 	 (  7(  •.  7 '  ; 	 . 

69 	 -t- 7.7 	 re ,71c4 

81 	 . 	 -i .09 
83 	 ' 	-5-  1.7  
73 	 11.7 	1.:3.89‘ 	X = An izod observation, 
54 	 -  7.3 	55,29 	_ 
54 	 -  7.3 	55.29 	X = Av.,rage izod 
56 	 - 5.3 	2C,09 	= 81„Z! 	. 
58 	 . 	- 3.3 	10.S9 
74 	 12.7 	161,29 	N =  Number  of  observations 
51 	 -10,7) 	• 	106,0D 	= 10. 

----- 
- 

X - X 

6- 	1 

( X 	) 2  

•2 
( X 	. 

'Jr 
esumei.- 2  

) 
—1■7"  

= 612,10 

= 7 0 8  t:approx.) 

The amera7e of the samle içe 61,3  te,ct  pounds  end 

the  standard deviation it  7,3 foot  pounds, 

Re1tabt1ii,7 of  AqeraLI - 

The  sample serves  as an  estimate of the true  averace 

of the process, Tbe  Pellability  of the semple average 

depends upon  the  sta:.derd  devIation rdf  tiac sample  and the 

number  of  observatis  in the !,.ample. It  is  calculated 

as  follows: 
Standard 	 (7-  
error or,  - 	X  — 	=  e20F; 	= 2  .  5 ..(Jot pounds, average ) 

The standad  errcr  o the e,verage,  therefore ;  Is 

2.5 foot pounds, 

,olltin .u.s.:1 on  ret page) 

For a Whorter metnodi see  Pa,  ;e  le. 
• 
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Odds are di ouL of 1.0D t}..at t:r-up v.veYaETe i.leo ür.t^vee^z
r1 ^• i• ',3,vi.^^' ... ^ 5

::dd3 are 95 out cf 100 that trl:e P ,re-a`>e :i_:les ûat;weon
3 tnt:s 2J'-ii

Odds are of 30C #;;iat ::rue aver•a-, lies t^,c^t^^ee^-.
t{ ïi•if.°. s ti

`i'hs a^^c :° of the ^^roc a_ s, t.lere fc^rer ? 1..^s

,. or.qvj^7.ere 7);,tn<eF:n 53 69 foot p o-nnds,

"r-cm tne info.:-_r.atiort ^:-vGn in the sam-ple,

i.radivU`Iuai c•Asults may ?e expec^,d to 1 S l.^ ^^ . .,^,

^ a^ s3.^Ii2at

itr' Ac^: lr't2ti ^,' of U-).i; 3LI1';lï:ia?''d de vj..tl tior2 Is Er.XT,2'r'3JHd

IY7 the SQZ:..04J^T7:;:

Stariaen.! evror of sl.rs,na d.tv.ï.ded by the
:)Cl,, of twice the nuMo3r In the sa:rl.ole„ in this cs.se

t:1i.£ EjCi'1als

st

13103 ^ ^ t^.ntes i,c3,

3".3 to 33 L cofi, pc.ard:3,

708

i.o74 foot nolan.d^F,

-3ev:,̂ -at,ion: of .3t3.:iirAes of t:an s:-zou1.d

fàfo7'e al^. 16Ti`,:1 2^.::

}].,'74 Eïiri per cent oï the time,
7,6 2 tizlqs 11,y7 z.11 93 per cent of tcic-) ti:ne A a:aci
7c8 3 t i;i;es 1,74 G7,(r3 per cent of the i,:îme,

21d;)s Ci! 1. :;dz',Tiplt3 of te-,,; OÛser=r::f i:1L;3y 1:,7i'102°i.l

conclusion, as f,o ti:,(, Xltl.t'.1''Q of b-:)r3fiU-lo'L'?' of ob;>A'•v EL ;.^ c)I:t$

cFàI3 bC: Trie ûcct;:I't3.cy of c,.115^ stat•`^::,'ier.1: '..^:

F,r c, t^ ^,,â WA. , car :il4^,'-2-.L1? & UBfl'1!tE, r$:L,^,19„ :4 S r.Yl©
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work is thàt of stmid 

standard deviation o 

, Page 13 —. 

beeomos greater 

The only . ceculation required for this type of 

àrd deviàtion. For precise work the 

a sample 'Fihould be Corrected for_ .  

In order to sample 'size. This ha: baofl omitted here 

prevent Complicating, c):41culations„ For simple methods of 

handling data It is not necessary tO make this correction. 

Students of statistioal methods wIll follow this quesUo n 

in standard texts. • 
0,, The Sip:.11.5.:C.ioanc ,-,) of DI.f :Terence bet-if76.,,,cn. S iDmples. 

Often 	is 

determine•elether  the 

different lots, or. en 

sample whether or nbt 

mIstakoa aro made in  

necessary' to  compare. two semples to 

y are from the same lot Or  ['rom .  

Inspector wish(3s to determine by . 

the process has Changed. Many 	› 

comparog' samples, Unless there J.s, 

a sufficient  background' of a zperience, or, statist:Ica -1 

methods  are used .,'fau 

significance of the d 

upon the reliability 

sample,s. 

Ity conclusions may be dran.  The 

 ifference betWeen sampiss depends 

of the  values determined from  the  

O 

For a full discussion of 	problsm the reader • 

should •rafer te•"Applied General Statistics'' (by Cleoxton 

and Cowden)'„ The following example is•given here to show ' 

a practical prob1e0, 

-.Example 

Let  us assule the t. a comparison Of two.types of , 

tank track pins is made.. 168 pins of type "A" and a like 

number of type "B" are placed in the'tracks of.a tank so , that 

they will he subject to the same conditions. After a standard 



"a" PENs "B" rIF:s 

if- n r P 

/— 
pins, this becomes':Dp j 029$ X 970') 

168 
For • 

of "A" 	v)hich ifiefective lies be«;:,wen are 

z). p 

- Po.,ç2:e 14 - 

t ‘  

provinp; ground test has beon e.arried out, it is found that 

five "A u  and ton "Bu  pins have broken, 

If the significance of the above difference wa loft 

to unaided  hunin judgrmit; o  there wculd be a variety of op:In .:ions, 

Some would say that there was no difference; otherr.: would -say 

Uhat "A" pIns mre definitely superior, Errors in thls type 

of judgnent occur so frequently  •L'hat lt.is considered vorth-

while to axplain  the ,  methOd of handling this problem, 

Gdven Data - 

5 failed °  
16R tested, 

2„975 per cent defective„ 
,02975 fraction defective„ 

10 failed„ 
168 tested„ 
5 3 95 per cent  defective. 
30595 fraction defative,. 

Rollab,ipty of Given.,Daa - 

Standard  error of fraction defectl-vo 
Fracuton defeetive 	P 
Fraction. offctive 
Number testéd 	W 

24  bp 

W.,w the re .M.ability of the 

"A" pins  czar,  be stated as follows 

results of the test  on  

There  are  odds of 95 out of 10ethat Ule true  fraction  

pressed 

3 0298 	3 026 

„0036 and 3 0456 

in terms of pins fallinu, out of 168, the 

reliebility of the t-,:;st is such that from 0 to 8 failures  may 

-eb 
From. the normal curve of distribution«, 



• 

signifiCance ration 

1 1 	P 
A 	E 

.1;›
B PA 

Stanelard.errer of fraction of "A" = ,013, A  

ID 

A 
P
B 	

Prac - 

t is  the  

ef "E n  = 

,0296 0  • 

= ,0595, 

nbol used to represent significancs„• 

Standard erro:r of f-ilaction 

;ion  defective  of A?  

;ion defective of "113"  

,029'75  

‘-‘z  4, 
e V --V 

- Page 15 - 
4 

norMally be expected] 

Analyzing the datu - on the "B" pinS e  the  rellability 

of this test is such that from 4 to 16 failures may n.prmally 

be expected, -  

It is obvioUsthat no ee? timate can ,be 'made without 

tl['  
' qualifyin the proba le accuracy of . the estimate, New e,•if 

, 
twe•buttmetes are so close together that  the Lx  accuracy  1 imit .3 

overlap e  the sialficl,ance of i-,be difference may :be ffla110 

Without statistical method  the  observer may drsw erroneous 

conclusions,' The me 1;hod,gone'relly used for deteeminiag 	 lb 
.17 follows 

.t.)-
.  

_ 	- 

PolIndard error of difference between .  
fractluas„ ,• 

Mk/WU:CALM SPEAMNG t.;:  IS LESS THAN 2,0 THE U..PFERENCE 

IN FRACTIONS 	 I'S HOT SIGNIFICAUrf„ - 	. PUS HAVE . NOT 

PROVEN-  DEFIWITIMY- ::513?ERIOR TD ' le PINS, 

. If t i le S thp,n 2,0 tbe. diffŒrence• ''.. s considere.. 

to be -of lit;tle . -elu...n:AMi.canCe, 't 'xiefers to distanCes on the 

curVe of ric,rmi erro e'..pleasuro'd in 1;e.e= of Stan:1ard deviation, 

- 'Ir  oin  t 3  ur<1 Mathematical Ta1:les > " 1? ersetion or 

HANDBOOK OF CHEMISTRY & MrISICe. Chemical 
' 	'Robber  Tub, Co, 



Thl. means that thc odds Fre 
• 

approx„ 	,80 

1 

1 

41  

total area under tbe 	frnm 	0 	t 7z. 1,!.'12 13 

Ulen imquals . 	2 	„4066 

Ï.3 out of. 10 that ”A" pins aY-e the same as u B" 
n 	0 	' 

	

10 	el  "A" pins are different thm 

• There is only a sltght chance thurefore 

pins are different thnn "B' pins. 

41 	 When is action noeded? -------------------- 

motheds 	dr,,..tormi.'ne odds that 

venture will succes2V1.11„ These odds are based ou test 

data  • which evo only  t small pr-t. of tho genera .). ovorall 

condit1ons, Therefore ;udgment of cordition 

supplement . the mathematie,a1 

• In Cie orovicus exampl, the'odds'are only 1 out 

of 5 that ,:he "A" pins are) suporf,..or to "B" pin8, T.et ur:1 

suppos 	t  tb0ro fi.s reason to believe that th e tWQ 

differd and tilat 'A" pins received a 	oevEv-, e test,, 

Then., of ,:.0*(117Q e  ono woud be justified ïn. disre3gardïng 

the odds ‹.;1culated from 	nurabâr of niluves, 

Thusp 	-'::\791.uating eonditions, atat1t1 co,1 

methods serve to analys the equat'.1.i7,ntive data,, The 

intaneblqar ciallta':,iveo data or, the subjeet under . con-

sidoration way outigh 	quantittivo dato, 

;7.4xamplo, a hcat of steel may hava an. anal -y:110 .1.fdliell 

has proven satifact,Geyfrerta..n (wade cf  

eastim.;s, Fr= the chemical nneIsis o2n we predict, 

oastings will be zmti ,3factory? 	uppose tho foundryman 

no'Uces thit the steel is pourad tnto a wet mold, tà..n. 

ho asn pred.et fr ,m1 tà19 pract1c81 informeoll that tho 

t. 
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casting will be defective. 

'MERU IS N .0 SUBSTITUT FOR EXPERIENCE OF PAST 

CONDITIONG  AND KNOUEDGU OF CURRUaT CONDITIONS. 

Figure  5. 

nyelteugg curve or oesreesemert 

...‘ 	  
\ 

ti  
,z 
l'è 	 4 

/ 	

\
\ 

 ■  

/• 

,9 	k! 
m.„, 

NORMAL CURVE SHOWING POSITION OF t = 1.32. 

Fizure 5 shows  the  normal curve of 'ror or 

differences, If "A" and "B" pins are actually Uhe same then 

differences  creator than t = 1.32 will norally occur 

the  frequency shown in  the  shaded areas hi Figure 5. The 

area of thc shaed ereas is  .1ese of . thc tztal areA under 

the curve (from any mathematical. 'randbook of tables),  This  

• 

• 



• 

• 

• 
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means that 19 per cent of the timo differences greater. than 

the observed would occUr due to chaneo. 

Differences are usually considered to be definitely 

significant when the possibility that thoy are due to chance 

Is reduced to odds of 5 out of 100 or less, Any risk value 

can be chosm o  however 

Tho ideas involved when:interpreting single obser-

vations and samples of observations have been incorporated 

into  the quality control chart merthod e  vèhich relieves the; 

engineer of a groat amount of calculation °  'Me section fol-

lowing lows an example of the quality control char 4‘; method 

Lnterpreting the flow of production test results 

4 0 	Sianificmce of Variation in Obs.;:wvattos Durino' 
Production, 

Inspectors of ordnance are greatly concerned with 

the fluctuation of observations of ballistic limIt 0  the 

velocity of Dropetiles 9  detonation time of rues, dimension 

of:metal parts, str.mgth of metal e  etc„, etc, The quality 	• 

control chart method 5.g3 being used advantageously to study 

'variations in many kindS of obeerwittms. 

Standard Dev5stion or Slo-,v›, 

A brief description of  sigma»  or standard devialon e 

 is needed In order to explain the (ràality control system, 

On  Page 11 the standard deviation, or 10 i_cd observations 

was derived, A simpler method is used on the following 

group of elongation observations, 

(Continued on next page) 



X 

20.5 
20.5 
22.0 
20.0 
23.0 
20.5 
21.0 
20.0 
20.0 - 
20.0 

420.25 
44) 0.25 
484 
400 
529 
420.25 
441 
400 
400 
400 

,1)0 
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STANpART,LpEpAUCW  (SHORT METHOTP) 
a> 

N = NuMbor of elongation*values. 
X = IndPvidual values for 

	

è.?...= The surit  of 	• 	,. 
(rt= Standard dytelon. 

' 

 

ee-  1-1,1)L2ii, e,- 	- 	 9 . 
V 	N 	(• 	.ÉT• 	. 	. 

X = Average elongation. 

AV , GE 20.75 AV , GE 431.475 	• 	 • • 
When the 

group of test results 

erage  and  standard deviation of a 

are known e  the followin7 is - truo if 

the process is under control::. . 	 . 	, 	. — „ 

68 per cent of the r 
95 per cent of the r 

99.7 per cent of the 

esults will be 'within Average 1: 1 sigma, 
esults will be within Average t 2 sigma, 
:e suite  will be within Average t 0 

If the pro(ess is not under control„ the following 

will hold (Tchebycheff , s . Theorem): 

More than 75 fAr cr.4n.t of the results will be within 
Average 2  sigmae  

More thnn 09 per cent of the results will bo within. 
Average ',I; 5 sigma, 

Mors than 94 per cent of the results will bo within 
Average t 4 sigma. 

The accuray of the above stateMents„, of course, 

• 
is dependent upon the number of observations used to calculate 

sigma. The reliablUb of the standard deviation is deter- 

mined 9s follows 

T.he standard error of sigma Is equal to sigma divided by" 
the root of:I -twice the nurriber of observations. 

In. this case, thon, the standard error is .9 divided 

by the root of 20„ce, 0?. The 	ty of the standard 

This ignores the correction for sigma of population. 
For longer method ohowing how deviations are . obtained b 

 see Page 11,1 

• 
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deviation, ,9 9  Is expressed as follows 	. . 

Based on the evidence supplied by the oauplo, 

•hr,) cd(lo ara 68 out of 100 that the true sigmeu lloc 
•etvfflen  

the odds ara 95 out of 100 that Uhs true sigma lies 
between 0 9 «!:; 2 timas 

the odds ara 99,7 out of 100 that the tri 	lies 
between. ,9 ',11 5 tims 0 r.. , 

The effect of a larger sample upon the reliability' 

• of a sample can readily be seen, 

GROUPING, 	 . 

The usa of sigma infers tàat the distribution of 

observations is symmetrical about the averagie„ that is„ the 

normal cur' of error prevails, However, this is not always 

the case, Monec e  often the 3-s 1gma range based on individual 

observation may be in error, 

Da, order to avoid this typo of error, ,:.,he group 

system hau been developed, The chart. on Page 20 shows a 

frequency distribution for ballistic limits of armyar plate, 

Single values have been classified  Into  intervals 1850-1874, 

1875-1899, etc„ and the Per cont falling into each class 

has been plotted, The observed frequency distribution does 

not follow ..,;he normal cu2ira' of orror„ In aosuming  the  normal 

curve, therefore, we are talt- Lap: too much for granted, Note 

that the normal curve calculated from thedata of these results 

indicates a higher percentage of law results than ls ectually 

found, 

Now„ if each successive pair of rosults is averaged 

and these averages platted In a similar way to the first 

frequency dstribution, it will be found that this now 

distribution. follows  the  normal cmrvo qui te closely, It has 

been proven both theoretically and practically that by grouping 

and ave:caging sUccesSive results the normal curve is approached. 
■ 

The number fm tho'group determinea how closely the averaEes . 
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will approach the normal curve , that i s, the largE_--

group the closer to normal the distribution of the averages

becomes, However9 in industrial conditions we cannot wait

to obtain a large groupp We wish to obtain results at

frequant intervals. Therefore, the practice of using

groups of 2 to 10 in size has InQen widely adopt•ed„ The

choice of a^:roup of 2 in this case is merely to facilitate

the interpretatior.. The technique c?f ealculatln6 nca.,:: l

control limits i3 followed step by step in the succeeding

pageso

,o

ro

„P4 . ^E^. ^/ \.
k

BHL[/ST/C L ^fT PE.f SEC

°-e'7=ULi- L^i^i-°---'

LEFT p AVE MAGE-3 OF GRO[IYS OF 2,

It

FiIGY...r - SINGIU^ VALUES

Averages of groupa of samples tend to a normal

distribution even when a distribution of single values is

non-s:rmr!Etrical.

The largar the Croup, the closer to norra.l will be

the distribution curve of the averages,
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of occurrence and pl 

control . chart method 

are calculated, We 

(;alculation'„ contld) - 

(:)s observatione arrangea  In the order 

Aced in greups of two, 'For the quality 

the average and 'the throe sigma limits 

Are indebted to the A 0 S,T,M, Manual on 

the presentation of data for factors which enable those 

limits to be easily calculated using only the 

' X =  Average of average's. 
N = • NO, of group, 
R = Average range, 
Ap = Factor for control limits,  for averages, 

Dà  , and D' = 'Factors for control limits' fer range, -  4 

The practi 

the method can be us  

al man will find that - the mechanics of 

d without requiring a knowledge of the 

underlying theory, ho student and research worker will Want 

to stuey the origin  •P these  factors, 

spmp,  AVERAGE§, = GRAND AVERAGE 
-e renies 

1128. = • 1942 

g =SUM OFJRANGES 	AVERAGE RANGE 
IQO  bt'—dieres 

'43' 
• 2? 	 • 

CONTROL LIMITS FOR AVERAGE 
m 

- X - .h- R 

- 1942 t 1,88  X 45 

- 1942 - 81 

poppop Lpire FOR 

D3R and D41 

OX 43 - 3A68 e5  

O . 	• - 	140 

j1491\19:1ROL je:f. MI S 

THE MANUAL 00 PRESENTATION OF DATA GIVES 
-,FACTORS FOR DIFFERENT SIZE GROUPS AS . FOLLOWS 
NUMBER 
IDI-GMUP 	•  

—1,Tger 
1,025 
0,729 
0,577, 
0,483: 

H 	0,419  

D5 	D4 
--',71feka _ 

0 	2,574 
0 	• 	2,282 

'  0 	• 	 2,114 
• 0 	2,004 
0,076 ' 	10 924 

• 
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(Quality Control Chai  CalculatRon»  cont'd) - 

Note un the charts which have been prepared that 

the first control limite run from 0 to 24 production plate 

number. The use of such a small amount of data is not 

generally recommended since the error in calculating three. 

sigma limits is considerable. However, in this case It 

serves to give a vague outline of the characteristics of 

ballistic limits. Stertin: at Group No, 10 a continual 

upward trene was evident »  hence.revision was considered 

necessary et Group  No  12. The revised limits were based 

on No. 12 to No, 20 exclusive. The data recently received 

completed up to Group No. 38. At this point new limits  were 

 calculated Including data from Groups Nos. 12 to 38. This 

:Lat  calculated limit is more accurate than  the previous 

ones since it is calculated frOm  a greater number of observa-

tions. We may state »  with a fair degree of certainty »  that 

as long as the process remains under control e  averages of 

successive groups of two observations will fall within 1861  

to 2023 f.p.s. and the difference between two successive 

observations irdil not exceed 140 f.p.s. 

It is very encouraging to note that the lower 

control limit has Increased from 1835 to 1861 and the control 

limit for range has been narrowed down. Those are indications 

of an improvement In quality and a well controlled process, 

Trends toward change may be detected while -the results 
are still within  the  control limits. The seven point rule is 
the safest'from the mathematical viewpoint. However, the 
engineer constantly watching over the process may detect a 
trend towards change before seven points have been recorded. ' 
The seven point rule may be briefly stated as follows: - If 
seven successive points fall on the  sains  side of the average 
or forea continuous upward or downward path, then It may be 
fairly certain that a chanse is taking place  In  the process. 
The'users of this typc of control chart have found by practical 
experience that in nearly all cases where the control limits ara 
exceeded this extreme variation is due to a definite assignable 
cause, Therefore »  each time control limits are exceeded an 
:brood:late investigation should be made. Variations within the 
control lts are  characteristic of the process. In most cases 
investigation into the cal 	of difference between any two such 
observations will be Lmprectical. The cause of slight varlations 
is  fond more accurately by the correlation or large number 
method which is described in Section 2. 
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DWDMT1OW  RECORD IN  QUALITY COfiTROL OHARU' FORM. 

If a large number of control charts  are  to be 

kept 0  an abbreviated form can be adopted. On the following 

page (Figure 8)p fifteen control dharts ara plotted. The 

white dot between the lines Indicates  in  control'. The 

black dot either above or below the lines indicates 'out 

of control", 

This type of production quality  record focuses 

attention on the trouble spots in the process. It also 

saves management and Inspection a great deal of time in 

studying test records. 

111 	 Ei.tvre Qappoars 

on next pare. 

• 
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• 

Research Work on Ic.eustrial Processes - 

In order to find the pattern 

of cause and affect relation- 

ships existing lu an Industrial 

Process 9  some knowledge of cor 

relation techniqu is needed, 

• 

O 

5 Cerrelation Between Two Typos .of Observations, 

The idea of predicting the occurrence of an event 

from observations of phenomena in nature  ha  s engaged manvs 

attention froM earliest times, The phases of the  moon, 

the positions of stars, fligb.ts of birds, and  countless 

Other omens wore assumed to be definitely correlated with 

certain types of events, Palmistry.and phrenology assume 

correlations betwoen,physical measurements•and  persona].  

• characteristics, The persistence of such theories with no 

foundation of factual evidence into the present day Indicates 

how incapable are many individuals of rational judgment of 

observations, 

Instances of this Irrational type of interpretation 

are frequently encountered even ln industries equipped with 

every known device for making accurate observations but with 

no system of handling observations for analysis, Tho follow-

ing examples deal in. a simple may with the problem of finding 

(Figures 9, 10 and il) 
are  shown on 

( Pages 28 to 30. 
( Text continues on ) 

Page 31. 
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(Correlation Between Two Types of Observations e  cont'd) - 

the relationship between . twe types of observations on a product° 

Figure 9 shows three sets of observations of ballistic 

limit and Brinell hardness °  Is a sample of three sets auffi-

cient evidence on which to base the statement inferred in 

this chart? 

Beforo attempting to judge data similar to Figure 9, 

• background of exporionce should be obtained, The norm' 

lb 	fluctuation of observations Should be known° 
11'shows 72 pairs of observatlonsc, This shows 

that for any even hardness, ballistic limit results vary over 

a considerable r9nge. The points selected in Figure 9 do not 

represent the true relatio•ship. 

The :Large  r the number.  of data the more accurately 

will the relaW,cne,hip  ho portrc7ed, 

Mothods_of Determining_Relationships,betweenywo 
TofObeivat1  one., 

In Figure 11 a scatter plot diagram for two typos of 

observations has been made Scanning these data it is apparent 

that some relationship exits' betwe•n  th o two types of observa-

tions. Howevor e  to attempt to draw a . line through these dots 

would be 9nly a hazardous conjecture °  A simple system of 

analysis may be done as followsg divide the Brinell hardness 

numbers Into groups; select a ballistic limit value near the 

average; determine the per2entage of points above the average 

ballistic ln each group; and plot as In  Figure 12. 

(PierTe-U-Ii) 
( shown on ) 

(To:Kt continuos on Page 33) 
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(Crt3rx'C)li':l,;sl.o:t? BetwNaon Two Types of Observation, C;a:'JntlCi) -

:a:SMro 12 A callod a h?_st4)ara:'tlo Before FAI:C".rstiy)ting-,

t-hi:3 an dvâ .4_s•iii.û information the rol;T.All ity of MGM v84.,uli::.^
Y;^

^^.r^^.,l^t.c^ be 4.a3,c;^.^:^.^^^.^^;c^c^p This ^.a3 done as ^"sa.o^^^

iixaae the st^.1:1:Àa:C'd o-^ror of percentage 3..s gi"iÏÇ'3F.l

by the eV r^osic.ns

(0

Q " €:I r.a w raliK;i.e is thâ.., a°a

N.C? .^. >ii;ti:ù.kdard ^.^.av;ï f3tiC"rn1

the average,
Q ,,. Porc: mtagaa
( VOO - PA
(N W of restzlt^,

tJ.?at the JTt1Y:A).le}.'.° the Z2L1TTl}JOY.' AM

a Croup the ltiss anîJwata is the value obtaiT2od,

s:

25 p axa cent a-^re) above 19501u

.

- 0 P -%:7A0• ^1^0C}- P1--l-NL-..._-

That is,

Since W standard error of this average Is 0,1259

then the reliability of the pcat^cwtage.^ 25 per cent may be

express-ad a-9

The i3 ^.^ CÀ wwt3 68 .x out C)J253 f 100 'Gi:lt1 i^ -`^^ e true ^f^ 3^.^.11^r ^,. :.̂ . i^ ^^-+
^. +

be tween 35 _._

i t o w be r(:^ aî:! e1. ly seen

In the Br:t.nell rwt;s 250a279v 3 out of a total

of 12 f3boo};'ïi'atLG,7ns are abo'l,fit') IQc.^0 bFij.ll:â^:rlc U

The odds are 95 out of 100 that the true value Iles

i:i e1,ti ei.3Î7 =25 .,,^
.;.

2 N a125g°

and so on

- Figure 13 shows `L.̀•^:). e sme data as Figure 1`r.2, With

re.1..la%1illQ limits ind;I.Ca'i,fxdo The odds are about sovon out,

of ten that the ex;^^er:Ionn2,'o if :^ epeatc.ad would f;â<VO values

(FigLJ.:r'e 16
^ LiL l am on ^

(Text Continues on

Seex Applied GeneyRl Stajist:%,a:s,9 by Croxton and C;owdezso

:^1
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= Page 35 - 

(Correlation Between Two Types of Observations, cont'd) 

WhAch would fall within the 68 per cent limit. 

As the number of observations included increases 

the reliability limits become narrower and narrower. This 

is the great advantage of large numbers of data. Figure 14 

shows th o average ballistic value fôr each group of hardness 

observations °  The standard error of an average is aqual to 

,the standard deviation of the observations divided by the 

• root of the number of observations. 0 

( = Standard error 
( 

of 
average, 

= Standard deviation of 
the observations, 

( N = No 0  of results. 

Example. 

The average baillstic llmit of material between 

250-279 Brinell hardness is 1906. Standard deviation is 43.3. 

How rellable Is this average? 

()= Standard deviation of al]. 
observations. This is 
actually un3mow4 the 

.N 	 standard deviation of the 
sample serves as a rough 

12.5 	 approximation. 
( x = Standard error of the average. 
( N= No. of results. 

The mothod of using alr orages a pp 0 ar s to be •morc,) 

accurate than the percentage method. Hare agaln larger numbera 

of .observations would give narrower r 	 lirait. In 

Figure 15 hardnes s of the oample  s  abovo 1940 ballistic has 

(;) 

samplos below 1940 has also been plotted°  Note that if 

• 
ballistics above 

Brinell hardness 

Brinell hardness 

1940 arc desirablx-Ohen it would appear that 

from 300 to 319 is more desirable than 

from 250 to 299. 

(PTEtir–e—i-VaTirrg) 
( 	are shown on. ) 	(Text continues 

ignoring certain corrections for sigma of population. 
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•  
(Correlation Between Two r.r;sn 	of Observattens, cont'd) - 

There are other methods of determining correlation 
• 

which involve a considerable amount of calculation. 

may bo obtained from standard statistical  tests °  

They 

4 

J. 

6° 	Rational Judfment of Statistical Data ,,  

The practical man familiar with a process has e. 

groat advantage over the most precise theorist. He may have 

a wide backround of experience in the 	of which hs can 

Interpret the importance of a sot of observations.,  The 

statistician may be in error through biased observations, 

poor sampling e  and also the fact that factors of major 

significance were not considered °  

10. judging correlation between two types of 

observations  one  of the following general interpretations 

may be made 

1 ° 	A cause-and-orfect relationship w.y exist °  

Usually, the cause-and-effocb relationship 
should not be inferred unless there is sound 
engineering evidence to support this theory °  

The apparent relationship  ms.y ba due to a third and 
unli-nown va-clable einich controls b'pth of the 
obïwlirved variables,, =asuc'hinu sueed controls 
both tensile and 'aardness propeltes of  steel,,  

Z5, 	There may be other correlations of much greater 
significance  •  and ti»e,?efore observ9d 
correlation is of only secondary importance,, 

The relationship observed may bs only a trane'lent 
°ne e  that Is e  existing for a short  period of 
time .  As lots of raJAr material vary, the 
relationship betwson pr000rtics may vary° 
Properties of malleable iron vary with 
differont lots of pig Icon. 

(Continued on next page) 

O  

r, 

„ 
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liustrgtes that the relationÉhip between 

Page 39 

(Rational Judgment , oq 4atistical Data e  contvd 

5. . Two values may have no connection with each other 
e.nd thd re3.ationship iD observed May be due t,o 
chance„, 

• 

• 

6, 	The relatî 
- It may 

,onship is not nocesearlly,a,general ono„ 
licild'oray"for t,he Souiree 'e the data  • 

It is obvious that interpretation  can  best be made 

by englneer thoroue familiar V,r 11;h t;ho pr 	4:1 f-.1 end. le 1 th 

teil 	e.t. b 0 O. Mid  wt th the or oper ties  of the material . 	 „ 

E A Correiatten-botween Brinell :hardness and,tensile 

strehgth is normally 

cause-md-offect_reri 

exPected and,  Censidered toib'e a tru„e -

tionshIP.':A Correlation betWOon '; • 

siliCon and tonsile àtrength .wouid generally bo'cOnsidered 

by•-the Metallurest :to bo - either  accidentai  or transient; 

• Tho.statistician 1 unfuMUlar With the process may fr«juontly 

select observations ..f.,or cerrelation whiCh-are of littio 

significa3ce who'ii- compared  ta  other-major controlling 

variables  in th proc 

to study apparently 

discoveries have bee r.  

.The best pr 

ess,, However, It Is often' Of interest 

nrelated Observatiens, for important • 

'made 'along this-lino of invoetigation„ 

oof Of reliability,is the fact that the 
• 

- sams . relationship occurs during severarsuccessive interVals 

ballistic 15.Mit has remained the same 

ive six-months periods. From this we 

t the relationehip is  of a permanent 

nature °  We Still- do not have sufficient proof to state 

whether lt is a'cause-ànd-offect relationship or whether 

g third  and  unknown fetor controls beth Brinell end 

:1?allistic'ebservatier 

of time. Figure le 1 

Brinell hardness.and 

over the four suc es .  

are able to state thà 

s; 

O 
Figure .1.6: is S11011:1 ) 

on Page 4;0, 
Text continue s 
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CONO.PJSJON 

A question frequently asked Is HOW CAN WAR MATERIAL 

BE IMPROVED? 

This article has shown one way in whic'h industrial 

products can be improved, The stops are  

-vuuc  TESTS AND ŒBSERVATIONS DURING MANUFACTURE, 

• RECORD PERFORMANCE OF THE 	IAL. 

• STUDY THE OBERVATIONS AND THEIR FLUCTUATION. 

- FIND CORRELATION BETWEEN TYPES OF OBSERVATIONS, 

- APPLY INFORMATION SO GAINED. 

Unaided human. jument; Is frequently biased or In 

orror c, In handling large numbers of observations »  soma use 

Whould bé made or the science of statistics to aId  :In judging 

the relationships between test data and variation of obsrva- 

ç 
tions o  

This article serves merely to introduce the subject, 

Those who :Intend to utilise statistical methods will refr 

to standard texts. • 

As  manpower and mate7.-Ials become scarcer »  it  le 

of greater importance that industrial processes and inspection 

of materias become more efficient, When  observations ara -

interpreted rationally end statisticel methods are usnd, 

inF›pection becomes  an  engineering science,, 

A great many of the larger U 0  S, and U.K, manu-

facturers are using sc•entific Inspection methods Reports 

from users of scientific inspection state that rejects are 

decreased and at the same time man-hours•of inspection  are  

reduced by from 25 to 50 per cent of p.-ce-solentifle Inspection 

period, These saving's can be a valUable contribution  to the 

110 	war effort, 

============= 
===e=== 
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