




Pays Tribute 
To All Arrow 
Contributors 

Fred T. Smye, President 
And General Manager, 

Add1esses Big Gathering 

The .mpcrsonic ern of powered 
fliglit in C:11md11 wns nshcred in to­
dny nt !\ l:1lto 11 , with the first public 
viewing of the supersonic Avro 
Arrow. 

Tcnnccl hy Prcs tdc nt Fred T . 

~~:i~~; t •:7~~crnf: i1~
1
;~c ~::~:1},:

1:i::u~;i! 
delta winged nircmft rolled m1t of 
Bay I on a signal from tl1e l lonour· 
ab le Ccorgc R, Pen rkcs, V.C., Mini­
ster of Nnlional Defence, in the 
pr<scnce of :t rcprescntntive ga1hcr­
ing of Military, Govern ment , and 
Imlustry , to~cthcr with 11s m;my 
A\Toilcs as could possihly he sp11rcd 
from their wo rk for the period of tl 1e 
ceremony. 

In liis address, r>. lr. Smye said: 
!he Avro Arrow is a twin engi ne, 

lcm g rnngc, day mu! night su per• 
sonic interceptor. It has a crew of 
two. It is a b ig, versa tile aircraft. 
The loaded weight of tli e Arrow is 
in tlie orclc r of 30 tons, 

"l'rimnry arnrn ment of the nircmft 
is to be air-to- nir guiclcd mi ssiles, 
in.~talled in 11 de tn chn ble armnmcnt 
b:1y in the fuselage. The vcrs:1 ti lit.v 
tHo,·ided hy this arma ment lrny will 
cm1hlc the aircru£t to 1,crforn 1 other 
roles. 

"The aircraft will he equ ipped witl1 
one of the most ndvnnced in legrntcd 
elec tronics systems, which will com­
l>inc the na\'iga tion and 01,crntion 
of the aircraft wilh its fi re control 
system. 

''The Arrow is designed to oprrale 
fmm existing ru nwn ys. 

"I bel ieve it can be said tlint the 
Arrow is one of the most ndva nced 
comba t aircraft in the ,.,,orld . 1t lias 
heen designed to meet the par­
ticular requirements of the l\CAF 
for the defence of Canada . 

"I wish to emphasize that this 
aircrnft is by no means a ha nd- mride 
p rototype. On the contrary, it hns 
hQCn produced from very complete 
production tooling. This policy hos 
beeu fo llowed so that when the nir­
cr:ift devclo1unc nt l1ns been co 111-
1ilctcd, we will be able to move i11 to 
the production phase without undue 
delay. Furlhennorc, an aircraft of 
the complexit y and tncciseness of 
the Arrow requires clllensivc tooling 
to cn.~nrc uccnrncy of m:mufucture. 

"This ceremony today is one of 
grea t sign ificam.-e lo nil of u.~ nt 
Awo and, we would like to think, 
to the Canadian aviat ion inch1stry. 
1'he Arrow represent s yei1rs of ex­
tremely hnrd work hy our engineers, 
technicians, and cra ftsmc11 . 

"It is the result of coust:mt 
probing into new nnd unknowu 
technical areas to meet the evcr­
;1dvancing requ irements. 

"We fee l that this airplane repre­
sents a substnntinl tcch nicnl nchicvc­
lll en t - tlint it demonslrri tcs tlic 
c.111abi lity of Canadian teclmology1 

and rep resents a subst:mtial Canu­
dian contribution lo the weslcm 
world . 

" I cannot help hut suy how proud 
I um of the employees of A vro who 
have created what I th ink will be­
come known as a grea t airplane. 

(ConJ inued on Page 12, Col. l) 
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Lorge-scole Free-Flight Mo deb were uJed in early deve1opmer1t stages o f lhe Arrow, to gathe r oerodynomic 
doto . A model is seen lioro be ing reod ied on its launching fig with a Nike rocket booster in fi ring position. 

CANADA'S first supersm1i c jct nircn1ft 
rolled from the end of Avro Air­

crnft's assembly li ne to<lar-n li tt le more 
th,111 four :,;ears after the CF-105 propos,i\ 
\\'.JS first su bmitted to tlio Hor:il C,ulll di ,11 1 
Air Foree. 

In ;1ddi tion to rolling out in nlll ch 
bcttrr th;in avernge ti mC', this Cunacli:m­
drs i~ncd , twi1 1-c11gi 11 e, dcl ta-,,.. ing intcr­
cq>lor was completl'iy fo hrirnl('d nnd 
nssemLlcd with p roduct ion tooling nnd 
methods-the fir sl lime thnt such a p roto­
trpc h:1s appe.1.red in the hislory o{ 
C: ntl.di:m avi:1 lion . 

The un veiling ceremonies tod:1y cnl­
mina le w h :LI bcgnn some six yenrs ng:o as 
thr- germ of an ide,'1 in the minds of a 
sm:1 11 gro11p of crcn tive engine-er.. he,Hk.d 
b_\ J. C. Flovcl , now ViC'C-Prcsident Engin­
eeri ng. Alt l1011gh tlic snpersl)11ic d('lt ;J co 11-
ct.:pl was no t new, these people fe lt it wns 
po~.~i ble for C,m,1da, thro ugh the e11 g i1 1('C'r­
n11d p roduction fa cil ities of Avro Airr r,1f t. 
lo dc•.~ ign and prod uce in quant ity, nn nd­
vonccd aircra ft type to meet the threa t 
of fu tmc developments of pok11 tial enemy 
bom bers. 

AII-Weother Interceptor 
The init ial stC'p in the undertaking 

whiC'h procluC'cd the fi rs! Arrow took 
pbC'e in Sep tember 195 1. At th:1 1 lime 
the company suhmil ted lo !he HCAF n 
brochure co11lai 11inv; tli rcc proposals for ;1 11 

advanced supcrsouic figblcr. One of th~J.c 
was a delta wing dC'sign for an al]. 
weather interceptor, powered by two 
Sapphi re 4 engines, and manned by a 
crew of two. 

by Harry Wilby 
As 11 result of the.~c pmposal.~ , an op('­

ra lio1wl req uirel1lent for an "All-\Vcathr.r 
lu lc1·cC'ptor" was received from Jh c 
HCAF the fo ll owing ?-.Lirch. lh~ie:il ly, 
this req uiremen t wa s fo r an lntc rn:1 \l y 
armrd aircrnft capable of int(·rcep ti ng 
aud destroyi ug a s11perrnn ic , e11 cmy bomb­
rr at \'Cry high alti tudes . 

Delta Planform Chosen 
The dclt:1 planform ,..c rsiou w,1'> c-hoscu 

for fo rther development. Th is wns be 
cause jt offered the hesl compromis(! he­
lw('Cn a thi n wiug scclion- req11i rcd for 
s11pcrso11ic Oigl1t-:mcl sufficicut pl1ysiral 
<k·pth in the \\'ing root section to ho11SC' 

the unclercnrriagc pl11s the large amo unt 
of fue l that was rcq11i rPd fo r s11ch a mi.~­
sion. The enginC'ers calc11 lnted that the 
dd tu :1lso g11vc n11 dfident and rch1 tivc•ly 
ligh t .~lnielm e with good gu1ernl con trol 
nt tnmso11ic speeds . 

llo th single aml twin engine airrrnft 
WC'rc considered in the dC'sign stucli 1's that 
fo ll nwcd. Compan y c11 gin cc· rs felt tlrn t the 
twin engine ver~ ion would lwve a markC'd 
increase in performance hec,msc it h:icJ 
twice the thrust, hnt <lid not need do11l,lc 
tlte fuselage frontal area to aC'commocla te 
tli c engines. Two rngi 11cs would nlso give 
increnscd reliability. 

EC'onomiC' C'011~idcra Uons led lo the in­
clusion of "flexihilit y of l,,cUcnl use" in 
the design to gi ve it ;r lung and usefu l 
lifo lbrou~h coutin nr<l <l evelopmenl. Jn 
<l1>i11g thi s ii wa.~ neC("ssary lo emure that 
this flex ibilit y did not jeop,1 rd ize the cal­
c11hlled perfo rmance of the nirernft, or 
its ability lo meet the RCAF's speci fi ca-

tion rcq l1ircmcnls. 
ln Ju11 e 1052 Avro issued broelmrcs to 

the RCAF on "Designs to Intercep tor Re­
q11irC'menl.~" under the designat io n of 
C:104 / 1 aud C IO,t/2. Both propos,ils were 
of delta phmfonn , the Cl04/ l with single 
engine, :11 1d thC' l;1rgcr, heavier, Cl01/ 2 
with twin (" 11 ginc·s. Each aircrnft c;1 rricd a 
crew of two, with prov ision for missiles 
and rod:c ls. 

Engim·s umlcr considrr:i lion for both 
proposals were the Cnrtiss- \Vrip.li t )67, 
the Bristol Ol r mpus 3, and the A\.'ro TR 9. 
Elcclrou ic fire cont rol systems were in­
du.!r.d in 1he desig11 ~. 

N:1 tio11,1l Acro11 .1 11tical Estab lishment 
nnu l)1Sis of the ClO•J_/ 1 nnd Cl04/ 2 pro-

Eorly Wind Tunnel mode ls produced date 
wh t h led to refine menls in the external shape. 
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Here ore the four men who co-ordinated the efforts of al l pha ses of Eng ineering wh ich wen t into 
creating the Arr ow. From lef t: R. N. Li nd ley, Chief Engin eer; J. C. Floyd, Vice-President Engi­
neering; Guest Hake, Arrow Project Designer; and Jim Chamberlin, Chief of Technical Design. 

posals was received in October of tha t 
ye:1 r. N AE found the Cl04/ 2 design hu t! 
many desirable features but considcrell 
the proposed aircraft too heavy. It recom­
mended that fu rther studies be made on 
th is configm ation . In addit ion, changes 
were made at this time to the RCAF 
requirements for the all-weather fighte r 
concept . These p rim,1rily C[l l!ed fo r an in­
crease in the aircraft's operation nl alti­
tude. 

eluded NAE (Ot tawa) for low and high 
speetl testing, Cornell Aeronaut ical Lab­
ora tori es (Buffalo) fo r transon ic tests, 
NACA (Langley Field, Virginia) for su­
personic tests, and NACA Lewis Labora­
tory (Clevl'ian<l) fo r air intake tests. 
Seventeen model.~, rn nging from I / 80th 
to l / 6th scale were used at one or the 
other of these facilities, to obtnin neces­
snry .~tructural and aerndynamic da ta. 

Stru cture of a free-flight mod el is tested a ! key poin ts, with st rain gouges to meosu re deflec­
tion, W hen ready for fli gh t, mode ls w ere heavily instrum ented to transmit data to engineeri. 

"Go-Ahead" . . . 
The C104 proposal wns, us n result , 

redesigned , and the new configmation 
was esta blished as tlie Cl05. To meet 
th<' aerocl ~'n ,m1ic requirements tl1e new 
p roposal mainta ined the delta planfonn 
and was twin -engined , but its weight was 
reduced wh ile the overall size was .kep t as 
small as possi ble. Avro submitted the C l0,5 
propo~al to the HCAF in June 1953. 

In less th,m one month the "Co-Ahead" 
wns received from the government author­
izing a d i> .~ign study of the Cl05 to mee t 
the HCAF requirements. 

\Vind hmncl limita tions caused Avro 
eng ineers tu explore fur ther techn iques 
for obtain ing impor tant aerodyna mic data. 
These consis ted ma inly of a leng thy pro­
gram of firing la rge scnle free-fl ight 
models, with rocket-propell ed boosters to 
supersonic speeds- to simulating fligh t of 
the fu ll sc,tle aircraft a t altitude. The 
models were instmmentcd to measure 
performa nce and stabili ty and to transmit 
the information back to a gron nd station. 

Aerodynamics Tests 
M ock-up of the cockpit was mounted on a truck at actua l height ond taxii ng attitude of the 
Arrow in order to check p il ot visib ility under a ctual daylight and night operating conditions. 

First step in the design study was to 
adapt the new concept to Rolls Royce 
RBI06 engines which were then in an 
advanced stage of development. From 
th;1 t point thi ng.~ progressed rapidly and 
the fi rst tests of the wind tunnel develop­
ment program were ru n in September 
1953--only two months afte• the "gun was 
fired", 

To date, Arrow wind tunnel models 
have been tested from low speed to twice 
the speed of sound. Facilities used in-

I • • ' 

', , , ' ;,; .. _·, 

Eleven free-flight models were fired 
between December, H),'5,t and Jan uary, 
1957-nine at the CARDE ra nge at roint 
Petre, Ontario, and two at the NACA 
range in Virgi nia. All rocket lat.inchings 
and booster separa tions were successful 
and the firing program was completed 
satisfactorily. In nea rly every test, Clllll­

plete performance records were obtained. 
During 1954, when preliminary design 

was completed, the RCAF adop ted the 
CF-105 <lesignn tion for the aircraft. In­
it ial proposals, design studies and tests 
which led to establish ing the basic con~ 
figuration of the CF-105, resulted ma inly 

from tlte effort.~ of the Preli mi nary Dc.~ ign 
Office, under the direct ion of Jim Cham­
berlin, who is now Chief of Technical 
Design. 

Powerplont Changes 
Later in 19.5-t, powr:rpl:mt proble ms 

arose which req uired major changes in the 
proposed program. The Holls Hoyce HB 
106 engines which were incorporat ed in 
the design, would not be available in 
time fo r the CF-10.5, and were replaced 
by two Curtiss-Wright J67 engines. Then, 
in early 195.5, the U.S. Ai r Force dis­
c·lo.~l'd that the J67 also would be too 
la tt: to uH'1:t th e- Avro .~che1l11lc. At this 
poin t, the prngram now in effect was laid 
on- the install ation of Pratt & \Vhitney 
J75.~ ns an i11 tcrim mc:1surc, and Orenda 
PS l 3s (Iroq uo is) when they hccome 
avail able . Although the Irorp1ois dcvclop­
ment was wel l advanced , and its specific­

"' a tions more than met Avro 's requiremen ts, 
the COlllb ination Df an un tried engine and 
an un tried airframe \vas consi<lcrc<l not 
practical on an aircraft development fli ght 
tes t program. 

A great dea l of thco rct ic;il work 0 11 the 
applicat ion of the "Arca Hul c" was carr ied 
out on the CF-105 projt'ct. This is cssen­
tially a method of refining the fuselage 
shape to give the su-callc<l "Coke-Buttle" 
effect fo r the purpose of red uci ng super­
sonic drag of the aircraft. 

Both the HAF and USA F' we re ke pt 
cons tantly in formed of the prog ress of tlie 
Canadia n project, and cont rib uted sig­
n ificant encouragement bv their concur­
rence in the soundness of 'the concopt. 

"'l.:.:;t• • I 

From the time the basic configuratio n 
was established, to the encl of 1956, up 
to 400 engineers, technicians and d rafts­
men worked on the design and develop­
men t of the CF-105 structure and sys tems. 
Under the general direction and guidance 

- - - - 11a...._ __ _ ~~ 

Integral fue l tan ks ore o feature of the Arrow. Extens ive checking of the en ti re fuel system 
is continua lly going on in this specially-built test faci lity. Prevention of leakage is imperative . 
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of Doh Lind ley, Chief Engineer, and the 
co-ord inating effor ts of Cue.~ t Hake, Pro­
iect Designer, a mullit mlc of problems in 
each of the various fields of engineering 
were resolved. 

An engineering mock-up of the com­
plrite aircrn ft wa.~ buil t tu provide a three 
dimensional check on installa tion clear­
ances and genera l accessibili ty. Con­
struction wa.~ mainly of wood with some 
metal fo rmers. At firs t, a rongh mock-up 
of the J67 was ius tnl led to check clear­
ances .uound the engines . Howeve r, the 
l:1 ter decision to insta!l J75s rcrp1ire<l nu­
merous chang<.•.~ to the engin e bay stnic­
tnn:. J\.CAF evalua tion of the mock-11 p 
took pln ce in February In st year, and in­
cluded assessnll'nt of a metal mock-up of 
the an namcnt pack under considerat ion at 
that time, 

Pilot Visibility 
To demonstrate pilot visihility while 

taxiing and cockpit lighting techniques , a 
special mock-up of the frout cm:kpi t was 
moun ted on a truck to .~ imulate the actua l 
height and atti tude of the cockpit d uring 
ground ma uoeu\·er in g. This mock-up was 
la ter modified to include the radar nose 
and the trials were repeated. 

Ea rl y in 1956 work got umler way to 
change tl1c engine ba_v section of the 
mock-up to accommoda te the Iroquois 
engine and lo iron out p rimary inst:i lla ­
tiun problems. As.~oci.itcd grnnn<l !1 :mdling 
cquipmcut was also built at that time. 

Later in the year, conversion of the 
remainder of the engineering mock-up 
from CF-105 ~lk I to CF-105 Mk 2 
configura tion began. T iming of the re­
build was based on the need to obtain 
HCAF evaluation resul ts iu time to in­
co rpo ra te any necessary changes in the 
t-.Ik 2 engineering rclea.~e. A nu mber of 

(Continued on Page JO, Col, J) 



Avro's big electron icolly contr olled skin mill was insla lled la mach in e integra lly-sti ffened wing 
skin pa nels from soli d billets of specially-a ll oyed ro ll ed pla te material. Cutte r travels over work . 

' largest rubber forming preH in Nor1 h America was ins tal led for Arrow produc li on. Able lo form 
pa rts ea sily fr om heavi er materia ls than previous needs, the presrn re copac ity is 15,000 tons. 

large hot-air-circul otian Heal Treot fu rnoce was needed la accommodate lo rge pieces of moteriol. 
It is mounted on legs di rectly above a 20-loot long qu enc h bo th in to which ma teria l goes. 

Exte nsive use of meto l bonding in the Arrow resulted in Avro acq uirin g this huge Autocla ve 
pressure chamber which use s heat and increased pressure to give require d adhesive stren gth. 

Precision Keynotes 
All Arrow To oling 

by Ron Droke 

I
N order tn p rod ]](:e ccmw m iea ll y the ad vnnced ,1ircrn ft which rnllc<l frcu n th e 

asse111 h ly li11c tod .i y, /l c, 111 1plet e clq1:1 r t11re fr rn n cc 111 vc·11t in11.d tcrn li11g uwl 111 c: tl 11u b 
11~1..,I ii i prc ·vi C111 S p n 1gra111 .~ hceai ue e.~.~c ·u t ial i1 1 SClll \C ' p] 1;1.~cs Clf 1na 111 1fod 11ri11g . l 1ri111.ir:,r' 
basis for :il l t hese d!'p .irtures in hot h tonli11 g a n<l me thods was th e 11 ece ss ity to attain 
an extreme ly h igh d egree of necu rac v in ,il l fob1i eati nn opera tions in en de r to ensure 
s11L'el'1is fi1 l s11pcrso11 ic.· JH.·rfn nna m·c • of thC' enmp le tc<l Arrmv. The 11 ew d c p.i r t1n cs ,il~n 
Jl rn viclccl fn r i11terdwngc.·iih ilit y Clf ,d i t'OIII JWl1 e11b :111 d 1w rts frrnn tli c lirs t 11i rp btH', 

Smne id c•:1 ol' !lie scoJW nl t lll' tuli k 
racing the tnnli1 1g .iml 11 w thnds JH'11(1!e , 
.1 11d tli c in creased complexi ty of tlic Arrow 
c: rn npared tn th e fo rn il iar CF-100 mar 
hr .~c , •11 in the fad tha t there is 11 c.•ar ly 
th ree t ime .~ :1fi 11ui1 1y m :1n11fo ct nred parts 
in tlie Arrow. 

T hese cha nges bega n w it h the d c­
velnp nH' \\ t o f the Gla ss C ln th P rnccss in 
w hkh E ugi 11c ·Pr i11g dPs ig 11.~ a rc' m.i d c cli­
rectl.v un tn g lass cl oth tn i11 k g r:1te tnnl­
ing a11d p:1rt 111.111 11fad11r i11 g tecl111iq11es 
in tlic PrnJ nd inn .~t.1gcs. T he 11sc o f 
g lass d nth w ;i s decid ed IIJHIII si11ee it is 
n sta bl e media .ind may he cc111 t,1d 11r i1 1t­
c'. cl d irectly nu th e toed ma te rial, nr p.i p­
c·r p rin t.~ m .i d c• as req uired . It s use prc ­
d nd ed the IH'l'cl fo r re-la\'nut a t the d e­
tail d esign nnd tool l111 ilcl . st:1 g c.•s. 

Drawn Full Scale 
As .~(1 011 fl.~ tlie (' !I VC]OJIC of tlie \I ir­

cr:1ft wa s <l rfi1ied , fo ll .~c.i le lan rnt s nl 
these m :1stl'r li1 lC'S wc•re draw n ·n11 glass 
l: ln tl1: 'J'l1cst' 111:1.~tc·r \i 11cs were rcp rocl1 1ecd 
011 to gl as .~ d oth fnr th e p m pnse of fi llin g 
in the act ual stmct1nal d eta il s in the 
:1rt·:1 cn11l:c rnecl. Thi.~ is l:td !ecl the a.~­
sc•nd1l y g h1.~s doth. 111 mlditin11 tc1 the 
maste r lines and th e assl•mbl~· gl.1s.~ 
cl oth, d i1 ncns in11.1l gt'mnct r_v d raw ings fnr 
intcrchn ngC' uh i!it .v lwrd poin ts we re ai m 
su p p lied by E 11 g i11 cni11g. 

Jn nn ler to prnvid e a h a .~ ic snmce of 
t<m lrcd for thc> ncc11ra lc ma 1111foC' t111· t\ of 
deta ib llwt a m in <.,:mt11 c l with the n ir­
fr a me cnvt' lnpc', 1rn1.~h' r models we re huilt. 
b u ilt . 

Tn enn.~t n l<' t tlic w,1.~ tc r mnd el nf a 
cn111 pn11 cnt, th e mastn lines g l11 s.~ elo th.~ 
were• en nbi ct p rin ted ou tn ligh t aHm• 
sli eeh cu t tn prnf ik, and nu11 111 tcd n 11 ;1 
sn ita h lc fr au\C' . Afte r .~pli ning i11 tn cn ­
.rnrC' accu r.i cy nf p ro fi le, th e spaces h e­
twecn th e tem pla tes we re p hi stered in 
tn w e.~cn t the fi n is hed m ndcl. Thi.~ mod­
el i.~ 1H1\\' th l' t nnli11g 111,1s tC'I' whiC'h c.~­
t, il 1li.~I H'.~ th e .~hapc nr the c c1111tu11 H'11t 1rn d 
t! IC' slw ]lc ,111d size of the var in us skin 
p ,n1ck All dct :iil par ts aclj:1 ce11t tn the 
c11 1t.~iclc · cnn tcll \\' of the stn 1d 11re, 11 w l 
tl1t•n ·fc1re <.'l11 1tru l tl1c aircraft sl1:111e, must 
h1n•e their tno ling rela ted directl y to 
this 111 mlel. 

T l11,:111 g li this pmcess the l'ro<l11 ctio11 

1':11gi11eeri11 g ])q1;1rt 11 1c 11 t d erived .i di ­
rect contac t rela tio11sh ip between t lie E n­
ginee ring i11forniatinn 1md t li e tool s a nd 
J)<Hl.~. 

T Cl ('1 1.~ll rC 11ee1n·;1C\' ,11111 to c/i11 1i11;i tc 
hand fi n ish i1 1g, in th~ lorming of me tal 
pa r ts fron1 h eavier nwte rin ls, a g rea t 
deal m ore' p ress u re ,vas req u ired fo r rnb 
her for 111 i11g tccl11 1iq1w. Th is resnltc.•d i11 
tlic p rocure n1t•1 1t of the J5,000 tnns 
Siern pel h ;1 111p H1d1h~· r F nrn 1i1 1g Pres .~ , t lw 
la rgest nl it s kiud in i\or th Amcrien. T li e 
im t:ill.i ti rn1 nf th i.~ ]11 1gc liydn111 lic P rc·ss 
s tiir tc ,l in i\Lireh , J!),S:'i :111 d np<·rn !irn 1.~ 
cn1nm c· 11epd tn nu0 c•t Arrow p rod11ct inu 
rPqc drc1nc11ts i1 1 mcm ths lat er. Operation 
of the 11rc•s.~ i.~ ern 1trn llcd clcdrnnie1 ll f. 

K nl y 11 1 tlic design .~l:1 gci Cl f tli c• AncJ\\ 
it was d!'t!'r111 i11 cd that i11t Pgrnl ly-st ilfe11Pcl 
ski 11s a11cl cmn plctely-m:1d1i1 1ed .~tn 1et1 1rn l 
mc mlwrs w ere 11cl:c '.~fi;l\'}-' tn 111 ec_•t dc •sig 11 
rc c1 11i rt•111 c11ts w !i id 1 lip ceilic· d c111e -pi ccc 
wi11g p u11C'h l nr i11tcg ra\ f11el 1i tc 1ragp tanks . 
fi ecin1.~ t\ nf thi .~ sp('d:1 liz!'cl t'IJ11i pme11 t snch 
.is the el ee trn11 icall v-en11t rollcd Skin i\ li ll 
was JHm·1Jred tCl machi ne tlic.~e parts fro111 
solid bi llet s n f sp c.,·i ,d ly - ,il lnyec l n 1llccl 
p la te 11ia tc-r i:d. TI il' .~t :1 ti onar.v \\'nrking 
su rf.ic e of th i.~ crnn pl c x ma chine is 28 
fee t lon g a nd the wh nle thin g ,wighs 
100 tons. 

Travelling Cutter 
Ha w nw te rial is IH' lcl in p lace hv 

\'a c: 1111 111 PH'S ~11 1-c. T h e e nt tn h c,1d 1ll O\' ~s 
nver the ma ter ia l re inn te lr g nlcl ecl h v a 
trnc C' r w hie h fo llnws a tf'mpl.i tC' ~rnd 
mi lls fi 11i.~hcd ski11 s haw in te gra l s ilfe ners. 

T nge thcr \v ith the large Skin lll ill nther 
.~ mnller m ill s w ere req nirccl, in el ncli ng 
sp_<'ei,il r'::1ri.ihlc angle eo ntour e1 1t ting 
m ilk l hclie arc 11s1•d tn 11111chi11(' 
sp;1 r.~ a11cl either str11et1Jr;i] mt•111IK•rs fr m n 
solid p ie ces o f m :1teri:t l. A special sa n 
wa.~ designed and !m il t b? Awo in o rder 
to meet c_ntting ca paci t r fn r m a te ria l.~ op 
tn t lm '.e. 111d u•s thick 1111<l 20 fee t IC1ng. 
111 ad d1tH11 1 .~pecial ul tra son ic tes t <·qi iip ­
me1 1t "_'.IS need ed to proper!~· in spec t 
hHgc• JIIC't·c· .~ o f nia tc•ri, il tCl ]11e:1tc 111 n · 
i1_n pcrfcd im1.~ hd c1 re m;1chi n i1 1g npern·­
tl<11 is sta r ted . 

A n ew ho t air he.it tre:it furn ace \\·:1.~ 

i11.~ bil kcl wli id 1 p ro vid ed ,1 d cq11ate .~p :1cc· 
( C o11ti1111ed o n /WE{<' 12, Cu l . 3 ) 

. ~ 
.. ----.i..-.-;-..- I. 

Key men in the Arrow tooli ng pr ogram wer e Harvey R. Smit h, Vice-President Ma nufac tu rin left 
and Harold Young, Production Engineering Ma nager, seen viewing progress af the new af;craf-1 '. 
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Fuseloge Centre Section - the key seclion - for Arrow number one is seen being lowered on 
lo its morry -up hondling trolley for tro nsfer to the moin ossembly jig for inner wing instollotion. 

Compleling the delto plonform, the storboord outer wing sec lion is corefully morried•UP !o the 
inner wing which houses o londing geor unit equipped with two wheels, londem mounted 

r First Production 
Sets ow Manhour Record 

by Fred Lawrence 

U ~:~; !;~1~yc :~1~:,~;~e~ r:::i;t ~~~~;
1t(! 

of intensive effort on the part of all <lepar l• 
ments in the company's manufacturing 
division. Jn conjuncti on wit h the Engi­
neering Division, they have transcribed :1 
c,1 !colated theory into a machine which 
Alli ed Air Power experts have publici)' 
rrcognized as an extremely advanced 
type of airplane. 

\\'i th full realiza ti on of the important 
rnlc that this airphrne will be required 
10 perform, the manufac turing policy from 
the sta rt hu.~ been preclic.1 tecl on p ro• 
ducing the best possible procl oct for the 
pu rpose intended , consisten t ,vith cffi 
dent tooling and fabricating methods. 

Till' ii npuct of the complex Arrow 1uo• 
µ;i am on the facilities of the Manufactu r• 
ing Division has been unique in Canad.1. 
from both the poin t of view of physical 
phmt requirement s, nnd the develop ment 
ol' nc \\ , and in some cases previously un­
tried, production methods and machines. 

Some hi~hligh ts of th is impact arc re­
lntl'cl here in an att empt to show how 11 

Horry Beffort, !ell, special co-o rd inator, Arrow 
ouembly operations, discusses Arrow's progress 
with Duke Riggs, Produclion Shop Ma noglf. 
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l1ighly skilll'd b hnnr f111·t·e. fn llowi 11g 
prnclit•:d im<l dficicut ml'tliods, has sue• 
cessfull y prod11cec.l Can1ahi's fi rst s11pcr­
sonic jet intcrcl'ptnr whid1 w11s rclenscc.l 
today from the proc.l uc tion stage. 

With the rdcasr. nf prelimina ry En).!i­
neering in fonnation on the Arrow, thC'. ln­
d1 1stri:il Enginccrinp; D f' part11H'll t .~wun,e; 
into nct ion p repa ri ng tvlanufoctu ring'~ 
master schcclulc. This kry umlertak in).! 
providc·d the ex,H.:t dat es on which each 
phase of the Arrow rn:inufocturing pro­
gram would he completed, thus providi ng 
an 1111intr rruptcd flow of p:wts :md ,is~rm­
hlics i1 1to the fin ished :iircrnft. Prcp:ira ­
tion of such .1 complex sdiccln le cl c1rn111cl ­
ed a \'Cry prc<.'ise 11 n.i ly.~is of manpower, 
machine nml facil ity cap.ici ti rs-pa rticn­
larly when no co1np,trat1vc rC'corcls of a 
si milar proclu cti1 11 1 pe rfonn,rn ee at Avru 
exis ted at th is stage. 

From Paper to Ha rdware 
Fro in the completed muster schcd11le, 

detailed programs for machine and sheet 
metal parts were prep.i red, followed in 
turn by s11b-11 .~Sl'l1lbly .1ml major ,1.~sr1nhly 
.~ehecluks. Again from the was ter sdH'd­
ulc, came m;m hour requirements, which 
when transcribed in to numbers of person­
nel, permitted the .~moo tli, pre-pln1rned 
release of manpower from the CF 100 
program to the cxpnnding Arrow prodo c­
ti on line in accorda nce with a comp.my 
poli cy of mainta ini ng a conti nuous level 
of employment during the chan!,';covcr. 

Eviclcnce of the .mccessf1il prc-Jllanuing 
of the Arrow pro~r.im, is reRected today 
in the completed aircraft which was fabri­
cated and assembled in less than two nncl 
one half years from the elute of the first 
design relensc. In addition, the £irs: 
Arrow's man-hours-per-pound rn ti o is np 
proximatel y 80% of projects of similor si ze 
and complexity throughou t the &viation 
industry in Nort l1 America. 

Industrial EnJ:tme<:ring wns respousih le 
also for instiga ting cost con trol proced ures 
to ensure tha t all phases of the progrnm 
were comple ted (11 line with allocated 
fund s. Where shortages of tooling or pro­
duction fac iliti es mnde it necessa ry to 
snb-con tract the bll ilcling of parts, the 
same economic control wns exercised on 
the parts produced by suh•contractors as 
wa.~ t1pplil'd to Avro-m:u 111focturC'cl items. 

Throughou t all tooling <ll td fo bricut ing 

s t.q.!;l'S, a t itwi .~ tmly a11 .1lysis w a s main-
1aiue1l over e,1ch u11crat ion so that C'S· 
t;1blished n!t'O rds uf perform nuce aml 
C'a pad ty are now avu iluhlc fo r futu re 11ro• 
d1 1l'tin11. 

To Phmt E11~inl'c ri11g fe ll the tu ~k u( 
provi1 li11g ud tlitiom1l floor space m111iire-
1uru ts , ns well as the inst.ill atiou nm! 
111,1i nt.,u n11 <.'c of the 11 ew equipml' nt 
req11ired. 

Over 176,000 sq . ft . of a <lditinna l floor 
space ,v.'ls prnvich•d for the Arrow pro• 

µ_r am, indu<l ing -~p:1t·e for th e 11cw 1.5,000 
111n rnhht·r fnnnin~ press; the Candcn 
heut treat f11m:1 ~, awl tes t fo cili ties fo1 
the Engineer ing Divi sion . In ncld!ti1rn. 
11111cl1 of the e:-; istiug flour urea req11 ircil 
sprd al prepHation to accommodate a 
varict_,. of new <.'q11iprn c11t. A.~ a llmttc·r of 
foc t, lnrge sc•ct ions of tl1 e p lant were 
.~ hil tl'cl c·o111p ll't<•l ~1 to ullow best 11puce 
11 ti li z.1t ion of the new t•q11 ipiueut. The 
fo rmer Proccs.~ Hoom in !~:I f 2 for insta11cc 

(Continn1•1 f 0 11 p11µ, e 11 , Col. 1) 

Mosler model!, of oll skinned sections of lhe Arrow - bosk forming rools for conlour occurocy. 

ce ntre section; Inner wing1 ore in sto lled. 







Quality Control 
ew Inspection 

Gains 
Skills 

by Joe King 

A project such as the A rrow . can owe 
mnch of its successful compktion to 

first rate team work aud individual en· 
th 11sias111 of ull people concerned with it. 
These qualities wt>re fully exploited by 
each man in Quality Control and Inspec­
tion, rega rdless of h is posi tion in the 
scheme of thi ngs. 

Quali ty Con trol joined in right from the 
sta rt of the Arrow ma11ufuct11 ri n~ program 
and there is very li tt le of the prepnr:itory 
work that thev were not concerned wi th. 
Back in October of 1954 a group under 
, on m111 Tnrrnll hccmne respo11siblt' for 
c!wcking ull Arrow drnwiugs Odore their 
release to the Shops. Ili s instructions 
read : " lt will be the responsib ilit y of 
Quality Control to ensure that ;t p:.irt made 
to the limits of the production drnwi ng or 
loft will in no way dt•part from the re­
quiremen ts of the Enginee ring 1111d Qual­
ity Control Depnrtments , the req uire­
ments of specif ications in force, and the 
req ui rements of the R.C.A.F." 

By Jnne of 1957, a total of some 38,000 
drawn or lofted parts had been checked 
;incl pnssed through the sect ion , plus some 
1-1,000 parts which hnd been re worked 
or re-designed. Competen t checking of 
drawings resuh e<l in a smoother flow of 

wofk through the shops with m1 ;1 cco111 -
panyin g red uced number of hold-ups and 
queries. One resnlt of th is group's work 
it that a complete brt1,1kdow11 of im pcc tion 
stages has been nva ilahlc to men on the 
floor in time for e<H.:h compo nent, installa­
ti on, or m:1 rr y- 11 p se<1uencc . A \'ery i1 nport­
ant pl1ase of Q uali ty Cont rol opcrn t ions 
conce rns tlie Arrow's in te rc hangeabilit y 
pl'o~rnm, T ool dc•signs an :: rou tinely 
checked off for correct ness of in ter• 
chnngPahili ty fea tu res. \Vlicn :t "fi rst off" 
part is rejected in the r-.Iach ine Shop an 
inves tigation of the toolin~ is mad(' to off­
-~et the possi lii li t)' of IIIUll'l'C..'SSary rq>ctiticm 
of set ups and tool re-works. 

I nterchongeobility 
\Vith i11t erchangc1uhility dcs ignt>d into 

the Arrow, Q11ali ty Control has pl.iyeJ au 
important part in its successful a pplic11tio11. 

Maurice Cobb, Chairm:lll of the Com­
pu11y l 11 tcrclwngl'<ib ilit y Committee, re­
ported in OctobN of 1954 thal a st:irt 
h.i d been made 011 the Interchangeability 
H.eport. Thut fi rst report of a few pages 
is to<ln y .i volume of more tha n two hu11-
drl'd p,1 ges today. To Quality Tool 111 
spC'ction 1111d otlwrs thi s report is "thl• 
Uih\e'' sinL'f' it dC'tu ils fully the tool fea-

Quality Cont rol inspectors okay each st ep af the complex Arrow assembly. Here, f inal adjust• 
menh are mode l o the starboard wi ngtip by Wally Grandey, left, and Bill Osborn of assembly . 

lures to be inspected so that acceptable 
interchnugPahle parts an<l eornponents ca n 
h!! prod uced Uy the manufact u ri ng d ivi ­
sion. 

Bc.~iclL's co1 npili 11 g tlie lntcrcl1a11 µ;c,d1 il­
ity Hcport. Mnnrice Cobh )s responsihlf' 
fo r cl evb iug, St!tling-up and gnidi ng the 
Quality Co11 trol fun ctions so far mcn­
t ionl'd . JI(, ~ l s 1) s11 pcrinlcnds ()11:1\i ly Tool 
lmpC'clion . 

Con sider the sign ificnuce of the Arrow 
wing sec tions gni 11g together in the ma rry­
up jig and btn in the wing fi nal assem 
hly jig, nntl nga in l:1 tcr when the fuselage:'. 
co111po11cnts 1111d the compk tc wi ug we nt 
together. Thcc;e ma rry 11ps ind icated a 
terrifi cnlly high degree of jig aml jig­
rd t·n.mcc acc1 iracy. It spc,1ks well of 
()rn1lity T ool Inspection, tha t so Few sn:1gs 
showed up and that compom:uts went to­
gether with the pasc they cl id . 

This group under John Trollope pnsscd 
off the first /\ rrmv jig rdP-rE'n<'l' in Feh­
rm1ry, 1955, anc.l the first assembly jig 12 
days la trr. Since thrn some 235 tools lwve 

I /4_' 

b{'C n passed and 331 jig references, and 
tlwse include the largest assr 111bly jig., 
now in lh<' plant 

T he 111.1in concern of Quali ty Tool l n­
~1wctio11 i-. in tcrcha ngcahility tooling. 
1 lowevc:r. i11 June of last rear they took 
over the proving of sheet metal press 
fo rm and stretch forming tool.~ and sin ce 
thl' II have cleared through smuc 10,000 
tools. 

Quali ty Tool lm pect ion also look after 
tools which pro<l 11ec cl.i ss ified "cmnplc."<

11 

mach ined p11rl,; :md a va riety of other 
tools which by arrangpment with the 
\lC:AF' enn bt:: usc<l as checking media to 
e nsure correctness of the part produced. 

Inspection lnnavotians 
Using i1111ovations on i11spection, s11eh ;IS 

,1ccepti11 g p rofil e machined ribs and spars 
off the machine set -up, and machined 
castings fo r ca nopiPs and windscreens off 
th e prod nction tooling. has pfoying a big 
purt in speeding production to the poin t 
it is to{L y. At the same time it has meant 
he,ubcl i<·s for ma11v. 

Take, for iust anc~, Conlon (Andy) Au 
dcrson in Hccciviug l 1L~pcdion. "ho h,1.,; 
fo1111d his section loaded with many parts 
which were la rger th ;111 an ything han­
dled before. 111 mn ny c,1ses Andy's men 
have ha<l proh\(' lllS in d L,;{:ovcri11g what 
to inspect the pa rts wi!h. For example, 
no surfa ce tah lc of snfficie 11 t accuracy 
was avn il ab le, .'>o it wa.,; nece.o;sary to have 
a 30-foot t;1hle re-surfo t·<·d lo an ae<:11 -
rncy of pl1J.'> and minns .0008 in. A c1J.'1tom 

made universal angle computor had to be 
obta ined because ex ist ing and nvail.ib lc 
equipment was 11ot large enough for 
Avro's purpose. 

Pioneering . 
Evidently the cockpit c,mopr r a.~tin!-(S 

hnve pn~.~e nt rd the higp:cst difficulti es, 
lhPse involved many hours of hand lav• 
on t both before machin ing and aft~r. 
These ca~ tings art" madt" from a magne­
silun a lloy not previously used on this 
continc:n t and th is caused Receiving In• 
spection to get invril ved pret ty deeply in 
the pioneering work. 

Dave Cou11ertliwa itc nn cl hi ~ ml'n in 
Machine Shop Inspecti on had to contend 
with similar problems, h11t primuril y with 
machined skins and profi led strncturnl 
pnrts such as ribs, spa rs and form(' rs. 

Som Grey i1 shown et work on on inspection pane l on th e port outer 
wing. Detail of Arrow 's bogey lo.1ding gear con be seen p la inly above. 

~ssembl y progres~ is cont inually checked oga inst drawings. Here in 115 j ig 
IS the front fus elage section show ing both cockpits end eng ine cir in takes. 

Machined skins produced by the big 
Kearney and T recker receive some twelve 
or more separn te inspe<.: tion opera ti ons , 

(Co 11 ti111icd 011 Puge 11 , Col. 4 ) 
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Selling New Designs 
Specialists Requires 

by Roy Linegor 

T I-IE s.i le of au aircrnh design is per- I l 
hap.~ th e most delicate and complica ted u tancous_ >', the preparing of main -

nl all modern m crcha11d bdup; op e ra tiolls. t~·
1
,
1
'.llll~, lllSl ~i'.c_tiim~ w as begun by the 

E\'cry thing is "on pa1x·r", and thl'rc is l txh~ll c,il \ \ nt mg SC('l ion. S11clt kdiui­
litt le to sell that is more tan gible than a ciil ht~ra ture is vitiil to c lfi c it'11t aircra ft 
1nomising concept, expressed in n design opt·rn~ iou :n~d imlintennnce. The staff or 
stud~·- lt is the design study whieh forms t~ hmt'ill wnters preparillg the text mai n-
tl w basis for th t~ F1.nmnl 1nop11sal suhin il- lams dn:~c _ li:1ism1 with al l o th1: r d cpar t-
h.•J to the p rospective t·us tomer. 111c•11~s w1tl11_n _t ill' com11 an y to ensure that 

p 11bhs!ied '.11 tnrn1:1tion is m~cur.tlc und 
Jn int roducing the Avro propos:il to nm1prc he ns1ve. 

lhc HC AF, Avro's S:lies m,<l Service Div. Working in clnse (·o-operation with the 
isKm became the primary link betwt't'H \ Vr!ting section is the lllnstn,t ilig sect ion 
tl ll' com pany nml customer I t has m:ii11 • wl uc:h prq1:1 rcd a ,~ide variety or 1l r t 
ta i11ed this role, from the o ul.~P t to ncgo. wo'.-k rcq11ircd bot h l"or illustrnting the 
l1;1tc a proposnl such as the Arrow, for a ma111lenance i11s tructin11s nml for the vm. 
g0\'Crn ment nppmval as n defcnec we, ,p- i.ous_ rc>pc~rl s, charls ,m<l film lit ling for 
on , a company m ust be in a p os ition to molmn p1ctnres wh ich mad e up the sales 
s,1t isf.v the requirements , 11ot or a sin gle literature. 

~:::t.oi ncr, bu t of rnnny govC'rnment 11gc11• The Puh licntii>ns Prodnc tion sectirm 
processC's all text ;Hid illustralions for off. 

Set Out Details 
Avro's Sales nnd Contracts Admin ist ra ­

tion departme nts had n11 earh hand in 
p n•p;t ring and vt'lting the ov1..~rall Arrow 
p ropos,ds and subm itl ing thern lo the 
HCr\F, DDP, :rnd other govern ment of­
ficL's. The proposnls set out de ta ils of the 
work to be performed, pl us the time :md 
cost involved. 

To prciwnt tl u .. ·sc pmposols, a scrit's 
ur informat ive brochures was prepa red bv 
the Technica l W riting section , which cori ­
taincd aut icipatc<l performa nce and op• 
cratio11:d ch,m1<.'h.:ristics of the aircrnft, 
s11pplen1euted by nm ncrous ill1 1st rntious 
an<l d e tail ed drnwings produced by the 
Di vi.~ion 's illustra ti ng section. 

Following acceptance of the Arrow pro• 
posal, the Contrnct s Administration begn n 
the complex and lengthy ta~k nf negotinl• 
iug a firm contract. This was based on th e 
scupe of the work, the standard of work­
mansh ip requ ired, the mnterin ls to he 
nsed and the a ircra ft perfonn,rnce to be 
achieved. 

To implernent the conl raC'I 1equircmenl s 
tl ie Contracts Admin istration depar tllll'lll 
is.rncd sales orders to all departments 
co lcerned, and undertook responsibility 
for cont ractual negotiati.ons w ith ::\ll s1,b· 
contrnctors concerned in lhe Arrow prn­
grn m. 

After H.CAF engineering upproval of 
the proposnl fo r the Arrow was receiv­
ed, the d etall <lesign got unde rwny. S im• 

set plah.·m,1kiug. It also arrnn~cs l"m 
printing and d istri!.rn tion of all literature 
11ublished by the Division. 

Analys is nf the servic ing n·q1lL rl:nw11l s 
nf the Arrrow's sy.sh.'HlS and c:0111pn111 .. '11 ls 
ha,;; gone forw.11 d .step bv step witl1 
completion nf dc!!igu. All pc1blicatinm 
a re cons tnntly being rc vi.~ed an d 
brought up tu d,1tt'l by the writing sec­
tion so thnt <:om11lc te up-tn~J;1lc dt-scrip­
tive aml scrvici 11~ iustruct iom; 11ft' a\'ilil• 
able immediately. 

Train ing Aids 
To fo111 iliari ze HCAF tcch11i1._· iu11s with 

the new ,1ircraft's costly nn<l complex 
equ ipnwut , th e comparn is <l e,.igning 
trn ining 11ids to be used 'for the ins trnc­
tion of gmund nnd air crews. T he Serv• 
kc D epnrtrncnt, acting in ;111 :td dsor y 
capJeity m, the d esign or thcS(' .ii.<ls, 
will furn ish instructors and ins\ml'tional 
manua ls for suc:h 11':i in ing comses in th e 
11 c11r future. 

Since the Arrow p rogra m in~1lvPs all 
d i.vis i1ms of the comp.--rny pli1s a l1ost nf 
s11b-co11tra ctors, ,1 pr,1ctical asst•ssment 11f 
11wrnll 11rog ress is made reg 11h11 l, rn1 nil 
.~ignifica ut aspects nf the AHHd \V pro• 
grnm. 

These rq)(}rls arc prepml'd hy Puhli­
cations from foci.~ and figurt>S ;1.~se111hl­
t>d by thl' vari11us tlivisiu11s rl'sp11 11 sihlC'. 
These arc iuva ri abl y s111111k11icull'd In 
documen tary mo tion pictures which • 

(Cor1ti1111cd 011 Pu~e 12, CoJ. 4) 

Tec hnicol illuslrolors from Soles ond Service ore co iled upon to p roduce drowin gi of eve rything 
f~om lechniccl cutowa ys to re~!istic pointings. Here, llluslrolions Supervi sor Len Thornquist, 
rig ht, approves efforts of Rex Sim mons, ce ntre, ond Phi l Brockwell, work '1 ng on o lorge cufcwoy. 

J..VRO NEWS 

Need Test Pilots' Aid 
At Early Design Stage 

by Don Rogers 

111 the dcwlnpmC'nt crclc of a ucw 
aireraft , tl,c ('n11t rih11tin11 of the tcsl pilnt 
do('!. not rcoch ;1 1wak 1111ti l th t• fin,t 
lli~ht of the prntut~Vt.' T lii s doc.~ no t 
lllCnu, lmwevC' r, tha t li e uH·rel_,. sl\111ds 
liy d uri ng Ilic Jlt' riod Cll <lcsigu and 11w 11· 
11f.1ct11rn w11it i11g fn r the !.'ig1 wl tn slu rt 
llrinM. 

I l1!.' persnnal utlculirn1 to dct:1ih ol tlie 
.1ircraft lll'gi11.~ <l11 riug the early d t'siµ;n 
st:1g<•s. It C:<ll1tcn 1s s11d 1 ilt'ms 11 s ern1tr11ls, 
li~ dr,llllil'.~, d c(·lrirn ! n11d f11c l S).~ lc 11 1.~. 
c,ncrMe••c~· JH'1 1visilms, o,ckpil l.,~·11111, mid 
,•xtPmh tn n detailed st11dr nf cxp('c· te<l 
co11tro l tl1arnc:tcrist1cs, .1i r(·r,1rt n·sp1 111 se 
1·:ites, ,1crn<ly11am ic damping a nd :it:ibi li ty 
thrn 11 gl11mt the ('Omplett' rn.ugc nf ai r.~pc1.· <l 
,u1d :i h itmle. 

This typ1._' n f dct,1 ilt•d st ud _v .1 11d the 
.ih ili ty 111 11111.lers ta11Cl .i n<l <l i.,c11ss till' 
, ·ari1J11s kclwic;d ,1.~1wc:ts wi th d1 ,s ig11ers 
1111<l r-ngincer.~ is pnr t icd,1rl}' i1npnr t, 111l iu 
th(· c:1se of nn nircrnft suc-h as the Anow 
whid1 is plmme<l tn lll t'C t 11 hiv;lily :u l 
\'illl('<'d (.illl('t'p t 1,f 11crf1 1r 111;111('(! c.i pnh ili 
t it'.'>. 

O11e ar('a (11 which c:11-o p1:rati1)ll nf pilnl 
:1111 J engineer l wy l,e ,r S :!,.•Uifica nt 11111· 

f11a! bn,cfit is i11 the dC's1g n Df the 
flight sim11lntor. T h is dt'viec is ;1 11 e li ·c· 
trrn iie lir:1i11 , 11f tl 1c A1111 log1 11..• Crn np11ti·r 
,·atid}', conncdc<l tu n mm·k-up c1f tlie 
cot·kp it un<l contrnh. Intn this r ig tlw 

engineer feed.~ his \·1· ry IX'st eslim.itt·.~ 
of aircraft flight c:harac le rist ics nnd om• 
trol responses. \Vhen the c.1c p(·ri(·11ced 
le.<;! p ilot " fliC' s" the sim11 h1tor, he bene­
fi ts by dc ri\' ing some fnmili ,1rity wi tli 
what tn cxp<•(· t uf the a ircra ft lie \\ ill he 
fl ying irnd si m11 lta11 Po11sly, he em as~ ist 
th1._• <lcsigu st.iH b y reporting a ur comH• 
ti1m.~ of flight dming which the sim ula t­
or doc.~ not heh:tve in the wn y he wnuld 
wi.<;h t li<.• aet1rn l aircraft to fl_y . This pl'C• 
Sl'l1l~ a n 11pp11rt m1 it \' t<l m:1kt' a lll'r;1linns 
nr ad ju<;tmcn ts in · the con trols h cforc 
the ll ilnt must take the ai rcra ft intn the 
a ir fo r tlw firs t l ime. 

Cockpit Layout 
Anot her mTn w h ich rcceiv('S greal a t1 e n­

ti1111 b y t he test pilnt i.~ the nrra nµ: e­
mc 11t nf id l Cl>ll trn ls, imtrum1c:11ts a1 1d 
swil d1es in ti ll' c:nckpit , H e works \' l' l'Y 
closely with tht• de~ig11ers .in<l h11111;111 
focfo rs c ngint'f.'rs in a n ,1ttcmpt tu arri \'C 
at the upt i11111m by-0111 with a mi 11irn11m 
111' comprnrn i'>'l'. 

Thn t th is clfmt h,1s bcc.• u .rnc:ccssful 
in tlt t' case of the Arrow is cnnfirm<'d 
liy lhe 111 :mr f,1\'0urnhle couunl'nt \·ol­
uutcert"d li ,v otlat'r experienced 111ilitllr)' 
p iln ts wlm h :1vc· had un oppnrt 1111 ity t,, 

11.<;.~('.~S tl11i mu(·k up. O ne of the 11mst 
<·11co111:1gi11g ~ta l('ments wns that mndc 

( Cm1ti111wd 0 11 l'nge JO, C o l . ./) 

Th is_ mocku p _of o Prolt end Whitney J 75 iel engine wos used In the design of the Ar row' s 
eng1_ne boys 1n order '? occommodo le ii. Shown obove crodled in lh hond ling d oll y, the mock• 
up IS now used to 01d In the devel op ment of field se rvice technique s for en gine chon ges. 



vah•nt to tl1c JUO~scverc and vnrio<l 

conditions ::r~:_'~:t sYstl'ms, too, 1n11sl 
All the ' 1 rigorous tests to 

51";~r~~ .. coB~~~~ntt h~f h111si~-~~:~~ 
tl~is c\\ 'c;1po11 Sysl<:111 i~ust i11c~111~~1d 
ro111pldt• com1wt ,bk• 11 1t itm l gro 
en\'irourn'eut, st,lfti ng with. th e sup· 
port ·md n1;iintl'n ;111t'<.' c1111111mcnt ;~ 

Av•o'1 Compute r Ccpoc:ity wos greol ly incr•os•d with the addition, lhis y•or, ol the IBM 704 el•dronlc dolo proceuing machine 
1hown obov• . lolu l ond mast powerful d lgitol compul•r o,.oilobl• to lnduory, Avro 's 704 i1 lh• only on• outside lhe U.S. 

From Concept To Completion 
In Record Four Years 
(Conti,me<l from Page 3, Col. 4) 

~::;n~l~~•P~J~ f~':'T:~':tt ::1p
0
: r~j~;f 

mJ.~c t?i ~~-l~~r;asA~: ~~al/~ d~:~~f; 
1957, and the two versions of the 
a ircra ft w,.•re designated Arrow I 
llnd Airow 2. 

Ae101lyniu11ica lly, the Arrow wns 
cn tertaiui11g a new re.ihn of science. 
Performance, stabil it y and control 
problc111s were difficult to evaluate, 
and d:lla had to be obta ined 10 
e slahlish ai t lo."ldS on the wing, fi n, 
canopy niul control surfaces. In tills 

~d~~pJ~~~ent;~J,~t~e~~!tsi:~::r~ 

cr;~:i~\~c~~i~)i 1~~0
1
1~;~~Ji~~l~~sbil

1
i~~: 

~nffe t char;1t·tcristics, subsonic drn g 
and ilirecti onnl st,1bility for ex­
ample were o direct resul t of wind 
tunnel testing. 

Computer Copocity 
An a log comput ing t!(]Uipme nt was 

inst:1lk.J lo accdc rntc th e solution o r 
dynamic ll nd stress proble ms. The 
company also obt ained a new elec­
tronic digit al computer of great 
speed and cnp;ici ty to .iccomrnodate 
its acc\•Jpr;it ed research and dc­
vclnp1ncnt 11rogrnm in su1wrsonic 
aircraft. This wus th e IHM 704 d cc­
troni c dal ;\ processing rnaehi nc- tl1e 
fo tcst and most powerful digital 
computer d<'signed for scien tific ap­
pJ ications, now ovailablc to industry. 

J!J~J~~:K t·o1~\~d1torp:~bJ~:~v-n!~(~~; 
power lo 3000 tireless, perfectly or 
ganize<l and tn1 i11ed engineer.I. A 
staff of thi rty mathenatidans, tech ­
nichms nnd opcn1tors i.~ involved 11 t 

~~e tl1r;s;o\~i
1
~~a\n ~\':t~:sE1\~~\1::d 

keeping the mn<:\1ine in operation. 
Avro's 704 is the only one inst111\cd 
outside the United States. 

The Arrow sh uc.ture is designed 

~~r~.
0

; 1if~e~1S
1
:i~c~l~.gA~~:g~

1
::..:~ 

a ir lo ,,<ls had been 1\eterminctl by 
the Al'rodynamics Department, ii 
w as in1p0Mible to know at that time 
wl1 at e ffoct manoeuv1abtli ty would 

have on th e strnc lure. F o r this reason 
n large 11111nbrr of stressing cuscs 

~i~~rnth ~: ~;t~~W;'1fltin~
11

~~~;~17;~ 
ve~srls, .iud the probh.:111 was fu rther 
complie.itc<l by the need to kcc11 
weigh t tn a m ini1nun1. S11p1:rsonic 
llircr;1ft also inv11lvc prnblt-111~ whid1 
prcviou.~l.\' could 111: ignon ·1l. T wo 
s11ch proble111s wh ich 1cq11i1ctl o:-.:­
tc nsive investigntion by the Str,· ss 
Uc pn rtrn cnt wc,e stn1d 11 rc wcak­
crii ug cm1sc<l by hc;1t aud s01111 1\. 

J11 siuqilc tnu1s tl 11• ht•nl 111 111.11•111 
Is caus<.'d by friction b.:twc1·n tltc 1tir 
and the ain·rnft skin . Tempcr,1t1.rcs 
/\llaincd whil e fi}'ing at supcrsnnie 
speed.~ are hi gh t:nough to wcnh:n 

:\\r~~~
11

~J:~-1!~~11~
1
i~l~C';e:h3\:

1
\~:j;l1~:~~ 

Thrrc are two 1rn1in types of dctrl-
111 e11tn l sou nd-jct cngi11c mul u1•10~ 
dyn:1111ic. 1besc cau <.'1111.~C skin 

f~~~~~. t~ga[~ac~~:~kc~:1n~ ~~:·~~st ur~~ 
Sonic strnctur,1\ h•sts a rc b1•i11 ~ cnr­
rlf.'<.I ou t cnnstantly, and will COIi · 

~l~~t~gh ~:ti~di
1!:~~ s~l~::;f~ct~~ p~:::~1 

life. 
Pro1x.·r ground suppur t ~11ipment 

phiys u11 i111purtant rol e i11 the 011c­
rutional dfec:tivenl'SS of uny n11nh•rn 
military aircraft. Since most c ~i sting 
equipment couhl not be used for 
Arrow servicing rrq 11in·nlt't1ts ii w as 
cssenti.nl to rnsure adequate ma in­
ten,1ncc focilit ics were a\111IL1blc. 

Ground Handling 
A joint Avro- RCAF Mninknunec 

En~nt-cring Group w;1s fo, 11w1l, aml 
to d;1tc has (ksig1w<l 50\l\C 200 

ft~ce~~1~~ ci~u:f~[:lCf~~il~~~t~~; ~~}~~ 
~ r(;~;:r~r i~:.rf. WThisa

5
ls tl~~-su.e\~d:~~ 

when one rc ,1lizcs for examp le that 
the engine startn truck is n jecp~ 
mounted p:as t,11hine, and the pnwn­
antl- 11\r-conditioning truck m us t 
maintain n constan t nir flow al 55°F 
lo Ili c weapons, cled ronic on<l n thn 
sensitive equipment, 1111,dcr all 
ground temperature cornlil(on.t. 

Arrow dc\'dopmcnt £1 resenlc<l 
so111 c prohl P1U !> th ,tt wrtc not ev1:11 
1l reame1I of wl l\'11 t!te C F- HX) w,ts 
1lc·;';;i!!;111•1l. At ~ l] ll'rs1111ic s11Cc1h, for 
insl aucr , air h1 ;i1l.~ 1111 thr co11trol sur· 
fac,·s arc L'\'t ri·1m· ly hii?.h , and the 
pilnt nmst Ill' 11r11vi1lc:1l with r nn­
sid i? rn ble nm plificatin n of liis 1il1y~ l· 
l':il strength. 111 \':id, cuntrnl 111 cd1 
auis111.~ nrc il1.~t:d lc1l 1111 the Arrow 
whid1 nrc rnHiden t lv 11ow1irful to 
lift the cqu iv11lt·11 l of six ('h•phants 
s!J11<l ing nn the 1,.•lcvatms. 

Electronics 
Mml<:rn 11111il111y uireraJt rc1111irn 

cfobornl c clcdric:111 nm l olcctronic 
systems. Jn th e) Arrow there are some 
cle\t'll 111i lcs of wiring and enou gh 
vacuu u1 t11b1-s lo equip .ibout tw(l 
h nudrcd tch•vislu n sets c.xcept for 
pidure tubl'~. 

Tn:11 lt'11 <lo11s power is net..Jc<l to 
fly .1 11 a iwraf t a t s1 qwr'i0ni e sp1?t.Js, 
.ind the Arruw use, .ilmut twice as 
much powc-r ilS th ,1t n ·quircd tu drive 
tl ,c Qu t·cn ~fory. To d cvelo 11 this 
tmwer, tlu: e ng iiws cons1111H! fuel .i t 
tltc nle of more titan a qu arter of n 
ton per 1n in 11tc. M uch of th is p11w~r 
is d is..,ip:1k<l i11 nir friction at the~c 
very lii gh .~p1-cd5, nnil a ir friction 
raisc•s tl11: uin ·ra ft te111 1wwt11rc tu 
such a <lcgn•c th ,1 t the air eon<lit in n­
ing required to pmtcct th e crew am! 
th e vi tal cq11i (lll ll't1t is suffic ient to 
pro1l11ce 23 tons of ice n day. 

The cm111)k ., str11ch1ral rP-quirc­
m cn l.-., m11 l tl11' <frsiu .. • tn kt>i'J} con­
stmdion a~ 5illl))lc us 1mssible 1m11 lc 
exli:nsi vc rcsc11rd1 necessary in this 
field. A vast nn1ou11 t of dcvdopmenl 
\ms lnTn 1lnnP in the fiPld of mct:il­
ta-lllctol hnn11i11 g whic:\1 d ,nina!I'., 
111och of th e thnc-c:nnsmnlng au<l dif­
fi c11\t p1 0ccsscs of conventional rivet­
ing and fos \ening. In order that 
IIL('tnl bomliug cnn he 11.~rd succcss­
folly, U mu.~t be sufficiently strong, 

l1c;~~ ns~7kc11~1~:~1c~~ 1~!f~ta~~~ t:
11i:'. 

unnffc.'<! lcd Ill temp1i1atnes cx11efr 
enccJ by rm ·ircraft fl yi ng al super· 
wnic spce1ls 

Production Prototype 
\Vh ilc bonding nf al11nn111111 

all oys imposed no g1eat problem, 
cu11sidc·rabl c e.~ 11crirn1· 11tal w,11 k wa.~ 

~J~~~~~~~·t ;iJ:~c
1
~\l~f;~;i\1i\\

1

~d a :;~1:vr~ 
111pt1iJl 11rgi~t.~ wltir\1 has pmven very 
sati~factory uml rr tPst.~, a111 l is used 
in many parts of the 1ilc1aft . 

U11til recently, lii~l1-11erfonuance 
aircrart wt re not co111rnilte1l to pro­
iludi1 111 un til aftrr fli}?.hl 1t-sti11~ of 
unc or more protoly1ws, Normally 
quite ,1 nnmhcr of d11111gcs are neces­
sitry before the ni rcrnft can go iuto 
1irod11C'lion. The Armw pmgram is 
unusual in Cnnada in that tivcn the 
fir st fly lu g modi'.! has been built on 
produ ction tooling. This time-saving 
approach rmide it cs.~cnti al to prove 
the bnslc soundness of the structura l 
and systc1n conc<'pts by exhaustive 
h:stinp; p rior to the actu al build of 
th'-' ai rcraft. T l1 L~ 111ot.-e<lu re suhjects 

uncfrr1to
1 
thy. 1Y°:•ifrty stund anl .i11d ~m~rin: 1eco::~1~\;;.ut operatl01l de• 

111a1t1lc<l II~ the Arrr;;· inst· ,1cc, h:1~ 
\~:t~~ a~lss~~lll;!: ~l~~:t1~illtl\lC faf~]~~~S, 
~:/1 ,1[0 arnl l11 c: li1di11g th1.• :11rlmi;.'1! 

1, 1-ctronic srs tL•u1 nnd wcn1111 11 ~· . The fuc ;~Yt~eL~·~·n)' dd;; il on 11 11 

t~~r~1~~ ;:),t r~~ whic/: ~i\\1~11 ~~:t:.\j 
~~l~~l~;

1
~1~sr1\

1
~11 \l1~1;~hc l ai:~r;~:11:°1~;. 
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IISSIII II C' Fur l _~y.s~clll tyr S it· ~r◄ -s,;11 1 c 
t11sk. I 
ll ~:o~!l\~:11::: ~~\13:~li l t~l::;g:::s~\ 

~!~:~~~1.i
11:~:1::;.1:::t 5

a~,I d1:-fucl~:!~ 
si,n11la1t:1l Oig\, t s1:qucnccs and 
crgcn<.: y 011Crntion. 

Stress Analysis . ] l' 
T he 11iffil'11 \t task uf analyzdng t \ . 

~t~~~~~r~;i1S:~1:r~~~l~~1 ~~;~~s 
1

~
1

~~~ 
neers. The complexity of the Arf0

~ 1~ 

~.~:~~ tu ~;cl ,~!~;:~~:11d1
\~ J ~~isus~11~tl1ods 

nnJ l<'<'hniqurs avaih1blc . d tl 
A 110\'◄ 'I tc .-lmi1p1c use in\ 1

1
c 

~::t~f n::~~~~~ l~~~rl~~\jl~;~v;o<l:1~ 
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1
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1
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plnc1•d in test rigs wh ich w ere cn-

~:~j~ls ~~n\\~~~
1~]~i:i1gtn \~~~ Pl~~lj<.:~~~) 

fli~ht [nai ls. After int1•nsiVI' t<'~t!t.1i;c, 
the. ile f1 cc li11 11s a111l strc-ss1~ wl11ch 
were IIT01i11c1•1\ showed that tlw 
rncthoils hcing used fo r .inalytical 
studies were valid. 

Ancilory Equipm e nt 
Th e hu11drr1ls of it('ms of n11:d1-

ani cnl, hy1lra ulie, dcc:tricnl :ind chic 

~iT'!~IJ~~~l~~lll:,\' ll:1p~~;1 ;~:1! 11tr~ o:v~~: 

~i ~~1~: ::~~ s1·~~~:i: C' t h1~
1 
i71\\·i:~~\

1 
I :•~yi :1 h: t 

ity . E<tllil1 1111• nt whid1 wo 11ltl pc>t· 
f11n11 11 111lcr tin· . .,,, c:11111litious si 1nply 
did 1111t r :<ist wl11·u the Arrow 1\i•.,ign 
j.!◄ 11 111 1ln wi1,-•. It was th t'rd◄ ire 
n<•c1·ssary rur Ann to spcdfy tl1C' 

~l:~·.J;ill~nf~r/"'~]~;:~1\Jrv~~1•~:11\)i) f::: 
jDh , n11d to ass1·ss tin: Jlr11]1l>Sa\.s of 
c1 p1ip1rn·11 t 111:rn uf.1 ct 11n·rs tl1ro11v.h ~ 
nut tlw conli111• 11! tn d1·t1·nni11 c 1l11·ir 
c:1p11bili ty ta dc?v1•hq1 th e itC'lll~. Avro 
t l1 C' n 1nuinta!11<'1l 1• l11 s!' 1•1111i11c1·ri11g 
l'Ollt.tct with all tl, 1·se s11 11rC<'s wh ile 
th e units wh it h l1a1l lo 111cel the 
Arrow's string1•11t requi reme nts we re 
hd ug: 1l1 'S igncd , lm ill, tes ted llnd 
<l1•liv1•rrd. 

lu 11111d1 •rn m ili tar)' tr n us, an ,,ir­
cntf l like the Armw beco111cs the 

isti ig cmnhinulitl~ of ~lcct~~
1
;;1~ 

i•quirmc: nt tn l'I the: I\CA I s 01 , 
lio1w l rr <1 ui rl'rn 1•11ts nn1l ;h_e ~ r\ l:~/ 

fi~~n~:i~~-r~1~,il p~~•;:;,1t ~
1

1~<' c.~ CAF 
sc:k-c tcil HCA us th e cledr11n1r s~s~ 
tern cuntr< d or, with the ~a sk of de­
vclopiug this 111,1st e~~~•n h al compo­
nc·iit o f till' Arrow wt:ap11n systc·m . 

HCA and H.CA's 11s.\o t·iatc contrac­
lor, ~linucH polis- l lon?Ywcll , . ~long 
wit h 1J1eir Ca na dia n aff1ha tcs, 

~~~:~~~Jnto :::ic:~yi~c~r crc~
1
1~~t~ot~\~ 

srsti·m for ;iu tmnnt ic .fli ~l1t, wc.ipon 
fir e c:outrnl, c.'On1 mun1eatrn11 ~ml n.t· 
d ga tinn wh ich has been designated 
the "Astra I" system. 

Whot Next? 
'1'11 dat<-, uppru id1natdy 17,000 

1li ffcn:n t d1 awi11 gs ha\'C l11Tn re­
leased fur the Arrow 1 nnd Engi­
neering has formed n li.i ison tcnm, 
which is on call twenty-four l1011rs a 
day, to e nsure th;1I 1m y tlra~vin~ 
qcc1y or prnblern wltit. lt mlly nnse 1s 
ii 111 11cdiatcly dealt with . 

It is now four years sinl'e the de­
sign started. This i.~ 1-ons!<lcrc:d bdte r 
th an average fur th e time req 11ired 
tu 1ksign am l bn!l<l prc:.~en t day hi gh 
pe1formanc:c aircraft. 

'f he Arrow Is a figh tl'r .i ircraft, 
yrt its nn11;1u1cn t b;1y is as lar gci as 
the homh bay of so11\e \Vorkl W ar 
JI bombers an<l th e pmwr 11£ its two 
lruqnuis cugitu.'S is almost surficicut 
lo lift th e airt·ra ft \'eftic,, lly 11 ff !he 
grmm<l l 

\ Vilh tlw Arrow 1 engineering 

~s° 11li!k~~• tl;~w~~;f 1}~ ~~i;~g f~:Jii~~ 
mcnt nf ~1c nlrrru ft. It ls a f!P- xJhlc, 
v1•rs11 ti lc, nin•ruft and wl \11 dPv(·l11p­
mc nt it can hn vc n grea tly extend• 
I'll fu ture. The present Arrow is on 
the threshohl of the hea t barrie r, 
p11p11h1rly ca lled tlic Tli c rnia l Thkk~ 
rt, and stu.Jies 11re now un<lrr w;1y 
as lo how to nd11pt the airc raft for 
even higher spee1 ls 

--------

Pilot, ' vlew from the cockpit of t he Ar row show, ucell•nt visibili ty de1pile slight 
no.1111, up oll itud• wh il• to1<l lng. Ph olo wos tok• n from mobll• cockpit mock,vp. 

Test Pilots Aid Program 
(Continued from Pogo 9, Cul. 4 ) 
by Genera l ~Ds1•ph Cal1!an,1 of the 

in~~. •j .S.t~~F.: >;::a:~:i,1 ~• n~
111~7t 

cial visit lo tl1c 11l ant, ::fter wl1i cl1 
he stated that the Arrow's ccwkpit 
lnyout is th e lu 'St lw hail Sl'l'n. 

proil uccil for the U.S. Air Force. 
Nuw th.i t lhc Arrow is cou1ph•t('d 

;_iud _is 1111v• ih~I for t!.c fir st tuuc, 
tt w1 I lie 11111v1•1 I fr1111\ the 1irotl11c-

::~ll~r~;~l~nt\~ntl
1fo: W!11 

in\~~1
1ru~,~~ 

Tlw t1-s l piln ts cxpcii cnl'c a stn111g 
fr c li11g of 11ridc in \he achicvc111<' nt 
11f th e Fnginccrin g and M:in11 fac. 

i~;inttc<li~~;~~;L ;i~i f~ i~1~i1~~}/~f1~ 

5lotit le 1ling of wing ,truclure be ing conduct•d by the Strvcturol hit d•porlm•nt. 
Oiol te1I lndi,oton or• being uJ.ed, olong wi1h ,troin gougu, to meoiut• d•ftection. neatly a ll components lo test cqul-

~Je111hcrs 11f Avro's Expcr!n\\'u ta l 
Test Pilot sta ff have, as par\ of tlw.ir 
p rcpa rntions fo r prcli111innry fli gh t 
tests of tl1 e Arrow, spl'llt si11i1c tim e 
at the mvai r te.s t fa cility nt P~ lm­
(13lc, C.i !ifo mia. There th ey hn,;e 
nown expcrirncnlal nm\ p roduction 
vcrsin n of lhc F- 12 single-engine, 
<lc hn-wing in terCCJilor now bt:ing 

Arrnw on its fli ght pro grnm . Th ey 
arc eager to co1nmenc:e tha t portion 
of !he development which is im­
plied by the professional tit le; Ex­
perimental T est Pi lot. 
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low Manhour Record 
. Set By First Arrow 

(Co11ti1111cd from Page ./, Cn[. 4) 
was ma,·c<l in order to :i.cco11111mc.Jat e 
tl1e big new skin mill and heavy 
machininl,( facilit ies. 

C::ileuial<:<l additio11 :1l 11ow1.'1 rn­
q11 ir1•11u·11t .~ rcsnl!t.'d in the c1111~ tr11c­
ti1111 of two 111•w s11 !1-.~tnl ions with n 
tot,d addillona] out1mt of 3 000 
k w's. ' 

To Plant Engineering foll the 
Lisk of prov iding these additional 
floo r space requirements, ns well as 
the i11stall. 1tio11 and rnniutcmrnce of 
the lll'W c11uip111e11t req uired. 

Still another respomibility of the 

ii~~n~lt!;~in~~:tfnst~1Jfa~~!~
1e:; 1:~~ 

table and static fi.li tnrcs In tJ1c as­
S('111bly arcns, providing work arcns 
which are, in some cases, three 
storeys high. 

Sound CantroJ 
As the program progressed, inten-

1,i\'c in\"estigutions were mndc into 
the most 11ructica! means of sound 
control the ncccss.iry ground testing 
of the Arrow's powerplnnt. This re-

f~~n:ci~,s~~j;,~,t:~~1 ~, ttt~. \~~~i~t( :~:~;~ 
cnnt rol nnlts of Ilieir type in the 
world. Each twin-cell u11it weighs 
some fifty tons. 

wa~~ :;1:rli~C.:~ ;~3u~~:~t:,~: 
inc-rea~d 1\ VTo's plant 111ihtics ser­
vices to the point where they can 
now meet n demand equivalent to 
a community the size of Brampton. 

Closdy following this !urge in­
crease of plnnt and equipment facil ­
ities came a strea mli ned progra m of 
holl5c - keep ing and nmi ntcmmce 
which h :is contributed significa ntly 
to the efficiency of this complex 
production progr:nn. 

Outside Supplie rs 
\VitJ1 the rclense of de:dgn infor­

mation from the Engineering Divi­
sion the Procurement Department 
b!'gan negotiations which rrs ulted in 
nvt:'r 650 outside suppliers estab­
lii-l1nl for the presr11t Arrow p ro­
s;:rnrn. A very import,m t nspcct of 
A vro's procurrcucnt policy was the 
development of Canadian sources of 

:l\Yt~r tl~:icrilkr~~'.!~; , ot~1i/ Sl~l~= 
c:nntra dors hnd to expand their fa­
cilities, purdmse new equipmcnl 
and increase employme nt in ordC'r 
to eC'Onomically meet the complex 
s11p11ly whc-revcr possible. As a re­
r;1rt requ irement.~ of the nirpl ane. 
In all c:ises comp:iny procm emcnl 
personnel provided technica l assist­
ance thron~h li:iison with the Avro 
design and producl\on deparbnents. 

Coast Ta Coast 
In the supply of bough t - out 

c<111ipment, negotil1tions were car­
rit!d on with firms in almost every 
part of tl1 c con tint'nl. So me pa rts 
nnd eq11i1m1cnt 1}1~1 liml been con­
sidC'1cd st:mdur<l throughout the in-

?~isst~~eh~~tu'ice~ n;~s:s~1ni~~ ::1~ 
ti>ri;1ls to meet the close-toleran ce 
dcm.1 0&, 0£ tl, is supersonic aircraft. 

5.t~fo '::01~~
0
~;: r;~~e~~te 

0
c~~ 

ployed on tsi de Avro in the man11-
foct11re of Arrow parts nnd tools. 

Ext~ns i\ c liaisn n 1111 th e 11art nf l' ro­
c11rc11w11t p1 ·1sou11cl wm; lWcdt.xl i11 
order that thl'SC 11,uts nnd :ools met 
the cffid1:ut sdu!dule and li.>st re­
LJUirement~ of Avm prod ul'tiun, 

\"ht:r~~\
1s1

;J!1- fl
1
t:i;1·s\

1
~~,~~i1,~•e,\~ 1::~:'.~ 

the hca\'y demand~ of the new pro­
grnm. ln the hm1d li11 g and storage 
of material.~ and cquip1ucnt strin­
ge nt metho<ls w1ire l'xcre l.~ed to 
nvoid even th t• .~ lightest dmu:1 ),{c that 
mnld affect their use ou pro<luc­
hon. 

p.1:i::~cn~r~~~~:~~~ ~1~gt~t:i~f t: 
lW<."(.' 11 the Eng it11>t·ri11g Divish\\l and 
nil l'rodnction set"linus. Iu addition 

~~cN'~~l~t~1n~
1
~htJ~~i;~~:~cd~a~~ 

ufacture of . tools, this d c11arlmt'nt 
\\',lS respuns1hle fur c1isurii1g thal 
tll(..-se produl'tion tools and methods 
rt'.~11\11,d iu pHrt~ hcin g fin ished to 
!I high degree of accuracy. 

The fac t thnt the An ow is an ex­
tremel y advanced. tn1c of ni rplane 
me:ins tha t extre me accuracy in sur­
foe1: smonl lnws.~ i.~ m 111tl.1 1 ◄ 1ry. In 
mhlitiun, tu [lrLl\iile the uut~I cffi­
dcut use of the airplmw iu service, 
ll high degree of interchangen b1lity 
of parts and compunc,nts was rc­
q nirc<l right from the fir st nirplane 
which cmnc off the li ne tod;1y. 

Efficie nt Handling 
These two fnctors made necessary 

the master rnodd 11rogram fn1 out-
1ide envelope cont rnl, and tl1e intcr­
d1angcnhi!1ty tooling 1irogrnm to es­
t.ihlish effidcu t service handling 

(n£.~,~~::iv:f1~~n i~1f" lass cloth was 
introd uced early in 111e m:inufoctur-

;~~~lsf~o~~~:nl':~iu~n~~for::~i;:~:\tc:~ 
tooling nnd manufact uri ng stages. 

rn1~t~~~~ ;\!rt~
1
g~n~;l~d 

11
h1t1c~~r~f 

metal pro vided a trcmemhms inte­
gral increase Jn th1• Arrow's strnc­
tnrnl strength. Brsides rc<lncing the 
d<.'sign aud mam1f,1cturi 11g timrs re­
quired, this method eliminah•d tol­
erance difficulties inheren t in the 
m,,t ching of numerous pnrts, 

New Methods 
Departures from existing methods 

of manufactu re became almost com­
mon. In the field of metal bomling, 
Production Engineering dcwlope1l 
a stronger and lighter method of 
joining mctnl to metal. New ma ­
terials such as titanium p rovidrd 
key p:irts with grc:i ll'r heat rcsis­
tcn<'E.' proper ties. Magnesium w:is 
employed for weight saving pur­
p()St'S. 

\V ith the master .~chc<lnl<' :i.s :i 
working b:isi~, lht.> l'ro<luctiun Co11-

~~I ~cefu:~~m~f1t'~r~~~~ 'i"~'IS ,f.~ s~~:~,1; 
fnl 11 ic-atin~ nrc:is, lo expcJi ti.• r ,o­
<luctlon of th(' 11a1ts accordin g t 11 

pri11rity ~e-qm•u ce unJ to cns11 rc the 
5
s~~~~ry ~~r:~~i~t~i11r}~ 

1 
~iie

10
a~~~OJ~\r 

:ill• f\nislwd part ~lores. 

co:!1:!:1, i;;;~~r~r.~1;~•l~~:c~\.;··;:'.f~;1~: 
of lli C'se Arrow 11rd,,1s /1:1<! 111 lie 
schf'<l11 \c,d alonu; with those 11f tlui 
CFJ OO's prod uction, spurcs a11d 

~ -
Transit is uied ta line up correct aerolo ll form, of mader made!s to harizon lol and 
vertical datum li nes. Work 011 these speciolly-Cabrko!ed tool, began In July, 1954, 
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• I t m i" the a ir craf t. A"y production e le clrical componen t 
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11
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1
~Q;roem~:el:y,:~~!r

1
;:/~: 

11
seen proving on e leclrical filling fo r lhe firs t Arrow. 

mndificati.011 proi,crn1m. Cluse ntten-

:~:1:
1
li~; L~ ~~~~C(:::~CSh}:Vllft(:Ul~n ~~~r 

cm\c,rs were rc\C':i~L-<l ennsist l·nt with 
Cllfrl'11t machine and nmupowcr 
CllJ1\lt·1ly. 

i111'/~
1
~ a1!:ro:~ci5swW~

1
~h~irpl~i1~w-~~ 

II Hll'l·d1ircs in t•;,. prditing llU Tls out 
11f tl11 ? .~l111t1 aLU! i11t11 tln· ir fl11i.~lwd 
Jl;\lt stnres. \\1n,n.' i11 tiiri11p tiu11s 
ncl'Urwd in tho J1t0t l11ct ion flo w, the 
Progress section h ad to Instigate 

sclf1
1
i :~l1~gJ~':~v<';;j) :t~~~~.~; f101u the 

t i111c the order w,1s plal"c<l in the 
sl m11 until its reception in the fi n­
ished part stnre, a day tu day rr ­
por ting systi,111 wus mai11tai ncd so 
th:it the lnc:i.lion and stage of t·om­
tllcliou of each p nrt w~s readily 
al'a il;1ble. From tl,t'Se records m:in­
ngcmcnt wns given n 11ermnnently 

accurnte pic ture of p roduction in 
relation to scheduled completions. 

Bolt lenecks 

re~iicte tl~~m~~c:~~~\~\~
1>:~!~1

~,~le:k~~ 

~1l1)1~in~:-~~rt~7~◄~:~ 1~~~11~ 11.~i:-~r:r.~ 
ere<lil i~ d ue the P1rn l11cti11 n Cun trol 

~~~~:~~::\~111 ;,~;hrr~lll1~ru~~:~i1(' ~3::~; 
~~~~11~,~~af11~i~~~g :,\~c~

1
?u::

1

t~~~~= 
di nl m:tion wus re11u ircd . 

l•'nun tl,c 1aw 1m11t.>rial to the fin -
1.~ li c-d pail, 11 111 ! a~s1:111Lly of tlmsc 

~:\J: u~~~il~J
1';6'd1!~•~::~1

W10 t~
1
:p~i~= 

s!htli ty of tl1 e Prn tluction Shops Dc­
parl111cnt. 

Using over 11~ million srwnre feet 
of floor sp11cc, comp1ising th~ she<>t 
mc. tnl machine uud a~~embly 11rc:1s, 
the thousand,:, of pro<loct i1rn shop 
prrsonncl have mnde and nss1im­
blcd some 38,000 parts into th e first 
Avro Arrow. 

11 w;,s II gignntic task while still 
maiu laining sd1edulc<l producl iu n a n 
all phases of the CF-100 progrnm. 

lmpoct Of Arrow 
The grates! impact of th e Arrow 

progrnm on tho production .. shop~ 
was the extensive increase in both 
110:int ily and complexit y of parts, 
,ilung with fam\liari7.ntion in the me 
of new mnterials and 1'<1.nipmcnt. 
Diffic., .. ilt maehi11ing and for ming 
operations became the rule rnthcr 
than the exception, and the foci 
thnt the first Avro Arrow is a pro­
duclion aircraft re11rcsents an ont­
stnnding depnrtnre from previous 
programs invol\'ing a series of pro­
totype aircraft. 

Quality Control Uses 
Improved Techniques 

(CuntinueJ fnim Pa~e 8, Col. 4 ) 
mu{ tu carry nut Slll lll' 11f th r,:,e !t 
wa~ 11t•ce.~-~ary to purchase a Vkh­
gagc' th ickness nwamring 111 :it·h inc 

~~.1.iicq.Jias a~I:{ i~ES{'1r~i1~~c ~fcc~ir;i:~ 
checks of thid mc.'is al any point 
rcgnrdlcss of the size of skin. 

In mcas where nt licr parts have 
to he bond1'd to the skins, in.~pcc­
tio n have to enrry 0111 'wavin<.'ss' 
checks on the skin surface and 
tolcrnnces he1 e are HS close as Jllus 
nnd minus .002 In. 

N ew Materials 
In Details fo s11cC'l\on, Jlornr11 Ri­

ky fo 1111 <l a lut 11f new 11ro h!r ms 
when Arrow produl'.tion commenced. 
It must be n ·inc•mbercd th:11 this 
firs( Arrow is n production aircrn ft 
:me.I tl1at tln,re is no prototy11c ot her 
than mock-u ps, 

New materiu ls nsc<l in de tail man­
ufa t:1 11n! snc·h 11s titanium and in­
com•l, arul lhc e;,;tcmlc1I m e of mag­
nes ium :i.llors nnd high lcnsilc aln­
mlnum alloys p11scd unique Jnspcc­
tio n problems, Nc·w concli timis nnd 
tnlt-ram'cs ncc<ll'cl tn lw rcck cnwd 
wit h, Smnc materin l wns found to 
'grow' nftcr heat trc,1tmcnt, others 
would stretch clmi ng form lng to :i 
n111d1 ~rea tcr dcgwe than less st rong 
nu1teriah . 

h wrensecl nsc, In the Arrow, of 
det ai ls produced by _<;[retch forming 
h:1s h rnught about different <..'011cc11t5 
of in,;pection and different loca tions 
fo r c,1rryl11g it uut. S11111e forty parts 
were t1ro<l11ccd hy ~trd1'h i11g for tlw 
C' F-100. 111 the ensc 11f the A1row 
the n11mbf'r is nc-:i r 2,000 nnd coch 
lrn d to be in~pcctc<l to find ou t 
wlwr~, and wh.it pcrcc111 ugc nf 
strl'ld1 11.>o k pfo<;t' 

S11111c l<lL'\1 of huw !he Arrow tiro­
frnm p111gress1:d C:ln he symhol\zcJ 

1J~ ~;~<'r~ ~~t] ~ i!~1
:l~~af~~:~~ t~'}" tl~J 

!.'~~:.1iLi~ jf~11 Ifo:1

c
1

.1t~s a:~:/
1f.n~d:!~ 

ovrr tu pro1lucttou In Oetohcr of 

!056. The first compon('n{ was 
d 1·,1r,•d hy lmp1 ·cl i11 n in Fd1r u:iry 
11I till~ y<.'ar and there "''ere some 
thirty-six inspection stages to be ca r­
ried out while the component was 
in the jig. 

Wl~~

1
·~; p~

1~d1:c;':{\: 1;~;t~1
1~mC;:~ 

nf other iigs . In eat:'h case, a rigid 
fi rst-off inspection had to he pcr-

~~1~~l(.'~a;o al~~;cl~!d s~ct,J~~r t;; 
11thrr tl um that fo r th e main assem­
bly. 

So me of the new lnspcclionnl fea­
tures encountered on fina l assl'mbly 

::~~tli~ t~J! 
0
tl1~~i11

1
ii;lif~:;1~i~~ sl~~::f.. 

d 11dng of a rcfrlger:in t gas ii1to th e 
wing tnn k arens whcrchy Jen ks nre 
fo111id with a 's nif ter' d etector. 

lt is an nnus n:-tl thing for assc111hly 

;1i~lrt~ods t~o b~
1

rcfon~lu!.i/f~f,! S ft~! 
Arrnw. ·n1e strut'l urnl ~trcngth ncc­
rss:iry is sud1 tl rnt bolt holes :t ! 
joints must be ri ght to the close 
limits called for by Engineering. 

Bought-out Items 

lro~[;;lffi~:1~.f::~~~o~~ in i~~;~~o0~ c;~d 
has IX't! n rcsp11nsiblc for the tes t­
ing and inspection of all equipmen t 
for the fi rst Arrow, this incl udeg 
items of hydra ulic and p nrmnntic 
c11oipnwnt as well :is t.:lcc-tronic. 
Some l ,300 itC'lllS of bough t-out 
el)llipm<.•n t go Into e.acl1 Arrow. 

Th e four -man team ;-ippoin tcd by 
Fred T. S1nye, Pres ident nnd Grn­
cral J\la nager, lo spcarh<'o.d the 
d riv(' In ge t thi ~ first Arrow 0111 on 
schr<lule, includes Cyril Mcilton 

!;:'..: ro~
03
~~~:•~·tc~3;;:t ~1 11

:11!' I~~: 

~;/!; r i11;~,;ssi':1~:l~l1?:c-1~ ~1 nh!egasliv~t~; 

;:
11

/:1~~e,li\\
1
; ~~l71~et)i~e /;\\:~r~~!s!~lt ]~ 

jiu. Ii h:is hN·n hl~ 1cspon.~il,ility lo 
nin l< c 1hr nrnior dcc-isions on Inspec­
tion m:i ttcrs cropping up. 

Thi, general vi ew • of the Ariow Fi na l Anembly shows moior componenh being 
ouembled fo r subsequent releo1e lo the final as, emb ly morry·u p I" the bod,ground, 

II 



Designed And Built By Avro ... 

9-aeen's !Ro!Ja/- Visel Car 

[Has Clear fJJ/a stic (lop 

The car lo b11 v111d by Her Mojeity, Qveen 1:l i,obeth 11 
and Prince Phillip during 1h11 Royal Vi, it lo Otlawa and 
Wa1hington, whic.h begin, October 12, i1 ,hown her11 with 

il1 newly•buih dear pluig!on lop in,lo lled. De,ign11d, 
built ond in1lolled by AYrO, the moulded top ;1 0 rodicol 

d11pot !ure from similar d111igns used in !he poll . A small 

group in AYra P, eliminory D111ign Office under Woclow 1,.~ 

Czerwinski designed the top wh :ch wos bun1 by the I:~· 

perimentol Deportmen t. Th11 top is being modelled ol 

,ighl by Joan lu~onchoff of bpe,imenlol ond Sil Don 
Pettite, 428 Squadron RCAF. Below, AYro chouffou,, G,0111 

Sleep, with F/ L Art Rowe, left, ond S L Pettile, right 
admi re the inslollolion by o CF.JOO an AYro's flight line . 

Pays Tribute To Arrow Contributors 
Who Mode Today's Rollout Possible 

(Cont inued from Page 2, Col. 1) 
" l n th is connection l would like 

t Per. tri~l~~d;o ~
1
it•e~~:taeC.:t Mif 

Engineering, and Mr. H. H. Smitli, 
Vice-President of M anufacturing, 
w ho h ave h eaded up their teams so 
admlTably. 

" I wo11!d al so like to pay trib11t c 
to tl1e Canadian government ngcncles 
w ith whom we h ave worked so 
cl11scly. and who h ave mndc surh 

~~~fi~:i~~~it~~~!~ tri:ef;~j~t.Jl~ 
Royal Canadian Air Force. and to 
its staff of able technicians and 

Cll§\n~~~ld ulso like to m ak e men­
tion of the National Research 
Connl'il. who have assisted "in r 1any 
tcchnic,1\ areas, and parti cularly in 
tl1c use of tJ1cir wind tun nel anJ 
other t est facilities. 

DOP H elpfu\ Partner 
"The Depn.rtmcnt of l)de11cc 

l' md11cUon has also been 11 111 ost 

~l~!r(i~J e~:~ 1:~~di;1 l ~l~s;i•~~J~itilikl~~: 
problems which ari~c in the ,ph ere 
of thdr respom iblHty. 

" TI10 D efence Resc:irch Bn~rtl 
has likewise contributed its assist­
ance l n advice on technkal 
problems. and greatly assisted the 
very i111por1 ant free fli ght model 
test programme which w as carried 
out al one of th eir facilities. 

"We also wish to say 'thank you' 
to the UnHed States A ir force and 
to the National A d v1'sory Committee 
on Aeronau tics for the co-operation 
and assistance whi ch tl1cy have 
alwa)-·S been so free in offering. 

Subcontroctors 
" W hereas th e Arrow is an Avro 

product. and wl1er eas we are r espon­
sible for the overall d esign and 
manufactur e of the aircraft. we 

f,~:1~ag~ni~~tdacrft,~e~thi:J;ed: 
of suppl iers an d sub -contractors 
who. together with us, did tliis jo b . 

"There are m any companies who 
have made o utstanding tech nical 
con tributions ln th e desi gn. develop­
ment and manufacture of all t ypes 
of equipmen t and material for the 
alrcraft. To them I wish to e.xprcss 

our deep npprcdation and grnti lude, 
T he firs! uerophmo wl1kh y(ll1 will 
sec to-d:iy, nnd th e 11c·x t frw d e•~ 
velopmcnt air craft will 1-.: powered 
wil h tile Pratt & Wh'ttucy J.75 
en gine, ll11wev er, the J1lti1nntc 
cnp;inc to power the balance of the 
development aircraft, an d nil the 
prod1: ction aircrnft. is tl1c n-cent !y 
11 11vci ll'd l ro1 1uois. ckslgucd hy m u 
associa te company, Urenda Engines 
Ll1 11i ted. 

"As w e hnve bc<•n cr eating tl1e 
Arrow, t l1ey hnve lwcn erea tin g tl1e 
lr0t}l1ois. This englne too represents 
a m ilestone in CnnacHan indu~tri nl 
uccomplishment, and H 1\ tlw th rnst 
of 1llis cngi11c on whiel1 the very 
udvum;cJ performance of t li c Arrow 
wtl l clcpc.nd. 

"At !he close of tlli .~ cpr1•111011\•, 

tl1c uir crnft ....,;l) he t ;1J..1•n 111 tli c 

TT~~!~' \~1:.~1~a:rir i~~:(lr~:h~~,~:~~~r~ 
tcstih g ru1J th e instalbtion of Px t1.•n• 
si v1•, s11ccin l iz1•d inst r111111·11tn. ti11n. 
Thc f li1.d1t dntc nf 1\11: niH-r,1ft will 
dC'pcn<l 011 tlll'. pruhh•,ns whid1 w,11 
hnve to b e dealt with d 11 ri 11 g th is 
phnsc af th e JlTOt!:rnm111e m1<l, c1111• 
s1-iqm·ntly, i t is Jiffi<.:11lt lo fon•tdl. 

~Yr~r~f~ t~w~r:.:i\;k~0
~t~vets~

11 11
i1 i ~

1
1\~ 

bdorc the end of th1· year. 

Flight Test Program 
"Behind th is first nircrnfl there 

are other d evel o11111c11t aircraft ln 
vari011s .~ tu gcs of completion, nnd all 
of which w ill be subjec ted to 1m 
t:i tcnsive and tim e-consuming fliv_h t 
tes t and developmen t pro~rmnrne. 
We k now that, lik e nil o tli er air­
croft of this type, wlw-n.• one is 
constantly probing th unk now n. v..-c 
wi ll encounter many problems and 
setbacks-and i t will not be uutil 

~~cf~~~~t1~:d t e~~~f j!1;~
1
cd~:

5J}~\1{. 
mcnt p h :tse of t he p rogrmumc. has 
b een accomplished, that it wil l be 
abl e to see ser vice in the sq uad rons 
of the Royal Canadinn Air F'or ct\. 

" TI1e C F lOO, which i s curren tly 
i n p r odnction for the Royal Ca11u ­
dinn Air F orce and tho Dehi;i:i n Ai r 
Force. was cr eated. desii;,>ed, 
developed and produced h ere at 
Malton, We like to feel that that 

ni r1.•rn ft lms played ,in im po,tanl 
ro!1: i11 tlw dd<'ll t"C nf 1111r t·rn1 ntry 
u11d l1 .'l s t•11 11 tril111t1~l t11 NATO, It i s 

~
1
1:

1
(~ ~:~~~~: !nr;1!~

1k!· irc°~~~n~0
·:1~: 

' tril111 ti1 m in tl w s11pcrs(l ni c era in 

~;~c 1:1~?
1 ~~~t~ri~I ~:nri;;:s Air 

other all ied co11ntric>s. 
"1 11 clrn; ing-. I would like to llR;li n 

tlm nk tl1c> Hoyal \.nnncHan A ir Force 
and the CnvcrnnJ cn t of C nnadn for 
nffordin g 11s the 11pporl11nity of 
<lc..-s i gning hotl1 of 1lwsc n/rcrafl, and 

.!n~ill~;.
1
ri(.' ~Gic1\
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w:s a:!li ~o rd~~~
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Precision Keynotes 
All Arrow Tooling 

(C1 mfi11uC'il frolll l'age 4, C11l. 4 ) 
fnr t\1 c pr◄ IC<'.\..~ in i.: nf t ln i 1mn1y lar~c 
pieces of 1m1t t'r i nl 11, 111i rcd fnr 

~r:i~\ t;::riw n;J~; I ;~~~l~lr:~~~Cl~ 1~:::~~ 
furn111"t.•, wl1ich i s 1uo11 nt(:1l on lt.-g~, 
is K 20-f110t-l11ng q11c 11 eh h atl1. Th i.~ 
scl -1 111 mean~ a minimum o f tinw 
i s ~pent in the tum.~fer o( mt1terial 
from tl1e furniH'e to tl1 e riuc-nch, 

To mc..'l't str c111,rt.h specifica ti ons 
where pa r ts were joine<l together 

;~!11
!11~~~lu

1it~1
n~-~1~/~

11
~1m~]~~~\~;~ 

instnlled. W h<'re metal bonding of 
mukriuls is 11st,I on the A rrow ii 
give.~ n h igh d('gr ec of adht'sive 
strengt!, rr.,; w ell as n wciJ.!,h t­
savi111,t foe-tor dnc to tl,e eliminat ion 
of 1i vels and other d 11wcl- ty p e 
fastc11 crs. 

O uc l o the weight of m;my of 

~l~~n:r~:l~~nJoj~cn~i~~i~n~s:!:hl~~ 
a finu l nss,:mhl y fidurc was provid ­
<'d ~o th;1t ni l o f tho l,irge compon­
ents coul d h e brou gl1 t together ac­
c11rnt1•ly al one stll gf'. 

~ldhods to est.1 hlish workin g: 
fl(':-dh'th ty of nsscmhly jip;s were 
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