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_Abstrqgt.
The_spread~of'phy$ical;apd chemical test results
from ten different sdurcesfhasfbéé@~dﬁérﬁei;ﬁé,seiyé as a
reference,
This has been done to show that\noxtWO»steel plants
have identical processes and that the 1intits within Which-a
test property can.be controlled vary £¥§ﬁ plént to plant,

Good control is a relative condition, ~Control of carbon
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Heat No, 1129 has recorded ballistic properties
considerably in excess of Heat No, 831,

Those making use of results similar to these are
called upon to interpret their significance, Questions which
might be asked ares

(Q) From the results would you say that the manufacturing
'~ process had remalned constant?

(Q) Is a constant quality of armour plate being made?

(Q) Assuming ballistic 1imit alone as the criterion of
éxcellence for armour plate, what are the 1deal
physical and chemical test values?

Answers to these quéstions .depend on the viewe
point of thé intérpreter, Without -any other evidence than
that submitted one might assume that the properties of Heat
Noi 1129 indicate a chéhgeﬂ process resulting: in higher
'ballistic* properties; and the physical and chemical properties
of Heat No 1129 should be immediately adopted ds being vastly
superibf?to thbiéqof Heét-Nb;18$1~ |

. A¥1épb¢§tény reseﬁrCh worker would say that the only
Way-to~détefﬁiﬁé thé‘féﬁatiﬁnShipﬁbéﬁwgéﬁﬁba;iistibulimit'and
phy51ca1~anduﬁhémica1fteét§«Woﬁld&b@ﬁﬁ@t%ﬁld*ailqéﬁhér proper=
tles constant, and vary one thin aﬁha_ﬁimeg TﬁiSQQDf'cgurse,
is.1mpractica1;iggéggdustrial conditions, .

The oxperienced. stesl plant uetallurgist, engineer,
or executive would say that~$ﬁ¢ﬁvVéri§tiQnS_aﬁg; or arée not,
nqpmal:fdrﬁa>WQllérun,steelémakingwdp§ﬁ€§ibnw*‘COﬁ&ﬁgnt@quglity
of steel or: armour ¢r-§ny-préductyzagrigul@ufalfépiiﬁduétfi&l,
issﬁeppeééhtedﬁbyﬁtgst vaines-fallinganéfpgt;ag<eXactginnt
every. time, but within certain limits, Thus, if the specifi-

cation for armourﬁplateucﬂlxswaribdliiétibIliﬁiﬁ 1:850 = 2050
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then,"?ﬁ the two heats .above mentioned, a constentcluality of
plate is being produceéd, The only way to find out whether
Heat No. 1129's analysis is definitely better than Heat No.
831l's-analysis is -to: maketzggﬁttéen ‘heats, er-more, of esach

’
type/and then compare results,.

The statistical view-point is almost identiecal with
that of the experienced metalliirgist, englneer, or executive;
that 1s, before ventnring an opinionvon these questions, con«
siderable experience in. the form of part results musb be
available, Statistical methods condense past experience into

a useful,formg Having avallable past records to-use as a

basis for'anSWering*the~aboVe~qneetionsnuenewerehmight then

be formulated a8 follows-

(a?) Past performance ‘has 1nd1cated that 1In thls case
the normal . range of variat\on for “physicals and chemicals
has not been . exceeded Aﬁ,onsistent method of operation
is probably still in effect

(a2) Armour. plate from thls source Has- a normal
variation of - from" lank to blank feet per second ballistic
,limit The “Bwo- results quoted above ‘are therefore normal
for the practice employedh

(aS) Correlation charts can be dévéloped to show
ideal ‘ranges for each: property (See Report of Investigaw
tion No.- 1144, ‘Bupeau: of Mines'(Canada))

The statistical vlewspolnt and the practical man's
viewspoint are virtually identical, Théy;inrOlve~thensame
principle, nasiely, that a background of experfence is necessary
to‘nermit‘éf-iﬁtelligeﬁt*iﬁterpretitiqnvQfchrrent conditions
in a.proceSS;,'Qf~course5;the;practicélfm&naH&Sfa”great*adVanh
tage over the,most:pregiee»theériﬁt; because he . does not
consider only.the:éviéenceypresénted:by‘thelsemple; He has

a knowledge of ‘the process and. of thé. conditions relating to
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the product under test, Also, he is familiar with the test
method and its reliability.

Statistical methods, therefore, merely serve to
condense aﬁd depict graphically the parts of the practieal
man's expeérience which have to do with measuring properties

of material, Appartfoﬂgthe~backgraund10f;expgrience necesse

ary for logical interpretation is graphlcally presented in

co?relaﬁiqn.charﬁsiaﬁdffrequency;diStqibuﬁions;

The corrslation between, say, tensile strerngth
andfb&llisticflimiﬁfmay be guessed at-and an drbitrary
standard set up, or a sufficient number of production re-

sults may bé gathered and presented in.the form of Figure 1,

Correlation.of ‘Carbon and Ballistic Limit,
DyFa & 8, -60~mm . -Armour. Plates,

(Continued on next page)
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h After an approximate ildea of the best range for o
property (say, elongation) has been determined, we are then
interested~in~the'WayﬁingWhiéh*t@isiprcperty normally occurs,
This‘informatidn*Q&H@ﬁ??ﬁéﬁ@i@y7qﬁtﬁined~frem a frequency

distribution,

Republic Yield Strength,
Frequency of Yleld Tést Results,

From Figure 2 .1t.can'be readily seen that the value
of 117,000. = 120,000 p,8 i, occurs most frequently and that
deviatiqnsrf?omﬂthis;rénge~becomewﬁéw§ruas~they oceur farther
from the.central yalue, Thls smooth bell-shaped curve is
characteristic of a consistent method of operation; that is,
the product 18 under statistical centrol,

If a property is uﬁder~5t&ﬁistiba; contrdl, then each
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test reshlt can be classified as an indicator that
(a) the process 1s unchanged,

(bq an assignable cause for varlatlon has been
1ntroduced in the process.

@i@?;s for.qudglng.whdoh of the above two situations
exiSts~cantbéieésily:aeﬁiveaﬁﬁy-the Quality Control method,
ifrﬁhéeﬁeéﬁ'ﬁeSulﬁﬁ}eWheoyarranged in the form of
a frequegcy@dfstr;putidn3 do riot form"e5symmetrioal single=
peskedqcurve, ﬁheﬁ’it may'befthaté
(e) The- number of results?usedwwas insufflclent to show

the ‘truenature of oduct, Several hundred
test values should be used to get a smooth curve.

(b) Two«different‘processes are:beihg used.

(c¢)y The process is not under c¢ontrol, but is constantly
changlng

(@) A series of- experlments has been performed during the
tlme ‘the’ test data Were: recorded - Two slightly
dlfferent processes - result in’ an 1rregular distri-
bution

Suppose a manufacturer wére to establish a range of
85,000 = 1005000 p,8,1, for~yie;dnStrergth«When the normal
characteristic of‘tﬁ;s~process;was for»yieid,strength to vary
between 70,000 - 104,000 p.s.i, ®he only~Way to get the product
within'the;ndrrow 1i@its specified would be elther to establish
a new PPOQQSSg:G? to test 4ll of’t@enproduct»and re=heat=treat
the rejects so that they would fall within the 85,000 = 100,000
pys.i. limits, Figure| Ishows the typé of frequency distris
bution resﬁitngQWHengpart?of the product dszreiprooeSSed,

£

(Continued on next page)
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American Yield,

—————

Lagk of Control.- Deliberate or Unnoticed.

SYMINGTON-GOULD, 1" YIELD.
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Figure 4 shows a condltion of lack of control,
Frequently this type of distribution occurs in the develop~-
ment stages of a process; later, a spécific standard is

adopted and the property is gradually brought under control.

The carbon content of a heat-.of steel 1s influenced
by the raw materials, heat conditions in the furnace, time,
methods used»by‘furnace men, and the equipment asywell as
accuracy of analysis, ‘Fhe number of combinations of differ-
ent effects possible, is finite and eventually after about
500 heats the normal range for a definite furnace and a
definite charge,fWith the same personrnel, -could be stated.

The frequency distributions iIn this report do not
Include a sufficient number of tests to show up everything
that might happen. However, they condensé a wide variety

of experience for comparison:

one source has a spread of 5 points.
i u

n i 1w n 8 "
3 sources have " "9 "
one source has. " " 10 "
3 sources have " AL
1 source has " L L

In demanding -a narrow range for a certain property,
the inspector must remember that each proces§ is characterized
by certain normal limits, If narrower limits are to be speciw
fled, eilther costly rejections will result or a new more com=
plicated process must be used, Volume of production may be
expected to drop: offj if narrower limits are to0 be maintained,
The-folloWing frequency distributions have beéen prepared to be

used as a reference, Intelligent interpretation of a group of
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test results can be made only after a background of experience
has been accumulated, This background conslsts of:

(1) EKnowledge of the relationship between the test value
and the performance of the product,

(2) Frequency distribution of the test value character~
' istie of the producer being inspected,

(3) Prequency distributlions characteristic of several
different producers in the industry.
The(&hgrtsﬁat'tﬁe?end of thils report show the
variance 1n ballistic limit, c¢hemical and physical tests,
It is hoped that they will contribute some information on the

nature of this phonomens.

THE NORMAL DISTRIBUTION GURVE:

It is characteristic of each species of thing that
measurements of a property, when expressed as distribution,
form a bell=shaped curve, A classical example of this cﬁrve,
taken from the U.S. Govt. Printing Office publication, "The
Medical Department of the United States Army in the World War!
(by Davenport and ILowe), is given in the following table:

Weight at Demobilization of 746 ‘French Soldiers
~ Serving in U.5. Army During the World Var.

Weight, in pounds No of Men
100 and under 110 - 7
110 # " 120 - 39
120 " no 130 - 123
130 " " 140 - 181
140 " " 150 - 183
150 " 160 - 122
160 " v 170 - 59
170 " v 180 = 19
180 o190 = 5
190 i it 200 - 5

200 and over S

301

T — SRS Sk s
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From this table it can be seen readily that
the highest frequency of results occurs at around 130
to 150 pounds, The farther away from this central
value, the fewer the results that occur,

This phenomenon 1s so general in nature and
in-industry that if a single=peaked distribution does
not occur it is assumed that the data do not represent
material that has originated from a common source,

Page 12 shows the normal curve of distribution
deplcted in histogram form, using different group numbers,
In general, the number of groups into which data are
divided dep&nds upon the amount of data, In order to
get a smooth curve approaching normal, 300 to 1,000
results are necessary, The Iirregular shapes of the
distributions in this report are due mainly to the

small amount of data available,

(Continued on next page)
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EFFECT OF NUMBER OF GROUPS ON SHAPE
OF NORMAL CURVE.

Pilgure 5,

SEVEN GROUPS,
Figure 6.

ELEVEN GROUPS,
Fignre‘V.

FIFTEEN GROUPS.
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