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M:EJ,-JOR...'ili"DUJ.: TO .ALL CONCERNED May 2, 195.5 

FROM: E.A.RVEY R. SMITH, VICE PRESIDENT - JI.ANUFACTU.RING 

SUBJECT: TOOLING All1) MAWLIFACTUJUNG POLICY FOR 
:BUILDING CF-105 COMPOli":ENT TEST SECTIONS 
AND b'IRST .AND SlJ:BSEOtiENT .1\.I::EPL.lL.m;S 

Relative to many discussions on this subject, a~.d with full 
understanding of the views of DDP and RCJ.F, the CF-105 program has been 
reviewed in fine detail with the following men: 

H. F. Young Chief Production Engineer 
T. :Bragg Ass 1 t Chief Production Engineer 
w. Rack Chief Tool Engineer 
w. :a. Biggs Production Shop Manager 
s. L. Wilson Industrial Engineering Manager 
R. W'nittington Tool Room Superintendent 

To preface the tooling and Ms.nufacturing policy covering each 
}4"1ase of this program, I !eel it necessary to call attention to the original 
basic tooling and manufacturine policy, which was established for the 
CF-105 program last year. That policy was esta·olished at a time when 
we were considering the proper ways and. means of producing the first several 
airplanes only, and aosUl!JinG that there would be a sizeable gap between 
the first several and subsequent :production airpla.nes. Consequently, 
this policy gave rise to the terms "?base 1 and Phase 2 Tooling 11 • It 
has occured to me roa.ny times th,.1.t the terms "Phri.se 1 and Phase 2 Too1ing 11 

have been rnisu..'1derstood by members of our organization, a.nd subseq_uently 
by me□ber~ of DDP and RCAF. consequ.ently it see~s necessary to put this 
matter straight at this time. 

If -we were to build several CF-105 air-planes onl:v. and then 
allow a sizeable number of months to elapse before resu.oi~ additional 
production then the :policy .,..hich developed into the terms 11 :Phase 1 and 
Phase 2 Tooling" would still be in effect, as established at that time. 
Ho~~ver. when considering thP..t rno~e than several airplanes !!!Ust be built 
~nd :followiIJG eo.ch other in clorse ?Seq_ueJlce, then the terms "Phase 1 
and Phase 2 Toolir..g" become entirely superfluous, and the use of these 
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terms sh ould be discontinued n.t once by all parties concerned. It appears, 
the orie,ina.l misunderstandine on t his subject came as a result of the 
Engineering Depa.rtment 1 s recom..~end..a.tion that approximately eleven airplanes 
should be built as quickly as possible, in order thRt all p..~ases of design 
and develo;rnent be proven silinlltaneously. This reco~~enQ~tion of the 
En&ineering Department was concurred, by all membGrs of this company, the 
RCiiF, and DDP. Rowever 1 it has since become apparent t.l.1.at all parties 
concer11ed, mttst :nave assumed thr, t 11 Phu:.e l Toolingll would suffice for the 
building of more than the first several airplFJ.ne s. as long as the rate 
refilained at approxir:iately one (1) per month. Thi~; is not correct, and it 
would. be cle.n{;erous for this thinking to continue a.ny longer. To dat.e, no 
harm has resulted .from this sli,:-;ht misunderstanding, to this cori:pr.:.ny, the 
RCAF or DD:P, consequently no great concsrn shm:ld re.s,.llt from ther;e preface 
statements. 

Facts relative to the CF-lOS program. as they appear tone, and as 
concu:ned by the men listed above, are as :follows: 

To :fulfill the requirements esta'blis:C.ed by 
Avrc Aircraft Limited, which was, and still 
is, in agreer.:E:ln t with RCA.F, DD:P and all mer:bers 
of this com~a~_y, we must r,rod~ce the first 
eleven (11) airplanes at a rate of approximately 
one (l) per month. To so produce these airplanes, 
it in necessaTy tc follow ou.r ori~inal tooline 
and manufacturing policy, genera.llJ'· within its 
entirety, w:2ich for all purposes can be construed 
as meanin~ a ccmbination of 11 Pha.se 1 and :Phase 2 
Tooling". However, a.t t.-iie. point, I ask that a.11 
:references to "Phase l and. Phase 2 Tooling'1 be 
discontim.:wd, inasnruch as I belie,;e fu.rther mis­
u..'ld.erstandin,s en this subject co;:.ld result in 
extre~e embarrassnent. 

I:f the staten,entn contc.ined in the raragra.pr.. above are understood, 
and agreeable to all conc8rned, it theri a:ppea.:rs thr;;.t the polic;;- which has 
resulted :fron our ccr.u:;-rehensive consideration:, :i.s :pro-per and in o:rder. 

The philosophy which r.ias been e>.do1;ted. co,rt:rin6 our a.p1,roach to 
the CF-10.5 air:plane toolinf; and :tr,anufacturinr; };hases iR as follows: 

The CF-105 a.irpla.ne is fully recocn ized by 1:!.ll cuncernec:. to be an 
extremely advanced t:n, e cf air:plane. The role wnich this a.ir:pla"le rr.a.y be 
called. upon to :fi 11 is of n::.aj or in•J_)orhmce to ,lvro .-\ire raft Limited, the 
RC:J\ and DDP. With full realization of this fact, but also bearing in 
mind tlie position of the customer, regard.ing ex-pendi tures consistent &!,h 
nece!::.si ty, the :philosophy covering our approach has been, and c ontinues to 
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be, one which is "predicated on producing the best possible product for the 
purpose :intended. consistent ,.Jith good ma..'1B.ge;:;ent of funds, la.bor. tooling, 
l!'.a t eria.1, etc. 11 

This philosophy can also be termed, "one which at all times is 
concurrer1t with the state of the a.rt, and altho striving for the accuracy 
which is mandatory, we do not exceed in quantity. the number of tools. 
machinery, and material needed, to satisfactorily perform our commi troenttr. 

In addition, the evaluRtion of tooli?¥:, methods, rates of production 
etc., whi.ch is to be described in more detail within the policy description 
of each phase~ is based on certain fund,,;.111ental factors, such as: 

(e.) Avro Aircraft Limited 1 s co~plete understanding oi the 
desire of the cu.stc-mer, th, .. -;.t the product be tooled 
properly and efficiently, for the rate of production 
yresently cor:.ter.1rlatec., which is, at a rate not to 
e:xceed one (1) per month. However, ;"t a.11 times we 
a.re aware that t:1is rate may be increased. Conse­
quently, our planning, procesf,j_ng, tool design, 
and tool work orders will be in such condition that, 
should the rate be increased, the time necessary 
to so increase will be ea.ual to the time required 
to build, and put into prod,iction those tools, 
mach5.nes, etc. P necessr,.:ry in increased quantities. 
While it is not :i::ossible to d. efirdtize to the e.:xact 
ciay. bow ::iuch time would be needed ns lead time to 
provide for an increase, unless the rates cf pro­
duction are known, it can be aesv...~ed that: 

(b) if the completed airple.ne rate was at this date 
increased to several uir:planes per r.wnth, then it 
automatically Qeans the building of additional tools, 
and procurement of materials would :have to be put in. 
process as of this dute. 

( c) if the 1·a.te were to be increased, to five (5) :per 
month (from the y,reGently planned rate of one (1) 
airpJ.ane per month.) after a7,:i,;rc::di;ia.tely ten (10) or 
twelve (12) are col:lpleted~ the decision to d~ so, 

(d) 

and action on additional toolin{;. machinery, and 
=t~~ial would J"l&ve to tiQ in ~:f:f'<aict ap1)rc:,d=t.;i1.y 
fifteen (15) months, previous to the date of the 
completion of the first addition~:.l airplaneso 

if the rate were to be increased to one (1) airpla.ne 
per working day, by means of a normal accelerated ratep 
(after ten (10) or twelve (12) are completed at a 
rate of one (1) per month) the decision to do so, and 
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action on addit1.onal tooling, machinery, a.~d material. 
would have to be in effect, approximntely twenty seven 
(27) months previous to the accelerated peak being 
reached. 

CF-105 :BASIC 1'LINUli':\CTDP.ING POLlCY ,um 
PROC.:Wu.RE FOR EU ILDHlG C0J.PO:l:1.EHT TEST 
SECT 101.J' S ..:J.m SGJ3 S£ ½VZ!.lT :, l P.PL:'.li'ES 

Through the efforts of Encir.eer:i.nt: and Ma.nufacturint;, to t!Void and 
delete, where possible, duplication of efforts throue.,.h.out the tooling 
program, we i::ave est.aolished that our :first release of dra"dngs will be 
productionized, and in detail, to the greate~t derree attainable. In 
keeping with this thought, selected Su.Fer-visors, Precess Planners, etc. 
from the Production Engineering Departrnent will advise and assist their 
c ounterJ)!lrts in the Design Eni;ineering De:pa.rtr.:ient throughout the design, 
drafting, and detail ~haoes preceding scheduled drawiIJ.G release, to the 
strictest extent possible. These joint efforts of Design Eneineering and 
Production En;;ineering will be established and correlated in keepint: "With 
distinct sections, and/or components of the e.,ir})la.ne. :By so doing, these 
two ~roups ca.n, ::ind will assure better u.nderste.ndins by :F-rodu.ction En,o;ineer­
ing of the Desiener 1 s problens, a..~d equally inportant will allow Process, 
Planning, Tool:ng and Productio~ ~roolems to be recognized and. allowed for, 
previous to the ,,chsduled release of drawiIJi;s to Manufacturing. 

Therefore, Production Encineering will proceed with their portion 
of this program in keeFing with certain fundamental J)rinciples as follows: 

l. Inter,~hangea.bility 

The selection of intarchan.;ea.ble com:;onents, r,ections and/or 
pa.rt!;; o:f the air:plane will 1m establinhed b;r Production li:ngineerint: during 
the desi{~n period in collaboration with the Desie,n Engineering, and 
Ins~ection Dei:e.rtn~nts. Our goal will be to ~lan for, and achieve, inter­
changeability to the ro;rea.test der.;ree effecti"'-Te air:;;:,lane nUJ11br::r l. Thisf 
of course, is in direct contrast to previous procra.ms throut;,."l.out tne 
industry whereby 7arious size crour,s of first production airplanes were 
completed before interchan~eability was achieved. Ve feel very stron~ly 
th,i.t cone entrated efforts during the Production Desie.;n procram will allow 
for t~lis seemingly o:ptimistic vie\io 

In event cond.itio11s beyond our control :_orevent interchanr:eability 
,;,n Qorne J:"',::..:rt, o:r :r,,:i:-~at 0£ the £irrd; cl.irplnneo, we will ;:n.b;u.1-Ji a .n::que:st 
for waiver on th:-,1.t p""rticular part, or parts .• It is therefore necessary, 
and in fa.,:t i:-.andatory, tha.t this COI!J}oany and RC_A.F continue in close harmony 
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on this subject, a.nd thnt no J)arties concerned let 11 red tape" and/or 
forr..alities int~:rfere, We will need much help and Ui"'lderstr-.nclin{:; on the 
part of the customer. 

Recently, we ha·,e been auYised by RC.A.F t.hr1.t nm,ber one CF-105 and 
subser1uent, will be in accord.ance to Mil Spee l-85OOA (..A.SG). In ac.d.itinn, 
we have been notified 't;y letter to the effect th,i.t II intcrchancea.bil:i.t;,· is 
Eancfatory, be~inninr-:'; .. .rith the firr.t CF-10.5 airpla.ne 11 • Co:i:1seq_uently, 
ina.s11ru.ch as t:1is corn_rany an(l the RCAF appear to be in agreement co:1ce:rning 
the "intt?rcha.nt;eability aS}}€Cts 11 then it becomes a.xiomatic that the tooling 
.fo:r the CF-105 a.irplane nru.st be, 11 0:f a q_~lity consistent ,-rith inter­
chan~eable parts". 

2. Die Models 

It is our 1ila.n to continuewith the constru.cticn o:f full size 
(inside of metal) mast0r :r::odels, "·i1ich ,,,ill reJ?r'3sent each dintinct 
cor.iponent of t:ne air:plcme. These rester models will be :::,rod.uced in our 
Tool Room. The master models will be c o:rrela-ted with all outside lines 
as establiRhed by the Drawing Office, a.nd will b~ altered or corrected 
accort.1.ingly with any lines cha.nee. Material used for the constructicn of 
these master models will vary de1:endinf; <,n the CODI:onent and/or section of 
components in q~estion. Certain ~odels will be produced from rlastic 1 

oth,·,rs froti mahogany, nome fror:i plur:.ter, etc. .By J.;roc:uc:i ng these I.'lOdels 
in .=:.u.vr-mce of manufr.i.ctur~ of form dies, trir.i teu-.i.:;la.tes, etc., we will 
avnid countless changes to parts and. toolin5 wnicn otherwise can not be 
a·nid.ed, and could. only be ::1.ccor:;1:lii,hed by trial 1-"!.nd error methods du.ring 
},rod.uction of the first niri:lanc. A fUTthcr desirable :featc:.re ,.-.-hicr, results 
fror:; the :.:r:.rly yroduction of I:J.aster models, is thr.t it allows the desit;-ner 
to •riew i,i:; -~wo-dir;.iension efforts in full scale, so th~t lines :may be 
a.lt1n-ed for CO!!lJX-i.tnbilit~r, preyiou::i to tocli1:g, parts, etc., 'beini:; im::ror,erly 
1:1a.<1.e. 

I r: ad.di ticn, d.urin~ all phases of t cols, diee, rout er and trim 
for;:1S, tl:·1.J.l ter:jr,lates and asEembly fi.1:tu.res, tD.ese three dinension Rnd 
full Rize n,.:c;t~.r mod.elo will :;rovide ,?-n exact re:::_:,lica of the lines, sr..a.r,es, 
contours and surfaces •,;i:icil rr.u.ot be produced as accu.r,.~tely as possible in 
netal. Tht? con:;truction of t;1ese :;iodels in acl~rance of toolin-g and zranufe.ctuxe 
of r.arts, will :rirovi~le for Design En.r:;ineerir1s, Prori.uction :Engineerir>...c;, 
Prod.uctio:i and Ins1iection 1.ersonnel tfl.e best poi:;si ble r,,eans of :proceeding 
with the CF-1O5 airplane pro,-;ra.n with confidence. '\ii'hile these ma.ste:r models 
can not be e:q,ected to eliminate r,11 discrepa.ncies and resulting confusion, 
t:1ey will. without q_uer,tion, elirninate the crea.t r,,.ajori ty cf misfits, mis­
r..lienments, etc., v!hic:-1 otherwise could only be found du:rins the actual 
constructiun of nur.1erous air-planes. Obviously. this latter r;iet:-:od. al;,!ays 
occurs after toolinc 1;.nu. -parts are on hand, and cannot be tolerated. on the 
C?-105 :pro1.::ram. 
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Jo Process Planning 

Production En1;ineering will proceed wit}1 the complete plannine 
breakdown of the airplane through ell.eh cooponent. ~~b-component, sub-assembly, 
detail parts, equipment, etc., to the extent, thc.t as scheduled drawing 
releasGs from the Design E.i.·1gineering Department are completed, the a.irpla.ne 
will be fully }Jlanned, and operation sheets established for the rr;ost efficient 
production, consistent with the ~rccra~ involved. Included in this complete 
l)la.nning rro!::ram will be all ins?ection call-outs, establishnent of function 
01-~er;;_t ions to be performed in factory, c,.ncl those required during flight test 
operations. These itsr:is will be establi:;hec. by Production ~ineering in 
close collaboration with Inspection Department and Desi6"l'l Enr:ineeriDt":· 

This principle of planning within the Production EncineerinG Depart­
rient will be predicnted on the u..':.derstandinr:; that as the first :preproduction 
airpla:ne is cor:1::pleted., operation sheets, met:i::o.:ls, rr.anu.facturing sequence, 
etc., is correct Rnd current. Should a given :rart, sub-assembly or component 
req_uire alteration due to rig tests re:mlts, first fli~ht etc., Production 
.En:-:ineerini:; will t';1en be ;,.ble to :::rovi1le for the cba1:ces which may arise, 
and will not be in the q_uestio:v:>J:ile position of not 'bein:; completely in 
control of the situation. 

4. Gauges 

In conjunction with Items 2 ar.d. J above, all ,~uges necessnry to 
assure interch.P..n!;eability of conri;ionents, and. prop~r settine and checkin;: of 
nss~nbly :::'ixtu.rc~ will be cor.1?lctely _plr--..nned., di:si::, .. ned, and built in adYance 
of the com:yletinn of parts and/or a.sser:ibly fixtures. 

5. Tool Desi;P;n 

The Tool Design Section of Prod\lction J!;ngineering will COI:l:plete 
all tool desie:,n necessary for the production of all detail parts, sub­
assemblies, 1:ia.jor assem'bliell, components, final aircraft, flight tests, 
etc .. , in }'..lRrallel with the Process Plannitt:?, as out:i!J.ed in Iten 3 a-00..,e. 
This tool design effort will also 'be 1,redico.ted. on achie"lri!!:: the !I!Ost 
efficient procl'J.ction methods, consistent with modern aviRtion ty-pe t.ooli~ 
met.i:loa.s. and. in 'keeping ""ith the nu:.lb.-.,rs of airplanss likely to be required, 
and consistent with the int~rcha.~eE.i.bilit:,, requirement;:; a.s outlined. 

6. Tooling Work Orders 

Subsequent to the coz;;plction of Process Planning, Operation Sheet, 
;;.nd Tool Desi: ::;n of each detailed p::-.rt, m1b-<1.~se:-:ibly. rrajor assembly, 
cor.i:r,onent ar..d final aircrc:.ft, a tool work order complete with estimated 
la:)or hours, material, etc., will be w.ri tten, recorded, and availa."ule for 
issuance. Tool work orders will 1:;,e!'. issued to th-3 Tool Rool:l in accordance 
with a detailed and. priority seq_ucnced index schedule.. This detailed 
schedule will be ;;,re1,ured from t:1e Master Plan. 
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RiJ;L'F: ,',.SE OF MODELS, G.,':.i.JG.SS, TOOLS, FIXTURES, 
EQUIPHEl·fT, ETC • BY TOOL •110R.X: ORIJ:ERS TO TEE 

TOOL BOOM 

As ex:plained l-)ri:vi<>usly, all Process Plannint;, Tool Ded;;n, Tooling 
Work Orders will have 'been accorn:.olished in s€quence with the scheduled release 
of J?roductionized, 1md detailed drawings from the Desicn Enr,ineerine Depart­
ment. The release of tooling work orders for build, a.s outlined for production 
of the test components and subse~uent production Rirpla.nes is as follows: 

a) Master Models to be released by tool work order and completed as 
rapidly as possible. 

'b) Ga~es All ga:u,t;int'.~ to be released by tool work order in accordance 
with :priority schedule, but in all cases anea.d of detail and assembly 
toolir.ib. 

c) Tools for Sheet Metal Parts to be released by tool work order, for 
all such parts, in accordance wi t!l the rriority seq_uence schedule. These 
tools for sheet metal part'J will not be temporary in any sense, o.nd will 

,,__ suffice for a reasona1)1e production run, consistent with modern a.ircrRft 
tooling practices. T'.nis is 11ot to be r.iisconRtrue::d. as elaborate tooling, 
such as would be considered for several thousand airplanes, or automotive 
ty··.i?e tooling. 

d) Tools for Detailed ¥..achined Parts will be released by tool work 
order ior tha first test cor.iponents and several pre::;,roductio11 r--.irplanes. 
As stated above, all :plar..ning, tool d.esicn, anc'. vork ordern will 'have been 
completed for these particular tools. However, it is understood th~t, due 
to s:>iortages of tool lead tine, develop:raent of for;;ir..gs, castings, etc., it 
appears necess~ry to obtain the first several m::.chined sets of parts by 
tool room r:ethor~s, w.'1.ile these tools are beil'lG built. Obviously, this r.ru.st 
be a eeneral ?olicy, ana not restrictive in any sense. Due to time and 
a.,r~.ilability of proper castings and forgines. lead ti:ne for suitable tooline, 
etc., it appears necessary for us to make by tool room methoo. s the first 
several sets of rn;-..chined })arts for the first several airpla.nee, However, 
t;i.is is strictly due to the .reasons st,'.ded. This is not {;Oo:i }Jractice and 
it is U...""l.econorn.ical in every sense, regard.less of cl'l.a."1.ges in design, which 
may and })robably will occur du:rin~: the baginnini~ of this progra.m. It must 
be re:ne1.1ber9d th..-.t =ki:l:l,c-; m:-..cl;.ined :2a.rto by tool room :rnathode and. 11ho~:;gingtt 
intricate parts out of blocks of metal is extremely costly a.nd will not 
generalJ.y provide for the interchangea'ble requirements. Also by the time 
several sets of parts have been produced in t.his n;anner. the cost incurred 
will generally be equal to having built the necessary fixtures in the first 
place. Consequently. while we are l)Ossibly justified in making the first 
several sets by tool room methocls, we wo"l!ld not be Justified in allowing 
this excessive practice to continue any long0r then is absolutely necessary. 
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Therefore, du.ring the :pericx:l we ;:,.re J118king the first several sets by tool 
rooli1 metboo.s, I feel we mu.st relense 2...nd build the nece:;sary ::::a.chine 
tool fixtures to provide for the subseQuent sets contemplated and ai:ain 
keeping consistent with the rates of prod.ucti ,m as established. by the 
customer. However, on tDis subject, the type of fixture necessary for 4, 
11, JO or 200 air:ple1.nes is equal to accepted 11 a.ircra:ft type tooling" and 
does not consider utilization of laree qua.'rlti ty aircraft, or automotive 
t~'J)e • progressive tooling. 

e) Sub-Assembly Fixtures S-..i.b-Assembly fixtures will, as noted, have 
been :fully :Planned, tool designs and tool work orders :i:rep;;.red as a r>.ormal 
course of the tooling l)lannin~ operation, The release to the tool room to 
build imb-n.ssenibly fixtures will be confined to those sub-assembly fixtures 
w::ich are necessary to acco!~plish t;ood. workman.like sub-a.sse1,1blies and to 
ensu.re proper interchangeability and so forth. These sub-assembly fixtures 
will only be ordered in quantity to sustain ap:proxit1a.tely one (1) airpl~ne 
j~er month. The mu.1 ti tu.de of rrease of use 11 t~']?e of sub-assembly fixtures, 
which beco1::i.e very necessary when incren.sed q_uantities of airpla.neo a.re 
desired, will not be ordereQ at this time, but will be developed during the 
!)reduction of the first eleven airplanes D.D.d subneq_uent, should it be 
dee~ed they will be needed. 

f) Major Assembly Fixtures ¥.ajor assembly fixtures, havint: been 
completely planned. and designed., ',.rill be released. by too) work order to 
➔,he tool root: :for co1;1pleti on and used in acconlar..ce with the schedule. 
T218se releases will include all fixtures neceGsnry to ens·u.re that each 
major component is properly built and will allow for the desired final 
a.s;;embly of the ,".!.ir:plane. The nunber of each of these fixtures, to be 
built d1.arinc; this pericxl, will r-:eneral'.l.y be con.fined. to one (1) each. Con­
seq_uently • if accelerated. nu.~becrs of air1,l~nes are dei;ired r,ubr.eo_uent to the 
first ele,ren air-..i,"lh,.nes, additional amounts of these m,,jor fixtures will be 
necessary. It is to ·oe noted that these major a~,ser.1bly fixtures as nescrioed , 
will be production ty:pe fixtures anc1. net in ,my ~ense temi)ora.ry tooling. 
However, this is not to be misconstrued as nea.ning high J_)roduction aircraft, 
or auto~otive type tooling. 

g) Equipment .Equipment for use in sub-asseinbly, major assembly, 
final line operations, and flicht test op -., rc.tic,nr, will h;:.,re been fully 
~'la.".l.ned, desiened c..nd. tool orners p:repa.red. However, for the :first eleven 
airplanes, only l3- strict minimUI:J. of these ite;-;s will be constructeo.. Items 
in tl1is catecory can be better rccoc;nized a.s, testin;.:~ ur:its for electrics, 
hydrauJ.ics, pressurization. ~enerntors 1 etc •• etc. 

h) Production Control Production Control will cont:l.nue, tbro1i.p:h t heir 
presently devised systems, to receiYe from the Industrial Engineerint Depn.rt­
nent, 1:1:..ster schedules from which they will be cuided in ;:rep:-:.rinr, the cleta.iled 
work order release dates for production µ~rts. The work orders issued by 
Pro~uotiou Control to th~ Shop~ will bo, a~ ~t F~e~ent, tho operaticn sheets 
as J_::•re:i;.'-"-red by Production Enc;ineering in accor,ii'l.nce with priority sefl_uence 
planning. 
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i) Production Pro(l..1ction of <i.etailed. sheet metal :pcu·ts and/or 
rrnchined rarts for the first release will be, in the broad. sense, performed 
by production emplo~0ees on },rod.uction machines. However, it will 1Je ou.r 
:poliqr to :Flace the full responsii.1ili t;:r, for rJroducine })roJJer and accepta1)le 
parts, on the Production EnginceJ·inc Depart:r;:ient during the first release of 
:pn.rts needed fer t}1e firGt eleven airpla.nes and/or test components. The 
nunber of rieces to be :relensed ·D;:/ the work order will be equal to the total 
required. by acldinr; t}1e nunber o-J.' com::_)cnents to be built, yilus one or possibly 
two sp1.11·e y,:iece8. It is impernt.ive th:~t all tool }.:rovL~,r:o; be coro:rleted du.ring 
the manufc-~cturine of these first pi"_rts. A::; su"b-assembly, ID'\_jor as~1eJ1Jllly, 
coriponent assernoly, equip:dng Hn{l :fil:1:".l line O})err•.tions ber,in, the Production 
De:;iartments will ar;sign selected su:,er0,5.sorn .?..nd production employees to 
:oerfor□ this work. However, the full :responsibility for t.he proper sea~uence 
of build-up, co:rnpatability of parts within asser:1blies, assembly fixtures, 
eq_uipnent, etc., will be borne by the Chief Production En.Rineer during the 
constructicn of the first several aiI'l)lanes. This is being established. 
very firmly, in order to assure to the gre~test extent, that all Flanning, 
tool desit;n, tool ~,ark orr.ers, parts work orders, parts make, com:t:•onent 
asc'.GL'lbly, and conpletir,n of the fir!it airpl1lJies, are in accordance with desi,1;n 
drawi!1€S, and completely covered by i:•roduct ion o:,1erhtion sheets which a.re 
accurate and current at all timGs. 

SUMMARY 

The development of the CF-lOj from its conce};tion thro~h the 
first several flying articles and subsequent airplanes, can be described 
in condensed forD ~s :ollows; 

1. Our plan to utilize throughout our product deni;~;n, and 
detail drawin6 st;:,.ge, evt";ry :possi:)le method. of dct;:;rminin.,~, 
?l'e·JiOi.1.S to the :fir<'t issue, all 6C":,.UiJ_:.ll~cnt. ri::;inr·; ,:1.n<l 

wirinF, :r,osi t i c.-ns an.:.: to c la.rify int-·,rfi,·rences • etc.• 

2. 

will rei:;ult in far f.r:.r-:>.ller arnou.11t of corrections nece~s:-~ry 
du:::.1"::,: the toolini:~ i:1nd firnt, ;production !)h,rne, and I 
believe will hasten the fin;t a.iry,1ane:,, rather than delBy. 

' Hhile it is fu.lly recoGnizecl by Hll ccnurned. ' thr.t 
per:fectior( in tl:is field nn.y never be cor.:,plete, ne·rerthe­
le:30, our concentratecl effort:s towarcl~ 1Jerfect.icn, can 
only re :mlt in r..;-i·ef.1.tly reducing the ever prenent problem 
in this 5.nclustry, :rrovide<l, all concen1ed enter into 
this program wholeheartedly to the fullest extent. 

Ey carefully c.:.nd properly Jl:rocessin,":: imd r,la.....ning ea.eh 
individual :part, sub-assembly, ccmponcnt, ,:1,nd conpleted 
:product du.rin~~ and concurrent wj th the desit,n effort, 
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we ce.n best as cure ourselves thd. the multitude of 
u_-r1s11.tiE>fnctory c oriditions r.re co:-rected on 2;ar,er. 
'before tools nnd :parts a.re ir:i1,ro}:erly produced.. 1·/e are 
also aw~1.re that during the rig te!"ltinl~ of col!lJ)Onents, 
and flight testine of the fin,t n.irpl,~ncs, changes M'::..y 

become necessl:iry w.hich were ir::}JOS si ble to forecast d.uri:r..g 
the program as cutlined previously. Should inot~.nces 
of this ty])e arise, the :f::>.cilities ,-.t oux disposal, 
and the potential a.bili t;·: ,:i tl1.in each i\.mcti:;n o:f the 
J.vro Aircraft Limited will be a"ble to ef:ficicntl;y COlle 
with thGse chaD.iZ;es fe.r more rea.cUly tlw.n would otherwise 
be the case. In addition, i,t any 1,oint d·..u-inc this rrogra.n1, 
this comyany and its customer ~~11 be better able to fore­
cast the exrendituxe necessary and availability of product­
ion articles, if co desired. 

In conclusion, it is mandatory th:,t all depc:..rt:.--!ent hec::.cls, 3U}:>er­
visors and .::..ffected person.nel 1:.a.in~uin a clea:r un.derstan.d.ing of this 1,olicy 
hnd .o..re at all times aware of the c-..~ntor:ier 1s desire thn.t we <lo not ex::·end 
:'.'uuds unnecessarily d.u.ri!l{; the 13tart of this ~,ro,0;ram, m1.til the !iroduct is 
proven entirely s&tisfactur:,' A-nd/or the cu~tomer can more reA.cl.ily deternine 
q_ua.ntities, and. ra.t~s of froducticn conoident wit:~. his needs. lt is also 
mandntory that all de1:artment heads. supervisors a.nd £.ffecte:l ;:.,:rsonr~el 
rert.a.in equally ev.ra.re of the necessity of proceeding ,:i th this pror:ra.m in 
a ma.nner wnich will, to the ,zrea.ter.t e.xti::;nt, enst:.re that the CF-105 air-:r;:J.e.ne 
is produced as accurately to the desi:<:,n ns possi liJ.e. In event an.,v interested 
person is not fully conversrmt with the ~e~inin,::s ::;.ncl details of this policy 1 

it ldll be his responsibility to i:mnediately ask for clarificr.tion from his 
supervisor. 

BP.S/bw 



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. 

l. The fact that this aircraft is of an extremely advanced 
type performancewise, means that a high degree of "envelope 11 

accuracy and surface smoothness are mandatory to ensure 
aerodynamic 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 our "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 £inal 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 Cloth§:- 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 !cale master lines glass cloth 
repeated e~etly, plus the inside envelope details. In addition, 
Basic Geometry Drawings are supplied by Engineering to define 
interchangeability locations. 

Mast.er Lines Glass Cloth reproductions on metal are used for the 
"Envelope" Control Tooling. 

Assembly q1ass 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 ]I.aster 
Lines Glass Cloths are reproduced in light alloy template form, cut 
to profile and mounted on a suitable frame. After splining in to 

.J ensure accuracy of profile, the spaces between the templates are 
\.-_,,- plastered in to present a rinished model. Datum lines, 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 varioua skin panels. 

All 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 tools, such 
as stretch form blocks, -drop hammer dies etc. In8tead of having 
individual models for each part, it is more advantageous to have 
a Master Model for the entire component ttenvelope". Splashes can 
still be taken off the appropriate are~s 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 th~ma.ster lines 
for the Assembly Glass Cloth; from which the tooling for the detail 
parts and assemblies is made. 

To illustrate how the ttControl" is built into the master model, 
and how the master model is used, this brochure examines the 
Centre Fuselage Component of the CF-105. 
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EX 0 lODED VIEW OF STA. 268 

ILLUSTRATION OF CENTRE FJSEL,t/~E 
S~OWlNG FRAME WORK AND POINTING UP 
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ILLUSTRATION OF CENTRE FUSELAGE STRUCTURE 
SHOWING A TYPICAL FORMED SKIN PANEL 
AND A TYPICAL HALF FORMER 
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TOOLING FOR MACHINE PARTS 

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

Our basic policy with regard to these and similar other 
parts is to provide the minimum number of tools, 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.J 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 tooling for difficult operations; where interchangeabili1 
control is required; or where the extensive set-up involved would 
jeopardize the required production rate. 

__ ..., ______ __ 
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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 interchangeabilitJ 
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 wherevi 
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 1 
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 

Finished 
Assembly 
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The details are pre-drilled a1 
assembled in the same fashion 
as a Meccano Set. 

~ 

o~~ 

..... 
~ ---·~ 

Stiffener 
Angles 





""I 
\._., 

MAJOR SUB- ASSEMBLY 

\ 
\ 

\ 

FoR. nm, Ass r E RED To EMSU~!; 
T IN RELATION 

T~E JIC. I~ \Ill. T FROM TM lo A$S\I' G.LRSS (t..OTM 
wtfose wies AR-E "l'llosE OF TME MAST!!"- M9Pi!-

MAJOR ASSEMBLY 

NOTe 
-- THE J,, (OHTl<Ol.S lHE OuTSIOE CoNrOO~ OF T\.IE ASS)'. 

~ JI~ I~ gEQUlli!l';O i:ir iHJ5 llS5eM8lY STAGE TO ACCURATELY POSIT!( 
TIH: ST:RUCTIJR.e PogrtON$ OF THE CENT~!: FUSeLM,e • l.c Fr HAl'ID seq:~o...t!...__ 
To E>1suee. THAT THE' 51</MHIHC. MF\1,,li"P,1,"IS THE: -~MVELOPE" fsr11e~1SH!:l) !Y 
TH~ MASTe" Moo=:r... 

A:,:5EMBLY JJG 

5Howim. II'< Dcnt:o • L1N"' 
AN Oe1TL1tff. 01' Tlje! A:SS'f 
A~D THE: Posmot-i OF fol</1'\ER 2'9 























NcC.~S~£Y To lN~IJ COM T ?WELOPE. 
0 ThAT THE 

't)JAC:ENT 

CENTRE FUSELAGE 

CENTRE FUSELAG:iE A5SEMeLy JIG 

I/ 
f 







t, 

' 

f"I\AL ASSl-"'10L'I' J1G f-OR MARRYINC.-UP T~E. 
0MPONENT5. TH'.S JIG r-osmONS TH£ C.OMPON£NTS 
Tv t:NSURE. TH"T TH[ CORRECT ovER,LL 
AUGNEMENT IS MAlNT>.iN£D WHll':: THF: ~OINTS 
"RE COMPLE~ED. 

~ 

~ •• ~:. ,J.'---,,, 

~

,,,.. ~-~-\,__ -~ ,<~/ ' ,c----~ II' :"'""""":,~ · -m 
• • • ~ - • . . -~ J re,:~;~, ., I ✓-~~ • - .>:L• . . __ , :>'' ;~ 

~y::/ -~ ' "' 9t·2S / 2? 
'>"' / ,a , •-<f.~:t;I() •~- . 

···-../,¼.O::,,, ~ 

/ 
¥~ 

·-,£~ 

;J1 
--:~:;J!J' j""·;;· 

···-- ... 

·-- · 

<~::. __ :~:-~; -a~~Jll_ 

LO/',DING SEOVEtlCE 

•~::- ~-~~nt f ·HL 

:t 
{~; 

(i~ -··--
~5) ffi91'11T f·.15Fl. tJJf: 

'(,) HI 
~ •• -

EtKll~ ____ Bt.'f. ... 

~I MA:M L ,~:)E~A.~~-'~~-► 

TOOl.lNG i'CP. FINAL ASSDvlBLY CJF AIRCRAF T 

..,, ,/, 
f., 

-~.1~.J..!.J_ 

WII:~. 

~llc?:_ 

l~ 

·\ 
; 





I 
I , 

-' 

~ 
I 
li 

I 
I 

I 
1 



APPLICATION OF INTERCHANGEABILITY CONTROL 

The following illustration shows how interchangeability co-ntrol is : '-·· •: •· 
• provided by jig references and match plates. ··t 

Jig Referepces are tools used to set up Assembly Jigs at those poin1 
· 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 i~ 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 uses:- {l) 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 References will be provided for setting up Component Assembly 
Jigs 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 
or jig reference termed a Ma.tch Plate i$ use d to oontrol the 
r espective drill jig. 
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~ - his is a photographic record as 

of May 31, 1956 of the Tool Build, 

Tool Assembly and Full Dimensional 

Mock-Up of the Avro CF-105 
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