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:ntroduction 

This raport presupposes no knowledge of actual 

al.:at quality. It attacks the specific problem  of desinille, 

a better  test for shot. 

The  present sper;ification permits poor s: -Ict tc  be 

accolAed and also prmits coed . atiot to be rojested, 	r:,7:Ipetent 

proof officer  eau judî,e shot quality from I,ho physical appearance 

of the shot fter strikin the sulate, Howe7er e  a specification 

is needed which will  for  a reliable basis upon which to judge 

shot, 

The  problem of contro1lini,; and Lmprovini; shot quality 

may be undertaken as a  separate project. 
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REASONS F01T CHANGTUCT  USENT  MWMOD: 

The  proor t raethod permits reproofing if dâot 

r:i R(Dproofa eftq:.n pab's th(J°Sh&e.;„- if .9.11 lots  

ree,00fodpthen.lots of shot might be rejected whichleerà 

as atce,pted ehot, °If any lot ln 

g'.1\ it ean-proWably be pased, 

Acc,epted rffiot i7:.re pot reproof4 ffi.Jd yot p?oof:Lng 

of£111(-)ro will adiet that if thoy wcr  i they effit be 
. , 

rejected on the.1 ros.ls of a roproo:i.:', 	 . . 	 . . 	, 
. 	. Tho speclE3mmtion is th6:eefore  nt  t drawn up 

ilo i.:.1 to sparato good shot 'rrom. bad.„.: Considernble personal 

juelgmon (..m the part of proefg:effIcer :.i.ilrenulrd, 

These obvf.oun dpfeta in the peoseet ystom led' ° 

offie5..a13 e the.Deptetmcnt, of Mi.,intl.on4 end .  Supply 

(Ottawa) to request a 2tuCy,of." the preaent .fflathca, 

If n DatIsfnctory i"fflasure of shot qualîty, woro 

avPilabla o  then maw., d'ac.;two of dhot could be studibd and 

Lmprovad by' comparïng shut properties and. hî.story of ob..ot 

of alffeJ?ent quallt u  

The) testing  iii ;ho  recmomenaze Gowddexqi the 

elet-filatgo lbenamenK ac of c .ari, cut produotlen. conditloms, 

Th  Quality 	Chat mothOd 
_ 

has been applied to Ordunnu) Testing.in Uie United StEits 

and 'In GrndUally roy,'Ift6fi.ng Olaor' › inspk1-)ctj.lon m.tDthrAm, 

\,TT.INSPECTION.',4?RACTICE'?. 	 .. , , 	 . 	. . 	. 	. , . 	 . 	. 
, 	 . 

The preseltt mothvd or tosting shot. in3'01:1.rou.the 

i:t3E)  of .calibrated ,27,..rtnour plate, Calibeating im 
° 

deturmlnIng the ballistic limIt of tb.6 plato with four 

°• 'standard" shot, 	li J.ue  is. oallc4.the.,) .. critic1l voloolty. . 

An Ï:uebltray.addit ..;lon.,is .1.p.ade,tc), 	 mioëlty. ,ond 

BascJd on typo of ('J›--,J,tandard" shbt usca„ 
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(Prosnt Inspection Practice, contd) - 

the provin velocity is Obtalnd. It is required. that GO 

par cent of the shot under test mast pass through the plate 

when fired at the proving velocity. 

Results of tests performed In this manner are 

recorded, às e  for example, e wins, 3 failures; 6 winà, 

4 failures and so on. 	• 

If we assume that'the proving velocity Is 

accurate and GO per cent of a lot of shot actually weuld 

pass through the plate at the proving velocity, then the 

following would hold true 

:I. In selecting each shot for test there would be 8 
chances  out of 10 that a winning shot would be selected 
and 2 chances out of 10 that a. failing Shot would be , 
selected. 

2. SOM8 variation  of results of tests on samples of 
10 woUld therefore be normally expected, 

It  can be easily demonstrated that sample ÇYF 10 
.shots could be obtained which would contain from 4 
10 wins... 

4. Using small samples »  norofore e  the truo porce ,:ltage 
of suocessful shots , in the lot cannot bo accurately 
ascertained. - 

p* . If samples of 10 containing less than  B per cent 
wins -are judged to be rejects, thon a considerable . amoUnt 
of . satlafactory material will be unnecessarily rejected. 

r_èhe failure of small samples to accurately indicate 

quality has been fully described by Lt e Col. L, E. Simon, 

Ordnance Department »  United Stai;es Army„ Assistant Directer 

of BaillStic Research Laboratory„ Aberdeen, Maryland, in 

lus book e  "An Engineer's Manual of Statistical Metâods.' • 

Proof that a lot of shot will eve samples varying 

in the number of wins can be eaaily obtained from an examina-
. 	. 

'Lion of the present shot  prof  results. When  a lot of aht 

Is rejected because of one win e  four fallures„ reproof .may 

. easily give o. A.esult such as el.;7ht wins and two fullurc 

In fact, if sufficient reproof is taken e  almor,4.t mTy rejected. 
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(Present Inspection Practice, conttd) 

lot will  rive a sample which will pass the test, Also, 

reproof from accepted lots of shot will give samples whieh 

will fail the test, Therefore, it is partly a matter of 

chance whether a lot of shot is accepted or rejected, 

FlPure 1 

EXPECTED VARIATION IN SAMPLES DRAWN 
FROM A MATERIAL 80 PER CENT OF WHICH IS 

ABOVE STANDARD. 

VA PlAT/ON E XPECTE D //V SAMPL .  f S F0/1  00> 
A 	AfATER/A L 	80;4,  

801' 

_______ -es 	-0 

0-  
4›. 	 E X A MPL E  

6/ ven 	1f807°  of' 6 ,ao'r shots 
: 	 or e 	above cl,  Stondord 

Q. 	 lt/hat aria/ion in somfies of 
Zee 	 10 	.,h0r would  e expe 	  

A. 	4 /5 _I 0 posserg  .  would he 
normally 	expected 

NUMBER /N SAMPLE 

The above considerations are drawn from the data 

presented in the shot-proof results and classified as wins 

or failures, Now it is realized that the proofing officer, 

after observing the tests, may have very  sound reasons for 

acceptinrr se relestlaz_121;s of shot0 However »  the  specifica-

tion Itself is  not so drawn that it can he adhered to without 

a  great many  unnecessary rejections. 
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• 0 `Z0 •50 .40 .50 1150 •70 .00 
OCe14770N /N VELOCITY F PS 

607E 7H/S CHART ASSUMES A STANDARD ERROR 
OF 25FPS /6,  BALLISTIC L/MIT woRK OCWE 
IN US, UK 6 CANADA SHOWS STANDARD ERROR 
70  85  BETWEEN /7-40  PRS  
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Calibratinz_Plate: 

If four shots are bracketed so that two  penetrate 

and two fail to penetrate, from their velocities  the ballistic 

limit can be calculated. It should be realized that if the 

ballistic limit  test maverepeatsd on the same  plate  with 

similar shot the second ballistic limit might be quite  dir- 

• feront  from the first °  This is easily demonstrated 

Therefore ;  any ballistic limit  must  be considered to  have 

a margin of error. 

Work  in  the United Kingdom  and the U,S,A, on the 

variation of ballistic limits has produced enough evidence 

to show that a ballistic limit value can be safely inter-

preted, as follows: 

Figure 2  

EROBABILITY 0? PENETRATION OF ARMOUR PLATE 
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(Calibrating Plat:s e  contid) - 

From the foregoing, it can be seen that a ballistic 

limit test enables us to predict a rarie within which other 

ballistic toits miÈnt full, Proof officers aro wall aware of 

this  From their experience they know thnt some penetrations 

can bo effocted below ballistic limit und some failures to 

penetrate occur above ballistic limit, 

The fact that euccossive ballistic tests differ can 

easily-be (flemonstratod, ilowe  if the proving velocity of the 

shot is determined from one ballistic test it Is obvious then 

that it is a matter of chance whether the proving velocity is 

2100, 2200, or any othor value within a considerable range 

Using such a standard to test &Lot is obviously an unreliable 

procsdure 

Proof of Unrellabilltr.. of fte Pre9ert Aereotglree Ttb-t* 

The statement has bon made that sono rojected lots 

of shot will not be any difforont from accepted lots„ Obviously, 

some rojectod lots might be bolow standard; shattering shots, 

for example e  are ? certainly defoctive This Is inferred from 

a casual study of proof results, Should it be necessary .  to 

obtain a practical proof of  the  above statement, the following 

procedure is recommondod 

Select a rejected lot of Khot Which elOWS no obr ..Wus 

defects such as shattering or irushroomin.g and run fifteen. 

• reproofs usinp; the present system, Select any a-Jcepted 

lot of shot and run fifteen reproofs using the present 

system 

Lxaminationa of these results would Show the fallability of 

the present system, 

It lo assumed that many rejected lots of shot  are 

saved from the scrap-hemP by tbe exorcise of Good judgmnt 

on the part of the proof officor,, 
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2 .1..emmted_3x:stem cf Acceptance Tests for Armour-Piarcing  Shotl  

The phenomena of armour attack have been studied  quite 

closely by  many  investigators.  It is apparent.that  with  armour 

plate from one  producer, and shot from one producer,  ballistic 

limits determined i; end  to form  a  normal distribution. In the 

case of 60-mm o  armour made  by Dominion Foundries and  Steel 

Limited, Hamilton, Ontario, the average of each successive group 

of two ballistic limit e  normally falls within  1857-1972 f.p.s. 

The  difference between successive ballistic  limits is normally 

less than  100 f.p.s. There  is, then,  a normal  range for the 

ballistic limit phenomena. Should any  group of  ballistic 

limit exceed the  aforementioned limits, then  we  may be certain 

that an assignable  cause for lack of control Is present. Having 

once determined the normal limits for this phenomena, then each 

successive  test can be classified as  either  normal  or  abnormal. 

'.'ihnn  an abnormal test is  encountered  an immOlate  investigation 

into the cause of this  difference  in variation of quality should 

be  made. 
FlEuntl. 

LIMITS OF  NORMAL VARIATION FOR BALLISTIC LIMIT of,  60M!.  ARMOUR. 

QUALITY CONTROL CHART 
FOR BAI_LISTIC LIMIT- 60 MI PRODUCTION PLATE 
GROUP 5 OF  a.  -  DOriINION FOUNDRIES & STEEL_ 

'aim 	616. 	semi 	effose 	Imaili 	aszuLer emxim 	Jumwor 	«. 

Ur PCP GO TROL LIM 

o RAG 	 • • 	 A 	ALL.. ..................................4.,....... 	. .. 
.. 	 yl. 

I.Co..tE it c ntROL t., 	IT 	IRS? 

o 

• 

Its. 	also 	"gam 	WnIman 	may* 	Sn an 	ass. 	ea.» 	.14 
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(SUezested Sysbom cf Acceptance Tes'ts, cont'd) - 

Now4At. Is probable that if samples from eurOent 

shot production were used to determine balUstIc limit of 

armour plate the ballistic 3.ITet so obtained would tend to 

fall within a «irtain range c, ..:b.b.on sufficient tests have 

been made so that the range can be accur?ately delineated, 

thon a measure of shot quality will be available. 

The proposed method of acceptance tests for 

armour pilercing shot ïs e  therefore,e  as follows 

Samples or shot are used to  dot mine  the . 

ballistic limit -of currently produced armour plate, 

When sufficient evidence is at hand the expected range 

within which this ball:Is:tic limit is expocted to follow 

can be definitely determined, Having these limits e  it 

will then be possible to classify each lot as normal e  

above normal e  or below normal, 

ltOIVL Is recommendod by 

The Americm Society for Testing Materialse  
The American Standards Association, 
'United States Ordnance, 
The Ministry of Aircraft Productlon of the 

United KIngdam 3  

The technique 1, 8 118U ally r .-:,,ferred to as the. 

'„ ‘,:uality Control  (.hart  system, , 

n. t e,rpretati on f_.Un satîsfact orls.  Re su,lt s, 

In using the suggested s;ystem e  when a. result is 

obtained mfhich falls outs  ide of  normal limits several  things 

may have oc,:...u.rred 	if the ballistic limit Is 1111U SU ally h.igh 

it is usually inrerred that the shot Is defeetive„ The proof 

officer may judge fro 111 physi. c al ev d en c e that this Is oo and 

reject that ldt of shot,. If in the ju.d_gment of the proof 

officer the shot appears to be satisfactory, ,then  an  invest1- 

gation sb.ould be made t. o mak e sure that the plate is of 
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(Interpretation - Of Ulsstisfactoi.7 Resultsj -  eont , d 

nort:a quality,›  Cal'ribrated shot can'be us,ed in such aaoe„ 

If the' ballistic limit Obtained is' unusualy Iota 

 the 'ProOf'offi.cer ma-decide that tho-plate- ls. sat-IstaCtory 

and the low recuit   is ..due to a suporIor-quàlity >shot ° , 

Obviously, such...à loVof'shot should be thoroughl.- Investl-

gated in  the  hope that some clue may be - unearthed-which will 

load to 'peat improvem.ent of shot,. If in the judgment,of 

the'proof.officer a loW. ballistic limît is due.to poor- 

quality Plate' then thib case can be-referéod by the use of 

calibrated shôt„ 

This system' Will pick out , extra poorl  and 

l extra Coodt lots of 

Callbriated Shot 
. 	. 	. 

It ià now . obvious to most of nose who have 

observed ballist1C tests that'an 'exact calibration value' 

cannot be«obtalned. The best that can be expectad la a • 

ranCe withIn'whioh results are likely to -fall, 	 ' 

• 	',uppose-a 	of r.1-000 fllot.are to bc ubed es a 

reference standiuid. First e  of course e, there should Im • 

.• 

assurance-that the .hi2tory of eaCh of-these s'àot was Idontl-

car or as close to bring idontical as:is 'practiolly ,  possible. 

If 'samplos'from this lot are used te determino ballistic limit 

on a series of normal production p1ates 9  than  the range ef. 

ballistic limit whicb, the ï,ibot will be capable' •of.  can 

determined °  Obviouslye  the greator number of . saMpleà 

the 1mo .,0e accurate 

for. the shot Ïo  fa 

final 'figure obtaine 

of orror, Lat us assume that the calibrated .shot has a 

ballietic limit of 2200 _ 80 f„p„s °  Also-  lat us .a$sume that 

be 

tested 

wilLbe the •estimate of balli-stic limit 

won  than 100 shot-should be used 'The. 

d. will be a certain figue, the  margin 
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(Calibrated Shot„ contild) - 

an unusual ballistic limit or 2300 f,p.s. has been obtained 

with shot under test against regularly produced plate. The 

question is raised, Is this shot unusually poor, or Is the 

plate unusually good? Now,if some of the calibrated àhot 

are used, E, second bellistic  unit  can be determined on the 

same plate. If it ls within 00 f o p o s,  of the  first ballistic 

limit, thsn the extreme variation may ba assumed to be  due  to 

the plate and the shot is acceptable, If the baillstic limit 

obtained with calibrated shot differs by more than 80 f.p.s., 

then the quality of the Shot under test is at fault. 

This report has been made as brief as possible »  In 

 an attempt to convoy ln a simple manncr the ideas involved ln 

inspection, Should the Quality Control system bo applied, 

further details will be required, 

Two reports on (Zuallty Control
-0 

are attached for 

the information of tâose who may be Interested. 

f;) 

Investigations Nos„ 12 $5 and l298. 
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