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A
MENORANDUM. TO ALL COKCEERNED May 2, 1955
FROM:  HARVEY R. SMITH, VICE PEESIDENT - HMANUFACTURING
SUBJECT: TOCLING AND MANUFACTURING POLICY FOR
BUILDING CF-105 COMPCKENT TEST SECTIONS
AND FIRST AND SUBSEQUENT AIRPLAXES
Relative to meny discussions on this subject, end with full
understanding of the views of DDP and RCAF, the CF~-105 program has been
reviewed in fins detail with the following men:
o H, ¥, Young Chief Procduction Engineer
T, Bragg Ass't Chief Production Enginesr
i ¥W. Eack Chief Tool Engineer
W. H, Rigzs Production Shop Manager
S. L, Wilson Industrial Engineering Manager
R, Whittington Tocl Room Superintendent

To preface the tooling and Manufacturing policy covering each
vhase of this program, I feel it necessary to call atiention to the original
basic tooling and manufacturing policy, which was established for the
CF-105 rrogram last year., That policy was established at a time when
we were considering the proper ways and means of producing the first several
airplanes only, and assuming that there would be a sizeable gap betwsen
the first several and subsequent production airplenes, Cecnssquently,
this policy gave rise to the terms "Fhase 1 and Phase 2 Tooling". It
has occured to me meny times that the terms "Phase 1 and Phase 2 Tooling"
have been risunderstood by members of cur organization, and subsequently
by memberes of DDP and RCAF, consequently ii seems necessary to put this
matter straight at this time,

If we were to build seversl CF-105 zirplanes only, and then
allow a sizeable number cof months to elapse before resuming additional
production then the policy which developed into the terms "Phase 1 and
Phase 2 Tocling™ would still be in effect, as esteblished at that time.

— However, when considering that more than several airplanes rmist be built
and following cach other in close sequence, then the terms “"Fhase 1
and Phage 2 Tooling" become entirely superfluous, and the use of these
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terms should be discontinued at once by all parties concemed, I% appears,
the original misunderstanding on this subject came as a result of the
Engineering Department's recommendation that approximetely eleven airplancs
should be built as quickly as possible, in order that all phases of design
and develorment be proven simitaneously. This reccomendation of the
Engineering Department was concurred, by 211l members cof this company, the
RCAF, and DDP., However, it hes since become apparent that all parties
concerned, must have assumed thut "Phase 1 Tooling® would suffice for the
building of more than the first several airplianes, as lonz as the rate
remained at approxinately one (1) per month. This is not correct, and it
would be dengerous for this thinking to continue any longer. To date, no
harm has resulted from this slizht misunderstanding, to this company, the
RCAF or DDP, consequently no great concern chould result from these preface
statenents.

Facts relative to the C¥F-105 progrem, as they appear to me, and as
concurred by the men listed above, are as follows:

To fulfill the reguirements establisted hy

Avre Aircraft Limited, which was, and still

is, in agreernient with RCAF, DDP and all menmbers
of this comrany, we must troduce the first

eleven (11) airplanes at a rate of aypproximately
one (1) per momth. To so produce these airplanes,
it is necessary tc follow our criginal tooling
and menufacturing policy, generally within its
entirety, which for all purposes can be construed
as meaning a cembination of "Phase 1 and Fhase 2
Tooling". EHowever, et this point, I ask that 21l
references to "Phase 1 and Phase 2 Tooling" be
discontinued, inaswuch as I believe further mis-
understanding on this subject could result in
extrere embarrassment.

If the statenents contained in the paragraph above are understood,
and agreeatle to all concerned, it then apvears that the policy which has
resulted from our ccrvrehensive considerations is proper and in order.

The philosophy which has bteen adouted, covering our approacih to
the C¥-105 airplane tooling and menufaciuring thases is as follows:

The CGF-105 airplane is fully recoimized by 21l concernec to be an
extremely advanced type of sirplane, The role which this airplane may be
called upon to fill is of major importance to ivro Aircraft Limited, the
RCAP, and DDP. With full reslization of this fact, but also bearing in
mind tue position of the customer, regarding expenditures consistent with
necessity, the philosophy covering our aprroach has teen, and continues to
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be, one which is "predicated on producing the best possible product for the
purpose intended, copsistent with good managerment of funds, labor, tooling,
meterial, ete.”

This philoscphy can also be termed, "one which at 811 times is
concurrent with the state of the art, and altho striving for the accuracy
which is mandatory, we do not exceed in gquantity, the number of tools,
machinery, and material needed, to satisfactorily perform cur commitment”,

In 2ddition, the evaluation of dooling, methods, rates of production
etc,, which is to be described in more detsil within the policy description
of each phase, is based on certain fundamental faectors, such ase

(a) Avro Aircraft Limited's complete understanding of the
desire of the custcmer, that the product be tooled
properly and efficiently, for the rate of production
presently contemplated, which is, at & rate not to
exceed one (1) per month. However, at all times we
are aware thut this mate may be increased, OConse-

vently, our planning, processing, tool design,

and tcol work orders will be in such condition that,
should the rate be increased, the time necessary

to so increase will Pe egual to the time required
to build, and put into producticn those tools,
machines, etc,, necessary in increased quantities,
While it is not rossible to definitize to the exact
day, how nuch time would be nesded as lead time %o
rrovide for an increase, unless the rates of pro-
duction are known, it can be assumed that:

(b) if the couwpleted airplane rate was at this date
increased to several uirplanes per month, then it
a2utomatically means the tuilding of additional tools,
and procurement of materials would have to be put in
process as of this date,

(c) if the rate were to be increased, to five (5) per
month {from the rresently plonnsd rate of one (1)
airplane per month,) after approxivately ten {10) or
twelve {12) are completed, the decision tc do so,
and action on additional %tcolinz, machinery, and
moterial would have to be in effact arproximmtely
fifteen (13) months, vrevious to the date of the
completion of the first additional airplanes,

(a) if the rate were to be increased to ome (1) airplane
per working day, by means of a normal accelerated rate,
(after ten (10) or twelve (12) are completed &t a
rate of ore (1) per month) the decision to do so, and
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action on additional tooling, machinery, and material,
would have to be in effect, approximately itwenty seven
(27) months previous to the accelerated peak being
reached.,

CF-105 BASIC M.NUFACTURIKG PCLICY ALD
PROCKDUHE FOR BUILDIHNG COMPOMENT TEST
SECTICHS XD SUBSEJUZRT sIRPLLLE

Through the effortis of Engireering and Manufacturing, to aveid and
delete, where possible, duplication of efforts throughout the tooling
program, we nave established that our first release of drawings will be
productionized, and in detail, to the grestest derree attainable., In
keeping with this thought, selected Supervisors, Process Planners, etc,
from the Production Engineerins Department will advise and assist their
counterparts in the Design Engzineering Depariment throughoui the design,

o drafting, and detail yphases preceding scheduled drawing release, to the
strictest extent possible. These joint efforts of Design Engineering and
Production Engineering will be establiskhed and correlated in keeping with
distinct sections, and/or components of the airplane. 3By so doing, these
twe groups can, ~nd will assure betier understanding dy Production Engineer-
ing of the Designer!s problems, end egually important will zllow Process,
Piamning, Tooling and Producticn oroblems tc be recognized and allowed for,
previous to the scheduled release of drawings to Manufacturing,

Therefore, Production Engineering will proceed with their portion
of this program in keeping with certain fundamental principles as follows:

1. Interchanceability

The selection of interchangeable components, sections and/or
parts of the airplane will be estabdlished by Production Engineering during
the desipgn period in collaboration with the Design Engineering, and
Inspection Depertments. OCur gzoal will be to rlan for, and achiewve, inter-
changeability to the greatest degree effective airylane number 1, This,
of course, is in direct contrast to previous programs throughout the
industry whereby various size grouns of first production airplanes were
completed before interchangeabllity was achieved., We feel very strongly
thezt concentrated sfforts during the Production Design program will allow
for this seemingly opitimistic view,

- In event conditions bPeyond our control vprevent interchangeability
on come wparit, or parts, of the first sirplencs, we will submit a reguest
for waiver on thet particular part, or parts, It is therefore necessary,
and in faci mandetory, thzt this comuny and RCAF centinue in close harmeny
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on this subject, and thai no parties concerned let "red tape" and/or
formalities interfere, We will need much help and understending on the
part of the cusiomer,

Becently, we have been advised by RCAF that number one $F-1035 and
subsequent, will be in accordance to Mil Spec 1-85004 (ASG). In addition,
we have been notified by letter to the effect that “"interchangeabiliiy is
mandatory, teginning with the first CF-105 airplane', GConsequently,
iresmuch as this company and the RCAF appear to be in agreement concerning
the "interchangeability aspects” then it becomes exiomatic that the tooling
for the CF-105 airplane mast be, "of a quality consistent with inter-
changeable parts”. :

2. Die Models

It is our plan to continuewith the constructicn of full size
(inside of metal) mestcr models, walch will represent each distinct
conponent of the airplane., These master models will be produced in our
Tool Room, The master models will be correlated with all outside lines
as established by the Drawing Office, and will Hs altered or corrected
accordingly with any lines chanze. Material used for the consiructicn of
these master models will vary depending on the component and/or section of
components in question, Certain models will be produced from rlastic,
othrrs from mahogany, some from plaster, etc, By rroducing these models
in auvance of manufacture of form dies, trim tewmplates, ete,, we will
avold countless changes to parts and tooling wnica otherwise can not de
avcided, and could only be accomplished DY trial and error methods during
sroduction of the first airplane, 4 further desiradle feature vhich results
from the unrly production of master models, is thst it allows the desiymer
to 7view i two-~dimension efforts in full scale, so that lines may be
altered for compatability, previcus to toeling, parts, ete,, being improperly
redae .,

In addition, during all phases of teols, dies, router and irim
forms, drx3l tenplates and ascembly firtures, thess three dimension and
full sizge mastezr wwodels will srovide en exact renlica of the lines, shapes,
contours and surfaces witich rast be produced as accurately as possible in
metul, The construction of these models in adwance of tooling and manufecture
of parts, will provide for Design Enginsering, Producticn Engineering,
Production and Inspection j.ersonnel tne best possible nieans of proceedir
with the CP-105 airplane prozram with confidence, While these masier models
can not be exyrected to eliminate all discrepancies and resulting confusion,
they will, without question, eliminate the great majority of misfits, mis~
alignments, etc., vhich ctherwise could only be found during the sctual
construction of numerous airplanes, Obviously, this latter method always
cccurs after tooling and parts azre on hand, and cannot be tolerated on the
Cr-105 prosram. .
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Production Ensgineering will proceed witihh the complete planning
breakdown of the airplane through each cormponent, sub-compenent, sub-assembly,
detail parts, equipment, etc., 1o the exteni, thet as scheduled drawing
releases from the Design Zngineerinz Department are completed, the zirplane
will be fully plenned, and operation sheets established for the most efficient
production, consistent with the program invelved. Included in this complets
planning program will be all insgection call-ocuts, establishnent of function
operztions to be performed in factory, ond those required during flight test
operations, These items will be established by Production HEngineering in
close collaboration with Inspection Depariment and Design Engineering.

This principie of planning within the Production Engineering Depari-
nent will be predicated on the undersitanding that as the first preproduction
airplane is completed, operation sheets, metrods, manufacturing sequence,
etec,, is correct and current, Should a given parit, sub-assembly or compcnent
require altcration due to rig tests results, first flight etc., Production
En~ineering will then be adle to provide for the changes vhich may arise,
and will not be in the questicnzdle position of not beinz completely i
coatrol of the situation.

4, Gouges

In conjunction with Items 2 and 3 above, all mauges necessary to
assure interchangeadility of components, and propsr setting and checking of
ass2mbly fixtures will be completely planned, desizmed, and built in advance
of the completion of parts and/or assembly fixtures,

~

5. Tool Desien

The Tool Design Section of Production Engineering will complete
all tool design necessary for the production of a2ll detail parts, sub-
gssenmblies, major assemblies, components, final aircraft, flight tests,
etc,, in warallel with the Process Planning as ocutiined in Item 3 adove,
This tool design effort will also te predicated on achievin:: the most
efficient production methods, consistent with modern aviation type toolins
methods, and in keeping with the nunbers of airplancs likely to de required,
and consistent with the interchangeapility reguirenents as outlined.

6, Toolinz Work Orders

Subsequent to the completion of Process Planning, Operation Sheet,
and Tool Desim of each detailed part, sub-assexbly, major assembly,
conponent and finsl aircrafi, & tool work order complete with estimated
labor hours, material, etc., will be written, recorded, and available for
issuance. Tool work orders will te*issued to the Tool Room in accordance
with a detailed and priority sequcnced index schedule,. This detailed
schedule will be zrepured from the Master Plan,




RELEASE OF MCDELS, GAUGES, TOOLS, FIXTURES,
EQUIFMENT, EIC. BY TOCL HORK ORD RS TO THE
TO0CL ROOM

As explained wreviously, 211 Process Planning, Tool Desizn, Tooling
Work Orders will have been accomolished in segquence with the scheduled release
of productionized, znd detailed drawings from the Design Engineering Depart-
ment, The release of tooling work orders for build, as cutlined for production
of the test components and subseguent production airplanes is as follows:

a) Master Models to be released by tonl worlc order and completed as
rapidly as possible.

b) Gauges All gauging: to be released by tool work order in accordance
with priority schedule, but in s8ll cases ahead of detail and assembly

tooling,

c) Tools for Shest Mestal Parts to be released by tool work order, for
all such parts, in accordance with the priority sequence schedule. These
tocls for sheet metal parts will not be temperary in any sense, and will
suffice for a reasonable production run, consistent with modern aircraft
tooling practices. This is not to be misconsirued as elaborate tooling,
such as would be considered for several thousand airpleanes, or automotive
type tooling.

d) Tools for Detailed Machined Parts will be released by tool work
order Zor the first test conponents and several preproduction airplanes.

is stated sbove, 21l planning, tool design, and work orders will have been
completed for these particuler tools, EHowever, it is understcod thzat, due
to shortages of tool lead itime, development of forgings, castings, ete., it
appears necessary to obiain the first several mechined sets of parts by
tool room methods, while these tools are being duilt. Obviously, this must
be a generel volicy, and not restrictive in any sense. Due to time and
availability of proper castings and forgings, lead time for suitable tooling,
ete., it appears necessary for us to make by tool room methods the first
several sets of mwchined parts for the first several airplanes, However,
tiiis is strictly due to the reasons stzted, This is not zfood practice and
it is uneconomical in every sense, regurdless of changes in design, which
may and probably will cccur during the beginning of this program. It must
be remembered thnatl making machined parts by tocl room methods and Mhoguing!
intricate parts ocut of blocks of metal is extremely costly and will not
generally provide for the interchangeable reguiremsnts, Also by the time
several sets of parts have been produced in this manner, the cost incurred
will zenerally be equal to having built the necessary fixtures in the first
vlace. Consequently, while we are possibly justified in making the first
several sets Dy tool room methods, we would not be justified in allowing
this excessive practice to continue any lonzer then 1s absolutely necessary.
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Therefore, during the period we are making the first seversl sets by tool
room methods, I feel we must release and build the necessary machine
tocl fixtures ito provide for the subsequent sets contemplated and zzain
keerinz consistent with the rates of producticn as estavlished by the
customer, However, on this subject, the type of fixture necessary for &,
11, 30 or 200 airplanes is equal o accepied "aircraft type tooling" and
does not consider utilization of large quantity aircrafi, or automotive
type, progressive tooling,

e) Sub-Agsembly Fixtures OSub-Assembly fixtures will, as noted, have
been fully planned, tool designs a2nd tool work orders rrepared as a rormal
course of the tooling planning operation, The release to the tool room to
build sub-assembly fixtures will be confined to those sub-assembly fixtures
which are necessary to accomplish ;00d workmanlike sub-asseublies and to
ensure proper interchangeability and so forth. These sub-assembly fixtures
will only be ordered in gquantity to sustain approximately one (1) airplane
per month, The multitude of "ease of use" type of sub-assembly fixtures,
whiich become very necessary when increased guantities of airplanes are
desired, will not be ordered at this time, but will be developed durinzg the
production of the first elsven z2irplanes and subsequent, should it be
deemed they will be needed.

£) Major Assembly Fixtures Mejor assembly fixtures, having been
completely planned and designed, will be released by tocl work order to

ihe tool roor for couwpletion and used in accordarce with the schedule,

These releases will include all fixtures necessary 1o ensure that each
major component is propsrly built and will allow for the desired final
assembly of the airylane. The nurber of each of these fixtures, to be
built during this period, will sencrally be confined to one (1) each. Con-
sequently, if accelerated numbers of airplanes are desired subsegquent to the
first eleven airplenes, additiocnal amounts of these major fixtures will be
necessary., It is to De noted that these major assembly fixtures as described,
will be production type fixtures and not in any s=ense temporary tooling.
However, this is not to be misconstrued es meaning high production aireraft,
or autorotive type tooling,

g) Equipment ZEgquipment for use in sub-assembly, nazjor assembly,
Tinal line operations, and flicht test operativns will have been fully
vlanned, designed and tool orders prepared. However, for the first eleven
airplanes, only & strict minimum of these iters will be constructed. Items
in this category can be better recommized as, testing units for electrics,
hydravlics, pressurization, generators, etc., etc.

h) Production Gontrol Production Control will continue, throush their

presently devised systems, ito receive from the Industrial Engineerins Depart-

nent, mnster schedules from which they will be guided in prepuring the detailed
-~ work crder release dates for production parts. The work orders issued by

Production Control to the Shops will be, as &t present, the coperaticn sneeis

as premsred by Production Engineering in accordance with priority sequence

pilanning.
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i) Production Produection of detailed sheet metal paris and/or

michined parts for the first release will be, in the broad sense, performed
by production employees on nroduction machines, FHowever, it will be our
policy to rlace the full responsidility, for producing proper and acceptable
parts, on the Production Engineering Department during the first releass of
parts needed for thie first eleven =z=irplanes and/or test components. The
nuiber of pieces to be released by the work order will be egual (o the total
reguired by adding the number of comacnents to dbe bullt, »lus one or possidbly
two spare pieces. It is imperntive thit all tool xroving be completed during
the manufacturing of these first parts, A4s sub-assemdbly, majoer assembly,
component assembly, equipuing and finnl line operations bezin, the Production
Departments will assign selected supervisors and production employees 10
verform this work, However, the full responsibility for the proper seguence
of build-up, compatadility of parts within assemblies, assembly fixtures,
equipment, etc., will be borne by the Chief Production Engineer during the
constructicn of the first several airplanes, This is being established

very Tirmly, in order to assure to the greatest exient, that all rlanning,
toocl design, tool work orders, parts work orders, parits make, component
aszenbly, and completion of the first alrvlanes, are in accordance with desig
drawings, and completely covered by production operation sheets which are
accurate and current at all times.

SUMMARY

The development of the CF~105 from its concewution through the
first several flying articles and subseyuent airplanes, can be described
in condensed form as focllows:

b Cur plan to utilize throughout our product design, and
deteil drawing sthge, every uvossible method of determining,
vrevious to the first ilssue, all eguipinent, riuving and
wiring cositicns and to clarify int:rfwurences, etc,,
will result in far smeller amount of corresctions necessary
durin~ the tooling and first production phase, and 1
believe will hasten the first airplanes, rather than delay.

ihile it is fully recognized by all concerned thot
perfection in this field may never be complete, neverths-
less, our concentrated efforts towards perfecticn, can
only result in greatly reducing the ever present problem
in this industry, xrovided, all concerned enter into

this program wholeheartedly to the fullest extent.

Ze By carefully znd properly processing «nd planning each
— individual part, sub-asscmbly, cumponent, and completed
rroduct during and concurrent with the design cffort,
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we cen best assure ourselves thei the multitude of
wnsatisfactory conditions are corrected on wmager,

before tools and parts are invroverly produced. Ve are
also aware that during the rig testing of components,

and flight testing of the first airplanes, changes rnay
become necessary wnich were irpossible to forecast during
the progran as cutlined previously. Should instances

of this type arise, the facilities &t our disposal,

and the potential 2bility within each funciion of the

Avro Alrcraft Limited will be able to efficiently cope

with these changes far more readily than would ciherwise

be the case, In addition, &t any voint during this program,
this company and its customer will be better able 1o fore-
czst the expenditure necessary and availadility of product-
ion articles, if so desired.

In conclusionr, it is mandatory thui all depariment heads, super-
visors and affected personnel maintain a clear understanding of thls nolicy
and are at 211 times aware of the custoner's desire tint we do not exiend
funds unnecessarily during the start of this »rogram, until the nroduct is
proven entirely satisfactory and/cr the customer can more readily deternine
quantities, and rates of croducticn consistent with his needs. It is also
mendatory that all depariment heads, supervisors and affected rzersonnel
remein equally avare of the necessity of proceeding with this program in
a manner waich will, to the greatest extent, ensure that the CF-105 sirrlane
is produced as =zccuralely tc the desisn as possible, In event any interested
person is not fully conversant with the meanin:;s and details of this policy,
it wiil Dbe his responsibility to immediately ask for clarification from his
supervisor,

HARVE SMITH
HRS/bw VICE FRESIDENT - M/XUF.CTURING
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CF=]105 TOOLING POLICY

BASIC REQUIREMENTS UNDERLYING THE TOOLING PROGRAM

Two basic factors have to be considered in the preparation of the
tooling program for the CF-105 aircraft.

1, The fact that this aircraft is of an extremely advanced
type performancewise, means that a high degree of "envelope"
accuracy and surface smoothness are mandatory to ensure

~ aerodynanic efficiency. -

2. In order to provide the most efficient use of the aircraft
in Service Handling, a high degree of interchangeability
is desirable.

These two basic requirements create the necessity for ocur "Master
Model Program" for envelope control, and our "Interchangeability
Tooling Program" for Interchangeability control.

Our approach to "Detail™ and "Sub-Assembly"™ tooling is dictated
largely by economy, however our final assembly fixtures have full
provision for maintaining the requisite interchangeability points
in their proper relative positions,

ENGINEERING INFORMATION SUPPLIED FOR THE TOOLING PROGRAM
Master Lines Glass Clothg:- As soon as the "Envelope" or shape of

the aircraft is defined, full scale layouts of these "master lines"
are drawn on glass cloth. These master lines glass cloths are re-
produced onto glass cloth for the purpose of filling in the actual
structural details in the area concerned. This is the Assembly
Glass Cloth, and is merely the full scale master lines glass cloth
repeated exactly, plus the inside envelope details., In addition,
Bagic Geometry Drawings are supplied by Engineering to define
interchangeability locations.

Master Lines Glass Cloth reproductions on metal are used for the
"Envelope"™ Control Tooling.

Assembly Glass Cloth is the basis for PART manufacture and associated
tooling.

The Basic Geometry dimensions form the basis of the interchangeability
tooling required.

MASTER MODEL PROGRAM FOR "ENVELOPE" CONTROL

To construct the Master Model of a particular component, the Master
Lines Glass Cloths are reproduced in light alloy template form, cut
to profile and mounted on a suitable frame, After splining in to
ensure accuracy of profile, the spaces between the templates ars
plastered in to present a finished model. Datum linesg, Skin trim
lines, cut-outs etc., are added as needed to obtain the fullest use
of the Model. This Model is now the tooling MASTER. It establishes




the shape of the "Envelope" for that component, and the shape and
size of the various skin panels. '

A1l detail parts which are adjacent to the outside contour of the
structure, and therefore control the aircraft's shape, must have
their tooling related directly to this model, .

Sheet Metal parts having a double curvature require a model to
define the exact shape of the finished part. From the model,
splashes are taken to transfer the shape into the toocls, such

as stretch form blocks, drop hammer dies etc. Instead of having
individual models for each part, it is more advantageocus to have

a Master Model for the entire component "envelope™, Splashes can
still be taken off the appropriate areas for tooling up the various
sheet metal parts while the Master Model establishes the exact trim
lines for each skin panel to ensure their proper fit. Another
advantage of the master model is that it proves the master lines
for the Asgembly Glass Cloths from which the tooling for the detail

parts and assemblies is made.

To illustrate how the "Control" is built into the master model,
and how the master model is used, this brochure examines the
Centre Fuselage Component of the CF-10S5.
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DRIL QUT TEMPLATE
CUT FROM METAL REPRODUCTION
OF THE ASSEMBLY GLASS CLOTH

FINISHED WEB

TWO SAPLE TOQLS ARE REQUIRED To MAKE Tiis PRRI
{. TEMPLATE foR DRILLING THE WOLES AND ROUTING
THE PART TO THE (oRRECT PROFILE

7. FORM BLOCK FOR FORMING THE FLANGES ON
A RUBBER PRES3

FOR A RIGH PRODUCTION RUN
THE DRILL & ROUT TEMPLATE
COULD BE REPLACED BY

KIRKSITE TEMPLATE Die  FOR

BLANKING & PIERCING

Bhe







ILLUSTRATION OF CENTRE FUSELACE
SHCWING FRAME WORK AND POINTING UP

A-SKIN PANEL FOR STRETCH FORMING
B-TYPICAL FORMER AT STATION 208

EXPLODED VIEW OF SUB ASSY
FOR FORMER 268

ILLUSTRATION OF CENTRE FUSELAGE STRUCTURE
SHOWING A TYPICAL FORMED SKIN PANEL
AND A TYPICAL HALF FORMER
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SECTION OF ASSEMBLY 6LASS CLoTH FoRr STA.268
NOTE

THE QUTSIDE CONTOUR IS AN EXACT DUPLICATE
OF THE MASTER MODEL AT THIS STATION.
INSIDE THE CHAIN LiNE 18 A FULL SCALE LAYOUT OF THE
DETAIL PARTS As n_.LUSTﬂQTED BELOW.

FiniSHED SUB-ASSY
FOR THE QRER OF
FORMER 268
OUTLINED RBAVE

STIFFENER ANGLE

NO TOOLS REQUIRED
m:s .Eig;ig:l

c——-

CUT TO LEMPTH AND DRILL
METAL REPRODUCTION FOR THIS ARER
OF THE ASSY GLASS CLOTH

RBEINFORCING PLATE

TEMPLATE

TS PRODUCE Twis DETAIL ONE TooL
MMM&&LF&L TEM P!
CUT FROM A METAL REPRODUCTION G
;Agsv GLASS CLOTH, MATERIAL &

S SHEARED To SIZE & DRILLED F
TEMPLATE ., THE HOLE IS PIERCED
FLANGED BY STANDARD TGOES

For A HIGH PRODULTION R

THE TEMPLATE WOULD B8E REPLACED
8Y A KIRKSITE TEMPLATE DIE

FOR BLANKING & PIERCING

Tnoo e Fap SHEET MFTaL DapTs
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ILLUSTRATION OF CENTRE FUSELAGLE MASTER MODE

POINTING UP A SKIN PANEL FOR STRETCH FORML

DRILL &ZTRIM BLANKET
UILT UP PROM THE MASTER MC

Y

SPLASH FOR STRETCH FoRM BLOC
TAKEN FROM MASTER MODEL
AND MADE INTO MOLD _ _

>

DRILL & TRIM BASE
CAST IN MOLD

PLASTIC STRETCH Farm Block
CAST_INTG MGOLD

/’ /

ILLUSTRATION SHOWING SKIN BEING STRETLH -
FORMED IN THE AYRO STRETCH FORMING M/C

FINISHED AfC PART

APPLICATION OF MAsTER MopeL 1N TooLiNG For DousLe Cuevavure Skid P




TOOLING FOR MACHINE PARTS

The following illustrations show three typical machine
parts from the centre fuselage component, together with the
required tooling.

Qur basic policy with regard to these and similar other
parts is to provide the minimum number of toocls, consistent
with the quality required for the particular parts in question.

Example No,l illustrates a part which is made without
special tools using only the standard equipment presently available
in the shops.

Example No.2 shows a more complex part and the simple type
of fixtures provided to maintain the necessary dimensional control.

Example No.3 illustrates a part where interchangeability is
involved. This requires the use of a slightly more complex drill
Jig to ensure matching of the hole pattern with the mating part.
The remainder of the operations are performed with the simple
tool shown, and standard set-ups on existing equipment.

To summarize, our approach is to provide only that necessary
and simple toollng for difficult operations; where interchangeabilitf
control is required; or where the extensive set-up 1nvolved would
jeopardize the required production rate.




@ TY2ICAL MBCHINED ITEM

MADE From 8ae STOCK
WITHQUT SPECIAL TOOLING

@ TYPICAL MACHINED ITEM
nDE_FROM BAR STOCK

irH ONLY THE ESSENTIAL TOOLING

NOTE
This PAeT IS HanDeD BY THE DEGREE
OF TAREQ o0 o a 200
=]
Z]
D00 ===

@CQMPLEx PrRT MADE FROM
BAR STOCK , THIS PARY RETUIRES
THE USE OF MoRE CompLEX TodLING
To ENSURE THE NECESSARY
INTERCHANGEABILITY
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TOOLING FOR ASSEMBLIES

Our approach to Assembly Tooling is based on economy, consistent
with adequate control of essential points such as interchangeabilit;
points, skin contour and the major pick-up points,

The quantity of Assembly Jigs required is held to a strict minimum
in line with this policy. Sub-Assembly Jigs are not ordered wherewve
the work can be included in the next stage. In addition, the Asseml
Jigs that are ordered, while being of a production type, have only
essential locators and pick-ups put on at this time. Later, when
production warrants, additional locators etc., may be added.

Following are examples of this tooling policy:

SIMPLE SUB-ASSEMBLY -~ ASSEMBLY JIG NOT REQUIRED

The details are pre-drilled a:
assembled in the same fashion
as a Meccano Set.

P

Z4)
=
St.ii‘fener
: Angles
) &

/

Finished Bare .
Assembly Former
Web







MAJOR_SUB- ASSEMBLY

; Assy i /
THE THR B- ASSYS ARE LOADED INTS THE |
BAEE FOQMEQ AT Srﬂ. 263 WiG, DRILLED AND SERYICE BCOLTED SOGETHE Ai——"

WHEN THIS A33Y IS FITTED INTO THE NEXT STAGE }\
THE THREE PORTIONS ARE UNBOLTED TR FIT -
AROUND THE AIR DUCT

NGTE
THE JI6 CONTROLS THE QUTSIDE (ONTOUR OF THE ASSY.

For THIS AssY B JIG IS REGUIRED To ENSURE

THE CORRECT POSITION OF EACH PART IN RELATION
TS THE DUTSIOE CONTOUR . THE OUTSIDE CONTOUR IS
IS CRITICAL AS IT PICKS UP THE SKIN.

THE JIG 1S BUILY FROMTHE RSSY GLRSS CLOTH
WHOSE LINES ARE THOSE OF THE MASTER MQDEL

MAJOR ASSEMBLY

AJIG 15 REQUIRED AT THIS ASSEMBLY STAGE TO ACCURATELY PasiTH
THE STRUCTURE PORTIONS OF TAE CENTRE FUSELAGE -LEFT HAND SECTioN

TO ENSURE THAT THE SKINNING MAINTAINS THE "ENVELOPE " ESTABLISHED BY
THE MASTER MODEL T

LEFT HAND SECTION
OF CENTRE FUSELAGE

3 AssemBLy Jig
7 T e
. SHOWMWG In Dorrep LiNe
84 QUTLINE gOF THE ASSY
AND THE PoSITION OF FaRmER 268

T 1alym W N2 oriammy i
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NENT fASS LY

A MAJOR ASSEMBLY JI& IS REQUIRED AT THIS
L THE POSITION OF THE SUB/ASSYS AND THE
REMAININ TRUCTURE ITEMS. THIS CONTRAQL 1S ;
NECESSARY To INSURE THAT LOMPONENT ENVELOPE
13 IDENTICAL TO THE MASTER MODBL, AND THAT THE
COMPONENT WILL MAREY-UPJ'L!TH ITS ADJACENT
CMEONENT










FIRAL ASSEMBLY JIG FOR MARRYING -UP THE
COMPONENTS, TH:S JIG POSITIONS
TO ENSURE THAT THE CORRECT OVERALL

AUGNEMENT 1S MAINTAINED WHILE THE JOINTS

LOADING  SEQUENCE

CENTRE  FuUSFI AGE

... STH_4B3-128

o

{TROLLEY EGUT )

AMD LOCATZID TO WIKG

TOOLING FGR FINAL ASSEMBLY OF AIRCRAFT
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APPLICATION OF INTERCHANGEABILITY CONTROL

The following illustration shows how interchangeability control is. .

“ provided by Jjig references and match plates.

Jig Refgzenges are tools used to set up Assembly Jigs at those point

"where interchangeability control is required, to ensure that mating

components built in their respective Assembly Jigs will go together
accurately when married up.

When marrying up two components, it is essential that the overall
alignment is correct and that at the point of joining;

(a) the mating surfaces butt smoothly,

{b} the holes for the attachment bolts line up,
(c) the skin line flows smoothly across, °

(d) the skin gap is within required tolerance.

While this is of importance on the Assembly Line, it is of even
greater importance from the servicing standpoint when a damaged
component has to be replaced, particularly where the work has
to be done outside the plant without adequate facilities.

A Jig Reference is in effect a Master Component or more specificall:
a replica of those points of the component that must be controlled
to ensure interchangeability. The Jig Reference is applied to the
component assembly jig to position the jig locators accurately on
the jig frame. The Jig Reference is removed and the assembly jig
is ready for use,

The Jig Reference is built to the master dimensions stated on the
Basic Geometry drawing, and any profiles are obtained from the
Master Lines Glass Cloth.

To control interchangeability at the joint between two components,
two Jig References are built, one for each side of the joint. The
two Jig References are first matched together to ensure that each
is the counterpart of the other, then each is applied to its
corresponding Component Assembly Jig. In a simple joint where

the ends of the adjacent components are identical, then only one
Jig Reference is required,

The Jig Reference has three usaes:- {1) To set up the Component
Assembly Jig. (2) For periodic inspection of these jigs to see
that the control is maintained. (3) To set up duplicate jigs at
the plant or at a sub-contractor.

Jig Referances will be provided for setting up Component Assembly
Jiga to pick up important items of equipment, for example under-
carriage legs, mountings for various types of armament, radar
chassis, supports for major flying control items, etc,

~Where the hole pattern in two mating machined parts must match to

tight limits and the parts are drilled separately, a simple form
of jig reference termed a Mateh Plate ig used to control the

respective drill jig.







o
o EXAMPLE OF APPLICATION OF JIG6 REFEREN
e INNER Wins TO CONTROL INTERCHANGEABILITY BETWEEN -
e = (ENTRE FUSELALE- INNER WING AND DucT Ba
]
| )
i
I
I
i
1
|
C ENTRE TUSELAGE
COORDINATION OF INNER WING
REFERENCE To CENTRE FUSELF
JIG REFERERCE AT STA. 465 S
5TR. 483-125.
~
o~
e
< DummyY FORMER CHECKED To THe
e /i MASTER LINES TEMPLATE. THIS
CONTEOLS THE QUTER CONTOUR |
DUCT POSITIONS. AND LONGERON
LOCATION .
JI& REFERENCE
(oorDINATION 0F BoTH Dussy FORMER
AND Y10 REFERENCE To THE MAJOR ASSY
CeNTRE_FUSELALE JIG.










\_/his is a photographic record as
of May 31,1956 of the Tool Build,
e Tool Assembly and Full Dimensional
Mock-Up of the Avro CF-105
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