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Tha Threes Phﬁﬁas of 1Y?Dwmxhﬂﬂ“

The i \)pevm on of any maaufactursd pr*wd‘ﬂﬂ.b t%m.;st

A
g0 through throoe phases in ite evu]z s 1; Pirst is the
research phago, during which designs ares trisd oub wilth verila-

tions. DrmuurionS ”wd KN mpo@itjon are y&uowdaﬁ and the results

AL

on the pe vfovman@o cf'the prmduc@~ara n@tado After some
knowgaago off the characteristios of the product hw - bhean

obtainad, the final-da&ign,iﬁ:éataﬁiianﬁde Then heginsg the
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(The Three Phasss of Inspection, contid) -

second phasge of inapection, during which the perfornance

of the manufacturing machines is studied and the major causes

of vaplations in the manufactursd product ave dissovered
and brought under approxiwmate control.

At this point & considerable Ffund of information

has been developed. TIb includes hnowledge of the affeght .

oxr 3

variation in the product on its performance, and also
a'knOWledga of the cauvses ol variation in the manufactured
product. With this backgrouﬁd it is possible to sget up an
inspeetion program for a magse production process. The

third phase of inaspection is directed at those properties.

found te he of greanbest importance tw the final performance

of the product. Mass production inapection should serve ag
a guide to thé manufacturer so that the desired condition
can be maintained constantly and causes of variation may be

detected long before they becowms significsnt enough to cause
the product to depart from specified limlts., The statls-
tleal guality control charlt method is applied only after the

ground work of research and btrial runs is completed snd

mess production isg under way. The importance of proliminarvy

regsarch, model tests, proving ground tests, and trial

“

production runs sunould not be underestimated, becausze 1% is

Shrough them that the wmost.important varisbles are discovered,
& _ : e

Onee discovered they can e measured and placed under the

statistical quality control ahart aystem.
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guality 001t“02°

The greeﬂﬂhﬁlmﬁmamg mervbuﬁly watehing thg'aamp&ﬂﬁp
swings the ship's whewl at‘every'tremoﬁ of the needle.end
in go doxng puts the vesge mff 1ts course., The sxperisnced
heimﬁmam turns the wheel vef& slightly and Gply-when the
compéss has deviated a a@?t&im nuaber of degress from the

‘eslab¥ished point. As o ro'ult bhe vesssl holds 0 its

o ﬁbué;c@uﬁﬁ@;_'Thua'tha experienced wan spplles much losy

ggrrectiv- qcuion and produces the best results, b@&ause he

knows when. to 1eavo weall nougn alone and when Lo take oop-

vaobive &a*monn_f"ﬁnowﬁﬂmw" Le baged first on experisnce and

.ﬂﬁaondiy on the wblLLLv Lo Interpret comdiﬁionao

'Thﬁ.manufaoturﬁr is in @x&ctly,ﬁh@ ssme position
éa{ﬁhQ he1m&m§ﬁ-Qn & sh,:i.p.a Teat date serve as ﬂ'gumde but
without Stﬁ% 3F§Odi mﬁ&hous or iung aﬁpaw ence he cannot know
‘axﬁctly when the vapriation in teat T%&Lit& e uormal apd
»wmeh;it ludJLE 68 that the process is golng off its eouéseo

By uasing Lu«ko D ogouges the manufacturer éan tell
'ihab he has danlrbeu from the sp@cijigd gourse. This infor-
-maticn'i$ nbout as veluabiis t@ghim.és bhe koowledge to an

ahcmob1¥@ ‘Ariven that he ia in the ditch, 'Tbe autammbila

e LV@P wnulﬂ pve;er Lﬁ teke gorrective R“;xun uefcv@ hb-gaﬁs
in th&’ditc}; simllarly, the mapufacturer wovld f&thaﬂ avoid
axcestding specified linmitd than @ valt uanl LL@y WOre oxcesded
and, then'take-correcﬁiva-abﬁiémw

Ouﬁllay Qon"wol makh@dﬁﬂaasimt in dﬂtermiﬁiﬂg-ﬁh@
Limits o uﬁvhpﬁm. rabie factor W!%hWH.ﬁAL@ﬂ aaniom ]
Matv and outswde of waub @0“09$ujv aati@n is required to
g@t'xhe-praq@ﬁﬁ b&ck-om its. mo mhj courﬁoo Staﬁisticﬁl x
1meth&ds alﬁﬁ avainate-hha relationship be w‘e& S@piﬁéﬁ&z

easeable i aeuur {Tor sxample, rest proof and gun proof or

s unnecese -
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(Quality Conbrol; conitd) -

!

herdness ol armenr and ballistic limit): informaticn can

pay

be obtaianed in this way in Lailvly short periods. Without
stotistieal aid it takes a Long period of costly trisl-ande

error, hit-or-miss axperime nﬁ'nf Lo obtain Lha same Iniormes

tion.

Production enginesrs, metallurgisty, exploaivea

manufacturers, machine shop supsriatendents, and otheras

£

s

geam to regent the idea that there (s any variation in their

jiv
£
>

product and elaim that since thers lgs no varistion bherafora
L

chiance plays no part in bthe procese and statistical methods
de nokt apply. . The fellacy o such a conbention cain be

Ay exposed.  There is bardly awy nroperty of a manufan-

o,
o
P
bl

tursd produect thut does neb vary., The size of ball beoringa,

vone welght of plstons, lLavivess and tensile streunsth of stoeel

o |9

<

parts, density of teltryl pslista, veloclty of projcotiles,
ballistic limite of armour vlate, znd thousands of other

morgurable properties bove been shown Lo Sluctuate .  Since it

mars Lhilnge exactly Lldenbtical,

I . 2 e e
ally accepted fuot.

Voctherwiss shan asg

tast conditionss fow

exanple, one messvre ol ta quality ol time fures Ls 1o time

in seconds wihdch 1t takos o dstounaie the shell al a iven

s

I o P [ RO NS g ey ot Tr ey S O ey Y
setting,. Guality of = proup of otjechks therelore coun A

sxprossed as a series of nu
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Quatity fevel:

In describing

of material the conceph

.

This ls,

-

quality. It the usual

)

in colunns and the PGCO?d cont

when so expressed is Aifficult

affectively bo expressed,

central value,

oy

tive aumber of results

from the lowest to the highest

perceived from such & 1o

THCOTQR

information wasted hecause the

arranged in o loglcal manner.

to denscribe Quality Level §

can be very accurabe

Standord

Theee ave Average and Standar

tical C ntirold

A product 1s &am

when test values do nob

previous distribubion. Fop pr

ey be congldersd to be

I3X stendard ceviations. If

outbgside of these limits

control and it 18 roaasonable

bh@ quallty of
guallity

that o distribubion of test

ain

the high valus and

in eas sk

is obvious.

Ly deseribed by

mad
gxeoed the:

raevll

QIR

» the process

a

(e

v group or Loy

jevel must be ussd.

¢

values describes

prechice to record tesht values

18 meny pages. The quallty

to comprahend and cannod

The mind cannot grasp the

the low walns; the rela-

+

warh

o the rangs
value absoliutely cannot be
There 38 a bﬁﬂau‘ww alth Of
data are nobt classified and
The need for a better way

The distritution

mepns of btwo terms only.

Dov .afmong)

o ba in etatisticanl conbtrol
vounds of its normal or

sal purgoses a alst rtmution

bmundeﬁ hy the values of iLts averags

or more test velunes falls

is agsumed to bhe oub

o conclude that aither iha

several obl

to glve ad

Thers are
are uwaed

=0 gsSwv*thv
LRional

terms which

1nformatian about the

diabribution of quality wvaluss, namely:

Skewnosgs, :uwuoa¢&

madian, and mode,
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(statigtical Control, cont'd) -

testing procedure or the manufacturing process has changed,
The statistical control idea hag proven to be an unequalled
method of determining WHEN T0 INVESTIGATE AND START CORRECTIVE

MEASURES AND VIEH TO LsAVE THS PROCESS ALONE.

Characterlaticg of a Proceoss:

If & process yemaing constant the test vesults on
the product will vary within a congtant range. This range

is bounded by Aversge *3 Standard Deviations.

.

EXAMPLE,

Let uwa take, for axample, the process of weighing
out sugar into l-pound bags. Following are results of Imaginary

check tests on this operation taken at regular intsrvsla:

Welght,; in pounds

0,81
1,01
0,93

0.99
1.Q0
Lodd

1,05 ' ‘
0,97
0,66
0,05
0,08

1.0

1:18
L.00

At e B

(Continued on next page)




{Characteris Procsas, conbtid) -

tlog of a

pPTOcs

described
Averags {» X)

X = Sum of

3
SR

can

20,08 =

Masber

¢«
2o
e

Standerd Deviation = Sigaa,

h A

3

4

it EVerLEe .,

»

wiombar of

20

X represants & tssl valus

weat vealues .,

1,00 pound.

2 ) ) v @ - 2

:, o AX-X)
: X : 0,036
: 0.0 0.0001
: QL7 0.0049
1,10 . 0,10 0.0L00
1,23 ) Q.23 4 0.0529
1,13 . 0,15 0.0169
1,02 : 0,02 0.0004
Q.91 : 0,09 0,008
0,87 : =Q A3 0 0.0189
0,909 . ~Q 0L 0,0001

1,00 : 0 : 0
1,14 : 0,14 2 0,01.96
1.05 . Q.05 0,0009
0,97 : Q.03 0, 0009
0,84 : R T 0.,0196
0.8% : 0,15 0.0828
0,98 : -0.08 0,0004
1,07 ; 0.0 0,0049
1,16 . L0168 s 0.,0256
1,00 s 9] : Q

Tohal 0.2408

B w il )
T

f I

[ERPer e

I —— s b

L20L4L =

0,11 pound,
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Slgnlficance of Averspe and 2imma s

e

If the process of welghing oulb sugar rems ms congtent

the weights of the bags will vary within average *3 &igmag

that ig, from 0.87 to 1.33 pounds. A result falline ocubside of

this range means that the procesgs has chanpged Tmmediate gotion

would be necessary Hto find out and corract the csuse of the

variation, which might be due tog

= :

h reale Galsctive,

v

g

£

2. Carelessness of the operator,

5. Change in properties of sugar (lunps).

4. Change in accuracy of checking scale or method.
H. Other couses.

Any veault falling between 0.67 and 1.33 pounds

would be considered norwal and no action would be taken.

In fact, if acbion were haken the proesas would e made worse
rather thsan batter.
If the range 0,67 to L.33 pounde ls not acceptadle,
da 3 S

a new and diffsrent procsss would have to be subsgtituted,

This might involye new persounsl or more accurate welighing

5

devices, or perhaps different material-handliing equipment.

Bub unless a new process iz installed 1t would be absclutely

&

uzgeless to woryy and fuse aboub the wide range of ¥

ﬂ

zults on

the present process.

.!ﬁ‘

Tach proceas is charvseberised by Limits of properties

of the product which are inherently fixed by the naiure of The
L

process. Statistical methods determine thegs 1imits so that

the manufacturer can know axccetly how the process 1a goingo.

Ratlongl Subsweoups:

The previous example was sinplifled lu order To
demonstrate bthe principle of Quality Ponuvolgwhlghp G coursa,

depends upon normal distribution of test valuss, Howaver,
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(Rational Subgroups, contd) -

a normel disteibubtion does not always prevall, and for

this reason the grouping syvstem was developed, This gystem
requires that successive samples be considered as groups of
four or more and ths averags of each grouvp is plotited as

well as the standard deviation of sach group or the rangse

of each group (highest value--loweabt velue). Pags 10

shows the amazing powey of this siwmple method to transform

o akewed distribution to the normsal curve. Nobe thabt when
single values were racofdad the line representing the frequency
with which 2ach class of regults cccurred is very irregular.
That is, the frequency distribubion is very a@finitely skewsad,

3

Now, should Sthe meithod of the »revicus axampls be applied o

such data, using sivgle valuss, the control limits (plus owr
minus three gtandard deviations) do not serve as an accurate
gulds to the presence of aszignable causes of variation.

However, when each auscessive group of four results was

q

averaged and the freguency distribution plotited as ia shown
on Page 10, it was Tound that the sbape of ths curve fitted

the normal curve of srror very clossiv. 'Thereforeg by the

simple techmigues of taking groups of htest data 1t ia possible

to make use of the information whieh is availlable regarding

the normel curve of error. Tt should be noted heve, however,
that this operation is only possible with data produced from
controlled operations. There are cases ol tegt.values ocouﬁrin%
in sueh irregulsr msnner that no predictions can be based on
them. Howsever, irrecgular data are a characteristic of the

o

development stage of manufacbure and the causes of irvegularity

are graduslly elininated ss bime goss on. They can be







o Popa Ll e
{Rational Subgroups, sont!d) ,

egtimated by the use of corpsletion technigus. By the time
) : hi

)

any operstion hss reachsd ths mags produchi on~sta§e it isa

generally found to be suaceptlbxe to the statistical quality

control system,

quewprmtnng Control Limitss:

After it has been esbtimated that the daba e.nzait

N

CE"

characteristics approxiﬁat\ng thoge of the normal cueve of
orror 1t 1s then possible to lnterpret the significance of

each group of test veluss, ag Ffollowss HIf the process

remalns unchanged, then veauitg excesding average plus or minus
three times standard deviation {three sigma 1limits) will ocecur
three times in one thoussui. The ocourvence of a test result
outside of three aigma Limits therefore is a strong indication
that the process has changed. The possibility that the product
h&as changed can e d@duaed( gaguming that the normal curve of
ervor exlsts) quite accurately by determining the deviation of
the value from averago.

AWMPLE ¢

SatvaiuA vl

Cl{gﬁ Quallilty Tevel = Avige .18
Slgma Q.39
QURSTION O what sigrificance is ths valus 9.50%

*\\ri.at lon = "'"'"'“'““.:-f“‘“ sve m Qo022 w= 0,82 sipgma,
(} §) . &

{From table of aveas
under normal. curve
of erron) Mreguancy

ODDS THA P RUALTTY OF PRODUCT HAS NOT &HAN GED
ARE  0.588 to 0,418 {(approx. 6 Lo 4

Thas by using the past te evaluate Fﬂ@ present, thalt is,

by recording in chvonological order, thse signiflcancs of

3

sach test can be estimated.
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(Bxample of Quality Control, cont'd) -
X 3

interpretabion of Qualilty Control Chart -

Seven or more points on the same side of the
central line or in a continuous trend upward or downward
are sufficlent to indicate a shift or ftrend in guallity
level., WNote that in Pericd A average values wers
consistently low. In Pericd B a gradual trend upward
ogeurred, In Period ¢ average values were consistently
h.gh. Therefors, A, B and ¢ represent three periods in
which production conditions were differont.

Groups 1, 6, 20, and 23 show apparent lack
of control,; and therefore should he investigated.

Conclusions =

The control chart method spplied to a test of
fuze pevrformance has indicated that the manufacturing
procasses, ¥raw materialis, or testing procedures were
characteristically diffsrent for Periods A, B, and C.
Also, assignable causes of varlabion were present in
Groups L, 6, 20, and 23. Thug, the contﬁml chart method
ghows the production engineesr the exact natufe of the
variation and where and when to léak for definite "out of

line" procedure.

]

)

(End of Exampl
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G

o

yumber of Test Regults Hecessagsy for Determination
. o Quality Lewvsl:

It 18 rocommended that

e unged to deterwmine guality

A

thalt conclusions bassd on {aswver

may be srronsous

Periodic Revision of guallty Lev

lavel .

o)

g

at least twenty-Irive grot

3
[+

aperieacs has ahown

pasults than this mumbor

DDA

a
E)

Fél, LAmlLH

In keepling a continunu

4

it will e found adviazsble fo

from time to tima. This may Le
such as one week, ore wonth, . etc
of tho record.

Lpplication of 3tatisgsticald

¢ a‘L G

done

32
hat]

rec ord in chart formma
lave eontrol 1imits
at srbibtrary iutervals,

os G by visual examination

stinods:

T i
rasb @ EAR

' TL_'.L Qut o (303. 3

Laboratory, Aberdeen, Naryland,

inspectlion of explosivea, ifuzes,

Jimon;

ol the RBallictic BResgsarch
has stated that in the
cartridges, and any other

. munitions preduct, the statisbicel sysbem wakes 16 possible
bo get move information on products with less work than 1s

o0ld-f

o
af

raguired by Rioned sanpll

and ianspecticn sysbeams,

-
ng

At Piccatinny Arsenal 1t waeg found that bebtter conlrol over
cxolosive pellebs was cbtained by taking a group of five atv |
repular intervals, welghing very sccuratel and plotting

contrel charts. The previous

single pellev be welghed. |

Cantain

-

e that

svery

Gohen's comment on

shis was that five accoursits wmpasuvements are worth rore than i
amy birusand rOUg h messuyeuents. |
At the Vestinghouse Llectric ond Henulacturing

ompany, Springfield, less.
£5 S 9

ner cent ol e diz

ual charts. rr. As

o

Lty Control

fuses are made

Dowb

)

1 are peported on

\

Atherton

e

sontroll

o 1‘
R S

ated thatb

-
.!_)6
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Application of Statistical Methods, contid) -
& L o

gampling by disensions tells wmore by far sbout the nroduch
than does 100 per cent Go-Nogo inspections the velue of the
quality control is apparent when defoctive work ccours.

If control charts have been kept, the causes of dofective

fuzes can be quickly detected sad eliminated, ﬁithout the
control chart data the ceuses of defective fugzes are unknown
and must ce looked for. In the lattef cage the manufacturey
ig working in the dark.

.The lmportance of thig new development in inspection
technligque may be judged from the fact that the U. $. Ordnance
has adopted it and several of the Priiish Ordnance reporhs
have bsen glven over to the statlsbical phase of inspection.

Oun Wednesday, April 15th, 1942, a meoking was convened 3Joinbl
s 80 : $ &

by the Institutes of Civil, Mechanical, end Flectrical Engineers

to discuss Quality Contwrol. 9Ihis meeting (in Bagland) was

degcribed in fthe April 24th fssus of THE ENGINHER (28, Lssex
Streat, Strand, London}. It wag reported thet "the Chief
Inspector ol the A.X.D., . Lucas, mads 1% clear that the
inspectlion department of the M.A.P. is henceforward prepared o
Judge the guality of a manufacturer product on the evidence
provided by the control chart.
Following is the sditorial comment of THE ENGINEWR
(London, England) April 24th, 1942
QUALITY CONTROL
The succoess of last weekis joiabl mseting of our three
ieading engineering ingtitubions augurs well for that closer
collaboration on matters of common engineswving interest for
which we have always pleadsd so strongly. Some eight hundred
membors drawn from the raunks of industey, as well as from
the Services, both Armed and Civil, geatheresd ia the Gresb
Hall of the Institutlion of Civil Bagineers to hear ssversal
authoritative and Uirst-hand accounts of guality contrel and

its applications to wartime producihion-w-a subject to which we
referred in our issus of January 30th. Sir Nosl Ashbridgs,
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(Application of Statistical Metuheds, contld) -

Presicent of the Institution of lectrical ¥nginsers,
was in the chair, and among those present was Siy Andwrew
Duncan, the Minister of Supply.

The proceedings were opened by Dr. C. G. Darwin,
who, as Director of the MUational Faysical Laboratory,
went Lo the United States about a yesr ago on an imporitant
mission from which he has just returned. Among other
things, Dr. Dsrwin saw bthe extensive use to which the
American arsenals asnd amrmsments factories are putting this
technique of quality control in assisting the natlonel
productive eflfort, sand he illustrated nis explanation
of' guality control by s well-chosen exsmple from this
important fleld of production. Sir Frank G111, who fole
lowed Dr. Darwin, Jlaid stress on the fact that in aprly-
ing guality control what was nceded 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
tecihmique until statistical experts arc avallable. Uany
factory enginsers are competent to Jollow the simple
directions given, for examle, in bH.85:.%. 1008--1842, to which
both Dr, Darwin and Sir Frank Gill made refervencs in thelr
introducticns to the subject befors the mseting. A fure-
ther publication, an in erim revigion of B.S:8. 600=-=1035,
dealing exclusively with guality controel charts, was
later mentioned by lMr. Sood, Director of the British
Standards Institution, as a more extensive text on fthe
subject which would be avallable very chiortly. Several
ol' the subsequent speakers either relerred to or explained
the application of quality control, not only to vmnitions |
manufacture as suc ., but also to the msnulacture of wmechani-
cal comsonents, Dr. Dudding gave an interesting and
amusing demonstration of cuality control charts based
on the metnod of defectives; whilst Ir. Rissik described
in some detall how the use of gquality contrel founded on
meagurements had in a ceritaln case succeeded in reducling
the man-hours wasted on scrap end renalrs in the machine
shop by some 50 per cent. over a period of six months,.

sar fvon the avallable evidence
t-‘_niquef pure and simple, quallity
v poweriul proeventative of defeoctive
M

that, considered as a
control 1s an extromel

production. On thig score alome i1t is bound to comnend
itself to all concerned witl: the maximising of our -iar
ef'fort. At the same Hime, couslidered ag aun ald to oroduc-=
tion, quality control is an exbremely powerful lubrlcant.

By and large, it enables one to maintain throughout a

auo th end regular flowol product unintsrrupbed by excescsive

rejoctions. It also provides for the first time a reliliable

basis for judging aualitvy {rom zamples instead of frowm
the product as a whole, with obviocus savin, s in, ix 3CT

costs, Firally, considered as an invegral part of |
tlon orpanisation, quality conbtrol imperts an centirely new
character to the relations betveen manufacturer and pur-

chaser, the nature ¢ which is of prealt and far-reathing
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. {Application of otabistical i ethods, cont!d) -
i u"_ﬂLL‘Cduve Tiis new relationshipn is reflected

the o wnge of 'ﬁoi-iv;y announcsd at the meeting by
Gt orl 1n~yuvtov oi the A.T.D. . Eucas made it
clear that the inspeotion department of the LAl
is “onccfowwqwu preopared to judge the qualiity of a
manuluectur:e s product on the evidence provided by

In
the

the contrel chart and, if that ovidence is satlislactory,

to leave Inspection to the manulfacturer. It Lo to
hoped that the insp@ot*ﬂz f671rtmcnts oi' the othaw
Prodn tion [linistries will ollow thie timely lsed

the direction of oconom ging in wov=rnmonbaL inape
efiort and nan-power,.

T 2 T G S T

e - [
2

By ap. wying scientific metuiods to prouont

Fal

be

in

oction

inspection practice 1t has been found that more orowledge

. oi' the proeduct could be obtained, with a B0 per cent, or

riore, reduction in gtalf; also, it is claimed, production

“

flows more smo- thiy and delscts are roeduccd.

11 clainms made nave any basis of truth, thern all
those engaged in mass production induoatrics or the inspoction

-

of masg-produced goods should sive serlious considerati

s

the introduction of this =mathod.

*

LT —

on bo
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