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PLANNED AIRCRAFT REPAIR
by
ENGINEER CAPTAIN W. T. A. JORDAN, C.B.E., R.N, (ret.)
Superintendent, R.N. Aircraft Repair Yard, Fleetlands

This paper aims to present in simple language and sketches the Planned Aircrafi
Repair Scheme evolved at the Royal Naval Aircraft Repair Yard, Fleetlands,
for the repair and complete overhau! of Naval aircraft. It is not a technical
paper for the Production Engineer but an introduction to modern practice employed
at Fleetlands.

Preface

Before the recent world war the bulk of Naval aircraft were fabric covered
and they presented quite a different proposition in the engineering sense when
compared with the modern all-metal type.

Just prior to and during the war the all-metal aircraft was rapidly developed.
With such aircraft a heavier power unit was incorporated as also were many
additional cemplicated units, mechanical, electrical, hydraulic and pneumatic.
At this stage therefore the aircraft became an intricate machine and repair
work throughout became an engineering problem for which facilities and
method had to be developed.

During the war and partly because the repair set-up for aircraft had not kept
pace with design, repairs became largely a matter of replacement of components.
While meeting war requirements this method was obviously far too expensive
to continue as a peace-time procedure.

From the above it can be seen that it was not until after the war that the
real business of getting down to large repair work with modern aircraft on an
economical basis had to be faced up to. 1t was this problem which confronted
Naval Engineering and which subsequently led up to the present scheme being
evolved and developed at Fleetlands. Plate 1 gives an idea of the personnel
set-up required to carry it out at Fleetlands with a basic repair task of about
150 atreraft, 360 aero engines and 240 power plants per year, complete over-
hauls in every case. The same set-up also deals with a very large volume of
miscellaneous, investigation and manufacturing work.

STANDARD PLANNED REPAIRS
Introduction -

The complete overhaul of an aircraft is based on the findings of the Repair
Establishment and not on defect lists compiled by the users.

The Establishment carrying out the overhaul is therefore faced with two
major problems :—

(a) To ensure that all defects and modifications are covered.
(b) To evolve a system which will return the aircraft to the users in the
shortest possible period of time.

The orthodox method of compiling a defect list is for a team of Examiners
to survey the aircraft as received and on its merits. In theory, therefore, only
necessary work 1s undertaken and many components may remain in situ.
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In practice, however, it is found that the original defect list does not fill the
bill as numerous supplementary defects come to light during the repair process,
thus completely upsetting original estimates of time and cost.

Equally unsatisfactory is the time lost at the preliminary stages ; for instance
the workshops are not concerned unti! the defect list is completed and the
many job cards made out for the different Sections of the Repair Yard. This
time lag also reacts on other work such as estimating and store demands.

The compiling of a defect list by the orthodox method does not, therefore,
in the earlier stages meet the important requirement at (b), nor does it do so
during the intermediate stages due to the many supplementary defects arising.
There is also a psychological disadvantage as the team of Examiners who carry
out the Survey have no further interest ; their activities and interests pass on
to other aircraft awaiting survey.

It is obvious therefore, that an ideal scheme for large repair work is one which
enables the aircraft to be taken in hand by Workshops on arrival, which keeps
supplementary defects to a bare minimum and which enables all Examiners
to be interested throughout the refit. It should be noted that Examiners are
apart from Production, they are mainly concerned with the noting of defects
and the quality of all work being carried out to the required inspection standards.

Standard Repair at ¥leetlands

A scheme to meet the requirements at (@} and (b) is now in practice at Fleet-
lands and is known as Standard Repairs. This Scheme provides a standard
procedure for the complete breakdown of the aircraft into interchangeable
groups, incorporation of modifications at suitable stages and reassembly for
test flight. By this method all aircraft are treated alike ; they are taken in
hand by Workshops on arrival, the master job cards being pre-printed, and
the Examiners are confined to certain groups or components with which they
are assoctated throughout repairs to final clearance from Workshops.

The complete dismantling of the aircraft into interchangeable groups, each
of which is surveyed and refitted to schedule, ensures thorough and adequate
repairs without loss of time. For instance, in the case of the Firefly aircraft,
a reconditioned centre section from a previous aircraft 1s immediately available.
By the time the carcase or fuselage is repaired and the centre section fitted, all
other components are completed and waiting in the Assembly Shops; it is
then a matter of reassembly and functional tests. The groups, being inter-
changeable, could if necessary be exchanged between aircraft; in practice,
however, and excluding the centre section, this is more the exception than the
rule. As all repairs are worked on a time basis and to schedule, estimation
of completion and costs is a much simpler matter and in fact is practically
pre-determined.

A reconditioned power plant, that is one which has been subjected to a
complete overhaul of the engine and ancillaries, 1s fitted in every case. The
airframe and engine are therefore brought into line and both commence a new
lease of life together.

[t may be thought that subjecting each aircraft to a standard procedure would
tend to increase the work and period of time under repair and that the quantity
of spares and stores required would be excessive. In actual practice, however,
the period of time is very considerably reduced as also is the amount of spares
and stores demanded. It is an established fact that the turn-round time is
halved by standard method.

The outstanding advantages of Standard Repairs where complete overhauls
are concerned 1s therefore as follows :—
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PLATE 3

(i) Pre-determined estimation of time and approximate costs.
(i1) Quicker turn-round.
(i) Marked economy.
{iv) A minimum risk of overlooking defects, particularly deterioration which
is of paramount importance and which cannot be in full evidence unless
the aircraft i1s completely stripped.

Reduction in turn-round time

Plate 2 shows the reduction in turn-round time achieved by adopting a
standard system. It will be seen that with the standard system only working,

the datum line was straddled with the average turn-round time working out
at 89 days.
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Oscillations in the curve are caused by hold up of test flights for various
reasons such as weather, etc., and delay in supply of modification sets or spares
beyond local manufacture capacity. The system otherwise provides for a
straight run through on the repair side.

Falling off in Spares and Stores Requirements

This is illustrated in Plate 3 and is brought about by the method of group
completeness on dismantling. For instance, when removing a component from
an aircraft, certain fittings, such as special bolts, washers, etc., are by Pictorial
Schedule required to remain with the component or with the carcase, the job
not being complete for inspection or bonus payment unless these conditions
are fulfilled.

It will be observed that a proportion of demands are not satisfied ; these
are met by local manufacture.

A typical sheet from the Pictorial Schedule is shown in Plate 4. Complete
sets of Pictorial Schedules in convenient form are displayed and available for
the use of all operators.

METHOD

Schematic Sketch entry and departure for Flight Test

Plate 5 shows the entry of aircraft into the Yard by “ Queen Mary ™ and
the various stages up to readiness for flight test. Aircraft are also towed into
the Yard and sometimes fly in ; they all go through the same procedure.

The sketch being schematic is not intended to give any idea as to the volume
of work in hand ; at the time of writing this paper, the number of aircraft
being worked upon in the shops and aerodromes was 65.

Break Down of Firefly Aircraft

The break down shown in Plate 6 1s Standard and the time allowed to carry
it out is fixed. Other types of aircraft are treated similarly.

Basic Floor Time Chart Firefly

Plate 7 shows the Basic Time Chart for a Firefly aircraft, other aircraft having
similar charts. The working days exclude Saturdays, Sundays and public
holidays.

In actual practice these charts are behind perspex covers and a cursor is
fitted to enable shop officers and others to pin-point commencement and
completion dates.

It will be seen from the chart that the complete break down and cleaning
is scheduled for seven days and reassembly (erection) fourteen days. The
latter includes the various functional tests in place such as folding main planes,
working flaps, retraction of undercarriage, efc. Repairs, it will be noticed,
are all scheduled for completion before erection commences, the centre section
being the exception, this, as previously stated, comes from an aircraft taken
in hand at an earlier date. The break down, reassembly and bench testing
of the engine is controlled by a similar chart and the overall time allowed is
26 days, thus giving ample time for its inclusion in the building up of the power
plant to fit in with the commencement of the assembly of the aircraft.

A common basic floor chart of this nature is extremely valuable to all
departments, 1t contributes towards law and order, is uniform, automatically
applied, comprehensive, simple and exact.
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PLATE 9

Detail Progressing

For the daily use of Planning and Progress in following up additional detail
not shown on the Basic Floor Chart, a Progress Chart (Plate 8) is used. Each
aircraft has its own Progress Chart.

Each Shop or Section has a different coloured job card for the convenience
of reference, a sample of which is shown in Plate 9. The progress tab of the
card is removed and kept by the Progress Section for following up and day-
to-day reference. This method of progressing is required in addition to Basic
Floor and Progress Charts to cover all detail and in connection with the large
volume of work carried out over and above that required for Fleetlands aircraft,

GENERAL POINTS OF INTEREST

Premium Bonus

The Rate-fixing Section is a specialist Section ; qualified Rate-fixers fix a
time for every job and workmen are in a position to increase their basic pay
by bonus. There is no doubt that this incentive greatly accelerates the tempo
of the workmen without adversely aflecting quality, observing that all jobs are
examined and passed by an independent Inspection Department.

The bonus scheme is worked on the Halsey system and so arranged to urge
on and encourage the moderate and average worker as well as suitably
remunerating the fast worker.

Inspection Department

This department is an Inspectorate and not a Section of the Production
Department. It is directly concerned with the aircraft from entry into the
Yard to the final examination prior to test flight. The department is responsible
for the quality of work throughout to standards laid down by drawings and
publications ; its responsibilities alse include the correct modification state of
the aircraft on completion of repairs.
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FIREFLY MK]V FUSELAGE PANELS

REF No26B2{7342
DRG N B.52A 4889
FILLET FAIRING FRAMES t—3
PORT

REF No 26BZ/NIV
DRG NOAL52M96!
SHROUD FOR CABLES

REF NG 26BZJNIV
DRG NC BJ52A 6419,
PLATE COVER MOD 607,
PRE. MOD 600.

DRG N DUS2A604L
NSPECTION COVER. PICT

REF NO2GBZ/NIV.
[
SCHEDULE NOB8. REF 49.

REF NO 26B2/7373
DRG NO AJ62A SHT 52,
PANEL HINGED COWLING TOP
PICTORIAL SCHEDULE NO.B.
REF.1.

REF NO 26BZ[NINV
DRG N@ BJ52A 6413
PLATE COVER MODb 607
FRAMES 3 5 PORT.

REF NO26BZ{7648(7.
DRG NO AJ3|A 2554]3,
FAIRING NOSE PORT & STBD.
PICTORIAL SCHEDULE NO 8.

REF 39.

¥ F F 3

REF NO 26BZ[B0OCI. REF B/A.
DRG N° AJ62A.SHT. 58
PANEL COWLING PORT & STBD.

PICTCRIAL SCHEDULE Ne 8.
REF 2.

RESTORE TO SHAPE.

I 9 [RENEW ta BSF. NUTS.

|2 | REPAIR__BY PATCHING. 10| RENEW ODDIE FASTENERS.

3 | RENEW FASTENERS., 11 | RENEW FAIRINGS FASTENERS.
4 jENN STIFFENERS. 12| RENEW DZUS FASTENERS.

5 | RENEW RIVETS. 13

6 | RENEW PANEL. i4

7 | RENEW_2.BA. NUTS. 05

B | RENEW 4 BA. NUTS. 16

TYPICAL INSPECTION SURVEY SHEET

COBE MNUMBERS ARE INSERTED WHERE REPAIR OR RENEWAL IS REQUIRED
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Survey Tempo

It may be gathered from this paper that efficiency of repairs together with
economy and turn-round time are the main points aimed for with standard
repairs. It might, therefore, be of minor interest to include Plate 10 which is
a typical survey sheet planned to improve tempo with notification of defects.
Defects are notified by inserting the code number where repairs or renewal
is required.

Test ¥light

The test flying of Fleetlands aircraft i1s a function of the establishment and
the work of the test pilots is closely allied with the Inspection Department.

Planning and Progress

This Section is the hub of the Production Department ; all work is organised
and progressed from here, thereby reducing to its simplest form overall man-
loading, economical use of facilities and ready reference to the state of work
throughout the Yard.

An idea of the volume of work carried out by this Section may be gathered
from some of its functions as under :—

(1) Raise all job cards.

(ii) Plan the break down, reassembly and pictorial schedules for the various
types of aircraft.

(iii) Raise Basic Floor and Progress Charts for the different types.

(iv) Plan use of floor space.

(v) Progress all work both from the office and floor angle ; progress chasers
are provided for the latter.

(vi) Compile and keep all records in the way of input, output and disposition
of the work.

Stores

The set-up includes a Naval Store Department which of a necessity with this
type of work is close to Production and, in common with other departments,
is very much a member of the team. The liaison is kept constant by internal
paper work being made common as far as possible and placing the ready use
stores in the workshops under the direct control of the Naval Store Officer.
This department has first-hand information of day-to-day expenditure which
is invaluable in connection with replenishment of ready use stock without
loss of time.

Costing, Expense Accounts

In addition to the normal functions of this department the Expense Accounts
Officer, by reason of his intimate dealings with all work, is able to call attention
to the economical state or otherwise of any centre of the Yard. This informa-
tion which as a weekly routine 1s widely promulgated in tabulated form, shows
waiting time of all workshops and individuals and relevant reasons. Besides
being extremely valuable in many ways this information provides an infallible
check on labour loading in current circumstances and gives great assistance
in connection with the economical expenditure on wages.

Materials Laboratory

Although not an integral part of the planned aircraft repair system, the fully
equipped and staffed materials laboratory contributes extensively by providing
scientific advice and by exercising control of certain chemical and metallurgical
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processes 1n the Yard. It holds a watching brief on new materials likely to be
of value in Naval aircraft, and also investigates the causes of material failures
in service.

OVERHEADS

With a standard repair scheme, and indeed with any repair scheme, the ideal
overhead set-up is one which, consistent with economy, enables the tradesman
to spend the maximum time at his trade to the exclusion as far as possible of
all extraneous work.

The overheads at Fleetlands in connection with Standard repairs were
envisaged and built up with the above principle in view

In present practice, therefore, very close connecting up of all departments
1s exercised to ensure the absorption of all work extraneous to the various
trades. This 1s achieved in a measure through the medium of the job card.
For instance the average number of job cards in use on the workshop floors
is approximately 27,000 and each card is concerned with the Planning, Rate-
fixing, Production, Stores, Progress, Recording, Inspection and Expense
Accounts Departments. This wide range of overheads dealing with a job card
is a pointer to considerable overhead expenses, but it is also a pointer to the
close knitting together of the various departments and therefore to team work.

The combined efforts of the Yard’s overheads enable the craftsman in the
various trades to receive instructions concerning his task, the rated time in
connection with bonus, notification of stores, materials and special tools
required. It also supplies him with working drawings and easy access to
pictorial schedules.

It will be observed, therefore, that the overheads appear adequate as far as
eliminating extraneous work 1s concerned ; the next point of interest is are
they economical ? It is an established fact that they are most economical but
this could only be demonstrated by the final cost of the task set in comparison
with Ministry of Supply contract prices, etc. For the purposes of this paper,
Plate 2 supplies the ready answer in kind as far as the old and new schemes
practised at Fleetlands are concerned. Furthermore it is a common occurrence
for Ministry of Supply Officials to visit Fleetlands when working out contract
prices for repair work.

Conclusion

When the compilation of this paper was considered, there appeared to be
no satisfactory middle course. The paper had to be short and general or long
and detailed, the latter for various reasons was considered impracticable. It is
hoped, however, that sufficient information has been laid out to give a general
idea of standard repairs to aircrafi and some of its outstanding advantages.

A series of photographs, shown on the following pages, helps to give some
1dea of the shops at Fleetlands and their scope.
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CARCASE OR FUSELAGE REPAIRS—FUSELAGES WITH RECONDITIONED CENTRE SECTIONS FITTED
CAN BE SEEN IN THE CENTRE OF THE SHOP

SECTION OF HYDRAULIC SHOP SHOWING RE-CONDITIONED UNDERCARRIAGE PARTS
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MaIN PLANE REPAIR SHOP

CowLING REPAIR SHOP
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L COIL  WINDING
MISCELL ANEQUS

ELECTRICAL REPAIR SHOP

SecTioN oF ENGINE REPAIR SHOP
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SECTION OF AIRCRAFT JOINERS® SHOP SHOWING PROPELLER BLADES UNDER REPAIR

FIREFLY FINAL ERECTION SHOP
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BurT TEST

RUNNING UP BAY—GROUND RuN TEST AFTER FINAL ERECTION
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