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The general picture gained was that Avro is not far behinc
the majority of airframe manufacturers, but at the same
time is able to learn from the efforts of the 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 engineering, and are now becoming interest
ed in reliability statistles.as suth, There is some debate
on the relative merits of the McBee and I.B.M b
cards systems, although the latter is generally recognized

to be more flexible and much better capable of handling large
quantities of data, Douglas Aircraft Company is already
employing its I.B.M, 704 computer on defect data enslysi

The greatest mass of relevant experience on field data is
in the Electronics industry, where reporting of every defect
by means of a pocket-size cheque=book style form; and
recording on I,B,l. punched cards, 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 style report form
for Electronic and Armament Systems has recently been
introduced, Utilization of data is at present fairly ele-
mentary, but improvements and future developments are under
active consideration, and include programs for an I.B.M, 705
computer to be installed sround January 1959.

In the airline industry, it has been fully realized that
reliability represents large sums of money. Although
reporting and recording methods are still largely manual
sophisticated techniques are used in the presentation and
utilization of data,

All organizations with experience in Field Data Reporting
stressed the point that the field agent is the most critical
link in the whole chain. Complete and correct reports can
only be achieved by ensuring that the originator is entirely
competent and conscientious; he must, therefore, understand
fully the reasons why each item of information is required;
and be kept fully informed of the action resulting from his
reports,




1.2.2 The Defect Reporting and Recording Oper

The field operation of the new system is based on
principle that every failure, defect, or malfunctio
be reported, with at most a few days delay. sport
must identify precisely the unit or unit:s
system, component and part; as far as the origi: s
to trace the trouble, Background information, and an asses
ment of the extent and time by which the weapons

at reduced effectiveness, are also regquired. A ne
form has been designed to meet these requirements and

shown in Figure 1.

This form will be issued cheque-book style, in the s&i
the illustration. No more than two people should |
concerned in completing the report. A separate ret
required for each defective part; the que
and the back of the form is available for
information., It is believed that the form
demanding, although its success in customer ssrvice
depend on field agents being properly SSLQLMGQ
sold on the system, and fully supported,
designed to meet the requirements of 1&11404L1Y
rather than to conform to present practice,

In many cases the originator will have no means of knowing
which part is defective, nor the cause of trouble
record of the defect will then be completed when
overhauler!s inspection report is received, but in
meantime the incomplete defect report has man :

Reporting on engines, integrated electronics :
will be arranged in conjunction with the ki
concerned, so that Avro can maintain a
bility of the complete weapons system. Engine, e
and missile contractors will be asked to collect ai
data which Avro requires,

an I,B.M, system. hach FleLd Defevt d"“
rise to at least one I.B.M, card, as
report form and I.B.M, card have been 5
So that they are fully compatible. Fairly bldHOr'
systems are necessary to represent the reported de
of the available 80 letters or numbers, The coding is d
by the technicians who first screen the reports for com
ness and accuracy on arrival at the plant,
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The narrative content of the report is also recorded on
I,B.M, cards (known as "Trailer! cards), A synopsis of
the story is punched letter by letter, using as many
cards as may be required,

A typical I,B.M, tabulation ofField Defect Reperts on the
Arrow Flying Controls Hydraulic system is shown in Figurs
3. Figure 4 is an Explanation Sheet which will go with
every tabulation, to make the print-off intelligible to
persons unfamiliar with the codes,

The Analysis and Action Organization (Chapter 4)

It is proposed that the co-ordinating centre of the whols
Field Data System should be the Maintenance and Reliability
Section of the Equipment Design Department of the Engineer
ing Division. Figure 5 illustrates how the system will
function,

The Statistical Reliability Analysis and Reliability
Engineering groups of this section will be responsible for
analysing the defect reports, spotting and rating problems
and initiating corrective action in the appropriate depart-
ment of the Compary. The Reliability Engineering Group also
has the important responsibility of seeing that the
corrective action taken is reported to the data collecting
organization, so that summary reports and individual action
reports can be circulated to field agents.

The Reliability Analysis Group first recelves Eield E?fezi
Reports in the form of a tabulation of the day 8 ?Q}"hi. v
cards from the I,B,M, operation. ~Unusua1 or Cr{tlcal fl;l“n
Defect Reports have already been d?scovered &z$§creﬁ€4p§ ;|
acted upon by Reliability Ehgin?erlngo ID?pG?uLOna?»bfno‘
daily tabulation will suggest llngs_of an&A¥§1s‘ Y*;cm are
then followed up by means of special tabulap;on: and |
summaries, making use, where necessary, 0€V?1glj&L Cémpuzlig
facilities and employing refgrepce and ut1@¢zat¢on §§t§ﬁ as
shown in Fig. 5. The analytical apgrogch is summarlneqa

and the links with the Maintenance Englneerl?g:Grzup‘éu

with the Technical Design Department are explained, in

paragraph lo2cks
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1.2.3

1.2.4

o500 ss/CONtid

fhe Reliability Engineering Group takes over when nr
areas have been pin-pointed by the mellabiiity'ﬁnai§
Groupol Working with the approval of Project Naﬂa“émev‘
they ylli initiate action in the approor;ate 5épa§;;kggn

and will also deal with equipment vendors in u:ck n

yith the Procurement Department, The heliatlllty ﬁﬁﬂinéf’«
ing Group will also be responsible for keeping apbgo;y.ilé
funqtions throughout the Company informed on %ha Eur‘(‘ ‘
reliability picture, 4

Philosophy and Techniques of Anal sis

One of the most important innovations now being pr
1s that continuous Operations Analysis should be carr
out to ensure that engineering effort on so called "non-
critical® defects is most usefully applisd, The major
portion of field defects are of this nature; they az
dealt with on the spot by normal mainten procedures
and engineering action is not immediately required, These
defects are more or less serious according to their
frequency, the down-time they cause, and according to the
role to which the weapons system happens to be assigned,
whether it be operational readiness, familiarization an
training, or some other duty., Under the present system of
reporting and analysls it is impossible to assess accurately
the relative seriousness of these defects.

(S0

o

The new Field Defect Report form will enable Avro

to measure the seriousness of defect rates in their
effect on the serviceability of the weapons system,
(ii) to tackle equipment reliability problems in the manner
giving most improvement per dollar invested, and

to plan the attack on each problem in a much more
scientific manner than has been possible hitherto,

(1)

The first step is to produce for.eacb type of deie;f @
weighted defect-rate which quantlpatlvgly_represengs i
contribution to the unserviceab%llty of the weapo
Using these figures; and measuring the progress of corr
ive measures on each problem,
effort among various problems can

fou

The attack on each problem will then be planned in

directions:

'y
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0\ - &L & . . e
(1) Design improvement, This will be facilitated by
statistical correlation between defects and the

various reported factors that might be contributor

(ii) Optimization of preventative maintenance by
adjustment of overhaul and replacement schedules,

(a3d) Improvement of maintenance techniques and
inspection procedures by means of studies of
ménhours and down-time,

(iv) Optimization of logistic support of maintenance
by ensuring availability of equipment and by

inventory control of spare paris,

This plan will be put into effect by engineering personnei
of the Equipment Design Department,

Reliability Analysis of sub=-systems will be reviewed
periodically as better statistics are accumulated, an
also at the request of the Technical Design departument
when design changes may require a compromise between
reliability and system performance., Serviceability
Analysis of the complete weapons s;ste@ will also be
available to the appropriate depariment, for lncorpora
tion in optimization studies along with such other
weapons system components as radar range, speed, manoeuvi
ability, missile performance; etc.

2
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2.2

2.3

70/REL 00/1

Chance Vought

Chance Vought and Convair were first contacted through their Flight
Safety Engineers, )

Thi§ group, under the supervision of a Staff Engineer, Cockpit
Design and Flight Safety, report directly to the Chief of Design,

Chance Vought's interest in the reliability of airborne equipment
stemmed from an interest in the safety of the aircraft and all
equipment whose malfunction might lead to the damage of
the aircraft. It was obvious to Chance Vought that a ¢
accurate method of accumulating reliability data on airborne
equipment was necessary.

Malfunction reports originated from four sources:
(a) The Field Technical Representative (Service Dept.).
(b) The Field Engineer (Engineering Dept.).
(c) The Quality Control Engineers (Production),
(@) The U.S. Navy.

It was found that for one typical malfunction, four different forms
were used and four different reasons for malfunction were sometimes
reported. Essential data was missing and only approximately 10% of
the actual malfunctions were reported,

Chance Vought's solution to this proplem was to §e§igr’one F;eid ‘
Failure Report Card for the use of all peoplg or;glnatlng.maLfgnctian
data., The card contained headings for.a1¥ yltal information Enf*

was necessary to carry out a sound reliability Program, zhe~d?“§(anh
is transeribed to I.B,M, cards at the plapt ind.perL§d}o ;pr?ib Jhiaw
are produced to present statistical data to Engineering, Management,

Production, Procurement; etc.

still transcribe their information to McBee

The Flight Safety Group theigy Sntormation 5o Megee
Cards Since the number of returns that they are interested in, from
3

a flight safety standpoint, is relatively small.

Convair, Fort Worth

- A o e Faed-
i rganization of an efficient da?d faed
As with Chance Vought, the gygthe e S

s instigated ; i i Solatand
back systemtgz Shiot ff Service Engineering un?el the Abwls%ah
reports to duct Design. Although their reasons for

Chief Engineer = Pro
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2.4

oloas sisis contild

collecting failure data are based on the safety aspect rather tha

. Gt -1 1
for maintenance evaluation, the problems are the

sa.

Th?lr malfunction reports originate from three sources
=5 3 I Q ol 4 o R ~ o (& e
(a) Field Service Representative (Service Dept.,)
(b) Field Engineer {Engineering Dept.},
() U S A4E,

o

The same trouble was experienced with these reports as wi

of Chance Vought, The information was found to be sket
incomplete, inaccurate and only a small portion of the

were reported,

The lack of interest, initiative, and awareness of the problem on

the part of the originator was believed to be the main br“blenm
Without a complete, concise and accurate report, proper analysis

of malfunctioning equipment is impossible,

Convair were in the process of starting a McBee Card System,
information coming in from the Field Service Engineers and Service
Representatives will be transcribed from the standerd type defect
reports to the McBee Cards., Convair admitted that they had not
considered the I.B,M, system too seriously at that time due to the
They reported that the
U.S.A.F, were studying the use of the McBee Card for failure report
ing, but discussions with other manufacturers later in our

suspected complication of the coding system

investigation proved that this was not necessarily true,

are currently applying the I.B.M, system to selected lst 1lin

and related support equipment, but it is intended to exten
cle at a later date,

weapons systems throughout their life cycle

planned to issue the collected data as monthly Malfunction Reports

Design, Quality Control and the Service Groups.

Canadair, Montreal

Canadair had considered the u
field data reporting. Mr. J.
the United States to investigate th
still relying on the conventional syst

the defect information on cards,
information was obviously great an

the United States.

i N int
"ts im ur visit., They didgo to the poin
S s but the job of extracting

d precipitated Mr. Heine's trip to

T ¢

Uoss

my
2

e

e air £t
it to all

It

se of a McBee or I.B.M, card system for
Heine had recently completed a
is problem, However, they were
em of U.,C.R.'s and Defec

of coding

trip
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A monthly Defect and U,C,R., Status Report

., . wa i (S POL |9
attempt was made to analyse the defect
a complete picture to the Designer on th

airborne equipment, \
They did agree that the existing was 1lnadequate a
keenly interested in our investi on into ng auto

accounting techniques and statistical cowpr?uz‘:i tc a Def
Reporting System,

ans Canada Airlines, Dorval

The subject of Field Defect Reporting was discussed with th
Superintendent of Inspection at Dorvel, who is responsible

maintaining statistics on every item of r
component on Trans Canada aircraft, T I
ensure that the life of all equipment in service is re
that accurate maintenance and overhaul sch 3

Reports on malfunctions are originated by
or by the crew chief, They are directed ti zh
Superintendent to the Inspection Department where th
is transcribed to a Remington Rand Failure Card A
is used at the bottom of the card to indicate the

malfunctions of that particular item of equipment arn
every time a malfunction occurs. If it reaches a

rate of malfunction, the flag aut 1y indicates

unit is removed from sService ur 3
incorporated. The method of calculating the critical
3 ol —abtably © -
malfunction was not determined but is prokably D&
experience for example, so many malfunctions lor r
s 3 + e aTe e )
number of flying hours. In this way trends are anti ted
the situation becomes serious.
he

Contrary to the general trend in the aircraft h?utT*”
airlines are more progressive 1n the matter of j :
ance and operating statistics to mgnaggmepy~ T¥ S
due to the fact that these statistics }pdlqatg P?e,
state of their aircraft; which can easJL{ be frdusfﬁA ik
Tt is felt that the effect of serviceability on

and cents system is just as impo
combat effectiveness of our weapons system 1s Ju s img
Avro,

} t is iss to their Management jo
A monthly report 18 issued to e ypes,

1ight delays. This T

1 ctions and f n ;
malfun lay or malfunction.

> d
to the reasons for the de

0 <

o v,
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At the present time, T.C.A, is investigating the McBee Card

sy stem tg replace the Remington Rand System in order to speed up
the sorting of data for analysis and presentation to mapaéomen:;

R.CoA., Camden

R,C.A, have been actively interested in the subject of Reliability
for & number of years, R.C.A, realized the importance of pid
and efficient feedback of failure and deficienéy 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.,B,M, failure
reporting system in operation for over three years and have reached
the point now when the whole system operates very smoothly and
efficiently and provides excellent statistics for reliability
analysis,

The control centre for the feedback system is located in the
Customer’s Service Department at Cherry Hill, Here; the data
transcribed from the R.C.A, Field Card to I.B.M., cards, checke
technical accuracy, sorted and filed. The design of the R.C.A.
Field Card is the result of two years of development by the U.S.A.
and R.C.A, and they stressed the importance of simplicity of layou
end the necessity of ensuring that all of the vital information was
supplied from the field.

a

The Field Cards are originated by R.C.A, Field Engineers Sézr‘;;

Representatives, Members of the U,S.A.F., Standards froug Reli
bility Engineers and Test Personnel conducting breadboard tests.

®

R.C.A, stressed the importance of feeding results back vo tﬁe
field to build up a feeling of interest and confidence in the system
in the origin&tois of defect information.

3000 malfunction reports a month are handled on
! rol Systems by the Control Gen?reﬂ The si
e these reports consists of not more thag tio
The key man must be a ?ype disc%%?ed»b& R 9 fj,
a well qualified and intelligent techniclan 9 ;§§gibeiéﬂg§::éla;wd
with some experience in the type of equipment being processed, &n

an interest in reliability and statistics.

a.1f

Approximately :
Airborne Fire Cont _
necessary to handl

or three people.

as

extensively organized at R.C.A agd
the equipment including

pPurchasing, Qualificas

The Reliability Program is
emcompasses the complete }1fe cyc%elof e
Preliminary design; Breadboardzdeve opment;
tion, Production and Service Life.

192
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iuell Reliability Group has a representative in eact
o ensure that’alvl aspects of reliability are coordinated on
par ticular pro‘],e(’i“.' He ensures that trouble are
pointed by the Reliability Analysis Group, are i
design and the proper sction is taken to improve
o S $ oro s s Boas 3 -
special field projects Reliability Engineers a
monitor the feedback of failure reports to the GCont

s PR : S s
Their Standards Group play an important role in the Reliab L 1ity

Program., They are responsible for;

(a) Analysing qualification tests, to rate Vend
(b) Testing and evaluating components to engineering
specifications,
(c) Recommending preferred units of equipment for use
in new systems.

It was of particular interest to note that
Group is using their punched card system to
il

statistics in the performance of equipment a
board Stage. This would correspond tc the r

data from the Systems Test slage,

A it A Defont
vro Field Delect

All details of the proposed layout of the f
Report Form were discussed with R.C.A. and many valua

ions were made by them,

con

As discussed elsewhere in this report it was mutually
that the Astra 1 system would be adequately covered bj the
R.C,A, reporting system, Detail; of a(i(}lebl?rld{ pe”iorrr;m
tics required by Avro for operations analysis Were p
R.C.A, for their perusal. This will be the subject of
meetings with R,C.A

(

The Martin Company, Balti

hin

that were contacted, the Mart

) tl Aircraft Manufacturers ‘ ’
Of the Air £ in Field Data hepor7_1ng on aircraf

Company was the most advanced
: +
structures and airborne systems.

the complete weapons
the Martin Co

tance of reliability of the
veral years Dy
weapons system @
+ that it was not cons
shly technical

The latter problem

The impor
been appreciated for se
found that the reliability of a
by & condition so simple tof corrsc it
worthy of serilous invesmgghon, no‘g ae;‘icus
problem was usually considered to be s o

a
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received much more attention although it might be uncomnm
-2 e < ’ . X = 7 . " ;
limited to one ur}tv The simple problem might be widespre
and pave an overall greater effect cn the reliability of
complete weapons system, ‘

A Service Trouble Report was designed, similar to the I
Flel@ Defect Report, This report is used by Engineering
Quality Control, Manufacturing and Customer Service to feed

N

trouble data into an I,B.M, Tabulating system,

In all cases where any unsatisfactory condition is noted
whether the parts involved or the action takenm apply to a:
outside vendor, the Martin Company, or the Customer, a Service
Trouble Report is written. The headings on the Martin Service
Trouble Report are basically the same as R.C.A.'s and the
presently proposed Avro Card., The policy has been established
that as many cards as possible are to be written and
card must be filled in completely.

In the field, the card is originated by the Company Field
Representative and forwarded to the Customer Service Department
The group responsible for that particular project codes the card
and determines whether the Service Trouble Report is ®Critical¥,
for "Routine Action®, or for "Information Only

If the Report is "Critical® 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 tmenf
for tabulation,

The Corrective Action,
Trouble Report is transmitted T Le
of all Trouble Reports upon whlchAc$rre,H o

i i ervi ion Review
taken, This review, the Service ACtlO vy € % g
man in the ;ield isykept in the picture and helps to establish
confidence in the Defect Reporting System.

d to the field by a pericdic review
tive action has been
ensures that

to Engineering, Quality

i bulation is issued L o
gt N compiiation Ol all

ing and consists of a sl
| nts the responsibilit;

Service Trouble Reports to date and p1n~po1ﬁtsdtJe T‘Dpﬂr i v
: hi { f 1p tne

of each defect, This has the tendei;iuf;ws£250uig+4cp
i st to get & par r malfunction
tion of a fix in order : ] G i
from the periodic report, The seriousness of a?¥ & i
en : i e per al
iidicated by the number of times it appears on tie perdio
tabulation, ;

A periodic m
Control, and Manufactur

g,
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M;}_II;QP_A ircraft I nC: _‘..Era\:"_l’ s

Contact with Northrop was established through the Flight Safety
Group (Airworthiness), This group 1s responsibl ‘
malfunction data by two methods, a McBee Punched
an I.B.M, Tebulating System, Similsr %o Chance Vou

their interest in Field Data Reporting Systems st £y
desire to gather data on airborne equipment failures affecting the

safety of the aircraft, As the number of returns increased,
was necessary to progress from the relatively simple McBe
System to the more efficient I.B,M, Tabulating System

Information regarding their I,B.M. Code System and sample cards
was received by Avro, but the extent to which this system is
being used in Reliability Analysis, and the crganizational
of this endeavour were not determined since a visit was not made to
Northrop., It would appear however, that the Martin Company had
advanced further in the field of reliability engineering,

Douglas Adrcraft, Santa Monica

A visit was not made to Douglas Aircraft on the subject of Field
Data Reporting or Reliability, but some information has been received
which indicates that they are using the I.B.M, Tabulating Method to
accumilate field data on equipment reliability,

: 1 et o g DR e .
A Douglas Flow Chart of their malfunction report processing indicaies
- . - - 4 +he £ G A Martin does
that a Reliability Program equal to fhdt o;{f :MAU: ga »L;“J 3
exist. Malfunction reports are originated in Manufacturer OUp ]
2 S aa 2R M2 4 and
Field Stations, Manufacturing Facilities, Military Iraining anc 7
- E e T P e e
Operation Sites, Under Manufacturing, reports emana e from Receiving
3 ot P v TInspe =
Inspection, Production Testlng Pr?uJuL;Cﬁ.{qu
and Calibration Laboratories. These reports
A B 111% i where t are checl
local reliability groups where they'dftfﬁff.,q<§ :
cribed to I,B,M, Cards, They are then forwar bF¢VHL_.,
Reliability Section in the Engineering Department wnﬁlc&
i ST W e and issued in the form of reportvs
processed analysed and issued in i
th proposed remedial

ar

5

)

i action,
pecple concerned Wi

SCO

United Air Lines, San Francisco

contacted to determine the airline approac

ction reporting and

United Air Lines were

1F reliability.
to the problem of malfun

similar to Tz

1 ¢ tem y
ual card system,  Tra
. oning of alrborne

¢ tly using $ : p
1 Mt R bord data on the malfuncti

Canada Air Lines, to rec
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equipment, United Air Lines are investigating the use of =
IchM; tabulating system, but it is still in the preliminary
planning stage,

Orenda Engines Limited, Malton, Ontario
Orenda were found to have quite a sophisticated I,B,M, sy
for handling Field Defect Data, which had been in operaticn
about 2 years, Several useful visits and phone calls were made
to Orenda;, on account of the ease of communication with them,

Their system was based on advice from the Pratt and Whi
Engine Company, and was installed initially with the mai
of streamlining the handling of data, A small amount of
statistical analysis had been done with the help of a U,S.A.I.
report on actuarial methods for predicting engine life.

Orenda really has two parallel systems, with separate T.B.M.
layouts: #Engine Removal Analysis¥ and "Serialized Accessory
Removal Analysis®, Data is reported on a straightforward 8N x
117" sheet, They are on the point of introducing a third system
with a separate report form and I.B.M. card, “Parts Replacement
Analysis®, The "Serialized Accessory Removal Analysis™ records

the accessory removal and also the part found primarily .respons
ible for the failure of the accessory. This information is found
very valuable by Orenda although not primerily nhgir T?Spcﬁsibility¥
The Part information is obtained from the overhauler via the
R.C.A.F.,., on a copy of the R.CoA.F. L53, which the Overhauleris
report on the condition of the unit, The Parts ﬂePAaC3M5f'71wj
Analysis® is being set up to keep a detailed check on all failed
parts of Orenda’s own design.

seribed from the report form to a layol
The code system is very elaboraie and

ry out this process Frequent

Data is coded and tran
form before key=punching.
Manalysts" are employed to carry o §68ke
Confezenaes are necessary to mod ify the'ccde‘bgokw in }?C'Lr?;a~
of experience; and one complete repunching of th? ﬁf-f, ?? sards
was done after a major nodification, Orenda iiisuofibiﬁwvndmvg
redesigning their field forms tO'PUt most Zf d ff‘verv &i%;~;;f
onto the Field Representative”hSJngetchZLQQnin*:ha "Bd*;gAS’ﬁ "
t { itabl d keep them interested ifi LHE = y job a
to get suitable men an

existing at presento.

tal g sis of the

2 % employed to tabulate a sSynop oy
I;E;Miizzri;pzii ?iig thg g?eld and have been found most useiul
n av .

to back up coded data.




At Orenda, Field Data is handled by a Service kngineering Gro
wh?ch consists of engineers reporting to the Serfl*e M;H;59£\H
this group provides a link between the Service Department and
the Engineering Department, “

Air Materiel Command Headgu RCAF Sta

Field Data processing in the RCAF is the responsibility of the
Logistics Data/Statistical Services section at AMCHQ, All Techmical
Failure Reports from the field are received by this section, which

issues Monthly Defect Summaries, regular Failure A

and special reports of many kinds, The summaries and reports are
used chiefly by Specialist Officers of the Logistics Staff, each

responsible for a small number of equipment items,

Defects on Electronic and Armement Systems are reported individually

on a reoently introduced cheque-bcok styie form {March 195 and
recorded on I.B.M, punched Defects on all other kinds of

airborne equipment are reported by listing on a Technical Fail
Return, which separates lifed and non-lifed items and has spe
reporting eleven defects on each side. This a is recorded on
McBee cards.,

The Technical Failure Return in the case of non-lifed equipmen
calls for only identification of the failed unit and
indication of the type of failure, For lifed items
last overhaul, hours in use, and some deteils regard
are asked for., The Electronics and Armament Form call
information., with check=-off boxes for detalls of Lbe fail
back of the form is used for additional comments
This form closely resembles the standard El

form used by R.C.A

hrief

detalls of the

s fo
2

ectronic

i g sonnel wish to draw attention To

In cases where maintenance personnelnwtg};L b ks
ies of recurring troubles
t form is used., Data repor a
16§

+he un oy
unusual defect or a Ser the universal
RCAF Unsatisfactory Condition Repor
by UCR is recorded in the same way as r .
sent back in due course to the originatoro

ts received by AMC has reached 12,0
nd Armament and 5,500 per monta on OU
Electronics and Armamen

outine data, but a reply

The number of defect repor
per month on Electronics & : 7
i } umt f reports ©O

equipment, The number Ol TI€} ; (e ’ e
dgub{ed during the first four months after t?eyf?gx?na n R
cheque=book style report form. The peT§OF27g ii;;;;l§3£ pew;‘wf
of information coasist of g clerks and 6 RCAF =peci

ranging in rank from Flight Sergean

t to Flight Lieutenant,
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The amount of clerical work required with the McBee card recordi
system is much greater than with I,B,M, cards, and the sor ing
possibilities of the card presently in use leave something "'Jub\a
desired., On the other hand one McBee card can accommodate much more
information than one I.B,M, card, unless extensive code sy stems

are used, AMCHQ have not as yet seen their way to preducing
systems for equipment other than Electronic and Armament ._ySuPI*l*
On these sybte"zs the actual report form is punched as an I,B,M,
and the screening and coding necessary, before punching, is calluad
out by two specialist technicians who are still able to do some other
duties in addition,

code

The section visited at AMCHQ is not carrying on any stat
analysis of the data other than the preparation of a w“d*
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 Ah(;'riQ working
on further uses of the available data, including the appli
an I,B.M. 705 computor to be delivered around January ,9)9_ d on

new ideas for data collection,




3, IHE DEFECT REPCRTING AND RECCRDING SYSTRM

3.1 A Unified System

The proposed Field Data program has been designed fr
as an integrated system, It centres around a new report forn

an I.B,M. card. The report form is an improved means of communica
tion between the Field and the Company, and the I.B.M, card is the
key to ready access and speedy anaiysis of the information reczeived.,
The two have been designed for compatibility, but the content and
layout of the report form have also been determined by cereful
analysis of what can be achieved practically in the Field, A
same time the I,B.M, layout is adaptible to very wvaried utiliz
including the sophistated computing techniques which will be c:
for when sufficient data has accumulated.

ge of the Complete Weapons System

3.2 Cover

hich could
engines
was drop

Barly attempts were made to design a common report
be used for all major components of the Weapons
electronics and missiles, as well as airframe

when the detailed requirements of the manufacturing comg :
were examined. Such a universal report form would be beyond the
acceptable limits of size, because of the need to provide additional

anies in

528 P 8 common T R M
spaces useful to only one or two of the companies. A common . B.M
card is even more difficult to achieve, for the same re The
report form proposed (Fig. 1) and the I.B.M. layout To ¢ it
(Fig. 2) are therefore specifically designed to handle airframe
defects.
To obtain defect data on the other major components of the ove: all

i A i -equir the other
weapons system which Avro will require,

be asked to use a report form of a type gi iSothe
including all those items of ?lnf(i\,rmat':ion1 whlc? Lf.fte,“éuél L
Weapons Systems management, (;-oples u"“a‘L de chplkfrte Bt
Weapons System will be transmitted to Avro ‘ar%d ‘k,gzéuomé;d%
1ay2>uts will be prepared to enable us r‘howreioikn;é,e” a;o Suil
reports in the most efficlent way. I,‘Bé.@ffs&{i& jues >
ciently flexible that this presents no ditfi 5 o

lLar o

This data will enable Avro foo maintain 1? \Mtfg outdéjp;:;ftd
the Weapons System reliability, aliioug ).arll(; Y i
I‘eliabijllty analysis down to assen ie

by Avro only on airframe sy stems.

11 1 oc Jyi0ted
will be conducted

O

N o

)
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3.3

3.4

The Kind of Reporting Regquired

zﬁgufglg:Sizﬁinogfrzszr?lpg under the prgp?sed ayste?fig that notice

Ty incident affecting serviceability, and that
tbe reports be forwarded to the central processing group at Avro
with the minimum of delay, Further every report should contain
complete identification of the component or part concerned, details
of the environment and circumstances of failure, and how it was
detected, Also required are a description of the type of trouble
and possible cause, and information about the effect of the trouble
on the serviceability of the Weapons System, both as regards severity
and time out of service,

The New Style of Form

The type of form which is proposed to meet these considerable demands
is shown in Fig, 1. It is appreciated that by comparison with
present standards of reporting these requirements are searching, but
it is submitted that a new standard can be attained. Several features
of the new form serve towards this end:

(1) In spite of the number of questions to be answered, the form
has been kept small in size,

(£4) It will be issued in check=book form, to be carried in the
mechanic's or Field Representative's pocket and filled in on
the job.

(1ii) Check-boxes are provided where possible,

(iv) The person reporting will be expected to make %ull use othna

\ back of the form to write a detailed story using as a guide
the questions on the front of the form. ﬂarratlve type .
reports are thus still poss%ble, but brevity and relevance

are encouraged.

(v) Our Staff Engineer Human Factors has already‘adviseg lnESTmL
' ally on the actual layout of the form. ’It*lb an}ic%paf,?“
that several alternative arrangem§nts mlghurbe pdhtvn*ui”b%h“
in the Experimental Hengar., It will be veizvlmPOf aﬁb o the
of the whole system that an autr?:unve layout is Wy
ield Representatives, and many modifi-
the early development of the

success
finally offered to the Fielc
cations are anticipated during
sy stem,

$ill calls for enthusiastic

not be

< rm s
It will be clear that the new fo \lthough the topic will n

co-operation from the field forces

20
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further laboured now, it is in fact essential to the success of the
system that the reporting field agents be of at least as high jual;kv
as the best Service Representative presently employed: remrésentufidl
of this quality has been assumed throughout, as may be seen from *Ee
details of the report form, Ways and means of improving the present
service are considered later in this report,

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 psrt, in
this instance the Manual Relief Valve of the Compensator in the
Flying Control Hydraulics,

Lete

In practice the report will more often specify only the comp
assembly or component, The component will usually be removed and
sent to overhaul without being further dismantled. More detailed
information in that case will come later from the Overhauler on a
separate form, The Overhauler's information will be connected with
the original Field Defect Report by means of the Report HNumber, which
will be written on the Defective tag accompenying the component back

to overhaul,

It is visualized that a report such as that in the example will
actually require the attention of two pe?ple %n the fie;é_tc ?ugure
its completeness, One man close to the gop w1l¥ record 1?entﬂf1:§
tion and immediate details while the work is going on. The second,
with greater responsibility will fill in Flme; and any other more
obscure items which may require the investlgatlon‘of Log bo?ks or
time-sheets., He will also be required to check the wAOjé.?fpo?L“Q
since it is not intended that eny more }han two per§9ns wlii ?dn?L;
the form before it is mailed to AVro. LF is'tocbe:;L{ a2~p‘;&§25 o
be more specific about the kind of organ;zatlon e we%?‘dlgn ih;
mechanics and AvVIro Representatives which will be require he

Customer!s maintenance shopS.

Some Features of the Form

detailed information on
i e hat the form calls for : b «
e bétzozidtizadefect situation which hgve.prev1cuély'b?§n the
zgg?eiipzf guesswork and estimation. Emphasis 18 placed on the

g




357

secccescocONt?d

record?ng of component age at failure. so that meaningful defec
rates in terms of hours in use can be deduced iﬁsf;adéo” "5e£;é+-
per month";, "defects per squadron” or other such fléures‘wqich‘a;;
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 defect, both direct and through loss of serviceability
of the Weapons System, These factors alongside the actual defect
rates will determine priority of action on units of poor reliabil
1ty .

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, exciuding lunch breaks
C.0,"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 most common from a longer list which is
printed on the inside cover of the book of forms., This 1list will
undoubtedly undergo changes during development of the systgm since
exact figures as to the most useful words will be ob?ainablg
mechanically from the I.B.M. cards, It w111.b6 ngtec that‘fre
Type/Cause words, and the check=box alternutlvgs in other blocks
This is part of the code which is necessary for

are all numbered, 2 ;
M, card,

recording the content of the Field Defect Report on an I.B

The use of the items called for on the form is further explained
S : - Tl S
in Chapter 5 of this report, and the Appendix gives working details,

The I.B M, Card

i11 i which the data of the
Fi 2 illustrates the I,B,M, card on w he '
Téggii 1s*punched to enable machine sorting, tabulation; and ?ther
mechanical processing, As is probably well k?own, thgtholes ;Ez
punched by a machine having a key-board like & typewrl ??: o
éard hes 80 columns, each of which takes elthe§ one+ordy;v p;gi ed
holes according %o vhether & number QrtlthTZnéstizvigpeo} ‘ﬁev
i hing is printe the
lntgrprgzztiog ;f ;2§hgﬁgg nrgad" the card by means of electrical
card, oBolMo
contact through the punched holes,

22

- g
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3.9

Coding

To represent the information on the Field Defect Report by only
80 letters or numbers obviously requires considerable condensa-
tion by coding, This is carried out by one, or perhaps two
coders back at the plant, as described in a later section of the
report. Examples of the code-sheets appear in the Appendix of
this report,

So that machine tabulations (Fig, 3) will be at least partially
intelligible to those not working daily with the codes, an effort
has been made to simplify where possible within the severe
limitations on space, Thus the "System Name or Structure Location®
code is taken direct from the Avro Design Numbering System, and

the MAssembly or Component™ code is allied with the index of
Msintenance Data Record (M,D.R.) sheets, As an aid to interpre
tation an explanation sheet will be provided with every tabulation

(Fig )

The card of Fig., 2 does not contain, even in code form, every
piece of information which can be extracted from the report, Only
data which is liable to be subject to machine processing, or
essential reference data, is punched, except for some concessions
to readability of the card, Thus the Manufacturer's Pur*‘Numbe‘
is all that is strictly necessary to identify the part referred to
in the example, and the Part Name "Manual Heligf Vglvef L: not
given in full., But the code wy1l" means "Va}ve“,‘tnls‘ls falrLy
easy to remember and gives the 1ayman.read1ng tne¢faou1@51%p a
gcod idea of what report number 02357 is about, It also enables
the I,B,M. machinery to perform severa} usgful accu@glatloTs .
automatically - when statistics are called for on performance of
Valves in Hydraulic Systems.

I d Part are specified in
M, card the System, Assembly an , -
gﬁrzhgylggi;aesar Colum;y19” labelled "Referencg” carries th;
numberrﬁj“ and means that this is a "Part Card" ]Suii;e;gaazjgy
: ¢ i ] ing lumns S T& n nli

i i ation in the 30 following col , : »
iigil%iz i;éiiﬁ section of the Field Defect.Repoit, Iﬁfglmatizr
from the "Component section of the Report is mot punched in full

on this I.B.M. carde
nformation a second card with

o
ncomponent ledr with detailed component data

e 11 the
To record a L e

WReference’ number

N
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rgplac’ing the part data of columns 20=49, The "Component, Time
since Ove:erhaul or Total Time" area of this card. which is now
vacant, is used to record "Aircraft 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
Part Cards on which component data is not given in full,

3,10 Trailer Cards

The long=hand story of the case, which the Field Represeatative
may write on the back of the Report Form, is not suitable for
coding or subject to mechanical analysis, It is therefore
recorded separately. A synopsis of the story is punched letter
by letter on what are known as “Irailer® cards, which are stored
separately for most purposes, but are combined in the same deck
with the coded cards ("Header® cards) for machine tabulations
such as that in Fig, 3. When a defect investigation requires
original reports in full, these can alweys be readily produced,
Indexing and access to originals is greatly simplified by the
new system,

R4,
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IHE ANALYSIS AND ACTION CRGANIZATION

4ol

4ol

Flow of Information

ml | °
ine personnel responsible for the operation of the proposed system
can be regarded as falling into two main divisionss those con
with completing the Field Defect Report and getting it as far
preliminary screening at Avra, and these concerned witl act
the information from the Report and acting upon it, The two di
Sions are equally responsible for the success or failure of the
program, So that field personnel may be made fully aware of theis
importance in the system, and to make the system efficient in othear
respects, it is essential that the organizaticn be an informational
closed loop, as shown in Figure 5,

Figure 5 depicts the details of the analysis and action functions,
The block at the top of the chart, where flow originates, includes
all the other functionss distribution of the blank F.D.R.'s to the
field, completion and checking in the field, and transmission back
to Avro's Maintenance and Reliability Section, It also includes the
return of summary reports and individual action reports to the
separate reporting agencies, so that each will be aware of the over
all defect situation and alsc of the action resulting from its own
reports,

Getting Good Reports

It is anticipated that the new system will work under iaVbn;able
conditions both in the Avro Experimental Hangar end eventually in
the field. since the Arrow will have first priority among R.C.A.F.
aircraft., and will not exist in great numbers until the sxstem is
well established, This should mean that the personyel working on
the Arrow can be to some extent haﬁddplcged‘ and this fbéu1d =
certainly apply in the case of Avro Service Repr?%e?f:‘j;ffg;u”'
the men responsible for the critical stage'?? ECLéailé u.é,diﬁgpiﬂ
and reporting every defect are of gvoq quaL%\y anc :L-:y*ﬁg j:igj
ated at the outset, it shculd be possible to maintain emthusiasm
for the system,

nel must be kept fully informed
bases and back at the plant,

done by the circulation of summaries pf the ?ft?L defect

can compare its problems with t

g sure that when a fix is decide

ually informed that action was 1
The field representatives should

To this end the reporting person

and assured of the effort at other

This can be i
picture so that each station
overall situation, and by mgkl? .
upon, reporting agents are 1Qd1v¢ﬁ
taken as a result of their efforts

(4]
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alsg be familiar with the plant end of the operation. both for
their own information and to enable them to f;liueL* r;‘o; s
?ffectivelya Regular meetings are essential betwéen tb: report
ing f?rce’und the Maintenance and Reliability Engineering Se

to maintain personal interest and enable the direct discuss
matters requiring co operation,

i10n

4,3 Engineering Function

Figure 5 illustrates the Engineering Function, which accepts the
material from the Field Defect Reporting organization, uses it

and in due course acknowledges the material by reporting back
results

wem 1is

It is well to point out that although the proposed Sy S
designed to make the fullest possible use of high speed data pro
cessing methods, a fair amount of manual work is still quired

in feeding and programming the machines, Personnel of a differ

ent kind are required for analysis and interpretation of the raw
data produced by the machines, Thirdly, liaison between Reliability
Analysis and the users of the information, including Vendors, will
be most effectively carried out by personal contact requiring
specialised liaison personnel, These people will be g to the
section labelled Reliability Engineering, which of course
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 Engineering are
hili and teon $ vy
first screened for legibility, completeness and technice .
At is

consistency by a technician of Reliability Engineering.
. 1 icke + and Yy
stage any unusual or critical reports are picked out and copies
e 1 AT 1m Iiate acti -

handed direct to Reliability Engineering ifor ilmmedlate action by
Project Management., If any reports have serious discrepancies they
are heldAwhile an inquiry is sent to the field, The remainder are
coded where necessary and passed to the key punch operator with all.
possible ambiguities removed.
A tabulation of the day's reports is immediately run ?l{lxoft'
scanning as a final check of accuracy of the pu?0¥?d}L?Iiim; 1?2,

} bulati is then passed on to the Reliabil ty Analysi
and the tabulation 1s N | the original FIR's are
Group, The I.B.M, cards themselves and th F

o oBo M :
then inserted in the Master File.

26
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Reliability Analysis

With the unusual or critical reports already singled out, the
Daily Tabulation will not normally give rise to any inmediéne
action, The routine task of Reliability Analysis will be to
look out for unusually high failure rates which will not always
be obvious, rather than to deal with random single failur
High failure rates will only come to light on examination of

a3l

lures grouped in such a way that trends stand out,

£
i1al

To this end, Reliability Analysis will call for various types
of tabulation from the Master Punched Card File, These tabula
ticns 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 particularly
useful tabulations will be scheduled through the month, and
repeated monthly as a matter of routine, Thus, perhaps, on the
first of each month, 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, all failures in
the previous quarter grouped by Component code and sub-grouped by
Type of Trouble, and so on,

The crudest form of analysis which can be carried out on these
tabulations is simply to pick out apparent trouble sPﬂtg visuafly;
is possible to do this very readily from IBM TabuLatloDs w?uch
intelligently programmed, For more scientific studies
11 request special tabulations and totals
‘necessary will request time on the

g facilities, The scope of this
er 5 of this report

1T
have been
Reliability Analysis wi
from the Master File, and as ne
Engineering Division's Computin
work is described more fully in Chapt

field defect statlistics are of only
figures on total utilization of
sngfully expressed ir
Failure rates can only be meanlzsfuL_q ?xq,gsg,g in
ber of units in service out of which the failures
) e groups. This input 1s shown on
£ initial in the
Figure 5 Utilization figures must be gathered mlt‘;,aﬁx };'CAFQ
. : g hlied later the RCAF,
Av;o ha;?ars, and will presumably be supph%edblizeli?{tﬁi+8d
% i i ~ogram is being initlated.
The planning of this pnase of the program g

In nearly all applications; .
limited value unless combined with
equipment,
terms of the num
take place, broken down by &

113 {on 411 maintain a library of
lai ¢ jability Section Wil ) ;
Maintenance and Relia . nd Prom our
Th§~tb'11t‘ records, compiled from outside soylc¢§ ‘?c f iwrs i
Ry tudies. The Reliability AnalysisS L{ougY:lt as
oun reliability Bty : tals from the Master File,

. . © - .to
three sources of datas tabulations and

N
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soocoses/ront!d

- s 3 £3 q
ut¢11?at10np¢1gur?s, and comparative data, including qualificstion
test data, from the reliability library, '

AF Fhe ?utput epd; Reliability Analysis will work through Relia
bility @nglngerlng‘ and partly by direct contact with the more
Fheoretlcal groups who are drawn into the reliability effort
Fig, 5)

Reliability Engineering

Unusual or critical FDR's from Technical Screening, and high
failure-rate figures and summaries from Reliability Analysis, are
hand-carried to the appropriate Engineering Department (Fig. 5) by
a liaison man of the Reliability Engineering Group, He will be
responsible for getting action as soon as possible, In some cases
it may be necessary for him to organize meetings between two or
more of these departments to arrive at a solution of the problem,
Where the trouble is the responsibility of Equipment Design
Reliability Engineering will deal direct with the Vendor in zonjume
tion with the Procurement Department,

Reliability Engineering will also handle the presentation of
suitable routine reliability information to the functions in Groups
1 and 2 of Fig. 5, and maintain general liaison with the Service
Department., This will include the preparation of material for feed
back to the Field Organization,

The Project Management Office will of course be responsible for
issuing assignments to cover all work requested by ReLlablllfy
Engineering, and will also monitor all liaison with the Service

Department,

N
(o5}
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50 PHILOSOPHY AND TEEJIL[%&QE._&NALXSIS

Introduction

It is not proposed to alter in principle the present method of
treating serious defects which require immediate engineering
attention, This category contains defects which threaten the
safety of the alrcraft, or which cannot be remedied bv normal
maintenance techniques of repair or replacement, ’

The major portion of defects, however. are not safety items and
are temporarily remedied in the field even if engineering is
required At present, engineering attention is assigned to these
defects according to various rules of thumb. such as "Action is
initiated after ten unscheduled removals", Under the new system
it is proposed

(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

(b) to tackle problems in the order giving most improvement
per dollar invested,

(¢) wusing information not previously available, to ap
each problem in a more scientific way.

The Relative Seriousness of Defects

Reliability is the probable chance that qu;pmept wiLl hOLG_a
certain level of serviceability over a per?od of time, under
the operating conditions encountergdo An 1nte?§§ptordw?;§§§§7m
SYsteh is required to be serviceable when on cal ] %§ ?Hp grL:
for as long as possible without.attgptlonc )u?i?b({jgizlgz a
time of operational readiness; it w;il be}gn call gﬂ“fgw ;fh@duqed
hours a day, the only exceptions being shu%t ?erlov: ;e ;5;3 1
5 aintenance, and for operational Qanuge' ? T

It must be reliable as a complute.wedeJ?'

if possible, still fully

inspection and m
and turn-around. s .
i i andg
system up to the point of kill and, ~- &
serviceable after that for the nexl mission.
: : Pl Bsbel on
3 i c Lo achieve full u 10T E
i?nzligoﬁfnzaléutotge level of serviceab?llty regg%iedtmiﬁ o
;n tgelignd éf training or practice mission t§u¥¥1;%eiat£onal
assigned, Its duty will often still require 1 op

capability,

C
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As work goes on, the proper balance of ef
areas must be assigned:according to the s
level (i) best return per dollar invested L
be done by continuous review, It is felt that at pr
possibilities in these different areas have not been p
compared; the main reason being that guantitative inform
has not been available to allow evaluation, The new system
is intended to enable these possibilities to be realized and

e

to provide the tools to put these possibilities into effect,

The Avro functions involved were shown in their relatlionship

m

to the Maintenance and Reliability Section in Figure The

connection will now be more fully explained

5,4 The Use of Defect Data in Design Improvemer

n Of

M

The analysis of defect data for the use of the Desi
is simply a matter of statistical correlation between
and the different factors which may be contributory. F
example, it will be of interest to know whether a certaln Uype
of defect is evenly spread over all operating stations, or
confined to those having special weather conditior sources
of contamination, Local environment within the aircraft may
ause different defecte-rates on two different ap ations of
t, This will be shown up by correle g defect
cards, The other

(e}

the same uni 24
rates and Position Code from the I.B.l.

A P -
relevant codes are Dperating Condition {Block 13}y Type o

Mlon A111 {2
Trouble (19) and Cause of Trouble (20).
The Design Office will also make extensive use Ol the e
inted very ickly from the I.B.M Ler!

reports which can be pri
¢ards in any desired grouping i

o1
01

ntenance

. . ) L Mad
5.5 OQOptimizing Preventative Na
i ife 1 pected to
For all items of equipment wnose‘l,fe is ?fgn%;lt v
than that of the ajirframe as & wno}e; fep-arg{:‘&l Ay
hed s 1 overhaul interval 1s detlerminec
shedul are set up. The e o 5yt
scu?au:§5 on a basis of the expected design life of the unit
initial na ; o A B P Thta
lh%uld fy efance o1l similar units. The accuracy of n;:%
anc‘nai EZE only be judged when utilization figures and t
estimate C T i
og unscheduled removals have been accumuld
iow
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Considerable research has been done on the possible 3
applying this data, (Ref. 1, 2) For example, the anc.y;’,s
plot against time total hours operated by all units, divi
total of unscheduled removals occurring up to that time, 1
the level of this curve begins to fall, the optimum mainter
interval has been reached. If the curve is level ‘or stil
rising at the end of the maintenance interval in use, the
ance interval should be extended for optimum perform

Maintenance schedules for all equipment in the aircrafi
course be co-ordinated, and the decision to lengthen or Y
the maintenance interval depends finally on the reduction in
downtime produced,

The Use of Defect Data to Improve Maintensnce Procedures

Maintenance instructions for all equipment in the weag
are laid down by the Maintenance Engineering Group el
Analysis Group will supply Maintenance Engineering 'J;?:lx figures on
These will be compared, for each
evaluation of

manhours expended per defect. - ]
type of defect; with estimated manhours, to enable

maintenance procedures.

Checking and inspection procedures yil,l be moni t:o:req h"-y’r!;dl"jT ence
to Blocks 14 and 15 of the Field Derec? Repprt \'Whexp; was
detected?" and "Indication of trou‘ble'.’ s Iue Td(, of oce
aborted missions will be correlated with these items.

1 i 1ations between
Maintenance Engineering will also requlte cozl"rel.alulpt;, mijr k
Maintenance Manhours and Reporting ACL.’LV.Iltj'lb]OC& 5} AT C T to
evaluate maintenance standards between stations.

Optimizing Lo giﬁsﬂg,iuwgzui_ﬂiiﬂ&gwgg
units is critically
i

r of defective y
G ts and the suitabilitly

.
Faster replacemel’lt O' S i ar
dependent on the availability of agf'eﬁpon orocedures
of ground support equipmen;,taihw; ‘,j_'oLl: wr;lge full reports on

e tha 1€ = e 5
expected of Field Agents s o sround equlpmen
defljays due to shortage of spares; inadequacy of gro . 4

: ” i r
or facilitiesy poor H}Smu?;’l;ogiéocompﬁe these reports with
Mai ce Engineerl fo e i S, & will
s +A{Z*gtega€ime (glock 16) end maintenance manhours, and wi
reported down-

ct

] ¢
trouble-shooting or maintenanc

y
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request further reports were discrepancies are apparer

Tl:;e problem of maintaining spare parts in s
along with optimizing maintenance intervals, !
considerable operations research, Full rep\‘,:iv'
scheduled and unscheduled replacements will pr«
data for application of these techniques Inventory
be tackled by use of computing facilities and Lmea}'

Systems Optimization

The Use of Serviceabild

The importance of Reliability as a feature of s Syst
performance has already been referred to in Chapter I l his
repert, As shown in Fig., 5, there will be close liaison b
Reliability Analysis and personnel responsible for overall W=apo
Systems Analysis (Group 6). This will enable due attention to be
overall 3 s

given to the effect of increased serviceability
ity of kill, as compared with increasing the numl
in readiness, or improvement in other inputs
missile performance
ity will ©

speedy manoeuvrability,
allot funds for work on reliabil
management, on the evidence of this analysis,

Individual systems will also be subject to from the pein
of view of reliability wnen re-design of cne ¢t the
of other components of the system.

where a compromise must be arranged between reliability ana system
performance. In these areas liaison will be reguired between
Reliability Analysis and the Sjstemi-\ﬂnalys;; S

reliability

Technical Design Department (Group 6), and decizions e
aLrea

This will follow on from
e two Sections; as par:

the Project Designer.
yVera.l

being carried out by thes yver

Reliability effort.

in Determining Optimum

Statistical Quallivy Control ing Optim
] Hul A8, 65

en Overhauls Allan
Transactions 1956,

Refs, 1, Use of
Component Time betwe

National Convention

lysis; Lt yur & Neelin
2 Field Data Analysls; Larmour & Neel

June 1956,




A2,

OPERATING DETAILS

INTRODUCTION

mi 4 P, "] +1 3
This appendix amplifies the headings of some of the items on the Fi
I J 1) LeMS on 1€ Jilt, (B

d e lai W ra neon S . Ca -
and explalns wnere necessary the working details of filling in

form

and several are punched as written, or are ®self codad
or are ¥sel f-codac

and coding the information, Many items are self explanatary

hand, some general remarks of explanation are Petulvedy along with il
explanation of individual items : ong wit 18

GENERAL DETAILS

A2.1

The breakdown is “System Name or Structure Location", "Assembly
or Component®, and "Part",

A good deal cf confusion exists in the industry as to the mean
ing of the terms "Component® and "Part". The follewing defini
tions have been found to be workables:

A "Part" is an item not normally subject to further disassembly
such as a bolt, resistor, shaft,electron tube, etc,

U

A ®Component® is a group of parts assembled to perform a fun
A component is not usually capable of operating by itself
Pump, generator, amplifier, aileron, et

=
Co

Examples are:
A "System! consists of a group of components and/or parts specially
integrated to perform a function or functions, All the System

of the Arrow are enumerated in the Design Office nmumbering system,

of punching the information of Blocks ’t‘.h
been explained in Chaj

€

% hreakdown requir

The principle
on "Part! and "Component® cards has
The "System™, "Component® and "Part alk
cards, Electronics menufacturers generally use a 4-stage h :
down., We may wish in the future to punch onto Avro 1 B.M, cards
electronics data received from other manufacturers; the present

layout should be able to do thisg o

. by using 3 cards instead of 2,

Part Number
called for.on the FDR, This is
part Number provides better identifi

Number may describe a part being

+ manufact ) and the Manufacturs
11 : i manufacturers)
pplied two different = - tine agent.
;uA ilzl« bg ig more readily available to the reporting agen
: = > P imbers I .
Tir 15 mot space on the I,B.M, card for both mumbers, €o &
ere is not spac

choice had to be made.

The Avro Part Number 1s not
because the Manufacturer's
cation (the same AVIO Part
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APPENDIX

On the I.B.M, card a portion of the Avro Part Number does
appear as the System Name or Structure Location code, The
Reliability Group will be able to provide immediatse

1 A g £ N
reference between Avro and Manufacturer’s Part Numbers

sg

Simultaneous Defects

An aircraft will often be unserviceable due to more thar
defect at a time, Each defect is reported separat unle
it is actually related to another, and Blocks 12 16 and 17
require some clarification in such a case., This is an exasmple
of where reporting agents will require briefing befo

begin to use the system,

=y

re they

These three items are to be completed as if the defect being
reported had happened singly; this rule will require the agent
in many cases to make an estimate, e.g, Where the removsl of
an access panel enables two unrelated defects to be remedied
the man-hours required should be reported as if the panel had
been removed twice, and the time unserviceable is reported
according to the same principle,

A3. DETAILS REGARDING INDIVIDUAL ITEMS

ltem

1l

Report Number (R/N) Columns 71 thru 75,

Related Report Number (R R/N) Column 76,

The cheque-book of Field Defect Report forms issue% to the
reporting agent will contain some forms with the R/N space
blank, as well as printed=number (forms.

In the case of a report unrelated to any'other»‘a frzgtgi ,
number form is used and R R/N ig filled in as Zi{ko” g?die.xéj"
is required to relate two or more reports, the iwrzﬁg;q wi{Eovh
inted-number form, putting R R/N. 1. Rela]%i I?QLIL:‘

: number forms, filling in the R/N f;sm the

/N =2, 3, 4 etc., as required,

on a pr
are written on blank- i
printed form, and writing R R

is necessary since it may be rqu1red~?§ml ,
d reports after they have been tlngC?l V{ o
the stack. The proposed method seems
nd I.B.M, columns in the best wey.
be stapled together by

>d on all but the

Some such system
reassemble relate
I.B.M, cards and mixed in
to conserve report numbers &
To save writing, related rgpqrts ?gn e
the reporter and repeated information O

first form,
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A3, DETAILS REGARDING INDIVIDUAL ITEMS vaooocONtd

Item

2

= +
Printed-number forms should not be wasted, since the quantity
1 1. s a e :
of form§ that can be numbered in five columns is not infinite,
If a prlntedmpumper 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 with the 3-stage breakdown {System, Assembly and
Part) all completed will give rise to two I,B,M, cards which
will bear the same R/N, but different Reference numbers, Each
Related Report Form may give rise to two I.B.M, cards in the
same way,

For reporting from overhaulers who may want to detail many (more
than five) different parts in comnection with one assembly
failure, a separate Report Form will be provided, to avoid using
a different piece of paper for each part. The Overhaulers’ form
will carry the R/N of the original F,D.R. (obtained from the tag
on the component), system and component date repeated, and
part information tabulated below, All entries will give rise %o
separate I,B.M, cards, with R I/N?s in sequence, the same R/N
and Reference number "2" (see Reference Number informatiocn 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

. 2 T oy Pl
Tt is recommended that this space be filled in by the first
person to write on the F.D.R., even in cases where a Service
Representative or Alr Force N.C.0, checks the form and completes
some portions before mailing to Avro.

is returned to the bhase; it
WReported By", and can
one is involved,

When an Action Reply on the F.D.R. r
will be addressed to the perscp'named in "R
be shown by him to the more senior agent, if

Date Columns 1 thru 4

ly coded to save 1,8l :olumnso.
ith letter N = November and D =
is punched {(e.g.
for 10 years, €.8,

This item has been partial

Month is punched as & numbég‘w =
December., Only the last digit of the year

7 = 1957), This system will be acceptable
8 Nov. 1963 = 08N3.




APPENDIX

A3, DETAILS REGARDING INDIVIDUAJ, ITEMS ......cont'd
Item
4 As with Report Numbers, the I.B,M, 402 printer is unable to
produce a zero in the first column when tabulating, but this
omission is of no consequence,
5 Activity Column 5
This information is coded by means of a letter, Where one
base has more than one squadron or maintenance unit, separate
codes will be allotted, to enable comparison of data among all
units, as well as among all geographical locations,
The tentative code at present isg-
Avro Flight Test = A
Avro Production g P
North Bay N
Casey = Y
Val d'0r = v
Kapuskasing = K
Comox = 0
Uplands = U
Bagotville = B
Cold Lake = L
Namao = M
Saskatoon = S
Chatham & C
6 Aircraft Type Column 63
For the Arrow a code will be set up to distinguish marks cr
variants where necessary.
At present 1 = Arrow L.
2 = Arrow 2.
7 Aircraft Serial Number Columns 64 - 66
Only the last 3 digits will be punched.
~ (Component. Card)
8 Aircraft Total Hours Columns 41 = 44 (CGomp

i i ¢ tal hours as well as
e A ri0§23;2gizlzgr:£2bfg cases tg be distifﬁu%é%gd
ke s p;{ may be wearing out sooner in & new aircraft
where an assig a{rcraft’ or vice-versa., It is thfrefore
;222522r;nt2 punch the data on component cards only.
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APPENDIX H)
A3, DETAILS REGARDING INDIVIDUAL ITEMS ......cont'd
Item
9 System Name or Structure Location Columnsé and 7

The coding of this information is based on the Avre Design
Office numbering system. Although the breakdown used in the
D.0, system will not be known to all field technicians, it
should not be difficult to report this item with sufficient
accuracy that it can be correctly understood back at the plant,
Reporting on systems should be straightforwardy structural
defects will sometimes be more difficult to describe, but
should be relatively few in number, compared with all equipment
defects.,

The code sheet for this item is as followsg-

Systems Location
11 Electrical 51  Radar Hoss
12 Instruments 52  Front Fuselage
13 Electronics 53  Canopy ;
14 Engine Installation 54  Centre Fuselage
15 Flying Controls 55  Intakes
16 Fuel 56  Duct Bay
18 L.P. Pneumatics 57 Drop Tanks
19 Utility Hydraulics 58 Engine Bay
20 De=Icing 59 Rear Fuselage
21 Oxy gen 62 Wing Inner
22 Air Conditioning 64  Wing Outer
23 Fire Protection 72 Dive Brakes
26 Armament Hydraulics 74 Aileron
28 Furnishings 82 E}evatcr
31 Landing Gear 83 Fin

ine Control Hydraulics 84  Rudder
. R ) 91 U/C Structure = Nose

92 U/C Structure - Main
94 Arm, Pack - PFuselage
98 Power Plant

Columns & thru 11

10 (i) Assembly or Component Name

’ Within each system name or structure location, assembl:;f:;s or:
et 5 -
components have been assigned individual code numbers. Thus

under System 32, Flying Control Hydraulics =
Elevator Jack and Linkage

) GIN=
02 = Compensator
17 = Aileron Parallel Servo
etc. :

LTI




A3, DETAILS REGARDING INDIVIDUAL

Item

a

Where several identical

they have the same Component

guished by means of Position Co

6
Co
w0

components which are handed but

ETca;Cﬁ in the same
numbers differ,

Changes in design,
procedure, etc, for

L

Maintenanc

tical suffixes on the
Compensator after one r
a second modification 02B
the code will be agreed
up; the code is in fact
Data Record
every modification will

e

cLurer

e
Lneets

enable

of modifications (including

procedure, etc,).

A portion

Hydraulics

CODE ITE

A W Do

Ol Jack and Linksa

02 Compensator
03 Jack & L
04 Differential
05 Valve, Contro

06 Valve,
07 Valve, Conit

08 Valve, Pressure

”CL@W&LJLOL

Ufl

Rudder
vo, Budder
Ailero

Self

49 o

nponent
Component
dification would
ehLe

S

components

,]. c

f p - e
Lode

These




A3,

DETAILS REGARDING INDIVIDUAL ITEMS .......cont’d

Item

10
(iv) & 11 (iii)

Position or Reference Number {olumns 24 thru 40

The use of this information has already been mentioned (
5.4), The position of most components or parts can be described
by the use of “"Pori® & "Starboard", "Upper" & ®"Lower®, or
combinations of these {see code below),

In the case of Electrical and Electronic equipment, where most
instances of repeated spplication of a part are found,; Deszign
Office "EY & "RY numbers already exist. Unfortunately these
WEM & YRY¥ numbers will change with different series of aircraft
in such a way that for complete identification it will soms
times be necessary to cross-refer to alrcraft serial rumbers,

tor 35 on

An Electrical Reference Number such as E1066/35 (conne
harness ELO66) will be punched on the Part Card as "10¢ 1
Compcnent Position columns, & w350 in Part Position columns, The
UE" is omitted since Electrical System is already identified as

11 in columns & and 7.

Three I.B.M. columns are assigned to "Part Position® 1o 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 that the code will fit in the 3-place Part Position
area of the I.B.M, card.

ALPHABETIC POSITION CODE

Port

Sthd s
Upper 1
Lower =
#AW System =
NB i} Sy- Stem =
Forward
Aft =
Male =
Female
e.g. Port Upper =

1749 &
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APPENDIX E

A3, DETAILS REGARDING INDIVIDUAL ITEMS .......cont’d
Item

10 Hours since New or Overhaul Columnrs 41 thru 48
(v) & 11 (iv)

The accurate recording of equipment life is essential %o almost
all reliability work. The necessary sources of these figures
are not at present fully provided. The possibility of time-
meters on various kinds of equipment has been discussed without
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 F,D.R,
will be the responsibility of the more senior of the two agents

who will normally be concerned with each report.,

(vi) & 11 (v) ZLast Overhauler's Name (olumn 49

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

Where the equipment is overhauled by the Manufacturer; Overhauler's
Name will be coded as zero, A detailed code will be prepared for

other overhaulers,

See also notes on Item 10 (vii),

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

Manufacturer’s Name and Last Overhauler's Name will be correlated
with defects to enable comparisons between manufacturers and
between overhaulers, on a statistical basis.

Part of the Manufacturer®s Name code is given below.

AQ Aeroquip

P M Aircraft Porous Media

AE Aviation Electric

AV Avro Aircraft

B X Bendix
. D E Dowty Equipment

EP Eastern Aircraft Products

G A Garrett Corporation

J H Jarry Hydraulics

L M H.W. Loud Machine Works

ME Meletron Corporation

8

—_—— g
49 &
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APPENDIX

A3 DETAILS REGARDING INDIVIDUAL ITEMS ......cont'd

Item

10
(vii) & 11 (vi)

S~

< < Wy Y g Y
2 YYD e R

11 Part Name

(1)

AOL
AOR
AO3

BO1
BOR
BO3
BO4
BO5
BO6
BO7
BO8
B09
B10O
B1l
B12
B13

cO1
(6107

co3
C04
c05

co6
co7
cosg

Minneapolis Honeywell

New York Air Brake Compary
Parker Appliance

Parmatic Engineering
Powerlite Devices

Prenco Progress Engineering
Railway and Power
Resistoflex Corporation
Vickers Incorporated
Vinson Manufacturing

¢/o Rousseau Controls

Columns 12 thru 14

Codes are provided only for classes of parts having the same
basic name; thus B0O9 = Bolt, 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 belows

Adaptor Cc0o9 Collar

Anchor Nut 10 Connection

Arm cll Cotter Pin
cl2 Coupling

Baffle Gl Core

Ball Cls Cover

Bellcrank Cl5 Cup

Bar clé Cylinder

Bearing

Block

Body

Boss

Bolt

Bonding

Bracket

Button

Bushing

Cable
Cap
Casing
Casting
Channel
Circlip
Clamp
Clip

1749 a
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APPENDIX

A3, DETAILS REGARDING INDIVIDUAL ITEMS o.....cont’d

Iten

12

03

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,
and how much time was required to effect the remedy.,

The choice of level of serviceability to be checked, 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,
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, "Grounded® 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 reported, 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 *When was trouble detected?¥,
The source of most information will be pilots! reports, but in

many cases operating condition at time of trouble will §imply not
be known., Reporting agents will be able to assist cgn51dera§1y by
noting in their narrative reports any less specific information
which may be relevant in this connection. Thus it may be usefgl to
know what operating conditions the aircraft has been throg%@ 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 te§uing
procedures, as well as supplying the engineer with assistance in

analysing the failure.
Erratum: Report No. 70/REL 00/1 APPENDIX

page 10 Item 12, The last sentence should reads 8

"For examplesa 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 #7 in this item",
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APPENDIX

A3. DETAILS REGARDING INDIVIDUAL ITEMS oc.....cont’d

Item

12

It

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,
and how much time was required to effect the remedy,

The choice of level of serviceability te be checked, 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,
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, "Grounded" 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 reported, 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.l.
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 “When was trouble detected?",
The source of most information will be pilots®’ reports, 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, Thus it may be useful to
know what operating conditions the aircraft has been throggb since
the equipment was last used or tested, even if these conditions

appear to have no common factor,

s a bearing on operating and testing

The information in this item ha ' . :
the engineer with assistance 1n

procedures, as well as supplying
analysing the failure,
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APPENDIX

A3, DETAILS REGARDING INDIVIDUAL ITEMS ......cont'd

Item
55 The code below appears complicated because only two 1.,B.M. columns

were available to cover all the combinations of conditions relevant
to both airframe and electronic failures.

Operating Condition Code

Col, 1 Gol, 2

Unknown U U
Unknown, but in the air U A
Unknown, but on the ground U G
Storage 0 0
Handling Before Installation 0 i

Inspection 0 2
Aircraft Inactive 0 i
Ground Running, Ground pInstalled

Functional Test 0 4
Take=off 0 5

Landing 0 6

Over shoot 0 7
Accident or Crash 0 8
Altitude up to 10,000° 1
Altitude 10,000' to 20,000' 2
Altitude 20,000' to 30,000 3
Altitude 30,000' to 40,000' 4
Altitude 40,000' to 50,000! 5
Altitude 50,000' to 60,000° 6
Altitude 60,000° to 70,000" 7
Altitude 70,000' to 80,000 8
Altitude 80,000' to 90,000! %

failed gear failed gear
switched on switched off

Speed up to M = .75 9 >
Speed .75 to 1.25 - ?
Speed 1,25 to 1.75 2 /
Speed 1.75 to 2.25 2 g

Speed over 2.25

a9 a
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b A3.  DETAILS REGARDING INDIVIDUAL ITEMS .......cont'd

Item

14 When was Trouble Detected? Column 17

The code for this item is given below:

Turn around

1lst 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

LA | | B 1}

BIOVE™WNH O

it
O

In Normal Flight
% Air Test
Non-routine Test Flight
As in "Operating Condition" (normal)
As in "Operating Condition" (air test)
As in “Operating Condition" (non-routine)

wononon o
HEOoOO W

& UAir Test" includes all routine flight tests made after
inspection, maintenance,,or modification, and also product-
ion flight tests. "Non-routine Test Flight" includes all

experimental test flying.

15 Indication of Trouble Column 18

Almost all defects are discovered on account of their effect
rather than by direct observation of the defect itself; in
other words "Iype of Trouble" and wIndication 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 cause of
' trouble is. This item will also be valuable as a cheek on

inspection procedures and the adequacy of warning systems,

12

1749 A




A3, DETAILS REGARDING INDIVIDUAL ITEMS ......cont'd

16

17

)
20

The code is as follows:

Flight Characteristics = A
Improper Operation s B
Irnoperative = C
Intermittent = i}
Low Performance = E
Leaking & ®
Neisy = G
Off Frequency H
Out of Adjustment = I
Overheating : o
Smoking K
Unstable L
Vibrating M
Warning Light = N
Other 0

’;’_:

Visual Examination

The code ®"Qther" will probably be frequently used, and the
reported indication spelled out on a trailer card,
can be added to this ccde list if considered useful.,

_was Unserviceable due %o this Defect Columns

ae 4
thru 59
Man-Hours Expended to Remedy this Defect Columns 60 thru 62

These two items should be the responsibility of the more senior
reporting agent., The use of the information is explained in
Chapter 5, and the matter of simultaneocus defects is discussed
in paragraph A2.3. It has also been pointed out earlier that
these items must be completed with the purpose of the repori in
mingd time or man-hours expended due to practices which w
not occur in the operational situation are not to be reported,

Type of Trouble Columns 50 & 51
Cause_of Trouble Columus 52 & 53
Wherever possible the reporting agent should try to express
this part of his report by means of the listed words, Given
a completely free hand, agents reporting two similar defect

LSV

1749 A
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narrati
printed

Caus

The conolﬁte list of words is given bel
oHo are marked with
inside cover of

on the l

Iisted on 1we

'}

b

&

which are

2L
22
D

<4,
25
26
27
28
29
30

32

st what
ve report,

J4 st wilil
alvays be careful to distinguish Indi
ot always easy to separate

TTEMS

and
sSoon

Arc 12

Al Lgmman';
Accum, Telerance
Binding
Broken
Burned
Brinslied
Cracked

Chafing
Gorrosion
Calibration
GContacts Trouble
Containe
Contamination
Crash
Distort
Design
Detericration
Excessive Load
Excessive Moisture
Excessive Pressurs
Excessive Voltage
Fatigue

Finish

Forming
Forelgn-Matter
Fouling

Frayed

Frozen

=d/Bent

Galled/Scored/Fretting

Grounded
Handbook (Tech)

make it appear that
by thelr chuice of phraseology.
he wants, the agent can
any need
become

*5/Packaging

= ok @
B B S S N

b

Havi

co0o0o0aeCONT

for mod:
eviden

an agterisk
the book Of FoL

RGN

B
OO0

cation

Handling
Gain High/Lc
High Current

R
ate/

Inade

METoper
Part Incorrect/l
Improper Wiring
Tn“iobm Jse

S8

Interferences
1E ‘11,8"11(1 tent
Jammned

Jitter

Loase
Leaking

Lubkrication
Machining

Maintenance
ILYKLM

LMpT Of
I

T L } "
Defective

Overnaul Replac
Oscilla tton
Oversize
Peeling
Rigging
Rive%ing

Sho Circuit
Slipping
Storage

Shipping

Info,

ng
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DING INDIVIDUAL ITEMS .....cont'd

b A3,  DETAILS REGAR
Item

20 65 Solder/Weld/Brazing
% 66 Seized
67 Shock

70 T¢ 1'.1’L,uw Puncture

% 71 Torquing, Over/Un
72 Undex s

X 73 Unknowr

7 Unbalance

a
er

=

& 75
70
7y

Reference N Column 19

tinguishes "Part" and #Component"
e

No, ®3" and *Component" cards

L Reference Number di
9part¥ cards have

!.2?‘70

is
Re

On 2 "Part" card the detailed informat ion punched in the 30 column
following "Reference dwn;er‘ is taken from the "Parti! section
F.D.R, On a "Component® card these 30 columns are punched with
infnrv'tion from the (om)rnont" section of the F.D.R., i.e. "Pary
me® and “Manufacturer’s Part mber% will be repl
fa rerls Name® and ¥Manufacturer's Number

Manufac €
oy ‘Compom,m Manul

Component™® spectively, tComponent, T, S,um or Total ‘
sunched in the columns at present labelled "Part : 31 tal
and the "Component T,5.0. or Total Time" columns will d to

n

#pireraft Total Hours! from the F,D.R

Component and Part cards will be stored in separa
subject to separate analysis, They will be ol
if necessary Component cards with corrected column he udjuh can be

facilitate reading of the punched informatior directly

prepared o

from the card, Punched information will normally be read from a pri

e t}

1
however, and the I,B.M, card column labels are

convenience of the I.B.M, operators.

J Entry Stat Col 54
I
This item indicates the source and reliability of the report 88 puncied.
¥ The code 1iss
Agent's guess 1 Air Force investigation = 3
Agent certain = 2 Qverhauler's investigation = 4

1749 A
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DETAILS REGARDING INDIVIDUAL ITEMS ......cont

Entry Status

There is no space devoted to this item on the F,D.R Codes
field agent's narrative

are distinguished by reference to the
Codes 3 & 4 will arise in cases where the original F.D.R

followed up later by a mere detalled reporr: The original
card will then be removed and replaced by a card with eniry

and any other items revised as necessary
report,

7y

ion Code  Column 77

I.B.M, cards will remain in the master file for statisti

o

during the time engineering 1S taking action, and alsc
has been closed., Acticn Gode will ensblie the status oi
report to be distinguished, and will provide a simple

roting progress in dealing with reports.

The code is as followss

] Négma

~

zal

First Punching
1
X

Mfg, procedure changed
Redesigned
Re-puniched after Sp?,fflcaa‘on rewritten ‘
o G i | Maintenance procedure changed
B8 vy | Maintenance schedule changed
Instructions rewritten
Air Force responsibility

&

3

Summary Number Columns 78 & 79

two columns of the I.B.M. card have been sst asi
the I.B.M, machine programmersa in organiming tabulat

3
&0

Card Code

No narrative on F.D.R,

Header card = 1
First Trailer Card = 2
=]

il
A

Second Trailer Card
etc,

according to the de

+
¢

C

I~







