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SUBJECT : TOOLING AND MANUFACTURING POLICY FOR 
.BUILDING CF-1O5 COMPONENT TEST SECTI ONS 
AND FIRST AfID SUBSEQUENT AIRPLAl'lES 

Rel at i ve t o r.ia.ny di scussions on thi s subj ect , and with f ull 
unde r standing of t he vi ews of DDP a nd RCAF, t he CF-1O5 pr ogr am has been 
revi ewed in fine de tail wi th the following men: 

1.70517 

H. F . Young 
T . .Bragg 
W. Hack 
tl . H. Riggs 
s. L. Wilson 

Chief Product ion Engi neer 
As s •t Chi e f Production Eng i nee r 
Ch i ef Too l Engineer 

R. Whit tington 

Production Shop Manager 
I ndustrial Engi nee r ing Manager 
Tool Room Superintendent 

To preface the tooling and ¥anufacturing policy covering each 
phase of this program, I feel it necessa r y to call attention to the orig inal 
basic tooling and manufacturing policy, which was established for the 
CF-105 program last year. That policy was establ i shed at a time when 
we were considering the proper ways and means of producing the f i rst several 
airplanes only, and assuming t hat there would be a sizeabl e gap between 
the first several and subsequent pr oduction airplanes. Consequently, 
this policy gave r i se to the terms "Phase 1 and Phase 2 Tool i ng " . It 
has occured to me many times tha t the t erms "Pha se 1 and Phase 2 Tooling" 
have been misunderstood by members of our organi zation, and subsequently 
by memberc of DDP and RCAF, consequently it seems necessa ry to put this 
matte r straight at this time. 

If we were to buil d several CF-1O5 airplanes only, and then 
allow a sizeabl e number of months to elapse before resuminc additional 
production then the policy whi ch devel oped into the terms "Phase 1 and 
Phase 2 Tool ing" would sti l l be in effect, as established at t hat time . 
However, when cons i dering thA.t more than several airplanes mus t be built 
and followi~ each ot her in cl ose sequence, then the terms "Phase 1 
and Phase 2 Tooling " become entirely superfluous, and the use of the se 
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terms sh ould be discontinued at once by all parties concerned. It appears, 
the orig inal misunders t anding on this subject came as a result of the 
Engineering Department's recommendation that approximately eleven airplanes 
should be built a s quickly as possible, in order trui.t all phases of design 
and development be p roven simultaneously. This recommendation of the 
Engineering Department was concurred, by all members of t his company, the 
RCAF, and DDP. However, it has since become apparent tha t all parties 
c onc erned, must have a s sumed t hat "Phase 1 Tooling" would suffice f or the 
build i ng of more than the f i rs t sever a l a irplanes , as long as t he r a te 
remained at approxi ma tely one (1) per month. Thi s i s not correct, and it 
would be dangerous for this t hinking to c ontinue any longer. To date, no 
harm has re sulted f rom this slight misunder standi ng , to this company , the 
RCAF or DDP, consequently no gr eat c onc er n should r esult fr om t he se preface 
statement s. 

Facts relative to the CF-105 program, a s they appear to me, and a s 
c oncurred by the men listed a bove , a re a s follows: 

To fulfill the r equ irements e s t abli shed by 
Avro Aircraft Limited, which was , and s till 
is, in agreement with RCAF, DDP and all members 
of t h is company, we mus t produce t he first 
eleven (11) airpl anes at a rate of approximately 
one (1) per month. To so produce these a irpl anes, 
it i s nec essary t c f ollow our origina l tooling 
and manufa cturing polic y , generally wi t h in its 
entirety, which for all purposes can be c ons t rued 
a s meaning a combi na ti on of "Phase 1 a nd Phase 2 
Tooling". However, a t this point, I a sk that all 
reference s to "Phase 1 and Phase 2 Tooling" be 
discontinued, i na smuch a R I bel ieve fur t her mis­
understanding on t his sub j ec t c oul d result in 
extreme embarras sment. 

If t he s t a tement s c ontai ned i n the paragr aph above are understood, 
and a gr eeable to all c onc erned , it t hen appears tha t the policy which has 
r esult ed f r om our compr ehensive c ons i der a tions is proper and i n order. 

The philosophy which has been adopt ed , covering our appr oach to 
t he CF-105 a irplane tooling and manu facturing phases i s as f ol lows : 

The CF-105 airpl ane i s fully r ec ogn ized by all c oncerned. to be an 
extremely advanced t ype of air plane. The rol e which this a irplane may be 
called upon t o fill is of major i mpor tance to Avro Aircraft Limi t~d, ~he 
RCAF, and DDP. With f ull r eal i zation of t hi s fac t, but also b~an ng i z:i 
mi nd t he pos it i on of t he cus t omer, r egardi ng expend i tures cons i ste1:1t with 
nece s s ity, the philosophy covering our approach ha s been , and c ont i nues to 
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be, one which is "predicated on producing the bes t p ossible product for t he 
pur1iose intended, c onsistent with good management of funds, labor, tooling, 
material, etc. 11 

This philosophy can a lso be termed, •one which at all times is 
c oncurrent with the state of the art, and altho striving for the accuracy 
which is mandatory, we do not exc eed in quantity, t he number of tools, 
machine ry, and material needed, to satisfactorily perform our commitment", 

In add ition, the evaluation of tooling , met hods, rates of production 
etc., which is to be described i n mor e det ai l within the policy description 
of each phase, is based on certa i n fundamental factors, such as: 

(a) 

(b) 

(c) 

(d ) 

Avro Aircraft Limi ted 1 s complete understanding of the 
desire of the customer, that the product be tooled 
properly and eff ic i ently, for the rate of pr oduc tion 
presentl y contemplated, which is, at a rate not to 
exceed one (1) pe r month. However, a t all times we 
are aware that this rate may be increased . Conse­
quently, our planning, processing , tool design , 
and tool work orders will be in such condition that, 
should t he rate be increased, t he time necessary 
to so increase will be equal to the time r equired 
to build, and put into pr oduct i.on those tools, 
machi nes, etc. , necessary in increased quantities, 
While it is not poss ible to def i ni t ize t o the exact 
day, how much time would be needed as l ead time to 
provi de for an increase , unless t he rates of pro­
duction are known, it can be assumed that: 

if the c ompleted a irplane rate was a t this date 
increased to several a i rplanes per month, then it 
aut omatically means the building of addi t ional tools, 
and procurement of mat erials would have to be put in 
proce ss as of t his date, 

if the rate were t o be inc reased , to f ive (5) per 
month (from the pr esentl y planned r ate of one (1) 
airplane per month, ) after approxi matel y ten (10) or 
twelve (12) are completed, the deci sion to do so, 
and action on additional to oling, machinery, and 
material would have to be in effect approxiuately 
fift een (15 ) .months, pr evious to the date of the 
completi on of the f ir st additi onal ai r pl anes. 

i f t he r ate were to be increased to one (1) airplane 
per working day, by means of a normal accelera ted rate, 
(after ten (10) or twelve (12) are c ompleted at a 
r ate of one (1) per month) the deci sion to do so, and 



-W:---------

FORM 1749 A 

action on addit ional tooling, machine ry, and mat erial , 
would have to be in effect, approximutely twenty seven 
(27) months previous to the accelerated peak being 
reached. 

CF-105 BAS IC MANUFACTURING POLICY AND 
PROCEDURE FOR BUILDI NG COMPONENT TEST 
SECTIONS AND SUBSEQµE NT AIRPLAUES 

Through the efforts of Engi neering and Manufacturing, to avoid and 
delete , where possible , duplicati on of efforts throughout the tooling 
program, we have establi shed tha t our first releas e of drawings will be 
pr oduc ti onized, and in detail, to the gr eate st degree attainable. In 
keeping with this t hought , select ed Supe r visors, Process Planne r s, etc. 
from t he Produc ti on Engineering Department will advi se and a ss i st their 
c ounte r parts i n the Design Engineering Department throughout the design, 
dr afting, and detail phases preceding scheduled drawing release, to the 
strictes t extent possible . These joint effo rts of Design Engineering and 
Production Engineeri ng will be establ ished and correlated in keeping with 
d i s tinct sections, a nd/or components of the a irplane. By so doing , these 
two groups can, and will assure better understanding by Product ion Engineer­
ing of the Designe r 1 s problems , and equally i mportant will a llow Process, 
Planning, To ol ing and Product i on problems to be rec ognized and allowed for, 
previous to the schedul ed release of drawings to Manufacturing . 

Therefore, Production Engineering wi ll proceed with t he ir portion 
of this progr am in keeping with certain fundamental principle s as fo llows: 

1. I nterchangeab ility 

The sel ection of int erchangeable components, sec tions and /or 
parts of the a irplane wi ll be established by Production EngineeriD.F, dur i ng 
the design pe riod in collaboration with the Design Engineering, and 
I nspect ion Depar t~2nts . Our goal will be to plan for, and ach ieve, inter­
changeab ility to the g r eate st degree effective airpl ane number 1. This, 
of cour se, i s in direc t contrast to previous programs thr ouehout the 
industry whereby vari ous size groups of first pr oduction airplanes were 
compl e ted before interchangeability was achieved. We feel very strongly 
tha t concent rated efforts during the Produc tion De s i gn pro~ram will allow 
fo r this seemingly optimi stic view. 

In event c onditions beyond our control prevent i nt erchangeability 
on some part, or par t s, of the fi r s t a irplanes, we will submit a request 
for waive r on tha t particu l ar part , or parts. It i s therefore necessary, 
and in fact mandatory, that this company and RC.AF continue in close harmony 

FO 
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on t h i s subject, and tha t no parties conc er ned let "red t ape" and/or 
f ormaliti es i nterfere. We will need much hel p a nd understandi ng on the 
part of the cust omer. 

Recently, we have been advi sed by RC.AF tha t number one CF-105 and 
subsequent , will be i n accordance t o Mil Spee l-8500A (ASG). In additi on, 
we have been not ified by letter to the effect that "inter changeability is 
mandatory, begi nning with the first CF-105 a irplane". Consequent ly, 
inasmuch a s t his c ompany and the RCAF appear to be in agr eement c oncerning 
the "interchangeab ility aspects" then i t becomes axiomatic that the too l ing 
for t he CF-105 a irplane must be, "of a quality c onsistent with inter­
changeab l e part s ". 

2. Die Mode l s 

It is our pl an to continue with the construct i on of full size 
( inside of metal) maste r mode l s , which will repr esent each distinct 
component of the a irplane. These master models will be pr oduced i n our 
Tool Ro om. The mas t er models will be correlated with all outs i de lines 
as establi shed by the Drawing Off ic e , and will be altered or corrected 
acc ordingl y with any lines chan...,~ . Material used for the cons truct i on of 
these master model s will vary depending on the c omponent and/or section of 
components i n ques tion. Certain models will be produced from plastic, 
others from mahogany, some f rom plaster, etc . ]y producing these model s 
in advance of manufacture of form dies , t rim templates , etc., we will 
avoid countless changes to part s and tooling whic h otherwise can not be 
avoi ded , and coul d only be accomplished by trial and error me thods during 
production of the f irs t air plane . A further desirable f eature wh i ch results 
from the eculy production of master model s , i s thf, t it a ll ows the des i e;ne r 
to view hi ~ two- dimension effort s i n full s ca le, so that l ines may be 
a ltered for compat ab ility, previous to t ooling , par ts, etc . , being impr oper l y 
made . 

In addition , during all phase s of tools, di es, r outer and trim 
forLJs, drill t emplate s and assembly fixt ures, t hese three di mens i on and 
full size mast er model s will provide an exact replica of t he line s , shapes , 
contours and surfaces which mus t be pr oduced as accura tely as poss i bl e i n 
metal. The construct i on of these model s i n advance of tooling and manufacture 
of parts, will provi de fo r De s i gn Engineering, Production Eng i neering , 
Production and Inspection personnel the best possible means of proceeding 
with the CF-105 a irplane pr ogram with confidence. While these mas ter models 
can not be expected t o el i minate al l di screpanc i es and r esult i ng conf usion, 
they will, without que stion, elimina t e the great majority of mi sfits, mi s­
a lignments, etc . , ~.hich otherwi se could only be found during the ac tual 
cons t ruction of nUX1erous a i rplanes . Obviously , this l a tter metbod a l ways 
occurs after tooling a nd parts are on hand, and cannot be tolerated on the 
CF-105 program. 
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J. Process Planning 

Production Ent;ineering will proceed wi t h the c omplete planning 
breakdown of the airplane through each co mponent , sub-component, sub-assembly , 
detail parts, equi pment, etc., to the extent, t hat as schedu led drawing 
releases f rom the Desi gn Eng ineering Department are co mpleted, the a irpl ane 
will be fu lly planned, and operation sheets established for the mos t efficient 
production, cons istent with the program i nvolved . Included in this complete 
planning pr ogram will be all inspect ion call-out s , es tablishc1ent of function 
ope r a.t i ons t o be performed in factory , and those required during f l ight test 
operat ions . These it ems will be es t abli shed by Producti on Engineering in 
clo se co llaborat ion with Inspection Department a nd De sign Engineer i~. 

Thi s principle of pl anning wi thin the Production Engineering Depart­
ment will be pred ica ted on the unders tanding that as the first preproduction 
a irplane i s completed , operat ion sheets, meth ods , manu:facturing sequence , 
etc., i s correct and current . Should a given part, sub- assembly or component 
require alt er at i on due to rig tes t s results, f i rst f light etc., Production 
Engineering will t ]1en be able to p rovid e f or t he changes which may arise, 
and will not be in the ques ti onabl e position of not being compl etel y in 
control of the s ituation . 

4. Gauges 

I n conjuncti on with I tems 2 and 3 above, all c;auge s necessary to 
assure i nte rchangeab ility of components, and prope r se tting and check ing of 
assembly f ixtures will be c om:;il et ely planned , designed , and built in advance 
of t he compl et i on of part s and /or assembly f i xt ures . 

5. Tool Desir,n 

The Tool Design Section of Production Engineering will compl ete 
al l to ol de si gn necessary f or the production of all detail µi.rts, sub­
assernbl i es, major assemblie s, c omponents, f i nal a ircraft, f light tests, 
et c. , in parallel with t he Proc ess Planning as outl i ned i n I tem 3 above. 
Th is tool design effort will als o be predicated on ach ievirl,f; the mos t 
efficient production me t h ods , consis tent with modern aviation t ype tooling 
me t hod s, and i n keep i ng with the munbers of a irpl ane s l ikely to be requir ed, 
and cons istent with the int erchangeability r equirement s as outlined. 

6 . Tooling Work Orde r s 

Subsequent t o t he compl et i on of Process Planning , Opera tion Sheet, 
and Tool Desien of each deta iled part, sub-a3sembl y, rre.jor assembly, 
component and f inal aircraft, a t ool work order complet e wi th est imated 
l abor hours , mate rial, et c., will be written, recorded , and avai lable f or 
i ssuanc e . To ol work orders will cB" i ssuerl to t he Tool Room in accordance 
with a detailed and priority sequenced index schedule.. Th is detailed 
schedule will be prepa red f rom the Maste r Plan. 



.- - --W ------- ------------------------

FORM 1749 A 

-7-

RELEASE OF MODELS, GAUGES, TOOLS, FIXTURES, 
EQ,UIPMEHT, ETC . BY TOOL WORK ORDERS TO THE 

TOOL ROOM 

As explained previously , all Process Planning, Tool Design, Tooling 
Wor k Orders will have been accomplished in sequence with the scheduled release 
of productionized, and detailed drawings from the Des i gn Eng ineering Depart­
ment. The release of tooling work orders for build, as out lined for production 
of the test components and subsequent production a irplanes i s as follows: 

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

b) Gauges All gauginc to be released by tool work order in accordance 
with priority schedule, but in all cases ahead of detail and assembly 
tooling. 

c) Tool s for Sheet Metal Parts to be released by tool work order , f or 
all such parts, in accordance with the priority sequence schedule. These 
tools for sheet meta l parts wil l not be temporary in any sense , and will 
suffice for a r easonab le production run, cons i stent with modern ai rcraft 
tooling practices. This i s not to be mi sconstrued as elaborate tooling, 
such as would be considered fo r sever a l t housand airplanes, or automotive 
type tooling. 

d ) To ol s for Detailed Machined Parts will be released by to ol work 
order fo r the f irst t est components and several preproduction a i rplanes . 
.As stated above, all planning , tool desi gn, and work orders will have been 
complet ed for these particul a r too l s. However, it is understo od tha t, due 
to shorta ges of tool lead time , deve lopment of forgings, castings , etc., it 
appears necessary to obtain the first several machined sets of parts by 
tool room ue t hods, w.hi l e these tools are being built . Obviously, t his = t 
be a general policy, and not restrictive in any sense . Due to time and 
availability of proper cas tings and forgint::s, lead time for suitable tooling, 
etc., it appears neces sary for us to make by tool room methods t he first 
several sets of machined parts for the first sever al airplanes. Ho wever, 
this is strictly due to the reasons sta ted. This is not good practice and 
it is uneconomical in every sense, regardl ess of changes in design , which 
may and probably will occur during the beginning of t h is program. It mus t 
be remeiabered that making machined parts by tool room methods and "hogging" 
intricate parts out of blocks of metal i s extremely costly and wil l not 
gene ral y provi de for the interchan1:::eable requirements . Also by the time 
several sets of parts have been produced i n this manner, the cost incurred 
will generally be equal to havinc built the necessary f ixtures in the first 
pl ace. Consequently, while we are possibly justified in making the first 
several sets by tool room methods , we would not be justified in allowing 
this excessive practice to continue any longer then is absolutely necessary. 
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Theref ore, dur i ng t he pe r iod we are maki ng t he fir s t several se ts by tool 
room me t hods , I f eel we mu st re l ea se and bui l d t he nece ssary machine 
t ool f i x t u r es to pr ovide for t he sub sequent set s contempl a ted and again 
keepi ng c ons istent with the r a tes of pr oduction as es tabl i sh ed by t he 
cus tome r . However , on t hi s sub ject , t he t ype of f i xt ure neces sar y for 4, 
11, JO or 200 a irpl ane s i s equal to accepted "airc raft t ype to oling" and 
d oes not c ons i der utiliza tion of large quan tity a ircraft, or automotive 
type, progress ive tool ing . 

e ) Sub-Assembl y Fixtures Sub- Assembl y f i xtures wi l l , as noted, have 
been fully pl anned, tool des igns and t ool work orders pr epared as a normal 
c ourse of t he t ooling pl anning operati on. The r el ease to t he t ool room to 
build sub- assembl y f i xt ure s wi ll be c onf ined to th ose sub- a ssembly fixtures 
wh ich a re necessary to acc omplish 1sood workmanlike sub-assembl i es and to 
ensure proper inter changeability a nd so for t h . These sub- assembly f i xt ures 
will onl y be or dered in quanti t y to sustain appr oxi mately one (1) a i rpl ane 
pe r month . The mult itude of "ease of use " type of sub- a ssembly f ixtures, 
wh i ch become ver y necessar y when i ncreased quantities of a i r pl ane s a re 
desired, will not be or der ed a t t h is time, but will be developed dur i ng the 
pr oduct ion of the f irst el even a irpla.nes and subsequent, should it be 
deemed t hey will be needed. 

f) Major As sembly Fixtures Maj or a ss embly f ixt ures, having been 
compl e t el y pl anned and designed , will be re l eased by tool work order to 
the t ool r oom for compl e ti on and used i n a cc ordance with t he schedul e. 
These r eleases wi l l include a l l f i xtures nece ssar y t o ensure that each 
majo r component i s properly built and will allow f or the de s i red fina l 
assembl y of the a i rpl a.ne . The number of each of t he se f i xture s , t o be 
built duri ne this pe ri od , will gener ally be confined to one (1 ) ea.eh . Con­
sequently , i f accel erated numb ers of a.irplanes are des i red subsequent to t he 
f irs t el even a i rpl anes , addi t i onal amounts of t hese ma j or f i xt ures wi l l be 
necessar y . I t i s to be not ed t hat t hese major assembly f i xtures as described , 
wil l be product ion t ype f i xt ure s and not in any sense t emporar y tooling , 
Howeve r , t his is not to be mi scons trued as meaning high pr oduc t i on a i rcraf t, 
or automotive t ype tooling . 

g ) Equ i pment Equ i pment f or use i n sub- a ss embly, major assembly , 
f i nal line operations , and f light t es t oper a tions will have been fully 
pl ~nned, des i gned and t ool orders prepared . However, for the f i r s t e l even 
air pl anes, onl y a strict minimum of t hese items will be c onstruct ed . Items 
i n this ca t ee ory can be better rec ognized as , testing uni ts fo r e l ectric s, 
hydr aul ic s , pres sur i zation, generat ors , etc . , e tc. 

h ) Pr oduction Control Produc t i on Control wi l l c ont inue, t hrough the ir 
present l y devised sys t ems , to r ece i ve f r om t he Indus t rial Engi neering Depart­
ment, mast er schedul es f r om whi ch t hey wi ll be gui ded i n preparing t he det ailed 
wor k order release dates f or producti on parts . The work or der s issued by 
Production Cont r ol t o the Shops will be, a s a t pr esent , t he operat i on sheets 
as prepared by Pr oduction Eng i neering in accor dance wi th pr i or i t y sequence 
pl ann i ng . 
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i) Production Production of detailed sheet metal parts and/or 
machined part s for t he first re l ease will be, in the brond sense, performed 
by production employees on production machines. However, it will be our 
pol icy to place the full re sponsibility, for producing proper and acceptable 
par ts, on the Production Eng ineering Department during the fir s t release of 
par ts needed for the first eleven a irplanes and/or test components. The 
number of p ieces to be released by the work order will be equal to the total 
required by adding the nUJ11ber of components to be built , plus one or possibly 
two spare pieces. I t is impera tive tha t all tool proving be c ompleted during 
the manufacturing of these first parts. As sub-assembly, major assembly, 
component assembly, equi ppi ng and final line opera tions begin, the Product ion 
Departments will assign selected su}lSrvisors and produc tion employees to 
per form thi s work. However, the full responsibility for the proper sequence 
of build-up, compatability of parts within assemblies, assemb l y f ixtures, 
equipment, etc., will be borne by the Chie f Production Engineer dur i ng the 
construction of the first several a irplanes. This is being establ i shed 
very firmly, in order to assure to the greatest extent, that al l planning, 
tool design, tool work orders, parts work orders, parts make, component 
as sembly, and completion of the first airplanes, are in accordance with design 
drawings, and completely covered by production opera tion sheets which a re 
accurate and current at all times. 

SUMMARY 

The development of the CF-105 from its conception t hrough the 
first several flying articl es and subsequent airplanes, can be described 
in condensed f orm as i ollows: 

1. Our plan to utilize throughout our product design, and 
detail drawing stage, every possible method of determining, 
previous to the first i ssue , a ll equip11ent, p i p ing and 
wiring pos itions and to clarify int erf eo r ences, etc., 
will result in far smaller amount of correct ions neces sary 
durinc the tooling and f irst product ion pha se, and I 
believe will hasten the first airplanes, rather than delay. 

Wh ile it is fully recognized by all concerned tha t 
per fection in this field may never be comple te , neverthe­
less, our concentra ted ef forts to\tards perfect ion , can 
only r esult in grea tly reducing the ever pre sent problem 
in t his industry , provided, all concerned enter into 
this program who leheartedly t o the fullest extent . 

2. Ey carefully and properly processing and planning each 
individual part, sub-as s embly, c omponent, and conpleted 
product during a nd c oncurrent with the des ign effort, 
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we can best assure our selves that the mult itude of 
uns a tisfactory c onditions a re corrected on paper, 
before tools and part s a r e i mproperl y pr oduced . We a re 
a lso awa re that during the rig t es tine of c omponent s, 
and flight t est ing of the fir s t airpl anes , changes may 
become ne ce ssary which were i mpossib l e to forecast during 
the program as out lined pr eviously. Should instances 
of this t ype a rise, the f acilit i es a t our dispo sal, 
and the potent i a l ab i l i t y within each functi on of the 
Avr o Aircraft Limited will be able to efficient l y cope 
with these changes far more readily than would otherwi se 
be t he case . In addi tion , a t any poin t during t his program, 
this company and it s customer will be bet te r able t o fore­
cast the expendi ture necessary and ava ilability of produc t­
i on a rticles , i f so desired . 

In conclusion , it is manda tory t ha t all department heads, supe r­
vi sors a nd aff ected pers onnel maintai n a clear unders tand ing of t hi s policy 
a nd a. r e a t a ll t ime s aware of the customer• s desire t hnt we do no t ex1Jend 
funds unnecessa rily during the s tart of this program, until the pr oduct is 
proven entire l y sat i sfactory and /or the cus tome r can more readily det er mine 
q_uanti ties, and rat es of production c ons i s tent wi t!l h is needs . It is als o 
manda tory that all department heads , supervisor s and affected personnel 
remain eq_ually aware of the necessity of proceeding with th is program in 
a manner which will, t o t he gr eat e s t extent, ensure t hat the CF-105 a irpla.ne 
is pr oduced a s accura t ely t o the d esign as possible. In event any inter ested 
person is not fully c onversant with t he meaninc s and details of this policy, 
it will be his r esponsibili t y to immedi a t ely ask f or c l arifica t i on f r om his 
supe r visor . 

VICE PRESIDENT 
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CF-105 TOOLIIm 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 tha t this aircraft is of an extremely advanced 
type perforrnancewise, means that a high degree of "envelope" 
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 I nterchangeability 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. 

ENGINJ::ERING INFORi,iATION SUPPLIED FOR THE TOOLING PhOGRAM 

Master Lines Glass Cloths:- 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, 
Basic Geometry Drawings are supplied by Engineering to define 
in terc hangeability 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 PROGRA!✓• FOR "ENVELOPE" CONTROL 

To construct the Master Model of a particular component, the /vaster 
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 are 
plastered in to present a finished model. Datum lines, Skin trim 
lines cut-outs etc., are added as needed to obtain the fullest use 
of th~ Model. This Model is now the tooling !,;ASTER. It establishes 



the shape of the "Envelope" for that component, and the shape and 
size of the various 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. Instead of having 
individual models for each part, it is more advantageous to have 
a Master Model for the entire component "envelope". Splashes can 
still be taken off the appropriate area,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~ master lines 
for the Assembly 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-105. 
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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 prov i ded 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 wating 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 interchangeability 
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 interchangeability 
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 wherever 
the work can be included in the next stage. In addition, the Assembly 
Jigs that are ordered, while being of a production type, have only the 
essential locators and pick-ups put on at this time. Later, when 
production warrants, additional locators etc., may be added. 

Following are examples of t his tooling policy: 

Slll'lPLE SUB-ASSEMBLY - ASSEMBLY JIG NOT REQUIRED 

Finished 
Assembly 

... 
Bare 
Former 
Web 

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

Stiffener 
Angles 
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I. 

APPLIC~TION OF INTERCHANGEABILITY CONTROL 

The following illustration shows how interchangeability control is 
provided by jig references and match plates. 

Jig References are tools used to set up Assembly Jigs at those points 
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 f or the attachment bolts line up, 
( c l the skin line flows s moothly across, • 
(d) the skin ga p is with i n required tolerance. 

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

A J ig Reference i s i n effect a ~~ster Component or more specifically 
a replica of those points of the component that ruust be controlled 
to ensure i nter cha ngeability. The Jig Reference is applied to the 
compone nt a ssembl y j ig to position the jig locators accurately on 
the jig f r ame . The J ig Reference is removed and the assembly jig 
i s r eady fo r use. 

The Jig Refe r ence is bu i lt to the master dimensions stated on the 
Bas i c Geomet ry d r awi ng , and any profiles are obtained from the 
Mas ter Lines Glass Cl oth. 

To control interchangeabi lit y at the joint between two c omponents, 
two JiF, References are bu ilt, one f o r each side of the joint. The 
two Jig References are first matched t ogether t o ensure that each 
is the counterpart of t he other, then each is a pplied to its 
corresponding Component Assembly Jig . In a simple j oint where 
the ends of the adjacent component s a re ide nt ica l, t hen only one 
Jig Reference is required. 

The Jig Reference has three uses:- (1) To set up t he Component 
Assembly Jig. (2) For periodic i nspection of these j i g s t o see 
that the control is maintained . ( 3) To s et up dupl i cate j i gs a t 
the plant or at a sub-contractor. 

Jig References will be provided for s e tting up Component Assembly 
Jigs to pick up important items of equ i pment, for exampl e under­
carriage legs, mountin£5 for various types of armament, radar 
chassis, su pports for major fl vi ng control items , e t c . 

Where the hole pattern in two mating mac hined parts mus t match t o 
tight limits and the parts are drilled separately, a s i mp l e f o rm 
of j i g reference termed a Match Plate is used to contr ol the 
re s pective drill jig. 
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