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OTTAWA 	October 21st, 1945. 

• 
of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investigation No. 1518. 

Recommended Applications of Quality Control Principles 
to the Inspection of Small Arms Ammunition. 

Origin and Purpose of Investigation: 

The survey of inspection practice on the  20-mm, 

ammunition, requested in July, 1943, by the Director of 

Inspection Small Arms and Small Arm Ammunition, Inspection 

Board of United Kingdom and Canada, Ottawa, Ontario, has been 

completed, The Director wished to know how quality control 

principles could be applied to the inspection of this and similar 

products. Two prior reports have been submitted in the interim, 

containing information on Statistical Quality Control and a 

survey of conditions at the Dominion Arsenal, Quebec, Quebec.' 

A study of the situation confronting the Small Arms 

inspectors has resulted in the following conclusions: 

I. The major problem is to determine quality with 
sufficient aceuracy, at a minimum expenditure 
of man-hours of labour. 

2. The Small  Anis  inspectors are also interested in 
seeing that a constant level of quality is 
maintained, 

3. The Small A.,-ms inspectors are concerned with 
improvement of the quality of the product. 

Quality control represents a ne w technique for 

managing industrial processes and evaluating the quality of 
w••••■■■•••1111•1•01. 

le  "The Application of Quality Control to the Inspection 
of 20 mm. Rispano-Suiza Ammunition" -- 

.First Report (Report No. 1477), August 17th, 1943 ,  
Second Report (Report No. 1484), August 25th, 1943. 
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(Origin and Purpose of Investigation, cont , d) - 

the  resultant product, The general philosophy of this science 

has  been discussed with members of the Small Arms  qua 

control inspection group. The specific recommendations Which 

follow  have been prepared with a vie  w to assisting in the 

attainment  of the three aims of the Inspection department, 

i,e 0 , determine quality, maintain quality, and improvo 

quality. 

Recommendations: 

1. At each inspection point there should be one or  more 

permaalhann&LAdenough  instruction  on statistical  
quality control_procedure  to  be  able to (1) prepare   

fraction defective charts,  (2) prepare  average  and 1,:enee  
charts,  (3) use double  sampling  tables. 

This  means that a person who 1 3  familiar with quality 

control will be at the point of operation, and having had this 

instruction he will be able to  ses  opportunities for  applying 

quality control ideas. 

2. I22_ins...._v_nity_nali çontrol one measurement should be 

studied and the_procedure  worked  ouLthoroelly_pefore itny 
other  measurements are  undertaken. 

The application of quality control should begin 

gradually" Existing measurements should, if possible, te ubed 

for the first application. Measurements which are  readily 

available are: cap in cartridge case, velocity of shell, depth 

of  chamber of the 20-mm, shell, weight of ,303 tracer, end 

others. 

- 
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(Recommendations, conttd) 

Where 101.2er  cent of the 217.251112,1111numle and a 

considerable number of relects are found a record ef 
percent relf,cts  should  be kePtO 

This record, kept in quality control ohart  for m9  cives  

a picture of fluctuations in the process. The procesa should be 

watched, because the danger of accepting defects increases with 

the amount of defectives manufactured, The cost of the product 

also increases as defects increase. 
•fia. 

4 	naE_a_2422_per  cent of the Eroduct is ins acted and no 

rejects are rounlreduced inanection should be considered 

after evidence of control has been obtained b dimensional 

iii 3 __ C 	or ALig:ftjna,lelaa. 

When no rejects are found on the gauging of the 

dimension, there is no information as to whether the dimension 

is Shifting nearer one of the limits or whether it Is constant 

at the centre of the range. There is no knowledge about the 

variation of the product. In order to obtain more information 

it is recommended that, if possible, groups of articles ahould 

be collected and dimensional measurements taken. Pram the 

dimensional inspection a picture of the variation in the 

property can be obtained and from that decisions can bo made 

as to whether or not reduced inspection is permissible. 

If it is not convenient to take dimensional measure-

ments, another way of obtaining information on the property  is 

 to use tighter gauges. Suppose that a dimension is required 

to be within t ,002 inch. If gauges are made  fo z-  t .001 inch 

a certain percentage would be expected to fall outside of theca 

tighter gauges. By plotting the percentage outside gauge a 

+-• • 
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(1ecommendations e  cont 8 d) 

picture or variation in the product can be obtained and from 

this evidence decisions car be made as to whether or not 

reduced inspection is permissible. 

If the dimension is a vary important one it is all 

the more necessary to obtain as much information as possible 

about its variation, because although reduced inspection may 

not be desirable control over the dimension is definitely 

desirable, and by studying variation in the dimension its 

control may eventually ee attained. 

5. 	Where  a certalne_M_PILIIAALAnn-In_ILJUEMIne  in  lots 

of ammunition gr of_component  arts,  doublejmullue  

tables are available with which to select  the most 

£22L1211.11£(21_alm_2£_12.811m12. 

Table I shows a sampling table for the inspection 

of lots of 50,000 articles. 

TABLE  

Average outgoing 	 Number of 	 Total number 
quality level, 	First 	defects 	Second 	of defects 
_percent 	Amp_19, allowed 	Im212 	allowed  

0 0 1 	 2230 	2 	4650 
0.25 	 1850 	5 	3500 
0 0 50 	 925 	5 	2085 
0.75 	 800 	7 	1640 
1.0 	 610 	7 	1410 
1.5 	 510 	9 	1130 
2.0 	 480 	11 	1090 
2.5 	 415 	11 	2145 
3.0 	 390 	13 	 940 
4.0 	 295 	13 	 725 
5.0 	 230 	13 	 605 
7.0 	 180 	14 	 460 

10.0 	 140 	16 	 355 

Note that if the average outgoing quality  love],  is required 
to be 1 per cent and the average defectives for the 
process is unknown e  then it is required that a sample 
of 610 must contain less than 7 defectives. If more 
than 7 defectives are found, then a second sample of 
1410 is drawn and the total number of defectives in 
both samples must not exceed 32. 

(Continued on next page) 
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iRevommendationsa, cont^d,

If the past record of the pa oduct j_* u^Ad !^'c'Lar. tYiz^

si.za of tho gample may be further reduced a,^ shown in ':i,71 b:^e Ii.,

TABLE X10

Reducecl T.. xisPection Bssad on Paxst H^.a ^-=^r;v__ of ProûL:f. t

Suppose the product must be r.ai::^° air^ed at a..
average outp;oinZ qual3ty lavel of 1,0 k3-r, cen-:
derer•.t:ivo,, Lot aize 50,0M

Past r.3cc-d of t,a:i
average per cent ^irsL De:Lects Second 3<3f ects

:iefoctive sar, le allowed ^:i. a:i.:lowQti

U - - 0., U2. 75
0.03 -. 0020 sq

0021 - 0^40 95
0,141 a 0, ;(i 5 0
Oo6l - 0c^30 340
0381 - 1„00 610

90
2, _

135 V

300, 6
490 1.1
910

1410
.....^......a.,...

Note that if the past record of f raction da-C9 cti v,3 -rras G
and the average outgoing quality level requ.ixyed wUmz
1 per cent dof -ctive, thon the first sami)1e would
cnns:ls'r, of 75 pigçes and the second sample 0-f 60
places,, This se.mplizig tcscbszi.que Is use:i by
Or,;.-jance and has been adopted as stEmdard prr,%;ec!uz•,:i
rv3:.ex•e.=ver a certain fraction defective i,) pcr;riasi•b1e.

L'here dsfects vary C;rsatl.y In thoir saz•iousnass„ the

zndAxir<<; principle can be useds

Serious defecLs,mtlit%UI.y by 10,) or 9n"y numbsr arrIved
medi. ma t.1 11 fe 5y ) at by trios a famil:lar
unimportant" `t El 1> ) with U1,-a prod-;Qto

I

'r-k._e total figure for defects can be used in double sain-pJ ing

iil.lere measurements are inh3 fo2'Sï! of ,, va-:,.',6ab1c..,j, the

Zo3sï^:Li].ityf rodaced tnspFwoti^.^, snoul3 bo

3oma dimensions are Qbtainvd on dial tndtrat^.is., If

the readings so obtained are recorded and plotted in q-uali.ty

co.itrol ch. .f:,t formA it will be iznmadîate..y evidxut wh.etb.er or

not reduce:i Inspection IS feasjbSe,, If there are ind:i,:atâm,s

that tho product is under statistical controls than t:n,a per cant
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(Recommendatiene e  cont , d) 

inspected  cari  be progressively redueed, atep by step »  as 

followa: 100%, 50%, 25%, 10%, 5%, 2% »  etc, :Iles tiele interval 

which must  elapae between each reduction Is About two  wee.ea. 

Should any  indication of lack of statistical control be fland, 

inepection must immediately revert to 100 per  cent and the 

reduction process starts over again 

7. DestructIve tosts  should  be£1.9.1-Lexiorslita_m_a':.roà_  , 

charts by  thl_amnlly  contrel ohart  method. 

7ery small samples  are uaed to determine the velocity, 

accuracy, and explosive pressure of ammunition, The question 

which is often raised  is, Do  the 10  shots fired for velocity 

represent the  50,000 from which they were drawn? if indication 

of statistical control is evident in the firing reeults„ we  cars 

 then be fairly. certain that  the sample  in  representative of the 

material, If  the  results of firing  trials  do not indicate 

statistical quality control, theawe earreot  be  certain  that untested 

ammunition Is similar to tested ammunition, It  ia ceeomeleleded, 

therefore, that quality control records be made  of firing tests, 

8. The quality index ol_m_product  ehould  be releared VEEKLY 
1.......p.a.mu,MoœmmeeuaMM•Ma 

oe 11;ONTALY. 

The management of industries often wish to have quality 

or cos  of  the  J.r product recorded as a  single  figuro In arriving 

at  the index of quality the various ypes of defects are giver 

weights accordin to their seriousness and  the per cent defective 

times their weight factor .are added, to give one value whith is 

an index of the eality of thet particular product c'ver a certain 

peri  of time °  This typs  cf  record would be useful to heads  cf 
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(Recommendations, conted) - 

inspection groups, for visUalizing operations at various points. 

9 0 	Imuneion should determir_e_auality level with a minimum  

of work and return defective lots for re-inspeetion °  This_ 

Ermides  an ineentive for the manufacturer to improve 

quality. 

Eaample:  In York Arsenal (Toronto), where per cent defect 
on 20-mm 0  Shell bodies is usually over 2 per cent, 
inspection would examine 720  out  or eech 50,000 0  If 
more than 21 defectives were found, the Whole lot 
would be returned to the manufacturer. 

Example:  At Dominion Arsenal (Quebec), where per cent 
defect on 20-mm c  cartridge cases is over 0,3 per cent 
half of the time, 2 0 000 out of each lot should be 
inapected °  If over 8 defects are found, return to 
manufacturer. 

This method of preliminary inspection and rejection 

would give the manufacturer mure work on lots with above. 

average per cent defective, The manufacturer would then have 

mn  incentive to reduce the number of defects in his product °  

The manufacturer should be forced to screen out 

defectives to an acceptable level prior to examination of the 

product by Small Arms Inspectors, 

mmr.Momommetemo-t.etme4 

Summer : 

Progress to  date may be  summed up as: 

(1) Arriving at  a common  understanding of the nature 
of Quality Cor).trol o  

(2) Determining the inspection problems confronting 
Small Arms inspectors,  and  

(3) Putting forth recommendations as to where Quality 
Control may be used to advantage 
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FUTURE ACTION: 

Since  Quality Control is a method of obtaining 

information,  no statements can be made about *hat it will 

accamplîsh  until some information has been collected, 

It is recommended ?  therefore, that quality control 

records  be made of various properties as mentioned in the  'c1 

of this report, 

The Committee, after looking over this information, 

may then draw conclusims and plan FUTURE ACTION. 

00000000000 

00000 
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e_ LIT  Y CYNTROL COleareTE. 
e. 

A meeting was held 
26, 1943, at 2;00 
and Metallurical 
foll( din z atiendd 

In D. D.S.A.A.Is office on Tueaday e  October 
discuas the Repert of the Ore Drassini2, 

Laboratories (InvestIsation No. 1518). The 
the mmetIne: 

tjin,.: Commander  J. L. Burgess, 
Lt.  Col. F.  W. Hug4ns, 
C -_ptain  M. J.  Ward, 
Ceetain J. P. Weeton, 
Ca :ptain 4. L. Sheldon, 
Captain  A.  J. Dubois, 
1;:r. S. L. Burns,  and 

H. Fairfield. 

The Comseittee a:reed to hecomnendation No.  J. as a lori-term policy. 
The traininir of  2uit:1de staff would be arrIved at uiadually from 
experience ,lained cereyinj out later reclommendations. 

The Committee a:recd to itecometendation ro. 2, modified as below:- 

"In  eeplyinc euality centrol, one Item should be 
studied and the procedure worked out thoroughly 
before ury other Item  are stuzlied." 

The Committee au.eoe to  decomraeudation Fo. 3, anu added that the 
record percontaee ot' rejects which can be taken from Form I.G. 150 
(Defective dark 'efeert) ehould be kept in  quality control chart form. 

The Committee a_recei to Recommendation No, 4,  modified as below:- 

"Ober° 100  per cent of the product is ins:)ected for 
non-critcel defects  and  no rejects are found, re-
duced ineeection eloulc: be considered after evidence 
of con -tee -1  ha  s been ebteineu b:e  dimensional Inspect::cn 
or ti3htir- zau;Inj." 

Oeeraftteo aereed to :?ecom:uende.tIon No. 5, modified as baseow: 

"jhcre u cartein eer cent  defective  is ,Jermitted  in 
lo;s or esueun'tien or  of component parte, douLle 
samplin tubl:ee shauld be used with e!Ich to eelect 
the mosu  crû. .!cd  size of samele." 

The Cone.ittec 	reed to .lecceelendet Pen No. 

The (;oeenittee 	• oe.:  eo study iiecoelleendation  No. '7.  Captain ':.eston 
will collect informe,lon and will prepare euality Control 2  .e2t for 
0 303 Uk Vile moecit:r end accuracy ?roof 'Results. The information 
will ee suhxt. tc  r.  ?airfield before the next meetin. The 
information wIll be eollected workin..; backwards  for b0 Lots from 
current ealoduction. 

T -  Ooetmittee areed to Recommendation  No  8 as, and when, Quality 
Control Is r'ut rlto effect, 

The Committee eGreed to decommendation No. 9 being put into  effect 
in Oà233  where the Lipecirication states that the Lot may be returned 
to thc Contracter at  the  discretion of the J-nspecting Officer, on a 
basla of percentaLp examination. This would tend to improve the 
i;eneral ileality of werk submitte.:1 for inspection. 

	2 
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It was decide.: t:;,elt I.2A.A. (B) should inntaill at Yore 
Arsenals,a ‘,iunnt7x, 	Irlection to run parallel to  th3 
reeular Inspoction,in order to compare results of the two 
systeas. 

It  vs  decidej at  the  weettn that Ca;;tain Lubois should install 
a  parallel sy;A:o to the inspection of the 20 m.m. carride case 
àepth of anv11. 

It  was decided ttat CaPtaln Shelder. should make a study  of  the 
appliation of •y..;ality Control Lc the Inspection of ,.7 •03 Mk. VIU. 

Ottawa, Canada. 
October 28, 1943 , 
IMPAMMD. 


