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• The  Three Phases of Inspection. 

Tho.inpection of :In7y manufactured product -I:mast 

go 4h2ough th.•ee phasesln . its evolution. FIrst is. the 

xnsenych_phape, 0  during wh5.011. designs are tri:od out with  varia  

tions0 bîmencione and–Compontion are recorded and the  recuit 

en  the  performance of the  pxcdnct-gre noted. After some 

knowledge pf the characteristics of the'prod'uot hgeboon-

ebtained e  the finel•dosign. is. --estabrishedd Then begins the  



(The Three Phases of Inspection, cont?d) 

le92nd_phase of inspection, during which the perarmtn9 

o,f thpmanufaqturing_machinestudied and the major causes 

of variations in the manufactured product are discovered 

and brought under approximate control. 

At this point a considerable fund of information 

has - been developed. It includes knowledge of the effec t . 

of variation in the product; On its performance, and also 

a knowledge of the causes of variation  in. the  manufactured 

product. With this background it is possible to bet up an 

inspection program for a ma ns production process.. The 

theird_phase of Inspection le directed al;_tho,se_1;zrop 

fp;u12d_te_be_ef_gyeatest_importancA_to_th“lnal_perfppi rmncy, 

of the product Mass production inspection should serve as 

a guide to the manufacturer so that the desired condition 

can be maintained constantly and causes of variation may be 

detected long before they become significant enough to cause 

the product to depart from specified limits. The statis-

tical quality control,chart method is applied only after the 

ground work of research and trial runs 5.3 completed and 

mass production is under way. The importance of preliminary 

research, madel tests, proving ground tests, and trial 

production runs Ciould not be underestimated, because it is 

tàrough them that the mostimportant variables are discovered. 

Once discovered they can  be  measured and placed under the 

statisti  cal  quality control chart system. 
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Quality Control: 

The greem-helineman $ nerveusly watching  the compas s 0  

swings the ship s wheel at e .very tremor of the needle end 

in se doing , put o the 'veSsel off its . course . The experienced 

helinSidan turns the wheca very slIghtly and only mhen the . 

coMpasà ha  s deviated a certain number of degrees from the - 

e stabI I shed .  poInt As: a r suit  the ve ssel -holds tO î t 

- true :cour 8e'. Thup_the ,experientedman . ulie,s much :Pe,m 

2orrect3 ve qr. t -.1 	q.-td -eroduce, s 	1.•)a st 	0 -01  •F• 	bet-tru se he 
P* 	 • 

• 
11› 	knows when. to leave well (moue alone and when to taka cor- 

rectivé .  action. .. IIM2ow-Hue" Let based firat on experience and • 

. secondly on the ability to interpret conditions. 

• • • •  The manufacturer  is in exactly the seine  position • 

. as• the  • helmsman on a ship.. Test data serve as a• guide but 

without statistical iethods or long experience  le  cannot know 

exact/y when the Variatlen in test recuits lo . nermal and 

when it Indicatem that the •process Is  gon g off its course. 

By using .Co-Nogo gauges the manufacturer can tell . 

that he  bas  departed from the specified course. This infor- 

•mation is  about as •valuable to . bim as the knowledge . to an 

'automobile 'driver that he 118 in the ditch.  The automobile 

-driVer, Would prefer tO take corrective action - before he .gets. 

•in  the  ditch; similarly 0  the manufacturer wolJid rather avoid 

exca.e?'£11 .Y.tg p cif:tad limitS than .wait 1.•tntil• they were exceeded. 

'and tl-J.er.1 t aka • o o rr ecti Ire atI n.0.  

.Quality Control me.thod.s -assist  in  determining • the 

•of es.oh.melàurablo factor within:saii•ich aetfL on is u.nnecea-

say and outside: of which corrective action is r eei re d to 

get the •process back•  on i•ts...tormal• cou.rta. Statistical 

methods also evaluate the relsit ionship bet-,:roeen sepate 

•me•sucable factors .(for example 0- rest proof  and  gun pro or or 
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(Quality.  Control, conted) - 

hardness of armour anC ballistic limit) information can 

be obtained in this way in fairly short periods Without 

statistical ai d  it ta.ktm  a  lonE period - of costly  trial-and.

error hit-or-miss expermantin& to obtain the same in .forma-

tton. 

Variation: 

Production engneers e  metallursists, explosiv e s  

II› 	manufacturers, machine shop .:1uper .intendents, and othen3 

seem to resent the idea .diat there Is any variation in their 

product and claim that since there is no variation therefore 

chance plays no part in the proces  s and statistical methods 

do not apply. . The fallacy c):: such a contention cari be 

easily exposed There to hardly any property of a manufae- 

turad.product that does net vary, The size of ball bearings, 

the weicht of oistons s  harUness  and  tensile strenu,th of steel 

parts, densitï of tetryl pelIets„ velocity ef projectiles, 

ballistic :titt.  of  armour plate, and thousands of other 

measurable properties lUIVO boen sbown to fluctuate, Sinee it 

is a practical i:-.;possibility to maks thines (:.ïxactr„,  l(jentical„ 

variation  in  -cpalit7 is u :7,e:nerany accented not,. 

It às useless to consider quality otherwise 	as 

the performance of a thing uner de2inite test conditions for 

eyample, one ri?oaeuro of the quality of time fuzes ts 	bine 

in seconds  Wb. eh  it tsks to,detona:;e the shell ut a biven 

settinc, Quality or a i ,;ro -lp of objocts therefore eau be 

expressed as a. sert es of nudJers 
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9e12/.V.Levelg 

In describing the quality of a group or lot 

of material the concept of quality level must be used. 

This is e  that a distriblition of test values describes 

quality. It is the usual practice to record test values 

in columns and the record contains many pages. The quRlity 

When so exPreesed Is difficult to comprehend and cannot 

effectively be expressed. The mind cannot grasp the 

central  value 'e  the high valüe and the low value the rela-

tive nUmber of results in - each'part of the range 

from the lowest to the highest value absolutely - cannot be 

perceived from such a record. There is a great wealth of 

information Wasted because the data  are not classified and 

arranged in a lobai  manner. The need for a better way 

to describe Quality Level is obvious. The distribution 

can be very accurately described by means of two terms only 

These  are Average and Standard DeViatl.on. ee)  • 	S t 1-3,t is tic al Control 

A product is assumed to be In statistical control 

when test values do not exceed tho'bounds of its normal or 

previous distribution. For practical purposes a .distribution 

may be considered to be bounded by the values of lte average 

t3X standard doVlatiOns. If one or more test values falls 

outside of these lts e .  the process ià assumed to be out of 

control and it is reasonable to conclude that either the 

There'are several other descriptive terms which 
are used to give additional information about the 
distribution of quality values e . namely 

Skewness, kurtosis, medlan e  and mode. 
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(statistical Control e  conted) 

testing procedure or the manufacturing process has changed. 

The statistical control idea has oroven to he  an unequalled 

method of determining MIEN TO INVESTIGATE AND START CORRECTIVE 

MEASURES AND WHEU TO 1,221AU THij: PROCESS ALONE. 

Characteristics  of q Proceso. 
e 

If a process remains constant the test results on 

the product will vary within a constant range. Thia range 

is bounded by  Average ±3 Standard Deviations. 

F..XAMPLE. 

Let us take e  for example o  the process of we:ighing 

out sugar into 1-pound bags. Following are results• of imaginary 

check testa on this operation taken at regular intervalsg 

Welet e  in  pounds, 

0.81 
1.01 
0.93 

1.10 
1.23 
1.13 

1.02 
0.91 
p.87 

0.99 
1.010 
1.14 

1.03 
0.97 
0.86 

0.85 
0.98 
1.07 

1.16 
1.00 

• (Continued On next page) 



- 
X e: Sum 	t.m-it values 	20,06 

Number Of te3t values 	20 
1 0 00 pound,: 

I 

'C Z 

"1. 

■./ 

(Characterlsties of a Process, cortd) 

contd) 

The 1";.aractoristies (›f this process can  be  

described by; 

1 0  Average 	X) 

. Standard Devlation 	S5.gula, 

X represents a test value 

average. 

number of test values. 

..•..,:rr:::::.C.■;•,us71/L-e,:nr.i:nie:,,e,m•-t:-.-`2,,A,,,,,,,12,:,,:rc-J,-;,-er,:t:,‘.......r.,..u>,:'..,-..,1.;;13,,,apr,,,,,,,,,''',,,,,,,,,,,,,,,..,..,.(i.'n• .'"-&-' i 
n 
, 

o,ni 	 -o„19 
. 1„ol 	 o.ol 

0,93 -0.07 _ 

1.10 	 0,10 
1,23 	 0 0 23 

- 1„13 	 0,13 

1 0 02 	 0,02 
0,91 	 -0 0 09 
0,87 	 -0.13 

0,99  
1,00 	. , 	 0 

. 	 0,14 

1,03 0,03 , 
. 0,97 	 -0 0 03 . . , 

0 0 06 	 -0014 0 

	

0.85 	. 	:: 	-0015 
-0,02 

	

1,07 	..; 	 0,07 

	

1 „ 16 	 . 0 0 16 

	

1,00 	- 0 

0,0361 
0,0001 
0,0049 

0,0100 
0 0 0529 
0,0169 

0,0004 
0,0001 
0,0169 

0,0001 
o 

0,0196 

0,0009 
0,0009 
0,0196 

0,0225 
(m)ooe 
0,0049 

0,0256 
0 

Tel 	 0,2408 • 

Sigma •,'‘,1 1/ ›XX-7) 

	

= /O°0' 	
/1 

, 4  

	

, ,., _ 	,.) 
,. 

,.. i/0 0 012014 = 0,11 pound, 

N 	 20 
k 

k  
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Significance_pf_Averae_and_pigma: 

If the process of weighing out sugar romains constant 

the weights of the bags will vary within average "13 sigma e  

that is e  froM 0.67 to 1,33 pounds. A result_falli.npue_of 
this range_moans that the process has changed. Immediate action 

wo:],d_b.p_necessary to find out and correct the cause of the 

variation, which might be due  to  

3„. Weigh scale defective. 
• 

Carelessness of the operator. 

Change in properties of sugar (lumps). . 

Change in accuracy of checkinï:, scale or method. 

Other causes. 

Any result falling between 0.67 and 1.33 pounds 

would be considered normal and no action wOuld te  Laken.  _ _ • . _ _ _ _ _ „ _ . _ . _ 
In fact e  if action were taken the process wo, 31d be made worse 
rather than bettor. 

If the range 0.67 to 1.33 pounds is not acceptable 

a new and different process wouild have to be substituted. 

This might Involve new personnel or more accurate weighing 

devices, or perhaps different material-handling equipment. 

But unless a new process is installed it would be absolutely 

useless to worry and fuss about the wide rane of results on 

the  present process. 

Each Process in characteriSed by limits of properties 

of  the  product which are inherently fixed by the naLure of the 

process. Statistical methods determ:Ule these limits so that 

the manufacturer can know (ezactly how the process is going. 

Rational_pubfm, oles 

The previous ezmple was stmplifled in order to 

demonstrate the principle of Quality Controle which e  of course, 

depends - upon nommal distribution of test values. However, 
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(Rational Subgroups„ cont , d) - 

a normal distribution does not always prevail, and for 

this reason the grouping stem was developed. This ystem 

requires that successive semples  be considered as groupS of 	• 

four or more and the average of each group is plotted as 

well as the standard deviation of each group . or the range 

of each group (highest value—lowest value). Page 10 

shows the amazing power of this simple method to transform 

a skewed distribution to the normal curve. Note that when 

single values were recorded the line representing the frequency 

with which each Class of results occurred is very irregular. 

That  is  the frequency distribution is very definitely skewed. 

Now e  should the method of the previous ex ample be applie d  to 

such data e  using single values, the control limits  (plus  or 

minus three standard deviations) do not serve as an accurate 

guide to the presence of assignable causes of variation. 

However, when each successive Group of four results was 

averaged and the frequency distribution plotted as is shown 

on Page 10, It was found that the shape of the curve fitted 

the normal curve of error very closely. Therefore e  by the 

simple technique of taking rgroups of test data it is possible 

to make use of the information which is available regarding 

the normal curve of error. Tt should be noted here e  hoWever, 

that  • his operation is only possible with data produced from 

controlled operations. There are cases of test values occurring 

in such irregular manner that no predictions can be based on 

them. Fowever e  irregular data are a characteristic of the 

development  stage  of manufacture and  the causes of irregularity 

are gradually eliminated  as  time goes on. They can be 
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(Rational Subgroups e  conttd) 

estimated by the use of correlation technique. By the time 

any operation has reache d  the mass  production stage it Is 

generally found to be susceptible to the statistical quality 

control system. 

Jptrpreing_OontrpLimits 

After it has beon estimated that the data exhibit 

characteristics approximating those of the normal curve of 

error it ls then possible to interp*.vet the significance of 

each group or test values »  as fellowst "If the process 

remains unchanged »  then results exceeding average. plus or minus 

three times standard deviation (three sigma limits) will occur 

three times in one thousand. The occurrence of a test result 

outside of three sigma limits therefore Is a strong indication 

that the process has changed. The possibility that the produCt 

has changed can be deduced(assuming that the normal curve of 

error exists) quite accurately by determining the deviation of 

the Value from average. 

.Examplg 

GIVEN 	Quality Level 	Avîge 9.18 
Sigma 0.39 

CWSTION Of what - eicrificilnce is tha value 9.5Q? 

0.32 
0.eAl 

ANSWER 9.56-9.18 t 	deviation 	 r2-z 
0.69  = 0.82 sigmo. 

(From table of areas 
under normal curve 

of  error) Prequency of this deviation 
2 x 0.2939 

ODDS THAT QUALITY OF PRODUCT HAS NOT . CHANGED 
ARE 0.588 to 0.412 (approx. 6 to 4). 

Thus by using thepast to evaluate the present »  that is, 

by recordiru 	chronoloOcr-ll order the sifnificance of 
• 

each test can be estimated. 
- 



6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
cf .") 

23 
24 
25 

26 
27 

0.51 
0.84 9.45 

2. X 	= 	24'7:77 29.04 

1,08 = 	R 
N 

X  = 	X  = 

AN EXAI1PL.2.  ce 	 rLov7, ip ACOn:.-1-'4'.7-  TO 
• . 	 'JUNMIMMIX,....../iM • sruet Ammer arm son'einiZiime«............igian■ecraii.* 1st -  ■Irtgeratilie 

• ULTTY 

Group 

1 
2 

5 

Averp.i:e, 
of eac 	7,r ,111)..o 

8.55 
375 
3,92 
8.70 
8.95 

of  each oun 

1.71 
0.24 
.),36 
0.89 
1.05 

C.55 
7!,00 
9.01 
2  61 
çj:15 

:7/.31 
9.41 
9.41 
9,57 
9.78 

S.88 
C.65 
9.18 

9.85 

J.47 
9  94 

1,67 
1,23 
0. 1r. 
1.10 
0.59 

0.71 
2.23 
1.13 
0.86 
0.66 

1.41 
1.0C, 

 1.60 
0,58 
2.45 

1.00 
U 87 
0.94 
1.2 

The values 1,.iven  -.1bove  represent burnin: time 

(in seconds) for tracer  fuzes. Groups  of five hav9 ben 

recorded, with the  followin,.. results:  . 

(Continued  on next pai,o) 



For  averaes  X 	 9.18 

For  averages R 

X A 
-  =  S.53 - 

Dza anc.:1 D4R  = 	0  

o  

= 	2-114, "D,  • 

- Ft13 - 

( - .)camplo of Zua:Lity Control Applied to 
Puze Test Data, contîd) 

Control Chart  Lire. 

• 

Central Lino 	 Contr7,1  14mits   

The central linas  (J::  course, ar17 

the averages of avoraes and ranos respoetively. 

The  factors used in calculàtini; control  limita,  

0.577 0.• 

are to be  round  in the 	''itianual on 

PresentatIon of  Date„ r' 

(Page  14  zliows  the control  chart for 

the  above  aluea  
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(Example of Quality Control, cont?d) - 

Interl?retation_of_Quality . Control Chart - 

Se / en or more points on the  sanie  side 	the 

central line  or in a continuous trend upward or downward 

are sufficient to indicate a shift or trend in Quality 

level. Note that in Period A average values were 

consistently low. In Period B a gradual trend upward 

occurred. In Period C average values were consistently 

high. Therefore, Ap B and 'C represent three periods in 

which production conditions were different. 

Groups 1 0 .6, 20, and 23 show apparent lack 

of control, and therefore should be investigated. 

Conclusions 

The control chart method applied to a test of 

fuze performance has indicated that the manufacturing 

processes, raw materials, or testing procedures were 

characteristically different for Periods'A 0  B, and C. 

Also, assignable causes of variation were present in 

Groups 1, ep 20, and 23 Thus, the control chart method 

shows the production engineer the exact nature of the 

variation and where and when to look for definite "out of 

line" procedure. 

(End of xample) 
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liumber of Test Results hecossary for Determination 

It is rec,ommended .!..7,hat at least twenty-five grou:,,, s 

be used to determine quality level, 1- ..xperience ha2 shown 

that conclusions based on fewer results than this numbor 

, may be erroneous. 

Periodic Revision of Quality Level Limits 

In keeping a continueus record in chart form 
• 

it will be found  advi  sable  to calculate éontro1 limIts 

from time to  time  This nay  ho  done at arbitrary intervais s  

such as one week s  one inonth e .etc., or by visual examination 

of the record. 

fe'plicatlior of Ï,, fatl.,tic ,,1  "'*, tnods .' 

Lient Col  L. 	Simon, of the Ballistic Research 

Laboratory, 4.bordoen, Marland„ has stated that in the 

Inspection of explosives »  fuzes, cartridges, and any other .  

41, 	munitions product s  the 	 stYbc al system makes it possible 

to  go k;  more information on products with less work than is 

required by old-fashioned  caupli ng  and Inspection systems. 

At Piccatinny Arsenal It was found that better control over 

explosive pellets was obtained by takinJ2;  a  i:;roup of five at 

regular intervals, vïoigbing very accurately, and plotting 

control charts. The previous -method required that every 

sinLle . pellot be weighed, Captain Cohen 's  comment  on 

t;bis  was that five accurate measurements are worth more thaù 

thusand rou&,h measurements. 

At the V:estineouse hiectric ud ïfuanufacturing 

Company 9  Springfield o 	M110 bomb fu!;es are made 

and 60 per cent of ',ho dimensions controlled are reported on 

çlualîty Control  chart  s 	gr A. L. Atherton stated that 
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(Application.. of Statistical Methods, contd) - 

samplln,__ by di ensions belJ Jnore by far about the :)reduct 

than does 100 per cent Go-Nog° insoectlon the value of the 

quality control is apparent wbon defective work occurs. 

If control charts have been kept e  the causes of dofective 

fuzes can be quickly detecbe:)d and eliminated. WIthout the 

control chart data the caulyes of defect3ve fuzes ara unknown 

and must se lookod for. In the latter case the manufacturer 

is working in the dark. 

The Importance of thi  s new development in inspection 

technique may be judged from the fact that the U. Sp Ordnance 

has adoptod it and several of tho British Ordnance reports 

have been givon over to tho statistical phase of înspectIon. 

On Wednesday s  April 15th, 1942 0  a meeting was  convened jointly 

by the Institutes of Civil e  Mechanical, and Electrical Engineers 

to discuss Quality Control, This meeting (In England) was 

described in the April 2eth isele of THE ENGINEER (28 e  Essex 

Street e  Strand, London). It was  reported that "the Chief 

Inspector of the A.I.D. e  Mr. Lucas, made it clear that tbe 

inspection department of the M.A.2. is henceforward prepared to 

judge the quality of a manufacturer product on the evidence 

provided by the control chart. 

Following is the editorial comment oe THE ENGINEER 

(London  s  England) April 24th, 1942 

- QUALITY CONTROL 

The success of last weekîs joint meeting of our three 
leading engineering institutions augurs well for that closer 
collaboration on matters of common engineering Interest for 
which we have aâmays Ipleaded so strongly. Some eight hundred 
members drawn from the ranks'of industry e  as well as from 
the Services, both Armed and Civil, gathered in the Great 
Hall of the Institution of Civil Engineers to hear Several 
authoritative and first-hand accounts of quality control and 
its applications to wartime production--a subject to• which we 
reeerred in bur issue of January 30th. Sir Noel Ashbridgee 
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(Application of Statistical Methods, cont*.1) - 

President of the institution of 2lectrical -2ngineers, 
was In the -chair, and among those present was Sir Andrew 
Duncan, the Minister of Supply. 

The proceedîns were opened by Dr. C. G. Darwin, 
who, as Director of the Untional Physical Laboratory, 
went to the United States about a year aGo on an important ' 
mission from which he has just returned. Among other 
things, Dr. Darwin saw the extensive use to which the 
American arsenals and armements factories are putting this 
technique of quality control in assisting the national 
productive effort, and he illustrated ftis explanation 
of quality control by a well-chosen example from this 
important field of production. Sir Prank Gill, who fol-
lowed Dr. Darwin, laid stress on the fact that in ap . )1y-
ing quality control what was needed most was not statis- 
tical knowledge, but simple and practical operating instruc-
tions. Anyone interested may study the statistical. funda-
mentals and will be the more expert for so doing, but is 
is wrong to think that nothing can be done to apply this 
technique until statistical experts arc availabl. Many 
factory engineers are cometent to follow the simple 
directions given e  for exorable, in 1;.S.Y 1008-1942, to which 
both Dr. Darwin and Sir Frank Gill made reference in their 
introductions . to  the subject before the meeting. A fur- 
ther publication s  an in erim revision of B.S.S. 600-1935, 
dealing exclusively with quality control charts, was 
later  menti oued  by Mr, fl,00d s  Director of the British 
Standards Institution, as a more extensive text on the 
subject which would be available very shortly. Several 
of the subsequent speakers either referred to or explained 
the application of. Quality control s  not only to munitions . 
manufacture as suc . s  but also to the manufacture of mechani-
cal comononts. Dr. Duddln ra.ve an interesting and 
amusing demonstration of (Duality control charts based 
on the method of defectives; whilst Ur. R .Issik described 
in some detail how the use of quality control founded on 
measurements had in a certain case succeeded in reducing 
the man-hours wasted on scrap and repairn In the machine 
shop by some 50 per cent. over a berlod of six months. 

It is abundantly clear from the available evidence 
that, considered as a technique, pure and  simple, quar.ty 
control Is an extremely powerAll preventative of defective 
production. On this score alone it is bound to commend 
itself to all concerned with the maximising of our war 
effort. At the seine  time, wnsidered. as en  aid to oroduc-
tion s  quality control is an extremely powerful lubricant. 
By and largo, it enables one to maintain throughout a 
amoth and regular flow):if product uninterrupted by excessive 
rejoctions. it also provides for the first time a reliable 
basis for judging quality from .amules instead of from 
the product as a whole, with obvious savins :L n.
costs. Finally e  considered as an integral part of produc- 
tion organisation s  quanty control imparts an entirely new 
character to the relations betv.een manufacturer and pur-
chaser, the nature of which is of breat and far-reaohing 
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significance. This new relationship is reflected in 
the chane of policy  noucec at the meetin by the 

Inspector or the A I 	Ir.r. Lucas made it 
clear that the  .no otion Cepartment of the Î:0A,j?, 
is honceforward nropared to jude the quality of a 
manufacturris product on the evidence provided by 
the contrel chart  and if that evidence Is satisfactory, 
to leave inspection to the manufacturer. It 1:: to be 
hoped that the inspection  cepartments o£ the other 
Production nnistries ::1.11 follow this timel -J lee.d In 
the direction of  000nomising  in  governmental inspection 
effort and nan-powor. 

By op : 	scientific methods to nrosent 

insnectien practice it  has  been found that more l',:owlede 

of the product could be obtained, with a 50 Dor cont a  or 

Mero.„ reduction in staff;  also  it is claimed, production 

flows riore smothly and defets are reduced. 

If clai.s made have any basis of trut., -h„ then all 

tbose enaed in mass production industries or the  inspection 

of riass-produced ioods should ,ive serious consideration to 

the introduction of this -.thed 

• 
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