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AbStract. 

The spread of PhYSical and chemical test resultP 

from ten different sources - has - been charted to serve as a 

reference. 

This has been done to Show thatno two steel plante 

have identical PrOcesees and that the liniits Wit,hih Which a 

test property canbe contrôlled vary from  plant to piant, 

Good control is a relative  condition . Oontrol of carbon 
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(Abstract, cont 9 d) - 

varies from a range of - 0.02 per cent to a rane of t 0.055 

per cent. If these ranges are considered representative of 

the industry, then - 0.02 per cent represents ,:;ood control, 

- 0.05 represents average control, and so on. 

The reason , for variation in ability to control a 

test property Ites- 	 ((_ ) 

(a) Equipment. 
(h) Raw materlals. 
(c) Skill of personnel. 
(d) Sampling technique. 
(e) Testing technique. 

From the frequency distributions an idea of what 

is normally possible can be obtained •  New data can be 

compared to these in order to get an idea of how the ,;ontrol 

compares with other steel plants. 

INTRODUCTION:  

Interpreting the meaning of test results depends 

on viewpoint and experience. 

Consider the following two heats of steel: 

Test. 

Ultimate strength, p.s.i. 
Yield strength, p.s.i. 
Elongation, per cent 

in 2 inches 
Reductién of area, per cent 
Brinell hardness 
Izod impact, foot pounds 

Carbon, per cent 
Silicon, 
Manganese, " 
Sulphur, It 

Phosphorus, " 
Nickel, tt 

Chromium, 
Molybdenum, " 
Ballistic limit of 60-mm. 
armour plate; speed of 2-pdr. 
shot in feet per second 

(Continued on next page) 
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( ÎntrOdûction, cônt-+d)

Heat No, 1129 has recorç7.ed bàllist.ic properties

considerably in exces,s of Heat No, 831.

Those zriakïrxg use of resul-ts similar to these are

called upon to interpret th.eir significance, Questions which

might be asked are.;

(Q) From the results would you say that the manufacturing
prôce s s hàd. réirïaine d constant?

(^) Is a constant qLi.alitÿ of arrriour plate being made?

(QJ Assùmingbs:llistiç limit alone as the, criterion of
excellence for srinoûr :plate, : whàt, are the-, ideal
phÿsica;I.' and cYiemicà:l test values?

Answers to thése questions .dep.end on the view-

pô3nt ôf..thë iri'terpreaer., Wi.thoïit -any-, othér-.evidènç,ë than

that -subïia.3.t.ted ô.në: m:igl?t, as-suitiè thàt the propertics of Heat

process resultïng 3;n higherNo. 1129 inâicàte a changed

ball.i.stic prôpe rties^.and.. the physIçal and çh.èmical pr_o.perties

of Hèat'No.- 112,9.sh.oùlcl bé immediàtelÿ adopted As: be:ixag vss'çlÿ

superibr to thew of Heat 146, 831:..

A labQratàr:ÿ research wtirkèr woùld say that the only

way to deterinïrie the: rèl,à t^ ans:hip, >betTnréeri,'bal1^`isti;c limit and

physi.cal and': chèzriïcal tests w.ould be hald alil , atYièr prôper-

ti'es constant arid^ vdrÿ one thixa.g ^t a, timé, TYiys, ,of, çôiarse,

is inipraçti.cal- -far. ind'ustraal conditions. .

The: éxperiéncéd. steel pl'ànt.<}netallürgist, engineer,

or exocùtive. would sav, thât süch_ variations arè, or are not,

normal' for a well*^-ruri stè;el-makiri^ opera:tion; Constant quality

of steel or_ ar.tnoia,r: or any prôduct^, agr-icul:;turs.l or irîc7:ustrial

i'srepresented 1?y. tëst values falling'.not-â.t an è.xaç,tpo:int

èvery- time.; but..within' certain ,li.mitsThüs, if the ^secifi-

ca'ti'bri ' for arinour or, ball:i.stiç T.imit 1850 ^ 2050
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(Introducticin, conttd) 

then, 'In the tWo heats above mentioned l  a constant q uality of 

plate ls being produCeeli. The only way to find out whether 

Heat ecr. 1129 1 8 #1glys-.  is definitèly 4atter than Heat No. 

8,3.1tea1alysis 	 ab.911*--t en 1.- eat 	-e-r—itorre, of each 

type /and then COMpare re suit à . 

The statistical view-7 point  is aIMost identical with 

that of the experienCed metallürgist, engineer, or executive; 

that is, before VentUring an opinicin on these questions., coni-

s iderable experienee 5,n the forM of part re sultà iluïS4 -40 

available. Statistical methods  condense  past exPerienee into 

a useful fOrm :HaVing aVaila)ble paSt record:s . tcr use ,as a 

4asis, for anSwering-'the aboVe questions,  - .anSWers might then 

be forMulated as follows: 

) Past perforManee, haS _ind4Oated that  in this case 
rb.4é nornial  range  Of varatIon'forYPhysi.éale 	OheMioals — 	 , 	- 	. 	 . 
has not been.-eXceeded :., , A' sconsistent  methbd- bf Operation-
is Preably still in  effet,'  

..(a 2)Arnibur::plate froin  ths  source  ..4a4- a  normal  
variation of  frOm-  4,1ank to'_'-b lank-  feet per  second  ballistic 

.Thetwo,-..reSults. quoted ,  aboVe are therefOre normal 
for the practipe employed  

Oorrelatbn charts - 'qgh be developed t2 show 
. ideal 'ranges  for  eaehlprOPe 	(àee'Report 	Teestiga ,- , 	, tion NO ...,1144 1:Bùreau: or 34ineS (Canada)/ 4 

The  statitc.a1 .. i'LOWPOintand the .-Praotleal Man's 

viewpOint - are  v4i7. 944y identical 0  Thee_1.49*-0l7e tle-PaMe 

naMely,*thata  background 01  .è41Dele.0 is nècesàary 

to perMit Of  intelligent  ' -1..nterretatioer of Cperent  conditions  

in a prOCeàa.  Of  . course, , the PraetieaMan. hae. -  a ,great adVan 

tage Over the Most Pre biee ,  theorist, 4egaliae .4e dbes nbt 

cons ider oiay  the  evidenoe presented by  the  SaMPle ng has 

a knowledge  of  the  process  and 01 the  èpnc14tipp.s  relating to 
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(introduction,  conttd) 

the prdduct under test. Also, he is familia.r with the test 

method and its reliability. 

Statistical methods, therefore l  merely serve to 

condense and depict gra.phically the  •  parts of the practical 

Inants experience which have to do with measuring properties 

of material. A part of the ba.ckground of experience necess-

ary for logical 'interpretation is graphically -  presented in 

correlation cha.rts and frequency  distributions. 

The correlation  between, say, tensile strength 

and 'ballistic limit ma.y 1De guessed at and. an  arbitrary 

standard set up, or a sufficient number of production re- 

su.lts may be gathered and presented in the form of Figure 1. 

Figure  

Correlation. of Çarbon and Balliatic Limit, 
& S. 60-mm. Armour Plate. 

(COntinued on nt page) 



Page 6 - 

(Introduction, conttd) 

After an approximate idea, of the beSt range for a- 

property (say, elongation) has been deterinined, we are then 

intereateci in the Way-in wh.leh t#1.,4: property norma.11y occurs. 

This information.can beàr,é."8.0..ily ob.tained from a frequency 

distribution: é.  

F.igUre'  
, 

Republic yi eld Strength, 
Frequency of Yield Test Results. 

From FiàUre,'2,•it, çan be reacilly -seen that the value 

of 117,000 	120,000s p.s,i. oCcurs most frequ.ently and that 

devia.tions froni this  range  become fewer  as  they occur fa.rther 

from  the central ;Valtie i , This smooth bell-shaped. Curve .is 

characteristic of a consistent  method of operatien; that is, 

the pro4.ct ià und.er Statistical 'contrôlé, 

If a property is under qtatisti.cal control, then. each 
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(Introduction, contld) 

--- 
test result can be classified:as an indiCator that 

(a) the  • rocess is unchangedl  

Or, 

(:an assignable  cause .for variation has been 
iiltr4140:ed. in the ProeesS 

tiMits  for  tugging which of the .above two situations 

exists can be.easily derivedby-the Quality Control method. 

.'-tbe 'beet 	 wben arrange4 in  the  form of - 	. 
a frequoncy:dIstrut,ion:, 4 not form- a - Se:metrical single-

Pe.aked soPiwe, then. 1 4. 14aY 

(a) Thenueer,of reeil..14eSe“as inSUfficlent to  show  
t 11-etinlenature Of ›a":-P.Odti-o ,, -Severà1Chundred 
test Values  s11,0W.4Ye* -1,1à6c1, 9 get a Smooth curve. , . 

(15) TWO different.PrOoesSes are being uSed. 

(c) The proceSs is not under dontrOl, but is constantly 
changing:. 

(d) A series Of.e4perimentshaS béen,perfdrmed during the 
tible4e, test data:Were.reCôrded, TWo slightly 
differen4 P'rOogefeee - resiiit-in  an  1 e gular tuàtri_ 
bUtion, 

SUPPOee a nignufac4urer Were to. eStabliSh a range Of 

85 1 000 - 1001000 , p.S.I. for yield'Strength When the normal 

characteristic of thiS process was for yield strength to vary 

between  70,000  I 04;000  p s,i, qle Only way to gpt the product 

within the narrow limits specified  wouid . be either to establish 

a new process, or  to-teSt all of the prodUct and re+heatr--treat 

the rejects sO that they-woUld fall within the 85.,000 100,000 

p4S..i. limits. .D.1,er'ef 	shows  'Pj,e -471De of freq:denoY  distri- 

bution  resUlting:Whenpart'of the Produot lel>e -PrOceSsed, 

(bOntl,:nued: on ,neXt 
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Figure 3.  

American Yield, 

Laàk. 	Oôntrol Deliberate or Unnoticed, 

eigUre.•  4.  

SYMINGTON-GOULD, 1" YIELD. 
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(Introduction, contid) 

Figure 4 shows a condition of lack of control. 

Frequently this type of distribution ocours in the.develop-

ment stages of a process; later, a specific standard is 

adopted and the property is gradually brought under control. 

What are the NarroWet Possible IliMits for a *Test 
Value -(Carbon, forekamp16)? 

The carbon content of a- heat-,of steel is influenced 

by the raw materiaIs heat conditions in the furnace, time, 

methods used by 'furnace  men,  and the equipMent as.well as 

accuracy Of anglyàis, ''Éhe 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,  with  the same personnel:, could be stated. 

The freqUency  distributions  in this report do not 

include a SuffiCient:nuMber. of  t'sts tô  show  Up everything 

that might happen, llowevér e , they cOndenSe a wide Variety 

of experience for comparisOn-: 

One source  has a spread of 5 points. 
II 	H ' 	- tt. 	'tt 	9 	6 	u 

3- seurceS have 	fi 	9 9 	9 

	

one seurce has 	tt 	Il  10 	tr 

.3 	urces have 	tt 	" 11 	tt 
1 source haS 	tt 	" 12 	tt 

In demanding a narrow range for a certain property, 

the inspector  •must remember that each process is characterized 

by certain normal limits. If narrower limits are to be speci-

fied, either ,  costly rejections will result or a new more com-

plicated process must be used. Volume of production may be 

expected to drop °Fri' if  •narrower limits are to be maintained. 

The following frequency distributions have been prepared to be 

used as a reference. Intelligent interpretation of a group of 
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(Introduction, cont , d) - 

test results can be made only after a background of experience 

has been accumulated. This background consists of: 

(1) Knowledge of the relationship between the test value 
and the performance of the product. 

(2) Frequency distribution of the test value character-
istic of the producer being inspected. 

(3) Frequency distributions characteristic of several 
différent producers in the industry. 

The elrarteitt the .end of this report show the 

variance in balliStic limit., Chemica1 and physical tests. 

It is heped that they Will contribute seme information on the 

nature of thiS phonOmena. 

THE NORMAL DISTRIBUTZONQURVE.: 

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 c*tirve, 

taken from the U.S. Govt, Printing Office publication, "The 

Medical Department of the United States Army in the World War" 

(by Davenport and Lowe), is given in the following table: 

Weicht  at Demobilizatien,  of. 746 Trench.SoIdiers 
Se rVing in-  'Lis 'ArMy Durihg-the 	wàr . 
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(The Normal Distribution Curve, conted) 

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 is 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 

depicted in histogram form,•  'using different group numbers, 

In general, the number of groups into which data are 

divided depends upon the amount of data, In order to 

get a smooth curve approaching normal, 300 to 1,000 

results are necessary .  The irregular shapes of the 

distributions in this report are due nainly to the 

small amount of data available, 

(ContinUed on net page) 
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(The Normal Distribution Curve, cont'd) - 

EFFECT OF NUMBER OF GROUPS ON SHAPE 
OF NORMAL CURVE. 

Figure 

SEVEN GROUPS. 

Figure 6. 

ELEVEN GROUPS, 

Figure 7. 

FIFTEEN GROUPS. 

000000000000 

0000ÔO 

00 

HHF:GHB. 


