





(Abstract, conb'd) =’

Lo demonstrate that car1313u?uxi>0(wa§u a vmwiau y {guch
69, 82y, phosphorus'mmnt@mt) ond ballistic limits Gauld
 be fqﬁndn

S&véral reports already iﬁgufﬂ by Lhuu
Laboratorles? deal with'tﬁe.mathad of proving that a
correlation axistbs, .Labors GO”yaujDU wes@érch@@ el
not be appliod; ther@fﬁwﬁp_a 3yﬁtém Qf mnalyeing pfmduﬁtion
date was dﬂv@lop@d with the asgistence of Lloub,=00l,
L, B, Siwmon of tha Bﬂi;;quﬁés ?@ﬂaarsh Laboratories,
Aberdesn Proving Ground, ﬂbu dean, MJE,

The iudings to date &pplyfonly to chemical
gnalysls end physiesd tests ol DI, & SD 60§mmo redled
aymour plete, The boundsrilss of Q?timum ranges for’ the

dJ Leweun vari abl es were found, 6s follows:
b5

§

Geibon, par cent - 0,5 V«Ooﬁi

S1licon, A ' - - 0,30 min, :
Sulphur, e - Not less than 0,015,
Phoaphorus,” ' . -~ Wot less than 0,020,
Copromium, ¥ o - Not over 2,50,
Molybhdenu, " Cow Mot over 0,60,

Grosguen herdanabill Lg ~ 15 dnches nam.
Tenaile strengih, p.s.L 140, 000 miniman,
“Yield strengih, p.8,Ll, = 115,000 wminimum,

Elongation, per cent w 0,20-0,81
fzod impact,  fool poundse. 6% mazimam,
Brinell hardoess - S 300 minimum,

il

201 heats during a‘tWOAyaar poricd, the

:“"5

Indlcated Pangeﬁ-coincidad with ;ho mbmva QVQPQ”Q ballistle

"o o A
e §@pnﬂaﬁ Q% Jnv»&tipautomq Namno.

21é8s  Armour Plate Improvement as Related Wo Stabistleal
Analysls of M%nufaeturlng Dot (dﬁna&ry Oth, 1842),

41632 A Statistical bnalysls of GC-mm. Awmour Plote frowm the

' Dowlnion PounOyLos nd Stesl Idmived, (May 1at, 19ﬂn}°_

1236:  Quality Conbrols Bugineorling Sd¢lonee Appllied o
“Inspeetion Fraoblce, (June lst, 1942}, ‘

12903 Damunﬁan Foundyies and . SL@Ol Limltod GO=wmm, Amnour Plabe

= peliiabic Limiy Test Resulbs Proganbed In Quallty Conbrol,

. Shars Foro, (boot mbar 19th, 148

1619 Hnrdahquﬂf% nbé )iy Arxmuw Plate (h?aﬁujan WQUWCW1@@

“?é and BHaol Sletionani t Du Tatie Limii
’ {OG(;Q}J{:’I’ «56‘{ L zo) P *

24

43¢ '
= Hﬁld all veriables constent bus one and obgerve the offest
5%& Varlanlom,

»



(Abstraet, cont!d) -

-

Limita, _

It has beon succeasfully demonstreted that 1% is
pogsible to find the optimum rangeg for varliables in fhe srmoure
making procsss, The variables studied are probably ouly of
gecondary lmportance, The most important factory Influenclog
the property of armouwr are generally agreed to be meliing,
ingnt tréatm&ntﬁ and heat treaving. I observeilons in these
three parts of ths process were mada, it iz quite probedie

that very useful information or the centrol of armour Propays
sles could be obtalned, This practice hes been followad
elsevwhsre and is strongly recommended as & project for Cana-

dian armour rassesaroni,

Statlatical Method:

Lehoratory ressarch mathod consists in contreillag
all conditions but one and observing the affect of tts
variation, From the resullts of these sxporiments gsnevral
laws are deduced and appllcabtion to industry recommendesd,

The statiztical method is desipgned teo find the
ellfect of one variable even though all other varlables ave
not held congtant, Thus research can be carrisd ouﬁ an
industrial processes while they are in eperation, The atatis-
tleal nmethod iz wade possible by what are commonly known as
the Laws of Large Numbhsrs,

The first exsnples of Industrisl research using
stétistieal method on steel precesses were publlshed by XKarl
Daeves in 1024, AL prasent most industrial wesaarchApr§§¢tg meko
some use ﬁf statigtical method.

The following example shows how optimum Brinell
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Method, contid} =

determined for the avallable data,

EXAMPLE =

for 72 armour

2t thig
(3.)

3

by

pe
—~

o

indicatlon of an optluum rengs for Frinell?®

proposed 1s to divide the

groups bv»vartical lines, and into twe groups by & hovrizontal
line, This ham been done in nguwe 2,
Hiom LaTﬂ divigion we obtaln threo ratios,
'Brﬁmaﬁ“ Brinell
£90-308  505-333
Numbe abovw 1945 - 5 7 30
Number below lQﬂa = 18 a2e 5
. - H 17 10
e X Gar - rsen foatihoit pasnld
Ratio abo re 19 e.E’ 18 O 15
Per ceub above 1945 - 28 45,5 &Y
(The Tollowing pages contain)
(. PFigures 1, 2, and 3.°

Re

A

cords of Bfiﬂ@il he rdnmqs and bhliu yble Limis
nlates were plotted as,in Figur@ Lo
rational observer would draw seversal concludions

point:

The naturae of the process ls such that b&3lié%i6

Limlt values flucbuiate Latween 1850m19509 a
Brinsll hardness values between £65-312,

nd .

I{ the Brinell harunossvanmfncid constent ab amy

value, the ballistic Timit would gtill veary.
over & range of 150

¥oPoBo

Control of armour quality th ﬁuu&n bviao31 aardnag

The guestlon Lo be mswwed

- Th

alons would not bs very @erufivoo

eve are obther verlashles [fluciu En

Brinsll is constant.

3 &
a

zoatbering ol

Aota inte threw

evern whon

"Is there any

The meithod

)
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{_Text coniinues on Poge 8,
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= Page 8 =
“(Brample, cont'd) -

The eputlious individual will lwwmediately poiut onib
that although a highsre percentage of above-averags balliatics
eoeurs in the J05H-313 Bﬁinali renge, such an event wmight be
due te colnoldenca, Thls possibllity musgt be lnveztigated
velore any sbabtement can be made, Are ithe ratlos T%’%g and.
%@ lndlcative of rendom order or of purposive ordepy

The theoretical technlque of determining the

o

slpnificance of ratio difle;

3

gaces can be found in standard
statistleal texrts, TReport of Imvestigation Wo, 1395, "Field-
Triel Interpretation,” deted May 1st, 1945, gives charis
from whioh ratio diffescences can beo evaluated,

The practleal proofl of the validity of thse lnfere
enee In Teble T can be obbtained ag wore data arve collachted,
Plgure & showr how four succossive periods of ballisile-1limit-

~ .,

Beinell vecords were plotted Ffrowm date similar to Teble T,

(Continued on next pags)
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- Fage U -
(Bzample, conb'd] -
Nnto chub hu tendovuv xar hlgham Bannjj numbhe vy
(d) Olau4de ml h h‘vhcw ba3iist£a valu o8 is avideni Qver
four succeﬁsiva 7ixwm0n tn perindno
Pr-om Figure 3 it'a; ang 1Qgiav1 to c@mclud@ thabk -
the lower boumdary of Uﬁiﬂ@il fOF'Gptimum hallﬂdbjh kimit
ia 300, The 10p@w Jlm;u remaing as y&ﬁ uud chmau@ﬁo '
Tho umov 13' *3 of course, is d@tmrmin@d by the
‘ovey)roogﬁné ‘shock tast, anothér_crit PLoOn foﬁ dﬁMOUf
quality,
Theory of Lerge Humberss:
The lerge nuwber method mﬂ3,u uf p0$ ihle 6o
o B .
determine the elfect aof > yard a»lw Jn 8. DdeMﬂL gaen though
“many other verisbles are f uobuatiug“ _ S o ’

Wﬁ@ﬁ h@ats pf steel are dJV'GOd 5nco groupﬂ acoondJnv
to Bfinali haﬂdnw3“9 am iﬁ Table I, the veriation othar xhun
Brinell s essentlally ihe same in sach group. The larger the
number invelved, the more id@nﬁi@tj the groups will becoms,

| Thusg, from pﬁﬁbﬂcﬁlﬁﬂ rat° thr@@ groups of heata,
31milar in sll reép@ﬁtg'axeopﬁ %rlﬁall havdness, are obhitained,
1t is then possible to ind the Pelﬁrionenip between Brinell

and bailistio Limit,

Associated Variables:

Since four successive gix-month vericds show the
same relationship hetween meny veriablea snd ball&sinm iimlt,
the Theory of Large Numbers iz substantisztes in a practical

manner, However, it nas b@en polﬂ sed oub thad bhe duves hand.

ness classes the hests are not truly identical since hardness




= Page 10 =

{Asgociated Variesbles, counhid} «

ig velaved to tensile strengbh, cavbon content, microe

-8

structure, and procsssing varisadbles, Actually, btherelore,

o

1@ to stato thet the groups ave

)

-

It would ba move prend
id@ntiﬁal exeepﬁ for the chosen variasble and lte nssvalabed
varliables,

Phésphﬁrus grouping wonld alse divide the haats
according to melting practics, furnace charge, anolyalis, enc,

Consideration of ssaosistsd variables muat be lelt
t§ the pracilcal metallurgist wao fs to interprat and make
use of bthe statigtical Cindings,

The charts in the appendix . sce all derived by ﬁh@

searg method, as shown in the foregoing axemple,

DISTUSSLON OF RESULRS:

Gontravy be pre=war bollel, Incrsasing alloy

sentent does nob eontinus to incrsase armour qualitbty. Cver

L& inches Grossman nardenability s notleesble declline in
balligtic properties da ovident, This 1z presumably due {o

the slugglish naturs ol Ligh alloy metel in hest treatment,

With lower alloy & more homogenecus structure can be obtalned,

The carvide=icrming tendency of

ng ehromivm over 2,50

2

per centi and molybdenum over 0,80 ver cent is well kuown, god

thareflore 1t 1s nod surprlsing to find meximom Limits fox

.

thege slloys.

1

saveral steel melters were asked: "Why would s

steel below 0,02 per cont phogphorus be leower in bellistic
qualibyg?® The genersl opinlon seems €o be thet 1 the melt
is over-oxidizsd with irom ore, ths phoesphorus will be lower

than usual, and the bath will contain excessive oxides thatb



= Page 11 -~

(Discugsion of Resultg, cont’id) -

with.low,phosphofuﬂ and obher undeairable comdiﬁiwnsq

Thus the correixbfnn of pua sphovus with balllatic

1limit ﬁivoq a clue to molting practice, )

If the variables in wmelbing conld be QbSérvad end i
roacorded aﬁd then corre Lcd with ;rﬁour guality, valuable
information‘might g@sulho

Meany ﬁtéel plants employ mﬁuailuwg‘;al obgervary
wnose duby it iz to obgerve ond vamﬁwd in detall the higtory
of each hsat éf gtael, 'Anaiysis af-th@ data 10d e omore
eificlent practice and a claar@  undoy a'&ndlnu ofl the effect
of steel-maling operatione on the final pruducﬁn The work
done on gun abael ingot praotiab is described o Repurt Ho.
0,D, 34=35 from the O0ffice ol 3elenbilic 1‘““&?0@ and ne¢o1np— '
ment {Woshington, D,8.7),
Unknow Tnlluences:

The allectsof chemleal snd physical nrupe Lles are
winoy in comparigon with melting, imgoﬁg and heat treah
vapidblﬁa,‘ Tbe ofore controlli ng chewniconls and physicals
in narrow ranges will not assure uniformity of armouy plaote
guallty, Sowme mejor féCtJ?S Inflaencing armour properties

s
aroes .
Per conb iron ore in cherge,
i- rth of wmels down perind, .

,@nguh off boll pafxojg

slag history,

Hwngth of reliningz vericd, :

J@muhlﬂi dng p”acoib .
wapping tempsrabture,

xouring Temperabure,

' cand "o on,

If these and other factors wers obaerved snd

recorded, more complste Xnow ednv of optinum manuleciuring







The following charts sre 8

uged bto determine optimum renges for chewmlcals

Note that the oblongs represent groups of

suwionery of the data

test results,

numbers in the oblongs indicabe the nwnber of Htoésts In the

group, The width of the basse indicates the vauge of test

velues inciuvded in the geoup, The

AWV

indicates
average in ballistic iimitu

Pour elx-month p@rimdé vaeriﬁg
Ware

wore rooorded, Brzpsrimentval resulhs

regular production pletes in Periods 1, 8

o

ety follow in this ordew comprising Pages

Carbon,
Manpgenesea,
Silicon,
Sulphoar, ,
Fhoaphorud,
Wickal,
Shiromim,
Molyhdenum,
Hordenebillty,
Tenails,
Yield,
Eleongation,
Heduction in
Tzod,

ATRE,

HHF:GHB,

hesight

of the oblong

he percentepge of the geoup which was nbove

1941 nnd 1942

incivwded with

andg 2,
i4 o 28¢

and phyaglcale,
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