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(Ratio Difference, cont'd) -

Ratio difference, 0.80-0,35 = 0.54

Number effect = 1/20 + 1/18

i

0.1088
Probapility of chance producing

this ravtio difference (Lron

chavt) = 0.35/100 = 15/10,000

Sigrificance =  99.85 per cent = 9985/10,000,

With the ratio differencs method it is possible
CHerent propertles and

gnificance of this relatlonship. The following

pages will show thia wethod applied to show the relationship

betwoen chemical and physical properties and ballistic

Jimitss
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for ®isure B, Page 11)
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P mives the following methods for
nitflcance of ratio differences:

B o= (x/n) (L 2a) for swmall samples of equal size.
lf? !/ PQ/u
(D)
e {0y - ,
o= (o3/mg) (cp/ng) for large samples of the
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*/n o= ratio difference,
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¢y @ number effective In Sample nyo
cp = numper effective in Sample N30
P = proportion effective.
@ = proportion delfective.
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rom O to 0.20
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actual sinificance as with the relative
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{Continued on next

s B * ESO RN
Silicon, . - Oaarwﬁg30 94
Elongation, p.ce = IR RS 92
Reduction of
aArea, P.Co o 2420 87
dolyodeminly D.Co = 0.,59=0,60 85
fzod, £t.1lbe - 4050 85
lLanpransse,; p.0s - 0.50-0,509 34
‘Sulphurg DeCo - 120,014 80
Phosphorus, peCo = Q,.085-0,035 65
Chromiuwm, p.cs = 2. 802,069 60
The thirteon propsriies of the glate_whidh.
were rocorded have beasn arrvaen_ad in order of decreasing
significance. Tho opeiium operating ranges {fof the
poriod under investigafion) nave becn oublined. The
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PRISoN

Predictions

Having obtained an indicaticn that control of

armour plate properties in CENERAL steel depends malnly

upon heat treatment, next upon analysisg, and To a lesser
extent on properties connacted with stesel-maling, one then

wishes to know, atlion of the 1iuits of Table X

produce highor quality armoursd

Before altenpting to apyply any Lliuwita to

production variables one should have a thorough undsr-

gtanding ol the variabla, wiat it repy

oy

[
¥

eonts and how clossly

it can be controllad,

Ixamples of Some Causes VWalch AlfYect Both Dallistic Timil
and the Variables:

Brinell -

This ig o measure of the drawing time and tempera-
o Pe

ture as wmedified by section size and carbide

stability.

{Continued on next page)




(Ixamnles of
Pallistic

v

ileld

[XPPRNETISANEIN

Silicon

e

Thus

the efiech oi

Som

s Y
e

guite peseibla

or

of

predictions

heat-tr

QNG oW

ca

o

@

ting ¢

& {anasy

s cormion

hat a siigh

vrachbics

P2 varianles.

Can

mwifopmity of op

Dopgree of

s

cartain perlod snowed o o

the

4288, It

gtandard de

o

ntrol

remalnder,

Wwa

g de

vialbion i'opr Ui

Peri

La based

epratior

iy o e
Thege somp

plded to

od one,

Period two,

The re

A

ation of

- Poge 27 -

3 Thieh Af{o
Llnlii, axﬂi the ‘ax

alflected by

o and man

L bhaetween

ot Bo Tt
ciable, contld) -

the cooling rate on quench

sanese reflect varlatioa

lation practlica.

twe provertles

Limit) may be due

-

cause (dsoxidation). It is

crangd in melting, casting

would change the optinmum range

\

Toereiors, Lefore any worthwhile

e opsratl

aexist,

eokcan

loger dogy
vLes repro

caleuvlata

o three pe

4310 ©

gsults Jrom this nro

I and IV,

e el on

n. data; a state of

pilotted data reveeled that e

ac ol controel then

gont Meabs 4198 1o
the average and
riods:

47190

W)

0 4288

O 4419

cedure sre tabulated

naxt paze)

BN

AL

¢



{hepgres of (ontrol,

froperiy

= Pore

cont ) -

Table ITT
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Pariod 2,

“Pepriod 5,
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Yield, D.z.i. - 135,000
Tensile, pPs.i., « 136,00C

Flongetion, p.G. =
Rod. in area, D.C: -
Tzod, O©H.lb. -
GCarbon, P.G. -
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Hanganesd, p.C. =
Sulphur, ».c. w
Fhosphorug, p.C. -
polybdenur, p.Ce =
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Dilsteibution Characteriastics:

The results oi Table TII show apperent differences

£ true, are significant. However, the small number

e

which,
of results does not sive much welplb to the conelusions which
ong is dmmediately tompbted to formulate. It would seom that
the high ballistic limits and the narvow ranpge of ballistic

n

limits encountered in Pericd 2 were direoctly assoclatbed with
¥

a greater degree of control over varistions in physical and
choemical proporties,
It is nighly prcbable that the followlng program

when carried out will provids a considerable fund of infou-

mation on armour plate:

Obtain operatin . data covoring each successive 50 heats
and determine, for ballistic 1imit and all s rable
properties; the Tollowing distribution characteristics:

Nams Iauation

Fes TS BPRREYE

Averape. by =
)“- i L
ttmmdord HAavd gkl =4 s 2
Standard deviation ! w-if (% - X"
y i

Skewnoss T

-l
R
N
e'
4
fom
§hut
I
§
g
s
e

Kurtosis 'ﬁf@ w2 e X

KEY: & « the sun of
a = o test resuld

= the nunber of tesh results

ST ST, AT P, Ny, gy,
o)
=y
et Nttt P N it ? Novsgg? "t

= gyverage of all test results

Al

Thoge measures will show the general nature o

a process for the time interval cexamired and will make it
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"~ possible to compare the characteristic
1
Q poriods and differant sources.

Standard Doviation =

This ig a measure of the abi
gource to hold the property measured o
spread of the results).

Skewnesy -

This is a ucasurce of how fap
varles fron a gymnetrical dlstribution
factor varies In successive periodsa, I
that blas has entered tho samoling bes
procedura,

Tnere will always be cxtrame
of tesgt data 1s examinaed. Thease rcecaul
human carelessness, méchanical hreakdo
power railuress, ete., ste. The kurbosi
of the freguency oif extreme results.
operating charscteristic caan be guanti
conclusions;

i Lo STATISTICAL IITHODS ARE
R IVFORMATION (UICKLY ., THIS ITNPORKATION

OBTATIED OULY BY LOWG PRACTICAL LiPLRT

WHETHER OR 0T AINY 400D COLLLE PROIT WHi
DewsNDS SHTIRELY UPON THOS. CHARGLD

[

PARUFACTURDN. G QP ERATIONS.  ANY

":;-'K N I‘i

IMPROVLE T 0

g of different

Lity of th

onstant {or the

the distribubtion
. T the skewness
it may be suspected

Ling manufacturing

results when a group
ts aro used by
wng, fauvlty waberial,

g facbor is a measure

Thus an intangible

tatively described.
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(Conciusions, cont!'d) ~

THAT I8 GADL VTILL Bl DUL TC T TIRELE

TRCHITCATL, PeRIONNAL wlo ERGAGED ITH

FACTURING OPuRATIOWS,

2. The ballisbic Lieit of a

oo

A8 the 1

defleat the plate. The main purpose of

to obtain »late with the

congistent with other propertiss such

wxinmum veloclity ol the preject

f“'
PSR

w9 AND SKILLEFUL

ik Gg LeTATLDURCGTISTS ADD SKILLED

COMMOLLING WANU-

plate for o projectile

ile wnich will not

aprmour rmanufacture is

ple Lallistic limit,

as woeldabllity, ease

ol s QFLCMUJoug antd reslstancs to shook.

So A plate vhich is ideal F

or Zepounder shot may

e very poor when tested with Sepovnder shob, Largep

projectilos

P

\)

therciore reguire sosber »nlote for their defeat

than do smaller projoctiles. It i3 well known that the

Us S Avmy has recuced the Lardincess

reguirements of its armour so that sati

o

and the ballistic limis

.
& e

“-leOPy resgistancs

to heavy projectilesn could be obteined,

4, The dabe of this

e

I

with 3% nw. sbhot as the cniy crite
Do A measurable dc’vco of
shown to exist Letween balllstic Limlit
propertiosa:
Tonsile strength
Yield point

Elongation Tmpact
Brineli hardnseas

langane as

Carbon
Su&phur
lloLlybdenua Ciy

f.
Q
5%

strengith

report have accepted the test

of excellence.

correlation has been

and the following

Reduction of arsca
c\1 1lic on
hosphorus

(Contiruad on uext pa;zs)
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\Couc,m gy, cont’td) -
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3 corvelation cen be measured, it

¥

fo  Since this
18 possible to find cubt the most desiroble operating range
Por sach moasurable variasble. Sincs the above variablos
can be correlated with ballistic 1inmit, 1t is hichly probable

that thoere are other measpursmeabs of pny31ca1 property,

microgstructure, hardenabllity or process characterishics

which can be corprelabed witlhy nmour properties.

‘_

e It stould be stroyly emphasized thot a

relationship botwu<n & var

dable and the ballistlic limit

holds truo only 1'or the s vhich 1t 18 drawn,

mach source must be considered ag wn entirely separate

probieu.

8. lLebtallurzical processes sre subject to trend

Properties of raw materials chongo, furmace refractories

wear awey, alr humidity varies, moulding sand changes in

B

properties; ete. Tor this reason, a relabionship between

a variable and rcmain conatant,

4_
s
-
,,:
}_

-_"

P

/
C "t
3
C

but will bo subject Lo trend

successive pericds

must be analysed in crder to kecp informed of any changes

in the lundamental lowrs countrolling the process.

el

< CORMLATIOW DOLS UOYT TLPLY CAUSH AND oFFUCT.

Lo

wary

=

I a variablew={or exonple, sillconee=l

s
)
an
¥
&
e}
i

cloge rslationship

LI +

with Dallistle limit, 1t may Pe due to some phase of the

»

slilicon and ballistic

.,
[}

deoxidation process which affects bot
Limit In a sindlar maomer. I o variable, for exsmple
sulphue, shows o close relationship to ballistic Limit,

it ﬁay be due o a slag reacticn thiet affects both sulphur
and "ballistic liwmit. The Soct thatla relationship exists

is a poveriul clue bo the eagincer, metalliurgiet, and skilled
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{Conclusions, contfd)

personnel charpged with the responsibl lxty of conbrolling
operating conditiond.

Statigvical methods only sorve ag sign posts Lo
polat out the path over which metallurgical operators must
toll and struggle. I8 moterials, sguipment and man powenr
are not able to hold vapriables to the limits pointed outn
by statistical methods, thewre ls no poinbt in obtaining the
Information.,

10, The data analysed in this invegtigation show
the advisabllity of shifting the limits ol several varlables
as follows:

Property redlian as Iedian
Fouad _recomnended

Brinell : PASTS : 2a
Garbon, p-Ce 0.,89~0,30 0,325

Yield, De.s.i. T 119,000 126 ,000
Tenglle, Pes.l. anOGQ lébﬁOOO

gilicon,: NP.Ce 0.855 0,29«0,50
& L

Wlongation, p.c. 15% 129
Reduction of '
ATea, (7:Ce 40-41% 3%

SRR "

ach subaeguent pexlod of analysis will sugest
further slight shifts of the desirable medlians of test
results.  Thua all D”OD\PEIQS can gradaally e shiited to

thelr nost desirable rvange. OFf courss, this lg based on

“the use of &7 mmi, shot for testing. Tighter cor heavior

a0

projectiles would reguire diffcrent propevriies for their
dofeat.
Ll. A very low aegree ol corrslation does not

necossarily ean that there is no rvelatlionship between
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{Gonelusions, cont'd) =

ballistic 1imit and the veriable in the present range

of the variable, It may e th&t-san@ling or bteosting

is carried out in sucihn o way that the test is not

representative of the material. Dxamples of tids are:s
Hardness tests on decarburized metal

Separately cagt and neat-treated test pleces
uged for physical tests.

The engineer; metallurgist, and skilled personnel
will be able to judge whebther or not such is the case.

l2e BECOMIENPLD PROGRAM -

exancagr

In view of the information obtained up o
this point it would seem advisable to set up a statistical
progran for each source of arviiour so thﬁt use could be made
of information now lying dormant in ballistlc and wmetals
lurgical test records. An cutline oi such a projgram 1s
therefore suggestod:

{a) Dotermi e TIdeal Oporabing Ranses

Uge the vatic didierence method to show which
variables are vost closely related to ballistic Liait;
also the desirable control point for each variables. Deter-
mine these relationships at regolar inturvals (every month,
every bQ heats, etc.).

(b) Set Up Practical Control Limift Charts

For each varliabls constiruet a chart so thab

=

results can Le pilotted in chwonological order. The chart

should have a centrs line and bich and low lizits. Counsider
Brinell harvdness, for ecxample. The dote of thls report.

suggest that a centre live of 293 Brinell shouild be used.

High and low Limits mavy be arbitrarily ap,.lied but it 1is
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Thig report hasg indicated briefly some possibilitica
of the sbatlstical analysis of armour plate manufacturing data.
anufacturers can, by uvsing statistlical methods, achieve the
following:

L. Determine the most signiflcant variables in
thelr proceas.
2, By placling these variables in thelr ideal operating
range, doterming statistically the effect of
minor variables.
3 Once major and minor variables are properly
ad justed, trends or tendenciea in the process
under control may be noted. These trends owv
tendenclies can be corvacted befofe they impair
armour guality.
4, CGeneral improvement in ballistic propevties of

the plate can be mado.

onee the process Lo under control the number of

te of the

o}

s

ballistic tests may be preatly reoduced. In ap!
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(Summary, concluded) -

fewer tests a better quality of plate can be made.

Since the presont process is statistlcally
out of control the abllity of selected srmour test plates
to predict the (uality of succeeding heats of plate is
very doubtiul. Actual firing test results aupport

this statenent.
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