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1. INTRODUCTION AND SUMMARY 

1,1 Introduction 

It is now generally realized that the problem of reliability in 
modern complex aerial. weapons systems is ao serious, that a 
properly co-ordinated Reliabilit~ Program ruust be instituted as 
an integral part of every project, 

A weapons system must pay adequate dividends for the enormous 
amounts of money invested .in its design and development,. To 
do this 9 a reasonabl;r high percentage of the ,umber ma;1.ufa.ct'l.red 
must be serviceable when on call~ reliable fr •)ll take=off to k:i:i.: 9 
and certain to return to base for turn-around d!'1d 1;mot.hE,r mission, 
This percentagep the measure of reliability P is an impcrtant 
factor when determining the extent by which the ... 1~.prr.ned perfGrt!l"' 
ance of a new weapons system represents a gain i 0efence 
effectiveness , 

The RCAF has estimated that with their present-de. 1nterceptorsr 
out of aey number completing one missionp = ave1.1L'' of 55% 1·eturn 
unserviceable j and the majority of these rec;uire l<O .• e than 4 ric,u·s 
maintenance, The figures for the vastly more comple·· interceptors 
of the Arrow class could be so much worse 9 that Rell J.bility may 
well be the most rewarding aspect of the weapons sy:3tem to wh:i<:.h 
development can be applied, An increase of serviceability fr om 
say 5Cf/, to only 55% is theoretically equivalent to add ing ~ne 
interceptor to every ten in service g 

A logical beginning on such a Reliability Program for t; e Arrcw 
project has already been made by the introduction of QL :. lificat,ion 
Testing of all equipment and by aggressive Maintenance Analysis cf 
the design during the development phase, Theoretical Heliabili'.y 
Analysis of some sub-systems is presently being iniUatad in 01·cter 
to estimate the probable systems-reliability built in c iring r,he 
detail design stage, 

The next two phases of the Reliability Program are first to 
monitor ground testing and developmental flight testing9 and_ 
secondly to set up adequate communication channels between tne 
Customer and the Company p so as to enable proper asses~men~ and 
optimization of the performance of the weapons system in 
serviceo 

l 
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1, 1 Introduction ...... cont u d 

I t is evident that the existing Field Defect Reporting Sys t e' i., 
quite inadequate. With present procedures and forms, 1epo1 •ing 
is t oo slow 9 incompletell and often inaccurate. All relevant and 
obtainable information is not at present be;i.ng requested by the 
Company 9 partly because the analytical possibilities have not been 
properly understood. It is essential to know accurately and 
r api dly not only the nature of malfunctions ., but also their rela~ 
tive seriousness 9 so that the reliability effort can be focussed 
on the most rewarding problems. 

This report is the result of a thorough study of all aspe;::ts of 
Field Data Reporting and Utilization. Systems and ideas in use 
or envisaged among aircraft and electronics manufacturing compan· 
ies, airlines 9 and the services 9 in both Canada and the United 
States9 have been investigated and compared. 

With the addition of original ideus generated within the Company 9 

a pt·oposal for an entirely new system has been developed . 

The scope of this system is very extensive indeed ;, involving 
initially the associate contractors and all the equipment sub~ 
contractors of the Arrow weapons system 9 and it could eventuaJ.ly 
be developed into a standard RCAF system. This report is 
intended to cover in detail only the initiation of the system within 
Avro Aircraft Ltd O s own Flight Operations;, but the Company is fully 
equipped to continue operating the system as support to their 
aircraft after delivery to the Customer; long term requirements 
have been taken into account in developi.ng the system. The timing 
of this proposal is such that the system can be tailo1ed exactly 
to the Arrow project, since the flight development stage of this 
aircraft is just beginning. In this manner the system can be 
perf ected in the Companyi s experimental lmngars j) before its 
possible introduction into Customer Service. 

1,2 Summary of the Report 

1,2.l 'What the Industry is doing about Reliability Dat~ ( Cha.pt.er 2) 

A total of twelve different organizationsinterested in the 
collection and utilization of field data were visited~ or 
contacted by correspondence. The results of this research 
are detailed in Chapter 2 of this report. 

2 
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The general picture gained was that Avro .i s not far behind 
the majority of airframe manufacturers~ but at the same 
time is able to learn f rom the efforts of t he few firms who 
have already introduced up- to-date Field Data Reporting 
Systems. Several companies have installed modern filing 
systems to enable analysis of malfunction data from the 
aspect of safety eI\gineering j and are now becoming interest= 
ed in reliabill_ty statistics . as such. There is some debate 
on the relative merits of the McBee · and I 0 B0 M0 punched 
cards systems , althoueh the latter is generally recogniz,ed 
to be more flexible and much better capable of handling large 
quantities of data. Douglas Aircraft Company is alread_y 
employing its I.B.M. 704 computer on defect data analysis. 

The greatest mass of relevant experience on field data is 
in the Electronics industry j where reporting of every defect 
by means of a pocket- si ze cheque- book style formj and 
recording on I.B.H. punched cards j is almost universal. 
Electronics firms are also furthest advanced in the use of 
automatic data processing methods and statistical analysis 
techniques. 

The RCAF employs both McBee and I. B.M. systems for filing 
Technical Failure Reports. A cheque- book s tyle report form 
for Electronic and Armament Systems has r ecently been 
introduced. Utilization of data is at present fairly ele­
mentaryj but improvements and future developments are under 
active consideration j and include programs for an I .B.M. 705 
computer to be installed around Januctry 1959. 

In the airline industry 1 it has been fully realized that 
reliability represents large sums of money . Although 
reporting and recording rre thods are still l a rgely manual , 
sophisticat ed techniques are used in the presentation 1.md 
utilization of data . 

All organizations with experience in Field Data Reporting 
stressed the point that the field agent is the r.iost crit.ical 
link in the whole chain. Complete and correct reports can 
only be achieved by ensuring that the originator is ent:i.rely 
competent and conscientious; he must 1 therefore j understand 
fully the reasons why each item of information is requiredj 
and be kept fully informed of the action resulting from his 
reports. 

.3 
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1,2,2 The Defect Report ing and Recordi ng Operations 

The field operation of the new system is based on the 
principle that every failure 9 defect 9 or malfunction must 
be reportedy with at most a f ew days delay, Reporting 
must identify prec i sely the unit or units at fault 9 ty 
system~ component and part 9 as f ar a s the originator J.s able 
to trace the troubl e, Backgr ound i nfor:nation ~ and an assess·~ 
ment of the extent and time by which the weapons system was 
at reduced e ffe ctiveness , are also required. A new repc.rt 
form has been designed to meet these requirements and is 
shown in Figure 1 . 

This form will be issued cheque-book s tyle 9 in the size of' 
the illustration. No more than t wo people should be 
concerned in compl eting the report. A separate return is 
required for each defecti ve part; t he questions are specific 
and the back of the form i s available for additional narrative 
information . It is believed t hat the form is not excessive1y 
demanding9 although its success i n cus t omer sarvice would 
depend on fi eld agents being properly selected~ thoroughly 
sold on the system~ and fully supported. The system has been 
designed to meet the requirements of r e liabHi ty analysis 
rather than to conform to present practice , 

In many cases the originator will have no means of knowing 
which part is defec t ive , nor the cause of troubleo The 
record of the defect will then be completed when the 
overhauler as inspection report :i. s received 9 but in the 
meantime t he inc omplete defec t report has many uses . 

Reporting on engines 9 integra ted electronics and missiles 
will be arranged i n conjunction with the sepa,a te cor. i:ractcrs 
concerned ~ so that Avro can mai n tain a watch on the rslia., 
bility of the complete weapons sys t e mo Engine 9 electronics 
and missile contract ors wi ll be a sked to collect an the 
data which Avro requires. 

The recording operation back a t the plant will be based on 
an I , B,M. system. Each Field Defec t Report form wHl give 
rise to at least one I.B 0 M0 card ~ a s shown in Figure 2; the 
report form and I.B. M. card have been designed simultaneously 9 
so that they are fully compatible o Fairly elabor ate ct:de 
systems are necessary to represent the reported data by means 
of the available 80 letters or numbers. The coding is done 
by the techni cians who first s creen the reports for complete= 
ness and accuracy on arrival at the plant, 

/4. 
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Date 0f' Defs., T. 

Activity 

System Name r;r 
Structure Location 

Assembly or 
Component 

Part 

Operating Condition 

When Detected? 

Reference 

Indication of 
Trouble 

Part Manufacturer 

Component and Par t 
Position 

.FIGtffiE 4 = EXPLANATION SH~ 

1538 cea.,s 15 Ma,_~. l 958 l 9N7 [!leans 19 No,. 195 7 

Coded e.g. N .. North Bay, U Uplands 

A,rro D.C. nu:r.ber:ing syste.n e.g. J2 '"' J:t'lying 
Con~rol Hydraulics 

Coded e .g. 02 • Compensator; 11 "" 40 GF'M Filter, 
18 ~ Elevator Parallel Servo 

Coded e.g . Vl = Valve, E2 - Filter Element 

Coded e.g. UU s Unknownp 
~2 ~ 30=40p 000 ft. & 1.25=1.75 M 

Coded e.g. E = As in Operating Condition , normal 
flig~tP 5 = 25 hr. Inspection. 

J = 11Part" card ; 2 ~ "Component" card 

Coded e
0
g

0 
C "" Inoperative, P = Visual 

Bxamina1,ion 

Coded e.g. PM = Porous Hedia; VI= Vickers 

E & R numbers of Electrical and Electronic 
Equipment . 
Others; e.g. F = Forward, SU = Starboard Upper 

Component and Part 
Time 

Last Overhauler 

T-1pe and cause of 
Trouble 

3.11try Status 

Disposition 

Serviceability 

Time Unserviceable 

Maintenance 
Man=Hours 

Aircraft Type 

Related Report 
Number 

Re,~ordsd 
{TSO) 

Coded e. 

Self=cod 
cover of 

Indicate 
tion on 
etc. 
e.g. l .. 

3 • 

Self=cod 

Self-coc 

Time in 
for thii 

Man~hoUI 
remedy 1 

1 .. Arre 

FIR 1 s 01 

number p 
Iaolatec 



o 1958 l9N7 means 19 Nov o 1957 

rth Bay~ tT • Uplands 

ng system eogc J2 ~ :'lying 
3 

ompensator~ 11 
allel Servo 

40 GF'M Filter, 

al ve; E2 ~ Filter El ement 

nknown ~ 
0=40v 000 f t o & l o25=l o75 M 

i n Operating Condition, normal 
ro Inspect iono 

2"" 11Comporrent" card 

.operati ve ; P "" Visual 

•orous Media; VI ,: Vicker s 

Electrical and Electronic 

Forward; SU = Starboard Upper 

- . , 

Component and PBrt 
Time 

Last Overhauler 

T'Jpe and cause of 
Trouble 

E.'1try Status 

Disposition 

Serviceability 

Time Unserviceable 

Maintenance 
Han=Houra 

Aircraft Type 

Related Report 
Number 

Recor ded in hour s since new Qr last overhaul 
{TSO} 

Coded eog . .t! " Manufacturer, 1 .. Ja:rcy 

Self-codedo Li~t on FIR, continued 1nsid~ 
cover of book of FDR 0 s 

Indicates source and reliability of in!orma= 
tion on Cause of Tr oubl e; Part responsible, 
etc. 
eog. l .. Repor t er 0s guess; 2 = Reporter certain 

3 • RCAF Investigation 

Self-coded on FDR 

Self- coded on FDR 

Ti me in hour s vhich A/ C would have been u/s 
for this defect happening by itself 

Man=hours which would have been necessary to 
remedy this defect happening by itself 

l s Arrov l ; 2 s Airov 2; etc. 

FI:R's on related defects have Game report 
number , and number 1, 2 o•• in thi s spaceo 
Isolated FOO.'s have zero here. 
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The narrative content of the repor t is al.so recorded 
I.B .M. cards (known as "Trailer" cards) A . • on 
the st · h • &ynopsis of 

ory is punc ed letter by letter us ing as maey 
cards as may be required. ' 

A typical. I . B.M. tabulation ofField Defect Reports on the 
Arrow Flying ~ontrols Hydraulic system i s shown in F:i.gure 
3. Figure 4 7s an Explanation Sheet which will go with 
every tabulation~ to make the print-off intelligl ble t o 
persons unfamiliar with the codes. 

1.2.3 The Analysis and Action Organization (Chapter 4 ) 

It i s proposed that the co- ordinating centre of the whole 
Field Data System should be the Maintenance and Reliabi lity 
Section of the Equipment Design Department of t,he Engineer= 
ing Di vision. Figure 5 illustrates how the system will 
function. 

The Statistical Reliabilit~ Analysis and ReliabiUty 
Engineering groups of this section will be responsible for 
analysing the defect reports~ spotting and rating problems , 
and initiating corrective action in the appropri ate depart= 
ment of the Company. The Reliability Engineering Group also 
has the i mportant responsibility of seeing that t he 
corrective action taken is reported to the dat a collect ing 
organization

9 
so that summary reports and i ndi.vidual action 

reports can be circulated to field agents. 

The Reliability Analysis Group first r~ceives Fiel d Defec t 
Reports in the form of a tabulation of the dey 2 s I,B . M. 
cards from the LB. M. operation. Unusual or critical Fi. el d 
Defect Reports nave already been discovered at, Screening and 
acted upon by ReliabHi ty Engineering. Inspe?tion ~f' the 
daily tabulation will suggest lines of analys1.s 9 which are 
then followed up by means of special t abulations and 
summaries making use, where necessary 9 of digital computing 
facili tie: and employing reference and utilization data~ a s 
shown in Fig. 5

0 
The analytical approach is summarized 9 

d the links with the Maintenance Engineer ing Group and 
:th the Technical Design Department are explained~ i n 

paragraph 1.2 . 4 . 

------------------­n,,,_---



1.2.3 •.•... . / cont ' d 

The Reliability E?gi ne ering Group takes over when problem 
areas have b:3en pi n- pointed by the ReliabiU ty Analysis 
Group.. Wo~k~n? with the approval of Project Management

9 they ~:tl l initiate ac t ion in the appropr i ate departments 
and will also deal with equipment vendors ~ i n conjunc tio~ 
~ith the Pr?curement Depart-ment o The Reliability Engineer= 
ing G~oup will also be responsible for keeping appropriat e 
functions throughout t he Company i nformed on the curr ent 
r eli ability pict ure. 

l.2o4 PhHosophy and Technique s of Anal:;::_s i-2 

?ne of the most i mportant innovations now being proposed 
i s t ha t continuous Operations Anal y si s should be carr ied 
out t o ensure that engineering e ffor t on so cal l ed '"no.n­
crit i cal II defects is most usefully applied . The major 
portion of field defects are of this na t ur e ; they are 
dealt with on the spot by nor mal mai ntenance procedures

9 
and engineering action i s not i mmedi ately required . The se 
defec t s are more or less serious according to thei r 
fr equency 9 the down- time they cause , and according to the 
r ole to which the weapons system happens to be ass :lgned , 
whe ther it be operational readines s 9 fami l iarization anri 
t r aining, or some other duty . Under t he present syst em of 
report ing and analysis it is impossibl e t o a s ses s acc urately 
t he rela t i ve seriousness of these defec t s. 

The new __ Field· Defect Report form will enabl e AvTo 

( i) 

( ii ) 

(i ii) 

t o measure the s eriousness of defect rates i n their 
effect on the serviceability of t he weapons system, 
to tackle equipment reliability problems i n the manner 
gi ving mos·t improvement per dollar inve s ted , and 
to plan the attack on each problem i~ a mu~h mor e 
scientific manner than has been pos s i bl e hitherto . 

The first step is to produce for. eac~ type of defec t. a 
weighted defect- rate which quantitatively r epresents its 

t 'b t· to t he unserviceability of the weapons sy s tem. con ri u ion 
• th f • gures and measuri.ng the pr ogre s s of correct= Using ese i 9 • • • 

, each problem the alloca tion of engineer i ng i ve measures on • . 
ari• ous problems can be continuousl y opt1 rn;i. zed. effort among v 

each Probl em will then be planned i n f our The attack on 
directions~ 

6 
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1.2.4 .... , ,./cont 1d 

( i) 

(ii) 

(iii) 

(iv) 

Desi~ ~mprovement, This will be facilitated bJ 
statistical correlation between defects and the 
various reported factors that might be contributor-.r 

0 

Optimization of preventative maintenance by 
adjustment of overhaul and replacement schedules. 

Improvement of maintenance techniques and 
inspection procedures by means of studies of 
manhours and down- time 0 

Optimization of l ogistic suppor t of maintenance 
by ensuring availability of equipment arid by 
inventory control of spare par~s. 

This plan will be put into effect by engineer ing personnel 
of the Equipment Design Department. 

Reliability Analysis of sub- systems will be reviewed 
periodically as better statistics are accumulated ~ and 
also at the request of the Technical Design department 
when design changes may require a compromise between 
reliability and system performance. Serviceability 
Analysis of the complete wea.pons system will also be 
available to the appropriate departmen\ for incorpora~ 
tion in opt imization studies along with such other 
weapons system components as radar range, speed , rnanoeuvr­
abili ty 9 missile performance 9 etc. 

7 
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2, WHAT THE HlDUSTJIY IS OOING ADOUT RELIABILITY DArA 

2.1 ~~ 

In order to become famil iar vith the broad field of Reliability and 
all its aspects, several visits were mada to A.ircraft Manufacture:rs 
and Airlines in the United States and Canada. In addition contac'C. 
was es t ablished and correspondence \Ja.a exch1:mged on the subject of 
Reliability whl')raver it was felt that useful infor mation might bs 
obtained. 

The follO\ling is a list of establishments that have provided useful 
inform, tion for our investigation into the best type of Field Data 
Recordin g System. for the accumulation of statistical .data for 
Reliability Analysis: 

( a) Chance Vought Aircraft, Dallas , Texas 
(b) Convair p Fort ',./orth, Texas 
(c) Northrop Aircraft, Havthorne, Cal.iforni a 
(d) Douglas Aircraft Co. Inc., Santa Monica, California 
( e ) The Martin Company , Bal timore ~ Maryland 
(f) United Air Lines, San Francisco , California. 
(g) Canadian Pacific Airlinss , Vancouver, British i'.;olumbia 
(h) Trans Canada Air Lines, Montreal, Quebsc 
(i) Canadair , Montreal, Quebec 
(j) R.C.A., Camdea , Nsw Jersey 
(k) Orenda :Engines IJ.1111 ted ~ Malton, Ontario 
(1) R.C. A. F. , A.M.C. H. Q. , Rockcliffe, Ontar i o 

',(here vi sits were made to some of the above ~entioned p;~t:;at:t 

reliability programs were investigat:~i~t~;~:i\irel.fovns, Code 
information was obtained such as Orgds Rsliability Program:i, etc. 
Systems, sample McBee am I~B.H. ear , 

i rt only the essential dotails are 
i~~l ~=~e:~~~o~~c!:e s t~:~xt;nt to which sach eor.ipany is pursuing 

the problem of Reliability• 

tion it wss knovn that the t1o10 oost 
From 11 preliminary inves t i eadi field Data were the McBee Card 
widely used methods of recor ~g Our decision to use the I.B.M. 
Sy s tem and the I. B.M. Card Sys :• use of the two systo1lS with the 
Card was made after d1scu:ising d a:aly sing our 0 ;.m requiretients . 
various firms listed above, an 



2.2 Chance Vought 

S
Chfance Vou~ht and Convair- were f i rst cont.acted through t he i r Fl i" gl1·t 

a ety Eng.1.neers. • 

Thi~ group , u~der the supervision of a Staff Engineer , Cockpit 
Design and Flight Safety ~ report direct ly to the Chief of Des i gn . 

Chance Vought' s ~nt erest in the reliabil i ty of airborne equi pment 
ste~med from an interest. in the safety of the ai r cr aft and all 
equip~ent whose malfunction might lead to the damage of or lo s s of 
the air craft. It was obvious to Chance Vought that a quick and 
acc1;ll'ate method of accumulating reliability data on airborne 
equipment was necessary. 

Malfunction reports origi nated from four sources; 
(a) The Field Technical Representative (Servi ce Dept 0 ) 0 

(b) The Field Engineer (Engineering Dept.) 0 

(c) The Quality Control Engineers (Production) . 
(d) The U.S. Navy. • 

It was found that for one typical malfunction9 four different f orms 
were used and four different reasons for malfunction were someti mes 
reported. Essential data was mi ssing and only approxi mately 10% of 
the actual malfunctions were reported. 

Chance Vought ' s solution to this problem was to desi gn one Fiel d 
Failure Report Card for the use of aJ.l people or i ginating malfunc t ion 
data. The card contained headings for all vital i nformation that 
was necessary to carry out a sound reliabi lity program. The data 
is transcribed to LB.M. cards at the plant and per i odic "print- of.fs .11 
are produced to present stat istical data t o Engineering, Management» 
Production, Procurement , et c. 

The Flight Safety Group still transcribe their infor mation t o McBee 
Cards since the number of returns that they are i n t erest ed i n 9 from 
a fli@lt safety standpoint, is relatively small o 

2.3 Convair, Fort Worth 

As with Chance Vought , the organizat~on o~ an efficient da~~ feed = 
back system was instigat ed by the F~ight . SafetJr Group. T~i ., gToup 
reports to the Chief of Service Engi neering un~er t he As s istant 
Chief Engineer_ Product Design. Although their reasons for 

9 
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2.3 •.. .... cont'd 

collecting failure data are based on the af f · t s ety aspect rather than 
or main enance evaluation . the problems , are the same. 

Their 
(a) 
(b) 
( c) 

malfunction reports o~iginate .._ thr 
i u·om ee sources• 

Field Ser~ice Representative (Service Dep~.). • 
Field Engineer (Engineering Dept. ). 
u.s.A. F. 

The same trouble was experi enced w~th these reports as with those 
?f Chance Vo~ght. The information was found to be sket cey, 
incomplete ., inaccurate and only a small portion of the ro.alfun.::tions 
were reported. 

The lack of interest, initiativep and awareness of the problem on 
the part of the originator was believed to be the main problem. 
Without a complete 9 concise and accurate report 9 pr oper analysis 
of malfunctioning equipment is impossible . 

Convair were in the process of starting a. McBee Card System. The 
information coming in from the Field Service Engineers and Service 
Representatives will be transcribed from the standard type defect 
reports to the McBee Cards . Convair admitted that they had not 
considered the LB.M. system too seriously at that time due to the 
suspected complication of the coding system. They reported that the 
U.S.A.F. were studying the use of the McBee Card for failure report­
ing

9 
but discussions with other manufacturers later in our 

investigation proved that this was not necessarily true, The U.S.A.F. 
are currently applying the I . B.M. system to selected 1st line aircraft 
and related support equipment 9 but it is intended to extend it to all 
weapons systems throughout their life cycle at a later date. It is 
planned to issue the collected data as monthly Malfunction Reports t.o 
Designll Quality Control and the Service Groups. 

2,4 Canadair 2 Montreal 

Canadair had considered the use of a McBee or I.B.M. card system for 
field data reporting. Mr. J. Heine had recently completed a trip to 
the United States to investigate this problem. However 9 they were 
still relying on the conventional system of u. c.R.' s and Defect , 
Reports at the time of our visit. They did go to the po~nt of cod:rng 
the defect information on cards 9 but the job of extracting

1
t he. 

information was obviously great and precipitated Mr. Heine s trip to 

the United States. 

10 
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A monthl y Defe ct a nd u c R 
attempt was made to ~1• • ~tatus Report was i s sued9 bu4 no 
a complete picture to th~s;es~~~:fec t s ituati on or to present 
airborne equipment. on the performance of his 

!~:~
1
: ifn~::::t :~a~ the exiistin~ me~hod . was i nadequat e and we2•e 

. in our nvestigation into apply i n auto t i 

R
account ~ing techniques and statisti.ca1 comput ations f0 a o:ec~ 

epor ing System. • 

2.5 Trans Canada Airlines , Dorval 

The sub j e ct of Field Defect Repor t ing was discuss ad w:t th the 
Su~eri~t~ndent o~ I~spection at Dorval , who is r esponsible for 
maintaining statistics on every item of equi pment and structural 
component on Trans Canada aircr aft, Their prime concern is- t o 
ensure tha t the life of al l equipment in service is recorded so 
that accurate maintenance and overhaul schedul es may be set up. 

Reports on malfunctions are ori ginat ed by t he inspector in char ge 
or by t h e crew chief . They are directed t hrough the Maintens.nce 
Superin tendent t o the Inspection Depar"tment where the informat ion 
is transcribed to a Remingt on Rand Fai lure Card . A fLag sys~em 
is used at t he bottom of the card to indicate t he to"-al aumber cf 
malfunctions of that particular item of equi pment- and i;S s.d j usted 
every time a mal function occurs. If i t reaches a predetermi ned 
rate of malfunction ~ the flag automatically indicat e~ red and t he 
un i t is removed from service unt i l a 1 f i x 1 is originated and 
incor porated . The method of calculati ng the cr iti cal rs.te f 
malfunction was not determined but is protably ba;,ed on pr evi o1.i.o 
experience - for example ~ so many malf unct i ons for a certs.in 
number of flying hours , I n this way trends are an ticipated before 
the situation becomes serious. 

Contrary to the general trend in the aircr aft i ndustry ~ the 
~ i rlines are more progressive i n the matter of pre senting ma~.nt en ­
ance and operating statistics to management, This is undoubtedly 
due t o the fac t that these statistics indica.te the 

11
:rn commission " 

state of their aircraft which can easily be translated to dollars 
and cents It is fel t that the effect of serviceabil ity on the 
combat effectiv eness of our weapons sys t em is just as impol tant to 

Avro . 

A thl t i
. s issued to their Management on all types of 

mon y repor • f • 1 d t • 1 d 
malfunctions and flight delays. This r e~ort is a ir Y e e.i e as 
to the reasons for the delay or malfunction. 

1 
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At the present time , T. C.A. is investigating the McBee Card 
system t? replace the Remington Rand System in order t O speed u 
the sorting of data for analysis and presentation to management: 

2.6 R. C. A. , Camden 

R. C. A. have been actively interested in the subject of Reliabi l ;ty 
for a num~er of years . R. C.A . realized the importance of a r api d 
and efficient feedback of failure and deficiency data if a compre­
hensive analysis of reliability were to be possible . 

Of all the firms we contacted , it would appear that R. C.A. has 
advanced furthest in this field . They have had an I 0 B0 M0 f ai lure 
reporting system in operation for over three years and have r eached 
the poi nt now when the whole system operates very smoothl y and 
efficiently and provides excellent statistics for reliability 
analysis . 

The control centre for the feedback system is located in the 
Customer 1 s Service Department at Cherry Hill. Here 9 the data is 
transcribed from the R. C. A. Field Card to I . B.M. card s 9 checked for 
technical accuracy , sorted and filed . The design of the R. C.A. 
Field Card is the result of two years of development by t he u. s . A. ~. 
and R . C. A. and they stressed the importance of simplicit y of layout ., 
and the necessity of ensuring that all of the vital infor mation was 
supplied from the field . 

The Field Cards are originated by R. C.A. Field Engineers ~ Service 
Representatives

9 
Members of the U. S.A. F. , Standards Groupp Relia= 

bility Engineers and Test Personnel conducting breadboard test s. 

R. C.A. stressed the i mportance of feeding result~ back to the 
field to build up a feeling of interest and confidence i n t he sy~tem 
in the originators of defect information. 

Approximat ely 3-000malfunction reports a month are handled on 
Airborne Fire Control Systems by the Control Centre . The st ~.ff 

t h dl these reports consists of not, more than "wo 
necessary o an e "b d by R c A • 

h 1 Th key man must be a type descri e ••• as 
or t re e peo p e • e . "E • M t • 1 ~ 
a well qualified and intelligent techni?ian - ngineer~ a erdia d-

. · the tvpe of equipment being pro~esse 9 a~ 
with some experience in , . 
an interest in reliability and statiSt ics. 

i extensively or ganized .at R. C.A. and 
The Reliability Program si c cle of the equipment 9 including 
emcompasses the . completed~ fed ~evelopment

9 
Purchasing, Qualifica9 

Preliminary designp Brea oar 
tion, Production and Service Life. 

12 
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!heir Reliability Group has a representative in each Design Group 
0 e~sure that . all aspects of reliability are coordinated on that. 

p~ticular proJect. He ensures that trouble areas, which are pi~­
poi~ted by the Reliabilit~ An~lysis Group

9 
are investigated by 

desi~n an~ t he proper action is taken to improve reliability. OE 
spe~ial field projects, Reliability Engineer s are sent out to 
monitor the feedback of failure reports to the Con tro l Centre. 

Their Standards Group pley an important role in the ReliabiUty 
Program. They are responsible for : ' 

(a) Analysing qualification tests , to rate VeTidors . 
(b) Testing and evaluating components to engin!.'lering 

specifications. 
( c) Recommending preferred units of equipment for use 

in new &ystems, 

It was of particular interest to note that the R. C, A, Reliability 
Group is using their punched card system to record l'eliabil i ty 
statistics in the performance of equipment as early a s the Bread­
board Stage. This would correspond to the recording by Avro of 
data from the Systems Test s~age, 

All details of the proposed layout of the Avro Field Defect 
Report Form were discussed with R,C , A. and many val uable suggest­
ions wer e made by them, 

As discussed elsewhere in this report it was mutually concluded 
that the Astra 1 system would be adequately covered by t.he present 
R.C.A. reporting system. Details of additional performance sr.ati s~ 
ties required by Avro for operations analysis were passed on ~o 
R, C, A. for their perusal , This will be the subject of further 
mee tings with R.C.A, 

2. 7 The Martin Company. ~ill.!!.1.~ 

Of the Aircraft Manufacturers that were contacted 9 • the Mar~in 

th t advanced in Field Dat.a Reporting on aJ.rcraft, 
Company was e mos 
structures and airborne systems . 

f 1 · b' lity of the complete weapons system has 
The importa?ce o re ia i ears by the Martin Company • They 
been appreciated for several Y might b • • . d 

1· b'l ' ty of a weapons system e 1mpa11e 
found that the re 1~ 1 1 t t that it was not considered 
by a condition so simpl~ o_corrHec a highly technical 

t i-., f . investigation, owever, 
wor ,11 o serious • 'd d to be serious, The :i.atter problem 
problem was usually consi ere 

u 
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received much more atten+ion 1 h 
limited to one unit ' Th... . 9 ~ t ough it might be uncomm.on 0r 
and have an overall.grea~ simife problem might be widespread 
complete weapons system, er e ect on the reliability of th•~ 

A Service Trouble Repo t d • • • Field D f t R r _was esignedg similar to the R. C. A. 
e ec eport. This report is used by E • • 

~;~~!~~ ~o~tr?l g Manufacturing and Customer se:;~~=e~~nf:ed 
a a into an I.B.M, Tabulating system. 

In all cases where any unsatisfactory condition i~ noted 
whether the parts involved or the action takerrap;ly t o ~ 
outside vendor, . the IJartin Company 9 or the Customer 9 a Service 
Trouble Report is written, The headings en the Martin ser,fice 
Trouble Report are basically the same as R.C. A. us and t he 
presently proposed Avro Card. The policy has been established 
that as marry cards as possible are to be written and t hat each 
card must be filled in completely , 

In the field 9 the card is originated by the Company Field 
Representative and forwarded to the Customer Service Department , 
The group responsible for that particul ar project codes the card 
and determines whether the Service Trouble Report is •critical• 
for "Routine Action11

9 or for 11Information Only tt. 
9 

If the Report is 11Cri tic al n a Service Action Card is prepared 
and sent to the responsible body in Engineering for corrective 
action. This card serves to ensure that the malfunction is 
investigated and that a satisfactory "Fix" is established , The 
Service Trouble Card is filed in the Customer Service Depar t ment 
for tabulation. 

The Corrective Action
9 

which must be written on the Service 
Trouble Report is transmitted to the field by a periodi c review 
of all Trouble Reports upon which corrective action has been 
taken. This review

9 
the Service Action Review9 ensures that the 

man in the field is kept i n the picture and helps to establish 
confidence in the Defect Reporting System. 

A periodic machine tabulation is is~ued to Engineerin~~ Quai i ~ 
Control and Manufacturing and consists of a corup.ilation of al1 
Service 9 Trouble Reports t o date and pin-points the re spon~i ?Hi ty 
of each defect . This has the t.endency to speed up ~he orig:i.na~ 

t
. f f' 

1
· order to get a particular malfunction delet ed 

ion o a ix n - f d f t ·11 b 
from the periodic report . The seriousness o any e e? , wi e 
indicated by the number of times it appears on the periodic 

tabulation. 14 
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2.8 Northrop Aircraft Inc 99 Hawt horne. Cal ifornia 

Contact ~ith Northrop was established through the Flight Safety 
Gr~~ (~~rwo~t ~iness) . This group i s responsi ble for gathering 
ma nc on a a by two methodsp a McBee Punched Card Syst·em and 
an ! •B:M0 Tabul~tin~ System. Si milar to Chance Vought and Convair, 
the7r interesT, i n Field Data Reporting Systems sterr.med from a 
desire to gathe: data on airborne equi pment failure s affecting the 
safety of the aircraft . As the number of returns increased, it 
was necessary to progress from the relatively simple McBee 
System to the more efficient I.B 0 M0 Tabulating System. 

Informati?n regarding their I.B.M. Code System and sample cards 
was received by Avro , but the extent to which this system i s 
bei ng used in Reliability Analysi s , and the organi2.a.tional details 
of this endeavour were not determined since a visit was not made to 
Northrop . It would appear however , that. the Martin Compaey has 
advanced further in the field of reliab:i.li ty engineering. 

2.9 Douglas Aircraft 9 Santa Monica 

A visit was not made to Douglas Aircraft on the subj ect of Field 
Data Reporting or Reliability , but some information has been received 
which i ndicate s that they are using the I.B.M. Tabulating Method to 
accumulate fiel d data on equipment reliability. 

A Douglas Flow Char t of their malfunc tion report processing indicates 
that a Reliabil ity Program equal t o that of R.CoAo or Martin does 
exist . Malfunction reports are ori ~lnated in Manufact urer Operated 
Field Stations, Manufacturing Facilities , Military Training and 
Operation Sites . Under Manufacturing~ reports emanate f rom Receiving 
Inspection Production Testing9 Production I nspection and Testing 
and Calibr;tion Laboratori es. These reports are sent ini t.ially to 
local reliabil ity groups where they are checked , coded and tram,~ 
cribed to I

0
B

0
M

0 
Cards . They are then forwarded to the Main 

Reliability section in the Engineering Department where the data 
is· processed , analysed and issued in the f?rm of reports to all 
people concerned wi th proposed remedial action. 

2.10 United Air Lines . San Francisco 

United Air Lines were contacted to determine th: a~r~ine approach 
to the problem of malfunction reporting and reliability. 

· 1 card system similar to Trans 
They are presently using a manua lf ' t • • g of airborne 
Canada Air Lines» to record data on tbe ma unc ion1n 

15 



equipment. United Air Lines are investigati ng the use of an 
I .B.M. tabulating system9 but it i • ·11 planning stage. s sti in the preli mi nary 

2.11 Orenda Engines Limited 8 Malton. Ontario 

Orenda were found to have quite a sophisticated IBM .,,,. t 
for h ndli F" ld D f • o o ...., s em a ng ie e ect Dat a 9 which had been in operation 
about 2 years o· Several useful visits and phone calls were made 
to Orenda9 on account of the ease of communication wit h t hem. 

The~r system was based on advice fr~m the Pratt and Whitney 
Engine Company 9 and was installed initially with the mai n obj ect1're 
of streamlining the handling of data . A small amount of 
statistical analysis had been done with the help of a U0 S0 A0 Ji' 0 

report on actuarial methods for predict ing engine l i fe. 

Orenda really has two parallel systems 9 with separate IoB 0 M0 

leyouts g ~Engine Removal Analysis• and "Serialized Accessory 
Removal Analysis" . Data is reported on a straightforward 8½10 x 
11" sheeto They are on the point of introducing a thi rd system 
with a separate repor t form and LB.M. card p "'Parts Replacement 
Analysis" . The "Serialized Accessory Removal Analysis~ records 
the accessory removal and also the part found primarily r espotis= 
ible for the failure of the accessory. This information i s found 
very valuable by Orenda although not primarily t heir responsib:i.lity . 
The Part information is obtained from the overhauler via the 
R.C

0

A
0

F
0 9 

on a copy of the R. C.A.F. 15.39 which i s the ov·erhauler 0 s 
repor t on the condition of the unit. The 11Part s Replacement 
Analysis ~ is being set up to keep a detailed check on all f ai l ed 
parts of Orenda 0 s O'Wll designo 

Data is coded and transcribed from the report form to a la,yout 
form before key- punching, The code system is very elaborat e and 
"analysts" are employed to carry out this process , Frequen 
conferences are necessary to mod ify the code books in the l i ght 
of experience

9 
and one compl~te ~epunching of the existing cards 

was done after a major modification. Orenda have hopes of 

d 
· i th i field forms to put most of the work of coding 

re esign ng er th f i d · t d"ff " l t 
onto the Field Representative 9 since ey n i very _i ~cu 

· t bl and keep them interested in the codi ng Job as 
to get sui a e men 
:existing at present. 

al 
1=ed to tabulate a synopsis of the 

I.BoMo cards are so emp -., b f d o t.· useful 
from the field . and have een oun ms 

narrative report , 
to back up coded datao 

16 

ij,-----------------------• ....., 



_:--_ ________________ ___:__:_70".!._l/_:::RE:'.:L~O~O'!..__Yl~- ---

. At.OrendaD Field Data is handled by a Service Engineering Group
9 

which consists of engineers reporting to the Service Manager and 
this group provides a l i nk between the Service Department and 
the Engineering Department.

0 

2.12 Air Materiel Command HeadgJ.¥l,rters 8 RCAF Station, Rockcli.ffe'1.-0ntar.io 

Field Data processing in the RCA.Fis the responsibility of the 
Logistics Data/Statistical Services section at AMCHQ. All Technical 
!ailure Reports from the field are received by this sectionp which 
issues Monthly Defect Summaries 9 regular Failure Analysi s reports 9 
and special reports of many kinds. The summaries and reports are 
used chiefly by Specialist. Officers of the Logistics ·Staff D each 
responsible for a small number of equipment items . 

Defects on Electronic and Armament Systems are repor t.ea individually 
on a reoently introduced cheque- book styie form (Mar ch 195'1)" and 
recorded on I 0 B0 M0 punched cards. Defects on all other kinds of 
airborne equipment are repor ted by listing on a Technical Failure 
Return

9 
which separates lifed and non- lifed items and has space f er 

reporting eleven defects on each side , This data is recorded on 
McBee cards . 

The Technical Failure Return in the case of non~lifed equipmem; 
calls for only identification of the failed unit and a br i ef 
indication of the type of failure. For lifed items~ details of the 
last overhaul hours in use and some details regardir, g t he failure 

D p 1 f • 'l are asked for. The Electronics and Armament Form ea ls. or sim1 ar 
information with check~off boxe s for details of the failure i the 
back of th/ form is used for additional comments ':'here :_elevant, o 
This form closely resembles the "tandard Electroni cs Failure Repor t 

form u sed by R.C.A. 

I 
h · t nance personnel wish to draw attenti on t o an 

n cases w ere main e . . troubles the universal 
unusual defect or a series of recurring P 

RCA t . f t Condi tion Report form is used. Data repo.r t ed 
F Unsa is ac ory , at b ~ reply is 

by UCR is recorded in the same wa~ ~s ro_utine a a v u., a 
sent back i n due course to the originator. 

ts received by AMC has reached 129 000 
The number of defect :epor arnent and 59500 per month on other 
per month on Electronics and Armt Electronics and Armament 

. t Th umber of repor s on equipmen . en th after the insroduction of the 
doubled during the fir st four mo~he 

5 
personnel handling this quantity 

cheque- book st,yle report f~rml k and 6 RCAF specialist personnel 
of information consi s t ~f t ~ er !nt to Flight Lieut,epant. 
ranging in rank from Fligh erge 

17 

,-.\., . 



-~----------______ _:..:_70z..VRE~L~O~O/~l:___ ____ ··.· .. ,'. 

2.12 ·•••• ··•• cont 1 d 

The amount of clerical work required with the McBee card recording 
system is much greater than with I , B,M, cards, and the sor t ing 
possibilities of the card presently in use leave something to be 
desired, On the other hand one McBee card can accommodate much more 
information than one I.B,M. card 9 unless extensive code systems 
are used. AMCHQ have not as yet seen their Wf!v' to producing code 
systems for equipment 'other than Electronic and Armament Systems . 
On these systems the actual report form is punched as an I 0 B0 M0 card

9 
and the screening and coding necessary , before punching, i s carried 
out by two specialist technicians who are still able t o do some other 
duties in addition, 

The section visited at AMCHQ is not carrying on any statistical 
analysis of the data other than the preparation of a wide variety of 
tabulations , bar charts , pie-graphs etc. , for use by the Logistics 
Specialist Staff . An attempt at actuarial analysis of engine failures 
was frustrated by smallness of sample. 

There exists however a separate analysis section at AMCHQ , working 
on fur t her u;es of th; available data j including the application of 
an I.B .M. 705 comput0r to be delivered around January 1959, and on 
new ideas for data collection. 

18 
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3. THE DEFECT REPORTING AND llECCRDING SYSTEM 

3.1 A Unified System 

The pr~posed Field Data program has been designed from the outset 
as an integrated system. It centres around a new report form and 
~ I.B.M. card. The report form is an improved means of communiea-­
tJ.on between the Field and the Company , and the I . B. M. card is the 
key to ready access and speedy analysis of the information received, 
The two have been designed for compatibility 9 but the content and 
layout. of the report form have also been determined by careful 
analysis of what can be achieved practically in the Fie1d 0 At the 
same time the I.B.M. layout is adaptible t o very varied utilization 
including the sophistated computing techniques which will be called

9 

for when sufficient data has accumulated. 

3.2 Coverage of the Complete Weapons System 

Early attempts were made to design a common report form which could 
be used for all major components of t he Weapons System·"" engines, 
electronics and missiles9 as well as airframe. This i dea was dropped 
when the detailed requirements of the manufacturing corr.panies involved 
were examined . Such a universal report form would be beyond the 
acceptable limits of s ize. because of the need to provi de additional 
spaces useful to only one or two of the companies. A common I . B.M. 
card is even more difficult to achieve , for the same reasons, The 
report form proposed ( Fig. 1) and the I.B.M. layout ~o go with it 
(Fig. 2) are therefore specifically designed to hand1e airframe 
defects. 

To obtain defect data on the other major components of the overall 
weapons system which Avro will require 9 t~e ?ther c~ntract~rs will 
be asked to use a report form of a type simi1ar to the Avro form 9 

including all those i terns of information which are important to 
Weapons Systems management . Copies of all defect reports on the 
Weapons System will be transmitted to Avro , and separate I~B . M. 
layouts will be prepar ed to enable us to record ~hese outsi~e. 
reports in the most efficient way . I .B.~. tech~1ques are suffi­
ciently flexible that this presents no d1fficul .,y. 

This data will enable Avro to maintain a ~at~h ont~l~ atspdectths tof 
t 1 · ability al though 1 t 1s an 1c1pa e a 

the Weapons Sys em re 1 • • • and parts will be conducted 
reliabilit y analysis down to assembli es 
by Avro only on airframe sySt ems. 
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3. 3 The Kind of Reporting Required 

The philosophy of reporting under the proposed system is that not ice 
should be taken of every incident affecting serviceability p and t hat 
the reports be forwarded to the central processing group at Avro 
with the minimum of delay. Further 9 every report should contai n 
complete i dentification of the component or part concer ned , details 
of the environment and circumstances of failure

9 
and how it was 

detected . Also required are a description of the type of t r oubl e 
and possible cause 9 and information about the effect of the t rouble 
on the serviceability of the Weapons System9 both as regards sever ity 
and time out of service . 

3,4 The New Style of Form 

The ty pe of form which is proposed to meet these considerable demands 
is sho~m in Fig. 1. It is apprec i ated that by compar i son with 
present standards of report ing these requirements ar e searching9 but 
it is submitted that a new standard can be attained" Several foature s 
of the new form serve towards this end : 

(i) 

(ii) 

( iii) 

(iv) 

(v) 

In spi te of the number of questions to be answer ed 9 t he for m 
has be en kept small in size. 

It will be issued in check=book form .• to be canied in the 
mechanic ' s or Fiel d Representative 0s pocket and filled in on 
the job. 

Check=boxes are provided where possible. 

ting will be expected to make full use of the The person repor 
1 

· d 
back of the form to write a detailed story 9 ~s ~gas a gu1 e 

the front of the form. Narrat1 ve type 
the ques t ionshon t ' ll possibl e but brevity and relevance reports are t us s 1 ~ » 
are encouraged, 

H Factors has already advi sed i nform= 
Our Staff .Engineer um:t of the form. It is anticipated 
ally on the actual lay arrangements might be put on t r ial 
that several alternative It will be very important to the 
in the Experimental Hang:r• that an at tracti ve l ayout i s 
success of the wholehsy; . erd Representative s » and many modifi ­
finally offered t? t ed ~~ing the early development of t he 
cations are anticipate 
system. 

tl' ll calls for enthusias tic 
th t the new form 5 ·11 t b It wil 1 be clear a Al though the topic wi no e 

co- operation from the field force. 
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further laboured now it • i f • P is n act essential to the success o~ the 
~s~~m ~ha~ ~he :eporting field agents be of at least as high ~uality 
of th~s q~~ali!rv~c e ~epresentative presently employed ; representation 

Y as een assumed throughout 9 as may be seen f'roCI the 
details of the report form. Ways and means of iC1proving the present 
service are cons idered later in this report. 

3.5 Completing the Form 

The form in Fig. 1 has been filled in with an example which makes 
use of almost every block of the form. The agent is reporting a 
case where he was able to trace the trouble to a particular part in 
this instance t.he Manual Relief Valve of the Compensator in the ~ 
Flying Control Hydraulics. 

In practice the repor t will more often specify only the complete 
e.ssembly or component. The component will usually be removed and 
sent to overhaul without being further dismantled. More detailed 
i nformation in that case will come later from the Overhauler on a 
separate form. 'rhe Overhaul er ' s information wil l be connected wit h 
the or iginal Field Defect Report by means of the Report Number 9 which 
will be written on the Defective tag accompanying the component back 
to overhaul. 

It is visualized that a report such as that in the example wil l 
actually require the attent i on of two people in the field to ensure 
its complet eness. One man close to the job will record identifi.ca= 
tion and immediate details while the work is going on. The second p 
with greater responsibility 9 will fill in times and any other more 
obscure i terns which may require the investigation of lo"g books or 
time - sheets . He will also be required to check the whole r eport p 
since it is not intended that any more than two persons will handle 
the form before it is mailed to Avro. It is too early at present to 
be more speci fic about the kind of organization betwe~n Ai: Force 
mechanics and Avro Representatives which will be requi r ed in the 
Customer 0 s maintenance shops. 

3.6 Some Features of the Fotm 

It will be noted that the form calls 
some aspects of the defect situation 
subject of guesswork and eSt imation, 

for detailed information on 
which have previously been the 
Emphasis i s placed on the 
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record~ng of component age at failure D so that meaningful defec·t 
rates in terms of hours in use can be deduced instead of "defects 
per ".1on':'11"P "defects per squadron" or other s~ch figures which are 
statistically useless . (See Blocks 10 (v) and 11 (iv) on the 
report form.) 

Blocks 12, 16 and 17 are those which give an indication of the 
cost of the defectD both direct and through loss of serviceability 
of the ~eapons System. These fac tors alongside the ac t ual defect 
rates will determine priority of action on units of poor reliabil­
ity. 

Blocks 16 and 17 will also help bring to light poor logistic 
arrangements and inefficient maintenance procedures. .Block 16 is 
a good example of where proper understanding of the real purpose 
of reporting must be instilled in the Field Representatives, The 
final object is to assess the loss of wartime effectiveness of the 
Weapons System due to the fault which is being reported . Thus block 
16 asks for elapsed time out of service, excluding lunch breaks 9 
C.0. 1 s inspections and other interruptions which would not be allowed 
to hold up the aircraft in emergency. 

The words for Type of Trouble and Cause of Trouble .in Blocks 19 and 
20 are selected as the mo st common from a longer list which is 
printed on the inside cover of the book of forms. This list will 
undoubtedly undergo changes during development of the system9 since 
exact figures as to the most useful words will be obtainable 
mechanical~y from the I.B.M. cards . It will be noted that the 
Type/Cause words and the check- box alternatives in other blocks 
are all numbered: This is part of the code which is necessary for 
recording the content of the Field Defect Report on an I. B. M. card. 

The use of the items called for on the form is further explained 
in Chapter 5 of this report ~ and the Appendix gives working details. 

3.7 The I.B.M. Card 

the I.B.M. card on which the da~a of the 
Figure ~ illustrdat~s ble machine sorting, tabulation p and other 
report is punche o ena . bbl well known the holes are 

h • 1 • ng As is pr o a Y , 
mec anica proces~1 • . a ke -board like a typewriter. The 
punched by a machine havingf whi~h takes either one or two punched 
card has 80 columnsp each O 

. b or letter is intended. The 
holes according to whe ther~ n~ errinted along the top of the 
interpretation of the punch;ng ~: the card by means of electrical 
card. The I.B.M. machines rea 
contact through the punched holes. 
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To represent the information on the Field Defect Report by 1 
~? lebyttersdor numbers obviously requires considerable conde~:a: 

ion co ingo This is carried out by one 9 or perhaps two
9 

coders back at the plant 9 as described in a later section of the 
re~or t . Examples of the code-sheet s appear in the Appendix of 
this report. 

So that ~achine tabulations (Fig. 3) will be at least partiali.y 
intelligible to those not working daily with the codes 9 an effort 
has been made to simplify where possible within the severe 
limitat i ons on space. Thus the "System Name or Structure Location" 
code is taken direct from the Avro Design Numbering ·System9 and 
the "Assembly or Component• code is allied with the index of 
Maintenance Data Re.cord (M.D.R. ) sheets. As an aid to interpre= 
tation an explanation sheet will be provided with every tabulation 
(Fig. 4). 

The card of Fig. 2 does not contain, even in code form 9 every 
piece of information which can be extracted from the report. Only 
data which is liable to be sub j ect to machine processing 9 or 
essential reference data9 is punched 9 except for some concessions 
to readability of the card . Thus the Manufacturer 0 s Part Number 
is all that is strictly necessary to identify the part referred to 
in the example

9 
and the Part Name "Manual Relief Valve 11 is not, 

given in full. But the code lll'Jl" means 11Valve 11
, this is fairly 

easy to remember
9 

and gives the la;yman.reading the tabulation a 
gcod idea of what r eport number 02357 is about. It also enables 
the I.B. M

0 
machinery to perform several useful a•cumulations 

automa.tically , when statistics are called for on performance of 
Valves in Hydraulic Systems. 

3.9 Eart Carda and Component Cards 

On the I .B.M, card the System, Assembly and Par t are specified in 
t by 3 d s Column 19 labelled 11Reference 11

~ carr iee the 
n:rn~er 

11311 
co ~d 'means t.hat t his is a 11Part Card" - that is " th.;',, 

detailed i ~formation in the 30 folloui ng columns is taken main...,, 
from the 11part" section of the Field Defect. Report , Infor~ation 

t " tion of the Report is not punched in ful 
from the 11Componen sec 
on this I . B.M, card. 

11 nent• information a second card with 
To record all the Compo h d wi th detailed component data 
IVReference 11 number 112" is punc e 9 
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replacing the part data of columns 20- 49 . The "Component Ti.me 
since Overhaul or Total Time~ area of this cardP which is now 
vacant, is used to record aAircraft Total Hours ". 

Component Cards and Part Cards are stored in separate decks so 
that when detailed tabulation or analysis of data on complete 
components is required it is not necessary to separate out the 
Par t Cards on which component data i s not given in full. 

3.10 Trailer Cards 

The long-hand story of the case 1 which the Field RepTesentative 
may write on the back of the Report Form1 is not suitable for 
coding or subjec t to mechanical analysis. It is therefore 
recorded separately . A synopsis of the story is punched letter 
by letter on what are known as Wfrailer 11 cards 9 which are stored 
separately for most •purposes 1 but are combined in the same deck 
with the coded cards ( IVH(lader 11 cards) for machine tabulations 
such as that in Fig, 3, When a defect investigation 1·equire s 
original reports in full 1 these can alws~s be readily produced. 
Indexing and access to originals i s greatly simplified by the 
new system. 

I --------------~..-. 



4. THE ANA!XSIS AND ACTION CRGANIZfilON 

4.1 Flow of Information 

The personnel responsible for the operation of the proposed system 
can be regarded as falling into two main divisi ons · those concerned 
with c~mpleting the Field Defect Report and gettin; it as far as 
preliminary screening at Avro9 and these concerned with extracting 
the information from the Report and acting upon it. The two divi= 
s i ons are equally responsible for the success or failure of the 
program. So that field personnel mey be made fully aware of their 
importance in the system9 and to make the system efficient in other 
respects 9 it is essential that the organizaticn be an informational 
closed loop 9 as shown in Figure 5. 

Figure 5 depicts the details of the analysis and action functions. 
The block at the top of the chart 9 where fl ow originates 9 includes 
all the other functions s distribution of the blank F.D.R.' s to the 
field 9 completion and checking in the field 9 and tx·ansmission back 
to Avroo s Maintenance and Reliability Section . It also includes t he 
return of su[DIJlary reports and individual action reports to the 
sepro·ate reporting agenciesp so that each will be aware of the over= 
all defect situation and alsc of the act ion resulting from its own 
repor ts. 

4.2 Getting Good Reports 

It is anticipated that the new system will work under favourable 
conditions both in the A vro Experimental Hangar and eventually in 
the field 9 since the Arrow will have flrst priori ty among R.C.A.F. 

• ft and will not exist in great numbers until the system is 
aircra 9 h 1 k4ng on 
well established. This should mean th~t t e personne war -· 
the Arrow can be t o some extent hand=picked 9 and this should 

1 1 • the case of Avro Service Representatives. If 
certain y app y in i 1 sta e of ac tually tracking 
the men re~ponsible !~~eit ~:i!f c:ood q~alityv and fully i ndoctrin= 
and reporting every . be • bl t o maintain enthusiasm 
ated at the outset9 it shculd possi e 
for the system. 

i nnel must be kept fully informed 
To this end the report ng perso b k t th 1 nt 

t t ther bases and ac a e Pa • 
and assured of the effor a 

0

1 t· n of summaries of the t otal defect 
Th • b d by the circu a io h th is can e one . an corn are its problems wit e 
picture so that each stationak~ ur~ that when a fix is decided 

i t • and by m ing s i 
overall s tua ionv ·ndividually informed that act on was 
upon 9 reporting agents ~e i t The field representatives should 
taken as a result of their effor s . 
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al s? be fa~iliar w~ th the plant end of the operation, both for 
their own information and to enable them to fill out reports 
~ffectively O Regular meetings are essential between the report­
ing f?rce_and the Maintenance and Reliability Engineering Section, 
to maintain personal interest and enable the direct discussion of· 
matters requiring co- operation

0 

4,3 Engineering Function 

Figur~ 5 illustrates the Engineering Function, which accepts the 
mate~ial from the Field Defect Reporting organization, uses it , 
and in due course acknowledge s the material by reporting back 
re sultso 

It is well to point out that although the proposed system is 
designed to make the fullest possible use of high- speed data pro­
cess.ing methods , a fair amount of manual work is still required 
in feeding and programming the machineso Personnel of a differ ~ 
ent kind are required for analysis and interpretation of the raw 
data produced by the machine s , Thirdly , l iaison between Reliability 
Analysis and the users of the infor mation, including Vendors , will 
be most effectively carried out by personal contact requiring 
specialised liaison personnel, These people wi ll belong to the 
section labelled Reliability Engineering, whi ch of course has 
other functions in the overall reliability program not shown in 
this flow chart , 

4,4 Initial Processing 

Field Defect Reports arriving daily by mail in Engineeri~g are 
first screened for l egibility , completeness an~ technicaL 
consistency by a technician of Reliability ~gineering, At this 
stage any unusual or critical reports _are _pic~ed out and c?pies 
handed direct to Reliability Engineering 1or . . 1.mmediate action by 

• t M t If amr reports have serious discrepancies they ProJec anagemen , ·v - . • d 
are held while an inquiry is sent to the field, The remain er ar~ 

d Pa"sed to the key punch operator with a.L J. coded where necessary an ° 
possible ambiguities removedo 

• 1 re arts is immediately run off for 
A tabulation of the day 5 P of the pu.nched information, 
scanning as a f~nal_ check of a~~:~;to the Re liability Analysis 
and the tabulation is then pas 1 d the original FDR. 0 s are 
Group. The I .B.M, cards them~e ves an 
then inserted in the Master File. 
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4.5 Reliability Analysis 

Wi ~h the unus1:7-a1 o~ critical reports already singled out
9 

t he 
Dai~y Tabulation ~ill not normally give rise to any immediate 
action. The routine task of Reliability Analysis will be to 
look o~t for unusually high failure rates which will not always 
b~ obvi?us 9 rather than to deal with random single failures . 
High failure rates will only come to light on examination of 
failures grouped in such a Wfrf that trends stand out. 

To this end, Reliability Analysis will call for various types 
of tabulation from the Master Punched Card File. These tabula= 
tions will list failures from as far back in time as.is considered 
necessary , grouping and totalling so that figures can be readily 
compared. It is anticipated that certain types of particularfy 
useful tabulations will be scheduled through the month . and 
repeated monthly as a matter of routine. Thus 9 perhaps 9 on the 
first of each month 9 Reliability analysis will ask for all 
failures in the previous quarter grouped by System and sub=grouped 
by Component code ; on the eighth of each month 9 all failures in 
the previous quarter grouped by Component code and sub- grouped by 
Type of Trouble 9 and so on. 

The crudest form of analysis which can be carried out on these 
tabulations is simply to pick out apparent trouble spots visually. 
It is possible to do this very readily from IBM ~abula;ions which 
have been intelligently programmed. For more scientif..cc st~dies 9 

Reliability Analysis will request special tabulations and tota s 
from the Master File 9 and as necessary will r equest time on the 
Engineering Divi sion' s Computing facilities. T~e scope of this 
work is described more fully in Chapter 5 of this report. 

In nearl all applications, field defect statistics ar? ~f o~ly 
limited ;al ue unless combined with figw:•es on total utilizatl.?n of 

•. t F · 1 e rates can only be meaningfully expressed in 
equipmen • ai ur f h. h th f ·1 •·es b f nits in service out o w ic e ai rr, 
terms of the num er O u • • Th· s input is shown on 
take plac~ br?k~n d?wn 7-gurag:s ~~~rbe ga~hered initially i n the 
Figure 5. UtilJ.zat~on i be su lied later by the RCAF. 
Avro hangars, and ~illhpresu;a:~ progr~~ is being initiated. 
The planning of this p ase o 

. b. 1 . t Section will maintain a library of 
The Maintenance and Rell.a .~ ~ ~ m outside sources and from our 
reliability records , .compi ~ R ~·ability Anafysis Group thus has 
own reliability studi:s°iaJu:at:o:s and totals from the Master File 9 

three sources of data. 
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utilization figures ? and comparative data
9 

including qualification 
test data j from the reliability library . 

A~ ~he out~ut e~d v Reliability Analysis will work through Relia·• 
bill. ty Engine,ering 9 and partly by direct contact with the more 
theoretical groups who are drawn into the reliability effor t 
(Fig. 5) . 0 

4.6 Reliability Engineerin_g 

Un~sual or critical FDRUs from Technical Screening
9 

and high 
failure-rate figures and summaries from Reliability Analysis p are 
hand- carried to the appropriate Engineering Department (Fig. 5) by 
a liaison man of the Reliability Engineering Group. ~e will be 
responsible for getting action as soon as possible. In some cases 
it may be necessary for him to organize meetings between t wo or 
more of these departments to arrive at a solution of the prob1em

0 

Where the trouble is the responsibility of Equipment Design? 
Reliability Engineering will deal direct with the Vendor in conjunc= 
tion wi th the Procurement Department . 

Reliability Engineering will also handle the presentation of 
suitable routine reliabilicy information to the functi ons in Groups 
land 2 of Fig . 59 and maintain general liaison with the Servi ce 
Department. This will include the preparation of material for feed= 
back to the Field Organization. 

The Project Management Office will of course be respon~ib~e . f or 
issuing assignments to cover all work re~uested 1?J' Reliabil i.t~ 
Engineering, and will also monitor al l liaison with the Servi~e 
Department. 
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5, PHILOSOPHY AND TECHNIQUES OF ANALYS . IS 

5,1 Introduction 

It is not proposed to alter in r · . 
treating serious defects which ~ein?ipl~ the_present me thod of 
attention , This cate o cont. quire immediate engineering 
safety of the aircraff ry h. a~ns defects which threaten the 
maintenance techniques'o~rrw i? cannot be remedied by normal 

epair or replacement , 

The major portion of def t h 
are temporarily remediede~nst heo~~;~~ P are ~~t safety ~tern~ and 
required At resent . . eve;:i. engineering is 
defects ;ccording to ; S.:~~ineer~ng a;tention is assigned to these 

~ni ~iated after ten unsche~!1:~ ;:m~vai~~~bp u:~~ :e "!~tion tis 
it is proposed: w sys em 

(a) to measure the seriousness of defect rates in their 
effect on the serviceability of the weapons system in 
terms equivalent to dollars and cents p 

(b) to tackle problems in the order giving most improvemen 
per dollar invested 9 

(c) using information not previously available 9 to approach 
each problem in a more scientific way, 

5, 2 The Relative Seriousness of Defects 

Reliability is the probable chance that equipment will hold a 
certain level of serviceability over a period of tirne 9 under 
the operating conditions encountered, An interceptor weapons 
system is required to be serviceable when on call 9 and reliable 
for as long as possible without attention, During wartime or a 
time of operational readiness 9 it will be on call almost 24 
hours a day p the only exceptions being short periods for scheduled 
inspection and maintenance 9 and for operational damage repairs 
and turn- around, It must be reliable as a complete weapons 
system up to the point of kill and 9 if possible 9 still fully 
serviceable after that for the next mission , 

In peacetime the role may be different, It may still be on 
continuous call to achieve full utilization as an expensive piece 
of equipment

9 
but the level of serviceab~lity req~ire~ mey depend 

on the kind of training or practice mission to which it ~s 
assigned, Its duty will often still require full operational 

capability 0 
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As work goes on~ the proper balance of efforc among these • 
areas must be assigned •ac ct· t 

( ) 
cor ing o the same princip] e as a·e, 

level i : bes~ return per dollar invested . This will only 
be d~n~ ?J _con~inuous review. It is felt that at present the 
possibil:ties in_these different areas have not been properly 
compared, the ma~n reason being that quantitative information 
~as_not been available to allow evaluation. The new system 
is inte~ded to enable these possibilities to be realized and 
to provide the tools to put these possibilities i nto effec t 0 

The Avro ~unctions involved were shown in their relationshi p 
to the Maintenance and Reliability Section in Figure 5. The 
connection will now be more fully explained . 

5.4 The Use of Defect Data in Design Improve~ents 

The analysis of defect data for the use of the Design Offi ce 
is simply a matter of statistical correlation between def ects 
and the different factors which may be contributory . For 
example 

1 
it will be of interest to know whether a cert ain type 

of defect is evenly spread over all operating stations , or 
confined to those having special weather conditions 9 or sources 
of contamination . Local environment within the aircraft may 
cause different defect"rates on two different applications of 
the same unit. This will be shown up by correlating defect­
rates and Position Code from the LB .H. cards. The other 
relevant codes are Operating Condition (Block 13) 9 Type of. 
Trouble (19) and Cause of Trouble (20). 

The Design Office will also make extensive use of the narrative 
reports w}~ich can be printed very quickly from _ the . I.B.M. i7J:railer" 
cards in aey desired grouping for es.s,~ of exami'.'!ation. 

5. 5 Optimizing Preventative Maintenan~ 

For all items of equipment whose life is expected to be less 
than that of the airframe as a whole 9 replace~ent or o~erhaul 

h d 1 Set Up The overhaul interval is determined 
sc e u es are • • • • 
initially on a basis of the expected design life of the u~it 

t 
· e on similar units. The accuracy of this 

and.pas experilencbe J'udged when utilization figures and data 
estimate can on Y . d 
on unscheduled removals have been accumulate• 
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5. 5 0 0 0 0 0 . 0 ./cont i d 

Considerabl e r esearch has been done on the possible ways of 
applying t his data. (Hef , 1 , 2) For example the analys t ~ey 
pl ot ag~inst time total hours operated by a n ' units , di vided by 
tota l of unsc heduled removals occurring up to t hat time. 'When 
~he level of t his curve begins to fall v the opt i mum maintenance 
interval has been reached. If the curve is level 'or still 
rising at the end of the maintenance interval in u se . the maint en= 
ance interval s hould be ext ended for optimum perform~ce. (Ref . l) 

Maintenance schedules for all equipment in th e aircraft must of 
course be co- ordinated , and the decision to lengthen or shor ten 
the mai ntenance i nterval depends finally on the reduction in 
downtime produc ed. 

5. 6 The Use of Defect Data to Impr ove Maintenance Procedures 

Mai ntenance instructions for all equipment in the weapons 1:,7s t em 
are l a id down by the Maintenance Engineeri ng Group. The Rel..lability 
Analysis Group will supply Maintenance Engi neer ing with fi gure s on 
manhours expended per defect . These will be compared , for each 
type of defect , with estimated manhours , to enable evaluation of 

maintenance pr ocedures. 

Checking and inspection procedures will be monitor ed by reference 
to Bl ocks 14 and 15 of the Field Defect Report ( 11\vhen was trouble 
detected?" and "Indication of trouble 11 ) . The rat e of occurrence of 
aborted ~issions wi ll be correlated with these i t ems . 

Maintenance Engineeri ng will al~o requ~r~ corr elations 
Maintenance Manhours and Repor ting Activity. (Bloc k 5) • 
evaluate maintenance standards between st.at :i.ons . 

between 
i n order t o 

5. 7 Optimizing Log_iillc Support of Maintenan~ 

~~ of defective units i s criti cally 
Faster replacement or repa.u- h · t b "l "t .

1 
b T ty of spare parts and t e sui a i i y 

dependent on the avai a ii 11 as on procedures I t is 
t ·pment as we • • 

of ground sup~or equi th;t they will write full r eports on 
expected of Field Agents s ares inadequacy of ground equi~ment 
delays due to shorta~e of i" ' for troubl e- shooti ng or maint enance, 
or facilities , poor i~S-tru~ ion~ll compare these reports with 

M 
• t ance Engineering wi d -1, etc. ain en 

16
) d maintenance manhours , an wi ~ 

re ported down- time (Block an 

32 
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5.7 oooooooo,/cont 0a 

r equest further r eports were discrepancies are apparent. 

The pro~lem of maintaining spare parts in stock is one which 0 

alon~ with optim.i.zing maintenance intervals, has been subject to 
consid~rable operations research. Full reporting of both 
schedu.1_ ed an~. uns~heduled replacements wiil provide the necessary 
?ata for app,.ication of these techniques . Inventory problems may 
oe tackled by use of computing facilities and Linear .Programming. 

5,8 The Use of Serviceabilitz...Figures in System~ Optimiz~~ion 

The importance of Reliability as a featur e of \.leapons Systems 
performance has already been referred t o in Chapter l oi' this 
report, As shown in Flg. 5, t here will be close liaison between 
Reliability Analysis and personnel responsible for overall Weapons 
Systems Analysis (Group 6). This will enable due attent ion to be 
given to the effect of increased serviceability on overall probab:'.1-
i ty of kill , as compared with increasing the number of interceptors 
in readiness

9 
or improvement in other inputs 9 such as radar range 9 

speed
9 

manoeuvra.billty
9 

missile performance etc. The decision t.c 
allot funds for work on reliability will then be a matter for 
management, on the evidence of this analysis. 

Individual systems will also be subject to analysis from the point 
of view of reliability when r e-design of one unit may affect the 
reliability of other components of the system •. ca~e~ will . arise 
where a compromise must be arranged between rel1a~il:!.ty ana system 
performance. In these areas liaison will b~ reqm.~·ed between 
Raliability Analysis and the Systema Analysi s Section ~f th~ . 
Technical Design Department ( Group 6) 9 a."!d dec.L,io~s will lie with 

th P j t D 
· gn r Th1· s w" 11 follow on .from joint work already 

e r e ec esi e • . ... . ,. . 
b 

· · d t by these two Sect1ons • as par.., of the overall 
eing carrie ou, • 

Reliability effort. 

Refs . 1. 

2. 

f St t 
· tic al Quali ty Control in Determining Opt.irnum 

Use o a is l M HulL A0 S.Q. C" 
Component Time between Overh~uls9 A; an • ' 
National Convention Transactions 19J6o 

Field Data Analysis, Larmour & Neelin~ C.A. L Journal 

June 1956. 

,,-. 
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OPERATING DETAIL§.j)F THE SYSTEM 

AL IN'IRODUCTION: 

This appendix amplifies the I d' 
d 

- • ie a ings of some of th • t 
an explains where necessary th k. e ::. ems on the FIR (F' g 1

, 

f 
e wor ing deta .. l f f' . » ,. 0 -h 

orm9 and coding the lnformation M . 
1 5 

o illing in the 
and several are punched as wri' tt• a.ey items are self=explanatory 

h d 
e,1 9 or are "sel ,._ d d" 

9 

an y some general remarks of e 1 . . .1. c~ 8 o On the other· 
explanation of individual i· t xp anation are required? along with the ems, 

A2, G~Ell.AL DEI'AILS 

A2.l Breakdo'f!l for Identification 

The breakdown is 141System Name or Structure Loca iont1 , 
or Component", and npar t". , "Assembly 

A good deal cf confus ion exists in the indu~t· ry a ~ to th · f " <> e mean= 
ing o the terms "Component " and 11Part 11 o The following defini= 
ti ons have been found to be workable: 

A "Part" is an item not normally subject to .further disassembly _. 
such as a bolt 9 resistor? shaft9 electron tube , etc 0 

A "Comp~" is a group of parts assembled to perform a function , 
A component is not usually capable of operating by its'elL 
Examples are: Pump 9 generator 9 amplifier , aileron » etc 0 

A "System" consists of a group of components and/or part s specially 
integrated to perform a function or functionso All the Systems 
of the Arrow are enumerated in the Design Office ·numbering system. 

The principle of punching the information of Blocks 9 thru ll 
on "Part" and ,._Component" cards has been explained i n Chapter 3, 
The "System"'P "Component" and 11Part 11 breakdown requires two I.B 0 M0 

cards. Electronics manufacturers generally use a 4- stage break
0

• 

down . We may wish in the future to punch onto Avro I.B.M. cards 
electronics data received from other manufactm·ers; the present 
layout should be able to do this 9 by using 3 cards instead of 2. 

A2.2 Part Number 

The Avro Part Number is not called for .on the FDR. •rhis is 
because the Manufacturer's Part Number provides better identifi­
cation (the same Avro part Number may describe a part being 
supplied by two different manufacturers) and the Manufacturar

1 
s 

Part Number is more readily available to the reporting agent o 

Th i t the I B M card for both numbers 9 so a 
ere s no space on • • • 

choice had to be made. 
l 
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On the I.B.M. card a portion of the Avro Part Nu mber does 
appear as the System Name or Structure Location code The 
Reliability Group will be able to provide immediat~ ~ross~ 
reference between Avro and Manufacturer 's Part Numbers. 

A2.3 Simultaneous Defects 

An aircraft will often be unservi ceable due t o more than one 
defect at a time. Each defect is reported separately llnless 
it is actually related to another j and Blocks 12, 16 and 17 
require some clarification in such a case . Thi s is an example 
of where reporting agents will require br i efing before they 
begin to use the system. 

These three items are to be completed as if t he defe c t being 
reported had happened singly ; thi s rule will require the agent 
in ma.:ny cases to make an estimate . e.g. Where t he remove! of 
an access panel enables two unrelated defects to be remediod 9 
t he man-hours requi red should be repor t ed as if the panel had 
been re moved twice, and the time unserviceabl e i s r eported 
according to the same principle . 

AJ , DETAILS REGARDING INDI VIDUAL I TEMS 

Item 

1 Report Number (R/N) Columns 71 thru 75° 

2 Related Report Number (R R/N) Col umn ?6. 

The cheque- book of Field Defect Report forms 
reporting agent will contain some forms wi th 
blank , as well as pr i nted~number ,f orms . 

is sued to t he 
the Rjl-1 space 

t nrelated to any other " a printed-
In the case of a repor u /N is filled in as ~ere. Where 1 T. 
number form is used and R R • • ts the ffrst is written 
• • d t late two or more repor • is require o re tt. R R/N % 1 Related reports 
on a printed- number form, pu ing f ' lling i n the R/N fr om t he 

• tt blank-number forms , l . 
are wr1 en on . " . R R/N = 2 3 4 etc., as required . 
printed form, and writing • • 

. s since it may be requ:il:ed 'to 
Some such system 1 5 neces ~t they have been transcribed to 
reassemble related reports a ert k The proposed method seems 

d d • ed in the sac. I.B.M. car, s an mix d I B M columns in the best wey . 
to conserve report numbers an ts •c;n•be ~tapled t ogether by 
To save writing, relate~dr:~~~rmation omitted on all but the 
the reporter and repeat 
first form. 

2 

11,-----------~== 
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AJ , DETAILS REGARDING INDIVIDUAL ITEMS 

QOoooCont 0 d 

2 

3 

Printed-number forms should not be wasted, since the quantity 
of form~ that can be numbered in five columns is not infinite, 
If a printed- number form is spoiled for any reason, a blank~ 
number form should be used , filling in the number from the 
discarded printed-number form, 

A Report Form '"i th the 3-stage breakdown (System
9 

Assembly and 
Part) all completed wil l give rise to two I.B,M, cards which 
will bear the same R/N 9 but different Reference numbers . Each 
Related Report Form may give rise to two I.B, M, cards in the 
same way, 

For reporting from over-haulers who may want to detail many (more 
than five) different parts in connection with one assembly 
failure, a separate Report Form will be provided, to avoid using 
a different piece of paper for each part , The Overhaulers 0 form 
will carry the R/N of the original F,D,R, (obtained from the tag 
on the component) , system and component data repeated 9 and the 
part information tabulated below, All entr i es will give rise to 
separate I.B,11, cards, with R H/N° s in sequencep the same R/N, 
and Reference number 11 2 11 ( see Reference Number information in 
this Appendix), 

It will be noticed that when R/N begins with a zero the zero 
does not appear in the I.B,M, print- off. This is due to a 
limitation of the 402 printer , and is of no consequence, 

Reported By Not punched 

It is recommPnded that this space be filled in by the fir?t 
person to write on the F,D,R,, even in cases where a Service 

I, t t • r Ai' r Force N C O checks the form and completes ,epresen a ive o , , 0 

some portions before mailing to Avro, 

At . R 1 on the F DR is returned to the base, it 
When an c ion ep Y O 

' 
0 

• 1 t d B II d 
will be addressed to the person named in 1 ~epor e. ;i.:- , :1n can 

by h . t the more senior agent, 1f one is involved, be shown :i.m o • ~ 

4 Date Columns 1 thru 4 
t· lly coded to save LB,11, columns, 

This i tern has been par ia . h letter N = November and D 
Month is punched as a number, wit . is punched (e,g, 

• 0 1 the last digit of the year 
December, n Y . 11 b acceptable for 10 years , e ,g, 
7 = 1957), This system wi e 
8 Nov, 1963 = 08NJ, 

3 
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A3. DETAILS REGARDING INDIVIDUAL IT:Jfil1e •. . . . • cont od 

4 As with Report Numbers l> the I . B0 M
0 

402 printer j_s unabl e t o 
produce a zero in the first column when tabulatingj) but this 
omission is of no consequence. 

5 Activity Column 5 

This information is coded by means of a l etter . Where one 
base has more than one squadron or maintenance unit P separat e 
codes will be allotted, to enable comparison of data among al l 
units j) a s well as among all geographi cal l ocations. 

The tentative code at pr esent is : = 

Avro Flight Test 
Avro Producti on 
Nor t h Bay 
Casey 
Val d10r 
Kapuskasing 
Comox 
Uplands 
Bagotville 
Cold Lake 
Namao 
Saskatoon 
Chatham 

A 
p 
N 
y 
V 
K 
0 
u 
B 
L 
M 
s 
C 

6 Aircraft Type Column 63 

7 

8 

a Code W~ll be set up to di stinguish marks er For the Arrow ... 
variants where necessary. 

At present 1 = Ar row 1. 
2 = Arrow 2. 

Air cr af t Serial Number Columns 64 - 66 

Only t he l ast 3 digits will be punched . 

Columns 41 - 44 (Component Card) Aircraft Total Hours 

• ft total hours as well as d • g aircra The purpose of recor in . ble cases to be di sti nguished 
t h urs i s to ena · f t assembly and par O 

. t sooner i n a new aircra 
where an assembly may be wear7ng ~~rsa It i s t herefore 

d • raft or vice- • ly 
than in an ol airc he data on component cards on • 
necessary to punch t 

··--------------= 
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A3 . DEI'AILS REGAR.DING INDIVIDUAL ITEMS ooooooCOntUd 

9 System Name or Structure Location CoJ.umns6 and 7 

The coding of this information is based on the Avro Design 
Office numbering system. Although the breakdown used in the 
D. O. system will not be known to all field techniciansp it 
should not be difficult to report this item with sufficient 
accuracy that it can be correctly unders tood back at the plant . 
ReJ)orting on systems should be straightforwardffe structural 
defects will sometimes be more difficult to describe ~ but 
should be relatively few in number p compared with all equipment 
defects . 

The code sheet for this i t ern is as followsg 0
~ 

§x_stems Location 

11 Electrical 51 Radar Nose 
12 Instruments 52 Front Fuselage 
lJ Electronics 53 Canopy 
14 Engine Installation 54 Centre F'u.selage 
15 Flying Controls 55 Int a.l{es 
16 Fuel 56 Duct Bay 
18 L.P. Pneumatics 57 Drop Tanks 
19 Utility Hydr aulics 58 Engine Bay 
20 De- Icing 59 Rear Fuselage 
21 O:xygen 62 Wing Inner 
22 Air Conditioning 64 Ving Outer 
23 Fire Protection 72 Dive Brakes 
26 Armament Hydraulics 74 Aileron 
28 Furnishings 82 Ji:levator 

31 Landing Gear 83 Fin 
32 Flying Control Hydraulics 84 Rudder 

91 U/ G Structure - Nose 
92 u/c Structure = Main 
94 Arm 0 Pack - Fusel age 
95 Power Plant 

10 (i) Assembly or Com,22nent Name Col umns 8 thru 11 

Within each system name or structure location» assemblies or 
components have been assigned individua~ code numbers . Thus 
under System 32j Flying Control Hydraul ics~ 

01 = Elevator Jack and Linkage 
02 = Compensator 
17 = Aileron Parallel Servo 
etc . 5 
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A3. DETAILS REGARDING INDIVIDUAL ITEMS ••••.•• cont 0d 

10 Where several identical components exist on the aircraft
9 

(i) they have the same Component Code number p and are distin= 
guished by means of Position Code (see Block 10 (iv)); 
components which are handed but otherwise identical are 
treated in the same way P even where their Avro part 
numbers differ. 

Changes in designp manufacturer 9 locationp maintenance 
procedure 9 etc. for a component will give r·ise to alpha.be= 
tical suffixes on the Component Code number. TllUS the 
Compensator after one modification would become 02Ap after 
a second modification 02B etc . These successive changes of 
the code will be agreed with the Maintenance Engineering 
Group; the code is in fact allied with the numberine of their 
Maintenance Data Record 3heets . This change of code 1,ri th 
every modification will enable direct analysis of the effect 
of modifications (including re-locc.ttionp change of maintenance 
procedurep etc.). 

A portion of the Component Code for the Flying Control 
Hydraulics System is given belowg 

CODE 

01 

02 
03 
04 
05 
06 
07 
08 
09 

AVRO PART NU!illER l1FC',!t 0~..Efl! 

10 
11 
12 

13 
14 

Jack and Linkage» Elevator 

Compensator 
Jack & Linkage 9 Rudder 
Differential Servo 9 Rudder 
Valve , Control 9 Aileron 
Valve p Gontrol 9 Rudder 
Valve 9 Control 9 Elevator 
Valvep Pressure Control 
Accumulatorp Self·~ 
displacing 
Pump 9 Hydraulic 
Fil ter 9 40 gpm 
Jack & Linkage 9 Aileron 

Switches » Pressure Warning 
Heat Exchanger p Oil/Fuel 

7-3262-15 
7=.3262=18 
7=3258=37 
7-3283=5 
7=3283- 7 
7- 3264-12 
7- 3283·-8 
7=3262-33 
7-3258=14 

7-3258=41 
7- 3258-13 
7- 3258=43 
7-326/4-23 
7- 3264- 24 
7- 3258=35 
7=3256=5 
7- 32.56=6 

( L.H. ) 
(R. H.) 

(L.H.) 
(R.H.) 

(L. H. ) 
(R.H. ) 

E, 
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A3 . DETAILS REGARDING INDIVIDUAL ITEMS ... .• •• cont O d 

10 Position or Reference Number Golulllns 34 t..hru 40 
(iv) & 11 (iii) 

The use of this i nformation has al ready been mentioned (para. 
5 . .4). The position of most components or part:, can be des :!ribed 
by the use of "Port." & 11Starboard 11

9 
11Upper 11 & 11Lower 11 

P or 
combinations of these (see code below). 

In the case of Electrical and Electronic equipment ~ where most 
instances of repeated application of a part are fotu1d 9 Design 
Office U.EU & 'llR" numbers already exist. Unfortunately these 
11E11 & 11R11 numbers will change with different series of aircraft 
in such a way that for complete identification it wilJ. some~ 
times be necessary to cross=refer to aircraft serial numbers. 

An Electrical Reference Number such as Jn 066/35 ( connector 35 on 
harness El066) will be P'J.nched on the Part Card as 111066 11 in 
Component Position columns p & 11135" in Part Posi U.on columns. The 
"E" is omitted since Electrical Sy stem is already idendfied as 
11 in columns 6 and 7. 

Three I.B.M. columns are assigned to 11Part Position11 to accommo­
date numbers such as E2/106. 

The alphabetic Position Code given below is punched in either or 
both Position areas on the card, The first of the 4 spaces is 
not used so t hat the code will fit, in the 3- place Par t Position 
area of the I.B.M. card. 

ALPHABETIC POSITION CQ!lli 

Port "' -=P= 
Stbd == ==S-
Upper ---u 
Lower ·- ===L 

"A" System "' ---A 
"Bn System =--B 
Forward - ==F-

Aft =<>A= 

Male 
,. - ==M 

Female --=F 
e.g. Port Upper - ==PU 

7 

~------------------------,---· -----
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A.3. DETAILS REGARDING INDIVIDUAL ITEMS oooooo oCOnt0d 

Item 

10 Hours since New or Overhaul Columns /4.l thru .48 
(v) & 11 (iv) 

The accurate recording of equipment life is essential to almost 
all reliability work. The necessary sources of these figures 
are not at present fully providedo The possibility of time= 
meters on various kinds of equipment has been discussed wj_thout 
any definite results. Time-meters will actually be available in 
only a few instances~ so that fairly elaborate log- keeping proce­
dures are required to be set up. 

It is anticipated that the completion of this item on the F0 D0 R0 

will be the responsi.bili ty of the more senior of the two agents 
who will normally be concerned with each report . 

(vi) & 11 {v) Last Overhauler 1 s Name Column 49 

This item will generally be transcribed by the second agent from 
the equipment log at the same time as Hours since New or Overhaul. 

Where the equipment is overhauled by the Ma..'1ufacturer ~ Overhauler 0 s 
Name will be coded as zero . A detailed code will be prepared for 
ot her overhaulers. 

See also notes on Item 10 (vii)o 

(vii) & 11 (vi ) Manufacturer 1 s Name Columns 20 & 21 

Manufacturer Is Name and Last Overhauler ' s Name will be correlated 
with defects to enable comparisons between manufacturers and 
between overhaulers~ on a statiS"tical basiso 

Par t of the Manufacturer 1 s Name code is given belowo 

A Q Aeroquip 
p M Aircraft Porous Media 
A E Aviation Electric 
AV Avro Aircraft 
B .X Bendix 
DE Dowty Equipment 
E p Eastern Aircraft Products 
GA Garrett Corporation 
J H Jarry Hydraulics 
L M HoW. Loud Machine Works 
ME Meletron Corporation 

8 
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Item 

10 
(vii ) & 11 (vi ) 

11 
(i) 

M H 
Ny 
p K 
p A 
p D 
p p 
R p 
RE 
V I 
V N 

Part Name 

Minneapolis Honeywell 
New York Air Brake Company 
Parker Appliance 
Parmatic Engineering 
Powerl ite Devices 
Prenco Progress Engineering 
Rai 1 way and Power 
Resistoflex Corporation 
Vickers Incorporated 
Vinson Manufacturing 
c/o Rousseau Controls 

Columns 12 thru 14 

Codes are provided only for classes of parts having the same 
basic name ; t hus B09 "' Bol t 9 and all the different shapes and 
sizes of bolts on the aircraft will be distinguished after 
coding only by their manufacturer ' s part number. 

A portion of the code is given belowi 

AOl Adaptor C09 Collar 
A02 Anchor Nut ClO Connection 
A03 Arm en Cotter Pin 

Cl2 Coupling 
BOl Baffle ClJ Core 
B02 Ball Cl4 Cover· 
B03 Bellcrank Cl.5 Cup 

B04 Bar C16 Cylinder 

B05 Bearing 
B06 Block 
B07 Body 
B08 Bos s 
B09 Bolt 
BlO Bonding 
Bll Bracket 
Bl2 Button 
Bl3 Bushing 

COl Cable 
C02 Cap 
Co:3 Casing 
C04 Casting 
C05 Channel 
co6 Circlip 
CO? Clamp 
C08 Clip 

9 
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12 

13 

I 

Serviceability of Aircraft Column 56 

The mission or next mission of the Weapons System will be aborted 
if a sufficiently serious defect is discovered after take=off' or 
too late prior to scheduled time of readiness . The check- mark for 
Item 12 will therefore appear in the left or right- hand column 
according to when. in the operational cycle the defect was detected.l> 
and how much time was required to effect the remedy. 

The choice of level of serviceability to be checked l> on the other 
handl> depends str ictly on the nature of the defect. Last minute 
detec t ion of a defect in the missile release mechanism might cause 
the aircraft to be grounded in the sense that the mi s sion is aborted j) 
but it i s not grounded in the sense that it is unable to leave the 
ground. This would be a case where the correct serviceability 
report is #3 --- the next mission is aborted l> but the aircraft is 
capable of performing its task as far as lock- on. 11Grounded 11 in 
this item is therefore to be understood in the sense of being 
i ncapable of taking off. 

Cases will arise in training and practice roles where partial loss 
of serviceabilit y occurs and must be reportedl> but the mission is 
not affected because full servi ceability was not r equired. For 
examplel> a defect of A.I. radar in an aircraft assigned to G.C.I. 
exercises would not abort the mission and would be correctly 
reported as #2 in this item. 

Oeerati ng Con§j_tion at Time of Trouble Columns 15 & 16 

'l'his i tern must be distinguished from ll!When was trouble detected?". 
The source of most information will be pilots 0 reports p but in 
many cases operating condition at time of trouble will simply not 
be known. Reporting agents will be able to assist considerably by 
noting in their narrative reports any less specific information 
which may be relevant in this connection. 'fhus it may be useful to 
know what operating conditions the aircraft has been through since 
the equipment was last used or tested l> even if these conditions 
appear to have no common factor. 

The information in this item has a bearing on operating and testing 
procedtu·es l> as well as supplying the engineer with assistance in 
analysing the failure. 
Err a tum: Repor t No. 70JREL 00/1 APPENDIX 

page 10 Item 12~ The last sentence should read : 

11For example~a de fect of A.I. radar in an aircraft assigned 
to G. C.I . exercises would not abort the mission and would 
be corr ectly reported as #7 in this i tem11 • 

----· 

10 
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12 

13 

I 

Serviceabili~ of Aircraft Column 56 

The mission or next mission of the Weapons System will be aborted 
if a sufficiently serious defect is discovered after t.ake=off or 
too late prior to scheduled time of readiness. The check- mark for 
Item 12 will therefore appear in the left or right-hand column 
according to when in the operational cycle the defect was detected » 
and how much time was required to effect the remedy. 

The choice of level of serviceability to be checkedv on the other 
hand» depends strictly on the nature of the defect, Last minute 
detection of a defect in the missile release mechanism might cause 
the aircraft to be grounded in the sense that the mission is aborted 9 

but it is not grounded in the sense that it is unable to leave the 
ground. This would be a case where the correct serviceability 
report is #3 -=- the next mission is aborted » but the aircraft is 
capable of performing its task as far as lock- on, 11Grounded 11 in 
this item is therefore to be understood in the sense of being 
incapable of taking off. 

Cases will arise in training and practice roles where partial loss 
of serviceability occurs and must be r eported 9 but the mission is 
not affected because full serviceability was not required. For 
example » a defect of A.I. radar in an aircraft assigned to G.C.I. 
exercises would not abort the mission and would be correctly 
reported as #2 in this item. 

Operating Condition at Time of Trouble Columns 15 & 16 

This item must be distinguished from i.when was trouble detected?". 
The source of most information will be pilots 0 reports 9 but in 
ma.cy cases operating condition at time of trouble will simply not 
be known. Reporting agents will be able to assist considerably by 
noting in their narrative reports any less specific in.formation 
which may be relevant in this connection. 'l'hus it may be useful t o 
know what operating conditions the aircraft has been through since 
the equipment was last used or tested» even if these conditions 
appear to have no common factor. 

The information in this item has a bearing on operating and testing 
procedures» as well as supplying the engineer with assistance in 
analysing the failure. 

10 
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13 The code below appears complicated because only two I.B.M. columns 
were available to cover all the combinations of conditions relevant 
to both airfr ame and electronic failures. 

Dperating Condition Code 

Unknown · 
Unknown 9 but in the air 
Unknown 9 but on the ground 
Storage } 
Handling Before Installation 
Inspection 
Aircraft Inactive } 
Ground Running 9 Ground Installed 
Functional Test 

Take- off 
Landing 
Overshoot 
Accident or Crash 
Altitude up t o 109 000 1 

Altitude 109 000 1 t o 20 9 000 1 

Al t itude 209 000 1 to 309 000 1 

Altitude 309 000 1 to 40 9 000 9 

Altitude 40 j000 1 to 50 9 000° 
Altitude 50 9 000 1 to 609 000° 
Altitude 60~000 1 to 709 000 1 

Alti tude 709 000 1 to 80 9 0001 

Altitude 809 000 1 to 90 9 000 1 

Speed up to M = .75 
Speed . 75 to 1 .25 
Speed 1.25 to 1.75 
Speed 1 . 75 to 2 . 25 
Speed over 2.25 

u 
u 
u 
0 
0 
0 
0 

0 
0 
0 
0 
0 
1 
2 
3 

'~ 5 
6 
7 
8 
9 

u 
A 
G 
0 
1 
2 
3 

4 
5 
6 
7 
8 

failed gear failed gear 
switched on switched off 

0 
·, ... 
2 
3 
4 

5 
6 
7 
8 
9 

11 
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14 

15 

When was Trouble Detected? Column 17 

The code for this item is given below: 

Turn around 
1st Line Maintenance 
2nd Line Maintenance 
3rd Line Maintenance 
Daily Inspection 
25 hour Inspection 
50 hour Inspection 
100 hour Inspection 
Special Inspection 
Pre- flight Inspection or Functional 

Check 

o, 
1 
2 
3 
4 
5 
6 
7 
8 

9 

In Normal Flight A 
'il. Air Test B 

Non-routine Test Flight C 
As in "Operating Condition" (normal) D 
As in "Operating Condition" (air test) = E 
As iri "Operating Condition~• (non-routine)= F 

'fl. 11Air Test" includes all routine fli ght tests made after 
inspection, maintenance~or modification , and also product­
ion flight tests. "Non-routine Test Flight" includes all 
experimental test flying . 

;/ 

Indication of Trouble Column 18 

Almost all defects are discovered on account of their effect 
rather t han by direct observation of the defect itself; in 
other words IIIType of Trouble" and 11Indication of Trouble" are 
usually different" The record of Indication will be most 
useful in cases where units are replaced as unserviceable 
without the reporting agent knowing what the type or ca4se of 
trouble is. This item will also be valuable as a check on 
inspection procedures and the adequacy of warning systems. 

12 
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15 The code is as follows; 

Flight. Characteristics 
Improper Operation 
Inoperative 
Intermittent 
Low Performance 
Leaking 
Noisy 
Off Frequency 
Out of Adjustment 
Overheating 
Smoking 
Unstable 
Vibrating 
Warning Light 
Other 
Visual Exam.ination 

A 
B 
C 
D 
E 
t 
G 
H 
I 
,J 
K 
L 
J.1 
N 
0 
p 

The code 11Other" will probably be frequently used .0 and the 
reported indicatio.r.. spelled out on a trailer card. Here words 
can be added to this code list if considered useful. 

16 Time Aircraft. was Unserviceable due to this Defect Columns .57 
thru 59 =------ ---

17 Man•~H~Exp_fillded to Remedy this Defect Columns 60 thru 62 

19 
20 

These two it.ems should be the responsibHi ty of the more senior 
reporti.'lg agent. The use of the info.emation h : explained in 
Chapter 5~ and the matter of simultaneous defects is discussed 
in paragraph A2.3o It has also been pointed out earlier that 
these i terns must be completed with t he purpose of the report, :!n 
mind ~ time or man- hours expended due to practices which would 
not occur in the operational situation are not t o be reported. 

,!ype of Trouble 
Cause of Trouble 

Columns 50 & 51 
Columns 52 & 53 

Wherever possible the reporting agent should try to express 
this part of his report by means of the listed wordso Given 
a completely free handp agents reporting two similar defects 

13 
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20 can easily make it appear that the defects are dlf'farent; 
by their choice of phraseology. Hav:ing checked the words 
nearest what he wants ~ the a.gent. can then expand in his 
narrative report 51 and any need for modi:fications of the 
printed list wil 1 soon become evident 0 '.!'he a.gent shou:_d 
always be careful to distinguish Indicat:l.on 1, Types and 
CauseD which are not always easy to separate . 

The complete list of words is given belrn,1. The words. given 
on the 1',.D.R. are marked with an asterisk; the others are 
listed on the insi de cover of the book of F0 D0 R0 ° s 0 

01 Arcing 33 Handling 
02 A1:i.gnment 34 Gain High/Lew 
03 Accurn. Tolerance 35 High Gm-rent 
04 Binding 36 Inadequa te/lmr,rop<,Jr Info . 

1l: 05 Broken 37 Part Incorrect/M.i ssing 
06 Burned 38 Improper Hi:ring 
07 BrineE.ed 39 Improper Use 
08 Cracked ,~o Interference 
09 Chafing 41 Intermittent 

:t 10 Corrosion 42 ,Jammed 
11 Calibrat ion 43 Jitter 
12 Contacts Trouble k 44 Loose 
13 Container s/Pa.ckaging 't. 45 Leaking 
lit Contamination l~ 46 Lubrication 
15 Crash 47 Mach.ini.ng 
J.6 Distorted/Bent '11:. 48 Maintenance 
l? Design '~9 Marking Improper 

18 Deterioration 50 Mate:riaJ. Defective 
19 Excessive Load lt. 51 Mislocated 

iii' 20 Excessive Moisture 52 Open Gircu.i.•t 

21 .Excess.ive Pressure .53 Out, of Acl,i/1:'o1,3ranG0 

22 Excessive Voltage t :'54 Overheating 
23 Fatigue 55 Overhaul ReplacemBnt 

24 Finis h 56 Oscillation 

25 Forming 57 Oversize 

'JI 26 Fore ign-Matter 58 PeeUng 

27 Fouling 59 Rigging 

28 Frayed 60 Riveting 

29 Frozen :t 61 Short Circuit 

30 Galled/Scored/Fretting 62 Slipping 

31 Grounded 63 Storage 

32 Handbook (Tech) 64 Shi.pping 

1..t;, 
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20 65 Solder/Weld/Brazing 
1i. 66 Sei·z;ed 

67 Shock 
68 Sticky 
69 Temp High/Low 
70 Torn/Cut/Punctured 

:DJ: ?l 'l'orquing~ Over/Under 
72 Under:;;.ize 

t1: 73 Un.l;:nown. 
74 Unbalanced 

k 75 Vibration 
76 'Weak 
77 Worn 

Reference Numbe:r Column 19 

Reference Number distinguishes 11PartllJ and 11Component 11 IoBoMo cardso 
11Part 11 cards have Ref o No. D1l_31li and 11Component 11 cards have RaL No . 
112"0 

On a "Part" card the detailed information punched :in the JO colull'.nS 
follow:i.ng "Reference Number 11 is taken from the 11Pnrt" section of the 
FoDoRo On a 11Component 11 card these 30 columns are punched with 
information from the 11Component II s1:<c·tion of the F o D.Ro s Le. "Part 
Manuf'acturer 0 s Uamen and 11Manufacturer 8 s Part Number¥1 will be replaced 
by '°Component, H1:lilufactttrer 1 s Name• and 81Ma:nufa.cturer 0 s Number of 
Component311 respectively 1 "Component, T .S"O. or- Total Time 11 will be 
punched 5.n the columns at. present labelled "Part ToS.O. or •.rotal Time\1 p 
and the 11Component T. S.O. or Total Time 11 columns will be used to punch 
"Aircraft Total Hours" from the F .D.R. 

Component and Part cards will be stored in separate deck:-i ai1d normally 
subject to sepa-r-ate analysis. They will be of diffarent colol:tr 1 and 
if necessary Component cards with corrected column headings can be 
prepared to facilitate reading of the punched informatior dire<!t ly 
from the cardo Punched information will normally be read from a pr:i.nt= 
off~ however~ and the LB.Mo card column labels are simply fer tba 
convenience of the I.BoMo operators. 

Entry Status Column 54 

This i tern indicates the source and reliability of the report as punched. 

The code is~ 

Agent 0 s guess l 
Agen·t certain = 2 

Air Force investigation 3 
Overhauler 0 s investigation 4. 

t----------------------■------•-•W ___ , _______ _ 
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Entry Status 

There is no space devoted to this item on the F.D.R. Codes 1 & 2 
are distinguished by reference to the field agento s narrative remarks. 
Codes '.3 & 4 will arise i n cases where the ori ginal F.D.R. has been 
followed up later by a more detailed repor,:, . The ori ginal I . B. M. 
card will then be removed and replaced by a. card with entry status 
and any other i terns revised as necessa,y according t o the detailed 
report. 

Column 77 

I
0
B

0
M

0 
cards will remain in the master file for statistical purposes 

dur ing the time engineering is taking action 9 and also after the .::ase 
has been closed. Action Gode will enable the sta-t.us of each defec t 
report to be distinguished 9 and will provide a simple means of mord·" 
~oting progress in dealing with reports. 

The code is as followsg 

First Punching 

Re=punched after 
act,:i.on 

J Statistics only 

l 
Critical 
Normal 

Mfg. proced1.u·e changed 
Redesigned 
Specificati on rewritten 
Maintenance procedure changed 
Maintenance s ch6du1e changed 
Instructions rewritten 
Air Force respcmsibi1i.ty 

§~!!L.8!'.ZY~.E Columns 78 & 79 

"" 0 
"' 1 

,., 
( 

8 
9 

'l'hese two columns of the I.B . M. card have been set asid~ f or use 1:;lr 
the I.B.M. machirie programmers in organh,ing t.abulation&. 

Card Code Column 80 

No narrative on F.D.R. 
Header card 
First Trailer Card 
Second Trailer Card 
etc. 

.. 
0 
i. 
2 
3 

16 




