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scienbific laws which are in operation, those in
control of these processes may bring about deslirable
changes which will result in some jmprovement in armour
platc.

sxact Laws and 3tetistical Laws,

Although it is generally assumed that exact
laws are always opevating, these are obscured behind an
infinite varistion in the environment in which they
operate., Laboratory experiments stabillze the eonvironment
and allow us to study such laws very preclsoely (for
example, drawing temperature versus hardn@sﬂ)o However,
the effect of Fluctuating environment on this exact law
can only be determiined by studying results in actual
production conditions. In the absence of any information
which can be called truly exact, statistical analysis
ig essential and .nfformation revealed by this method comes
ag close to cxact sclenbtific laws az ig possible in an
industirial environment,
Yariation.

"No two thin.s ave alikoe."

The abpove statement illustrates the popular
conception of wvariation. The {olloving charts s.ow how
baliistie 1imit, carbon, and Brinell hardness vary over

a considerable raige:
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{Mhasge charts are shown on)
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- Pageg B and 6, )
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Ay iu‘t measuromnent is subjecet to fluctuation
as illustrated above, Although engincers and metallurgists
are srone to bellewe that their product is Ypigildly controlled"
and that chance plays no part in establishing the quality

of their product, Shis phenomenon of vaviation cannot b8
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eliminated in a commercial pPIroce

Statistical Guality Control Chari,

A.S.T.Me Manual on Pressnbstion of Data and in many other

results are due to the presence of definlte assignable causes

The "Conbrol Chart'" method {described in the

-

publications), by neans of a guite simple technlgque, classifies

variation into two groups: (&) noymal varistiomn, and (b)

extreome results.

Nowrmal variabtion wqy be described ag that renge
over which a property varies due to a system of chance causes

inherent in the process and which cannot be removed,

which can be traced down and eliminated. Page 8 shows the
ballistic 1imit valuss plotted according to the control

chart system., Aversage ond range of succesaive groups of

four test values ware plobted. Note thabt all values fell
within the control 1imits (limits of necrmal variation), indi-
cating that the process ig in stabtlistical control. A counstant
quality of arwour is beinyg produced. Note that a change in
the process on or about Avoust 1941 reduced the normal
variation conslderably. Since the process is in control, a
test falling between control limits indicates no change in’
the process. A teat falling outside control limits would

indicate some definlite chenge in the process or testing

method, or a definite assignable cause.

s
—
<

Now, 1 we assume that variabtion in ballistic lim

{Continved on Page 9)
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the present time only a few of the many varisbles

have bheen studied.

J

l.!n

Statistical treatment of data pubts them in
8 cgoncentrated form so that engineers can interpret |
thelr meaning more easily. lany valuable data are

never interpreted because they are svread out through

18 never

&

8o many pages that thelr true significance
roalized,

Chemical analysisg and physical tests have
been ué@d to show correlations. Slag properties, melte-
ing history, rolling details, ingot practice, heat
treatment variations, and many other phascs of araour
production all have some do*w o ol correlation with the

el

final properties. Unfortunately, data on the operating
methods are not available at presgent. Collection and .
analysis of such data is carried out in many stesl
plants, including the following:

Amevican Rolling M1lls Company

Ha

Wational Tube
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PART IT, =~ ANALYSIS OF DOMINTON FOUNDRILS AND
STEEL TEST RESULTS,

Quality Control Chert.

As Page B shows, the 1941 ballistic limlté tests
fall naturally into two periods:
Period 1, covering Jeanuary to July, inclusive, and
Period 2, covering Aupgust to Hovember, inclusive.
Graphic presentation of the trends shows:
(a) o Spread, or range of rvesults
baged on average + &% gtandanrd

deviations except where
noted.

h e Average .
() e Divection in which the

best plate occurs,
according to correlation
analysls desceribed in
Report of Investigation
No. 1144 (Report No. 1L
of this ssries).

Notn:  Where more than one dob

oocurg, the dats were divided

into threo groups, sach contalining

T P o~ PN T T e,
e S S n e N S S

about the same nuwber of btest values.
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(Graphlc Pregentation of Trends)
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Dia ouasio;

2N GHRES W S S 280

The following trends are evident in the date
examineds;

BELOW AVERASG BALLISTIC LIMIT RESULTS OCCURRLL WHEN =

Carbon is below 0,27 per cent:?

Sulphur is below 0.0LY per centb:
Phosgphorus is below 0,020 per centg
Chromium is above 2.00 pexr gent;
Molybdenum ia above 0,85 per centg
Tensile surcnpth is below 140,000 p.s.i.g
Yield strength is below 120,000 p.sei.;

Elongatlion is above 20 per cent;

Reduction of ares is above 5.5 per cent;

Brinell hardness is below 270; ‘

Izod impact value ig above HO food poundss
also =

m-ar-g».x.ae—

when nickel

is helow 2,00 per cent,; better
results ap

e obtained,

ST AT

INTERPRETATION,

)

The above statistical trsatment is merely a

6

condensed presentabtion of the test resulits reported by

Dominion Foundries and Steel. This is as Yar as the

statistician goeg. The meaning cof these appsrent relatica-

ships can Only be nterpreited by the engincers and metale

lurgists in chavpe of the srocess. Interpratations of

earasamany

o

these data by thoss uvnfamiliar with operations in the place

from which the data originsted would be dangerous and

unpractical. PFor sxample, note thalt beltter armour resulted
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(Interpretation, contid)

S

when phosphorus was above V.02 ‘per cent than when it was
below 0,02 per cent. This may be stated in another ways
w=fconditions coinciding with phosphorus below 0.02 per
cent produced below averags armour'e-{obviously, half the

plate is below average and halfl is above average)., What

were the conditions that produced phosphorus helow Q.02
per cent? Only the men niiliar with this parsticular

uree know the answer to this.

9 2

Hote that high slloys coincided with helow average
plate, Was this due to the fact that heat treaiment was notb
desigaed ifor the stable tigh alloy strvchuresy dvidence
Lrom other sources shows that increasing alloys results
in ifmproved plate. It is appareat that POR Thi PROCLSSES
chPLOYED, LOWSR ALLOYS Wilklh LORL SUCCESSPUL IN THIS CASK,

Obvlously such data are limitad in their application by the

conditions under which they wevre collected. What holds true

I

in one plant does not nscessarily hold tvve under the diffexrs

envirmﬂmenﬁ-of another plant.

In collecting, ciassii'ying, corvelating, and
graphically presenting data it is true thet errcrs can be
made. In this case all date wers colleched by Dominion
foundrisy and Steel. The offect oF a wrongly classificd
value wouwld be small i¥ the total smount of data were great.
The greatest source of errvor in this bype of work is in

©
X

drawing conclusions from the final result The figures
ara "as found” and thelr valildity is based on
the reliability of the best method, and

the personal element in tesbting.

-
Pl

Toe facts whlch these Lfigures represent are
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(Interpretation, cont'd) -

problem of interpretation for the experts. The practical
man acts upon enpirical Judgment, because Yexperisnce i1s
the best guide.® All that statistical methods do is
to vresent past experience in such a2 Fform that it can be
cloarly interpreted and tho system or natural 1&& involved
can be visualized., -

An empirical acquaintance with Tacts rises

to a scientific knowledge of facts as soon

a8 the mind dlscovers beneath the multiplicity

Y

off single events the unity of & system."
A
e ?.'l-U .[l},.. ‘L‘:li 2 1 8‘?1 Q

ety

ensyes

(FPart ITIT, following, shows detailed)
( records of correlation, )



PART T1I, - APPENDIX,

Following are the sumnsry sheets showing
the correlation between chemical and physlcal tests

and ballistlic limits

(The next thirty pages, Pages 22 to
51 inclusive, are photostated charts.
Page H2 shows the distribution
. al

charascteristics for the test valusas

studled.)

B wtrU A,





























































































