





Pays Tribute
To All Arrew
Contributors

Fred T. Smye, President
And General Manager,
Addiesses Big Gathering

The supersonic era of powered
flight in Canada was nshered in to-
day at Malton, with the first public
\-ié\villg of the supersonie Avro
Arrow.

Termed by President Fred T.
Swye, “one of the most advanced
combat aireraft in the world”, the big
delta winged aircraft rolled out of
Bay 1 on a signal from the Hononr-
able George R. Pearkes, V.C., Mini-
ster of National Defence, in the
presence of a representative gather-
ing of Military, Government, and
Industry, tagether with as nany
Avroites as could possibly be spared
from their work for the period of the
ceremony.

In his address, Mr. Smye said:

“The Avro Arrow is a twin engine,
long range, day and night super-
sonic interceptor. It has a crew of
two. It is a big, versatile aircraft.
The loaded weight of the Arrow is
in the order of 30 tons.

“Primary armament of the aircraft
is to be air-to-air guided missiles,
installed in a detachable armament
bay in the fuselage. The versatility
provided by this armament bay will
enable the aircraft to perform other
roles.

“The aircraft will be equipped with
onc of the most advanced integrated
clectronies systems, which will com-
bine the navigation and operation
of the aircraft with its fire control
system.

" “The Arrow is designed to operate
from existing runways.

“I believe it can be said that the
Arrow is one of the most advanced
combat aircraft in the world. It has
been designed to meet the par-
ticular requirements of the RCAF
for the defence of Canada.

“I wish to emphasize that this
aireraft is by no means a hand-made
prototype. On the contrary, it has
been produced from very complete
production tooling. This policy has
been followed so that when the air-
craft development has been com-
pleted, swe will be able to move into
the produetion phase without nndue
delay. Furthermore, an aircraft of
the complexity and preciseness of
the Arrow requires extensive tooling
to ensure acenracy of manufucture

“This ceremony today is one of
great significance to all of us at
Avro and, we would like to think,
to the Canadian aviation indnstry.
The Arrow represents yeurs of ex
tremely hard work hy our engineers,
technicians, and craftsmen.

“It is the result of constant
probing into new and unknown
technical areas to meet the ever-
advancing requirements.

“We feel that this airplane repre-
sents a substantial technical achieve-
ment — that it demonstrates the
capability of Canadian technology,
and represents a substantial Cana-
dian contribution to the western
world.

“I eannot help hut say how proud
I am of the employees of Avro who
have created what I think will be-
come known as a great airplane.

(Continued on Page 12, Col. 1)
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Large-scale Free-Flight Models were used in early development stages of the Arrow, to gather aerodynamic
data. A model is seen here being readied on its launching rig with a Nike rocket booster in firing position.

~ANADA'S first supersonic jet aircraft
(J rol from the end of Avro Air-
craft’s assembly line today—a little more
than four years after the CI-105 proposal
was first submitted to thoe Royal Canadian
Air Foree.

In addition to rolling out in much
better than average time, this Canadian-
destgned, twin-engine, delti-wing inter
ceptor was completely fabricated  and
assembled with produetion tooling and
methods—the first time that such a proto-
type has appeared in the history of
Conadian aviation.

The wnveiling ccremonies todny enl-
minate what began some six years ago as
the germ of an idea in the minds of a
small gronp of creati incers headed
by J. C. Flovd, now
eering. Althongh the supersonic delta con-
cept was not new, these people felt it was
possible for Canada, through the engincer-
and production facilities of Avro Aireraft,
to gn and produce in quantity, an ad-
vanced aireraft type to nmieet the threat
of future developments of potential enemy
bombers.

All-Weother Interceptor

The initial step in the undertaking
which produced the first Arrow took
place in September 1951. At that time
the company submitted to the RCAF a
brochure containing three proposals for an
adyaneed supersonic fighler. One of these
was a delta wing design for an all-
weather interceptor, powered by two
Sapphire 4 engincs, and manned by a
crew of two.

by Harry Wilby
As a result of these proposals, an ope
liowa! requirement for an “All-Weuther
was received from  Jhe
RCAF the following March. Basieally
this requirement was for an nternally
aircraft eapable of intercepting
roying a supersonic, enemy bor
sry high altitudes

armed
and de
er at 3

Delta Planform Chosen

The delta planforin version was chosen
for further development. This was be
canse it offered the best compromise he-
tween a thin wing scction—recuiired for
snpersonic flight—and sufficient pltysical
depth in the wing root section to honse
the undercarriage plus the Iarge amount
of fuel that required for snch a mis-
sion. The engineers ecalculated that the
delta also gave an efficient and relatively
light structure with good general control
at transonic speeds.

Both single and twin engine aireraft
were considered in the design studivs that
followed. Company engineers felt that the
twin engine version would have a marked
increase in performanee becanse it had
twice the thrust, bt did not need double
the fuselage frontal area to accommodate
the engines, Two engines would also give
inereased reliability.

Kconomie considerations led to the in-
clusion of “flexibility of tactical use” in
the design to give it a long and uscful
life through continned developmenl. In
doing this it was necessary lo ensure that
this flexibility did not jeopardize the cal-
cnluted performance of the aireraft, or
its ability to meet the RCAF’s specifica-

roduct

tion requiremnents,

In June 1952 Avro issued broehures to
the RCAF on “Designs to Interceptor Re-
quirements” under the designation of
C104/1 and C104/2, Both proposals were
of delta planform, the C104/1 with single
engine, nud the larger, heavier, C104/2
with twin engines. Each aireraft carried a
erew of two, with provision for missiles
and rockets.

Engines under cousideration for both
proposals were the Curtiss-Wright 67,
the Bristol Olympus 3, and the Avro TR 9.
Eleetronic fire control systems were in-
cluded in the i

National  Acronantical Establishment
analysis of the C104/1 and C104/2 pro-

Eorly Wind Tunnel models produced data
wh ch led to refinements in the external shape,
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Here ore the four men who co-ordinated the efforts of ail phases of Enginesring which went info
ereating the Arrow. From lef: R, N. Lindley, Chief Engineer; J. C. Floyd, Vice-President Engi-
neering; Guest Hake, Arraw Project Designer; and Jim Chamberlin, Chief of Technicol Design.

posals was received in October of that
year. NAE fonnd the C104/2 design hal
many desirable features but considered
the proposed atrcraft too heavy. It recom-
mended that further studies be made on
this confignration. In addition, changes
were made at this time to the RCAF
requirements for the allsweather fighter
concept. These primarily called for an in-
crease in the aircraft’s operational alti-
tude.

“Go-Ahead” . . .

The C104 proposal was, as a result,
redesigned, and the new configuration
wis cstablished as the C105. To meet
the uerodynamic requirements the new
proposal maintained the delta planform
anud was twin-engined, but its weight was
reduced while the overall size was kept as
small as possible. Avro submitted the C105
proposal o the RCAF in June 1953.

In less than one month the “Co-Ahead”
sas received from the government author-
izing a design study of the C105 to meet
the RCAF requirements.

First step in the design study was to
adapt the new concept to Rolls Royce
RB106 engines which were then in an
advanced stage of development. From
that point things progressed rapidly and
the first tests of the wind tunnel develop-
ment program were run in September
1953—only two months aftes 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-

Integral fuel tanks are o feature of the Arraw. Extensive checking of the entire fuel system

is continually going on in this specially-built test facility. Prevention of leakage is imperative.
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cluded NAE (Ottawa) for low and high
speed testing, Carnell Aeronantical Lab-
oratories (Buffalo) for transonic tests,
NACA (Langley Field, Virginia) for su-
personic tests, and NACA Lewis Labora-
tory (Cleveland) for air intake tests.
Seventeen models, ranging from 1/80th
to 1/6th scale were nsed at one or the
other of these facilities, to obtain neces-
sary structural and aeradynamic data.
Wind tunnel limitations cansed Avro
engineers tu explore [nrther techniymnes
for obtaining important aerodynamic data,
These consisted mainly of a lengthy pro-
gram of firing large scale free-flight
models, with rocket-propelled boosters to
supersonic speeds—to simulating flight aof
the full scale aircraft at altitude. The
models were instrumented to measure
performance and stability and to transmit
the information back to a ground station.

Aerodynomics Tests

Eleven free-flight models were fired
between December, 1954 and January,
1957—nine at the CARDE range at Point
Petre, Ontario, and two at the NACA
range in Virginia. All rocket launchings
and booster separations were successful
and the firing program was completed
satisfactorily. In nearly every test, com-
plete performance records were obtained.

During 1954, when preliminary design
was completed, the RCAF adopted the
CF-105 designation for the aircraft. In-
itial proposals, design studies and tests
which led to establishing the basic con-
figuration of the CF-105, resulted mainly

Structure of a free-flight model is tested at key points, with strain gouges to meosure deflec-

tion, When ready for flight, madels were heavily instrumented to transmit

data to engineers.

Mock-up of the cockpit was mounted on a truck at actual height and taxiing attitude of the

Arrow in order to check pilat visibility under

from the efforts of the Preliminary Design
Office, nnder the dircction of Jim Cham-
berlin, who is now Chief of Technical
Design.

Powerplont Chonges

Later in 1954, powerplant prohlems
arose which required major changes in the
proposed program. The Rolls Royce RB
106 cngines which were incorporated in
the design, would not be available in
time for the CF-105, and were replaced
by two Curtiss-Wright J67 engines. Then,
in early 1955, the U.S. Air Force dis-

ed that the J67 also would be too
Lite ta mert the Avro scheilule. At this
point, the proj now in effect was laid
on—the installation of Pratt & Whitney
J75s as an interim measure, and Orenda
PSI3s  (Iroquois) when they become
available. Althongh the Troquois develop-
ment was well advanced, and its specific-
ations more than met Avro’s requirements,
the combination of an nntried engine and
an untricd airframe was considered not
practical on an aireraft development flight
test pragram.

A great deal of theoretical work on the
application of the “Area Rule” was earricd
out on the CF-105 project. This is essen
tially a method of refining the fusclage
shape to give the so-called “Coke-Buttle™
effect for the purpose of reducing super-
sonie drag of the aircraft,

Both the RAF and USAF were kept
constantly informed of the progress of the
Canadian project, and contributed sig-
nificant encouragement by their concur-
rence in the soundness of the concept.

From the time the basic confignration
was established, to the end of 1956, up
to 460 engincers, technicians and drafts-
men worked on the design and develop-
ment of the CF-105 strueture and systems.
Under the general direction and guidance

actual daylight and night operating conditions.

of Boh Lindley, Chief Engincer, and the
co-ordinating cfforts of Guest Hake, Pro-
fect Designer, a multitnde of problems in
each of the various fields of engineering
were resolved.

An enginecering mock-up of the eom-
plete aircraft was huilt to provide a three
dimensional check on installation clear-
ances and general aecessibility. Con-
struction was mainly of wood with some
metal formers. At first, a rongh mock-np
of the J67 was installed to check clear-
ances around the engines. However, the
Inter decision to install J75s required nu-
merous changes to the engine bay struc-
ture. RCAF evaluation of the mock-up
took place in Februury last year, and in-
cluded assessment of a metal mock-up of
the armament pack under consideration at
that time.

Pilot Visibility

To demonstrate pilot visihility while
taxiing and cockpit lighting techniques, a
special mock-up of the frout cockpit was
mointed on 1 truck to simulate the actual
height and attitude of the eockpit during
ground manceuvering. This mock-up was
later modificd to include the radar nose
and the trials were repeated.

Early in 1956 work got under way to
change the engine bav section of the
mock-up to accommodate the Iroguois
engine and lo jron out primary installa-
tion problems. Associated ground handling
eyuipment was also built at that time.

Later in the year, conversion of the
remainder of the enginecring mock-up
from CF-105 Mk 1 to CF-105 Mk 2
configuration began. Timing of the re-
bnild was based on the need to obtain
RCAF evaluation results in time to in-
corporate any necessary changes in the
Mk 2 engineering release. A number of

{Continued on Page 10, Col, 1)




Avro’s big electronicolly-controlled skin mill was installed ta machine integrally-stiffened wing

3

skin panels from solid billets of specially-alloyed rolled plate material. Cutter fravels over work.

st
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Latgest rubber forming press in North America was installed for Arrow production. Able fo form

parts easily from heavier materials than previousneeds, the pressure copacity is 15000 tons.
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It is mounted on legs directly above a 20-foot

Extensive use of metol bonding

ong quench bath into which

in the Arrow resulte:

—

material goes.

d in Avro acquiring this huge Autoclave

pressure chamber which uses heat and increased pressure o give required adhesive strength.
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Precision Keyn?ies
All Arrow Tooling

by Ron Drake

N order ta produce ecanowically the advanced aircraft which ralled Tram the
cmbly line taday, 1 camplete departure fram conventinnal taaling aud wicthads

nsed i previans programs bee

1o esseutianl in sowe pluses of mannfactnring, Privoary

basis Tar all these departures in hoth taaling and methods was the vecessity to attain

au extremely high degree of accuracy iu all fub
suceessful supersonic perfarmance of the campleted Arraw. ‘The new departin

to eusure
5 alsa

atian operations in arde

pravided fur interchangeahility af all components and parts fraw the lisst aimbie,

Same iden ol the seope al the task
Tacing the taaling and methads people,
and the mereased complexity of the Awow
camnpared ta the fawiliav CF-100 may
he seen in the fact that there is nearly
three tines sy many manufactived parts
in the Avrow.

These changes began with the de-
velapment of the Glass Clath Pracess in
wh Eagineeving designs are wade di-
rectly anta glass cloth ta integrate taal-
ing and purt naunfacturing  technignes
in the Pradnetian stuges. The  nse of
glass clath was decided npan sinee it is
a stuble media and may he cantact print-
¢d direetly an the toal matevial, ar pap-
er prints made as requived. Its use pre
chded the need for re-layaut at the de-
tail design and tool hnild stages.

Drawn Full Scale

As suon as the envelope of the wir-
cruft was defined, faoll scale layauts al
these master lines were drawn an glass
elath: These master lines were reproduced
on to glass cloth Tar the purpoase of filling
in the actual strnctival details in the
area cancerned. This is called the as-
sewbly gloss clath, 1n itinn ta the
waster lines and  the assembly glass
clath, dineus al geametry drawings far
interchangeahility hard poiuts were alsa
supplied by Eungineering.

In arder ta pravide a hasic saurce of
canlral far the nrate mannfacture of
details that are i cantael with the air-
frame envelape, master models were huilt,

uilt.

Ta canstruct the waster wadel aof a
campaveut, the wmaster lines glass eloths
were cantuct printed ou ta light alkay
sheets cut ta prafile, and mannted an a
snitahle frame. After splining tn ta cu-
suve accuraey af prolile, the spaces he
tween the templates were plustered i
ta present the finished wndel. This mod-
el is nawe the taaling waster which es-
tahlishes the shape al the cawmpancut and
the shape and size of the vaviaus skin
punels. Al detail parts adjacent ta the
autside cantanwe af the stmeture, aud
therefare cantral the airevaft shape, mnst
have their taoling related directly to
this madel

Thrangh the Production

this process

Bugineeriug  Department  devived o di-
rect coutact velationship between the En-
gincering infarmatian and the tools and
parts.
Ta ensure aecuwiey and to eliminate
hand finishing, in the Torming of metal
parts from heavier waterials, a great
deal mare pressure was required fov vnb-
her Tarming teclmique. This resnlted in
the procurement ol the i5000 tans
Siempel Kamp Rubher Farnning Press, the
fargest al its kiud i Narth Aweriea, ‘e
instullutian af this lmge hydralic Press
started in Mareh, and apevations
cammmenced ta Arrow produc
reqairements in manths later. Operation
of the press is cautralled electranically.
Early in the design stuge af the Arraw
it was determined that integrally-stilfened
skins and completely-machined strunetnral
membiers were necessary ta mect dosign
Fenircine i Whil e ol et e
wing puanels tar integral fnel starage tanks.
se af this speciulized cquipment sneh
electranically-cantrolled Skin Mill
was praenred ta machiune these parts from
solid hillets af specially - altoyed sulled
plate material, The  stutiomary  warking
surfuce of this camplex machine is 28
feet lang and the whale thing weighs
100 tons.
Travelling Cutter
Raw matevial is held i place hy
vacium pressure. The entter head moves
aver the matevial remately gnided by a
tracer  which Tallaws a tewplate and
mills finished skins have tutegral silfeners.
Tagether with the large Skin mill ather
smaller mills weve vequived, tuclnding
special saviable  angle contour entting
il These are uwsed  ta  machine
spars and ather stenetnral memhers fram
solid picces of waterial, A special saw
was designed aund huilt by Avro in order
to meet entting capacity far materials ap
ta tlvee inches thick and 20 feet ang.
In additian special ultea sonic test equip-
ment was ueeded to properly inspeet
large picces af material to loeate any
inpedectiaus  hefore  muchining apera
tians started.
A new hot air heat treat furnace v
installed which provided adequate spac
(Continied on page 12, Cal, 3)

mect

Key men in the Arrow looling program were Harvey R. Smith, Vice-President Manufacturing, left,
and Horold Young, Production Engineering Manager, seen viewing progress af the new aircrafi,
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Fuselage Centre Section — the key section — for Arrow number one is seen being lowered on
to its marry-up handling trolley for transfer to the main assembly jig for inner wing installation.

irst Production Arrow
Sefs Low Manhour Record

by Fred Lawrence
U {VEILING the Avro Arrow at today"
c

emony culminates many months
of intensive effort on the part of all depart
ments in the company's mannfacturing
division. In conjunction with the Engi-
neering Division, they have transcribed a
calcalated theory into a machine which
Allied Air Power experts have publicly
recognized as an extremely advanced
type of airplane.

With full realization of the important
role that this airplane will be required
ta perform, the manufacturing policy from
the start has been predicated on pro-
ducing the best possible prodact for the
purpose intended, consistent with eff
cient tooling and fabricating methods.

The impuct of the comnplex Arrow pro-
grum on the facilities of the Manufactur-
i division has been unigne in Canad
from both the point of view of physical
plant requirements, and the development
of new, and in some cases previously un-
tried luction methods and machines

highlights of this impaet are re-
lated here in an attempt to show how u

Harry Beffort, left, special co-ordinator, Arrow
assembly operations, discusses Arrow's progress
with Duke Riggs, Produciion Shop Managar,

AVRO NEWS

highly skilled labour  furce, fullowing
practical and efficient metliods, has sne-
cessfully produced Canada's first super-
sonic jet interceptor which was released
today from the production stage.

With the release of preliminary Engi-
neering information on the Arrow, the In
dnstrial Engincering Departinent swing
into action preparing Manufacturing’s
master schednle. This key undertaking
provided the exuct dates on which each
phase of the Arrow manufacturing pro-
gram would he completed, thus providing
an mminterrupted flaw of parts and ussem-
blies into the finished aircraft. Prepara-
tion of such a complex schednle demand-
ed a very precise analysis of manpower,
machine and facility eapacities—particn-
larly when no comparative records of a
similar productinn performance at Avin
existed at this stage.

From Paper to Hardware

From the completed muster schednle,
detailed programs for machine and sheet
metal parts were prepared, followed in
trn by snb-assembly and major assembly
sehedules, Again from the master sched-
ule, came man honr reguirements, which
when transeribed into numbers of person-
nel, permitted the smooth, pre-planned
release of manpower from the CF 100
program to the expanding Arrow prodac-
tion line in accordance with a company
policy of maintaining a continuous level
of cmployment during the changeover.

Evidence of the successful pre-planning
of the Arrow program, is reflected today
in the completed aircraft which was fabri-
cated and assembled in less than two and
one half years from the date of the Ffirst
design release. In addition, the first
Arrow's man-hours-per-pound ratio is ap
proximately 80% of projects of similar size
and complexity throughout the aviation
indostry in North America.

Industrial Engineering was responsible
also for instigating cost control procednres
to ensure that all phases of the program
were completed in line with allocated
funds. Where shortages of tooling or pro-
duction  faeilities made it necessary to
sab-contract the building of parts, the
same economic control was exercised on
the parts produced by sub-contractors as
was applied to Avro-manfactared itcms.

Throughout all tooling and fabricuting

Completing the delta planform,
inner wing which houses a landing gear

time study snalysis was main-
tainerl over each pperation so that es-
tublished records of performance and
capacily are now availoble for fature pro-

stuges,

duetivn.

To Plant Enginecring fell the tusk of
provilling additional floor space require
ments, a5 well as the installation and
maintenance  of the new equipment
required.

Over 176,000 sq. ft. of additianal floor
space was provided for the Arrow pro-

the starboard outer wing section is carefully married-up to the
unit equipped with two wheels, tandem mounted

grany, including space for the new 15,000
tun rubber forming press; the Canefen
heat treat furnace, and test facilities for
the Engineering Division. In  additinn,
mch of the existing floor area required
special preparation to accommodate a
variety of new eqnipment. As a matter of
fact, large sections of the plant were
shitted completely to allow best spuce
utilization of the new equipment. The
Tormer Process Room in Buy 2 for instance
(Gontinnedd on page 11, Col. 1)

Initial stages of final assembly—skin is rivelled on centre section; inner wings are instolled.
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.
John Wilsan af

cub-assembly, is seen abave fabricating

a stainless steel heat exchanger duct.

Quality Conirol Gains
New Inspection Skills

by Joe King

project such as the Arrow, can owe
A much of its successful completion to
first rate team work and individual en-
thusiasim of all people concerned with it
These qualities were fully exploited by
each man in Quality Control and Inspec-
tion, regardless of his position in the
scheme of things.

Quality Control joined in right from the
start of the Arrow manufacturing program
and there is very little of the preparatory
work that they were not concerned with,
Back in October of 1954 a group under
Norman Turrall became respousible for
checking all Arrow drawings belore their
release to the Shops. His instrnetions
read: “It will be the responsibility of
Quality Control to easure that a part made
to the limits of the production drawing or
loft will in no way depart from the re-
quirements of the Engineering and Qn
ity Control Departments, the require-
ments of specifications ip e, and the
requirements of the R.C.AF

By June of 1957, a total of some 38,000
drawn or lofted parts had been checked
and passed through the section plus some
14,000 parts which had b re worked
or re-designed. Competent checking of
drawings resulted in a smoother flow of

ng Gmylis shawn at wark an an inspection panel an the part auter
wing. Detail of Arrow’s bogey laading gear can be seen plainly above.

8

work throngh the shops with an accom-
panying reduced number of hold-ups and
queries. One resnlt of this group’s work
it that a complete breakdown of inspection
stages has been availuble to men on the
floor in time for each component, mstalla-
tion, or marry-np sequence. A very import-
ant phase of Quality Control operations
concerns the Arrow’s interchangeability
prograw. Toal designs are routinely
checked off for correctness of inter-
changeability features. When a “first off”
part is rejected in the Machine Shop an
investigation of the tooling is made to ofl-
set the possibility of annecessary repetition
of set ups and tool re-works

Interchangeability
With interchangeability designed into
the Arrow, Quality Coutrol has played an
important part in its successful application.
Maurice Cobb, Chairman of the Com-
pany Intercha sility  Committee,
ported in October of 1954 that a sturt
had been made on the Interchangeability
Report. That first report of a few pages
is today a volume of more than two han-
1ges today. To Quality Tool In
and others this report is “the
since it details fully the tool fea

tea

Quality Cantrol inspectars okay each step af

ments are made to the starboard wingtip by Wally

tures to be inspected so that acceptable
interchangeable parts and components can
be produced by the manufacturing divi-
sion.

Besides compiling the Interchangeabil-
ity Report, Manrice Cobb js responsible
for devising, setting-up and guiding the
Quality Control fumctions so far men-
tioned. He also snperintends Quality Tool
Inspection.

Consider the significance of the Arrow
wing sections going together in the marry
np jig and later in the wing final assem
Dbly jig, and again later when the fuselage
components and the complete wing went
together. These marry-ups indicated a

y high degree of jig and jig

rence ucenracy. It speaks  well of
Quality Tool Inspection, that so few snags
showed up and thal componcnts went to-
gether with the e they

This group under John Trollope passed
off the first Arraw jig reference in Feb-
ruary, and the first a
days luter. Since then some

dic

nbly jig 12
35 tools haye

ST e g

Jl o3

Assembly pragress is continually checked against drawings. Here in its jig
is the frant fuselage section shawing bath cockpits and engine air intakes.

the camplex Arrow assembly. Here, finol adjust
Grandey, left, and Bili Osbarn of assembly

been passed and 331 jig references, and
these include the largest assembly jigs
now in the plant.

The ain concern of Quality Toel In-
speetion  is  inte rchangeability tooling.
However, in June of last year they took
over the proving of sheet metal press
form and stretch forming tools and since
then have cleared through some 10,000
tools.

Quality Tool Inspection also look after
tools which produce classified “complex”
machined parts and a variety of other
tools which by arrangement with the
RCAF can be used as checking media to
ensure correctness of the part produced.

Inspection Innavotians

Using innovations on inspection, snch as
accepting profile machined ribs and spars
off the machine set-up, and machined
castings for canopies and windscreens off
the produetion tooling, has playing a big
purt in speeding prodnetion to the point
it is toduy. At the same time it has meant
headuches for many.

Take, for instance, Gordon (Andy} An
derson in Receiving Inspection, who hus
foind his section louded with many parts
which were larger than anything han-
dled before. In many eases Andy's men
have had problems in discovering what
to inspect the parts with. For example
vo surface table of snfficient accuracy
was available, so it was necessary to have
a 30-foot table re-surfaced to an accu
racy of plus and minns 0008 in. A enstom
made nniversal angle computor had to be
obtained becanse existing and available
equipment was not large enough for
Avro’s purpose.

Pioneering .

Evidently the cockpit eanopy ca
have presented the biggest difficulties,
these involved many hours of hand lay-
ont both before machining and after,
These castings are made from a magne-
sium alloy not previously nsed on “this
continent and this caused Receiving In:
spection to get involved pretty deeply in
the pioneering work.

Dave Couperthwaite and his men in
Machine Shop Inspection had to contend
with similur problems, but primarily with
machined skins und profiled structural
parts such as ribs, spars and formers.

Machined skins proeduced by the big
Kearney and Trecker receive some twelve
or more separate inspection operations

(Continued on Page 11, Col, 4)
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Sellin.g New Designs
Requires Specialisis

by Roy

HE sale of av aircvaft design is per-

haps the most delicate and complicated

al all mademn werchandising aperations,

Lverything is “on paper”, and there is

little to sell that is more tangible than a

promising concept, expressed in a design

study. 1t is the design study which forms

the basis for the farmal propnsal subinit-
ted to the prospective customer.

In introducing the Avro proposal to
the RCAF, Avro's Sules and Service Div-
Hacinie) the! pewazy link: Betwemy
thr company and customer It has wain
tained this role, from the outset to nego-
tiate a proposal such as the Arrow, Jor a
gavernment approval as a delence weap-
on, a company must be in a position to
satisfv the requivements, uot ol a single
cnstomer, but of many government agen-
cies

Set Out Details

Avro’s Sales and Coutracts Administra-
tion departments had an early hand i
preparing and vetting the overall Arrow
proposals and submitting thewm to the
RCAF, DDP, and other government of-
tices, The proposals set out details ol th
work to be performed, plus the time and
cost volved

f'o present these prposals
ol informative brochures was prepaved by
the Technical Writing section, which con-
tained anticipated performance and op-
erational characteristics of the aiveralt,
supplemeuted by uwumerous illnstrations
and detailed drawings produced by the
Division’s illustrating section.

Following acceptance ol the Arow pro-
posal, the Contracts Administration began
the complex and lengthy task pf negotiat-
ing a firm contract. This was hased ou the
scape of the work, the standard of work-
manship required, the waterials to be
used and the aircraft performance to be
achieved

To implement the contract requivements
the Contracts Administiation departwent
sales orders to all departments
concerned, and undertook spousibility
for contractual tions al

isian

series

issued
1egotis ith all sub-
ontractors concerned in the Arrow pro:
gram

After RCAF engineering approval of
the proposal for the Arrow was receiv
ed, the detail design got underway. Sim-

Linegor

ultancously, the epar ;
tennce. Ut sing Ko
Teehnical Writing section, sb-ufl :3-(-]:.‘;0
cul literature is vital to elficient aircraft
?p(il'dllull\ :xnfl wiaintenance. The staff of
echnical writer: sparing
taius elose Tivisan with ol opper g
s g er depart
meuts within the company to eusure that
published nformation is accarate und
enmiprehensive,

Working i cluse co-operation with the
Writing section is the lnstrating section
which prepared a wide variety of art
work vegnived both Tov illustrating the
maintenance instructions and for the var
ous reports, charts and film titling for
motion pictiwes which made up the sales
literature,

The Puhlications  Prodnction  sectinn
processes all text aud illustvations for off-
set platemaking. 1t also arranges Inv
printing and distribution of all literature
published by the Division.

Analysis ol the servicing requirements
af the Arrvow's systews and compnuents
has gone step by step with
completion af design. All  pablications
are  constantly  being  revised  and
broaght up tn date by the writing scc-
tion so that complete up-ta-date descrip-
tive and servicing instructians arve avail
able ivmmediatel

Training Aids

Ta fami e RCAY
the new aircraft’s costly and complex
equipment, the companv is designing
tuining aids to be used for the wstrnc
tion of ground and air crews. The Serv
ice Department, acting in an advisory
capacity nu the design ol these aids
will Turnish instructors aund instrnetional
nanuals for snch training convses in the
near foture.

Since the Avrow program invalves all
divisions of the company plns a host of
sub-contvactors, a practical assessment nf
nverall progress is made vegnlarly an all
significant aspects af the ARROW pro
gram

These «
cations from
ed by the varin sians respnusihle
These are invariably supplotaeited hy
documentary motion pictures which ree-

(Centinued on Page 12, Col. 4)

forward

technicians  with

Publi-
asseinbl-

sotts are prepared by

fucts und figares

Technical illustrators from Sales ond Service are called upon to produce drawings of everything

from technical cutaways to realistic pointings. Here,

illustrations  Supervisor len Thornquist,

right, appraves efforts of Rex Simmans, centre, ond Phil Brackwell, warking on a forge cutaway.
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Test Pilats Jan Zurokowski
{ists In analysin
Kwiotkowski,

Exparimantol
alogue computing specid
Anologue Supervisor Ston

n cockpit, t
g flight control responses in a
left, and members of his

ond 'Spud’ Patocki, third from left, oid an
special Arrow simulator,
stoft wotch for results.

Need Test Pilots’ Aid

At Early
by Don

I the development cycle of a
aireraft, the contributinn of the test pilnt
dacs not reach a peak mtil the first
light of the pratotype. This does not
mean, lmwever, that he merely stands
by during the period al design and man-
nfuctire waiting Tar the signal ta slart
Ilying.

1is persnnal attention ta details ¢ the
aircraft heging during the carly design
stiges. It coucerns sneh items as cautmls,
Lydraulics, cleetrieal and Tuel systems,
emergeney pravisinns, cockpit layont, and
extends to o detailed study af expected
coutrol chavacteristies, atvevalt vesponse
tates, acrndynamic damping and stability
thranghput the complete rauge nf airsperd
aud altitude

This type
ability  tn
virious  techuienl
rngineers
the case of an aireraft such as the Arvow
which is planned th weet a highly wl
ieed enneept of perfarmsmce capuhili

new

nl detailed study and the
wulerstand  and  disenss  the
spects with designers

anc particulavly impnvtant in

vil
ties,
One azea in which ca-aperation af pilat
engineer may be al significant mn-
tnal benefit is in the design of the
flight v, This device is wn elee
tranic hreain, af the Analague Camnputer

it connected to a mack-up af the
and cantrals. Intn this rig the

sim

cockpit

This mockup of a Prott cnd Whitney J75 iet
engine boys in order to accommedale it. Shown above cradled in its hondling dolly, the mack-
up is now used ta oid in the development of field service techniques far engine chonges.

esign Stage

Rogers

engineer feeds his very best estimates
af aiveralt flight characteristics and eon-
When the experienced
test pilot “Hies” the simulator, he hene-
fits by deriving some fawmiliurity with
what ta expect af the aireraft he will be
flying and simnltancansly, he can uassist
the design stalf by veporting auy candi-
tions of Might during which the simulat
ov does nat hehave in the way lLe waould
wish the aectual aiveraft to fly. This pre-
sents an apportunity ta muke alterations
wr adjustments  in the controls hefore
the pilat vwnst take the aircraft intn the
aiv for the fivst time.

rol responses

Cockpit Layaut

Another avea which receives great atten-
tion by the test pilot is the arrange-
ment nf all contrals, iustruments and
switches in the enckpit, He works very
clo: with designers Tuunan
factors engineers in an attempt to arrive
1t the aptimnm lay-ont with a minimum
al comprawmise.

That this elfart has been
in the case of the Arvow is cwmfirmed
hy the many fuvaurable comments vol-
stsered Tyl other oxperisnced) snilitiry
pilats wha have had an oppartinity to
agsess  thie mock-ap. One of the wmnst
cncauraging  statements was that made

(Continued on Page 10, Col. ¥)

the and

suceessful

engine wos used in the design of the Arrow's
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Avro’s Camputer Cepacity was greatly increased with the additian, this year, of the 1BM 704
shawn abave. Latest ond mast pawerful digital camputer available fa industry, Avra’s 704

A

eloctranic data pracessing machine
is the anly one autside the U.S.

From Concept To Completion
in Record Four Years

(Continued from Page 3, Col. 4)
graund support equipment mock-ups
were also built for design appraisal.

The CF-105 was officially desig-
pated the Avro Awow in early
1957, and the two versions of the
aireraft wore designated Arrow 1
and Airow 2.

Aerollynamically, the Arrow was
entertaining a new reaim of science
Performance, stability and control
problems were difficult to evaluate,
and d had to be obtained to
establish air loads on the wing, fin,
anopy aml control surfaces. In this

vect, wind tunnel results proved
and supplemented theories in over-
coming sowe of these problems. lm-
roveutents in loug mJinal stability,
buffet characteristics, subsonic drag
and lirectional stability for ex-
ample were a direct result of wind
tunnel testing,

Computer Capacity
Analog eomputing equipment was
installed 1o accelerate the solution of
dynamic and stress problems. The
compaty also obtained a new elec-
tronic  digital computer of gres
speed and cappeity to accommodate
its accelerated research an
velopient program  in supersonic
aireruft, This was the IBM 704 elc
data processing machine—the
nd most powerful digital
¢ designed for scientific ap-
plications, now avail 1ble to industry.
The giant computer is eyuivalent in
calculating id problem - solving
power to 3000 tire perfectly or
ganized and trained engineers, A
staff of thirty mathematicians, tech-
hictans and operators is involved at
the present time in feeding problems
to the 704, an: ing results, d
Keeping the machine in operation,
Avro's 704 is the only one installed
outside the United States.

The Arrow stiucture is designed
to provide a high wing, delta plan
form, all metal aircraft ,‘\'Athoup}x the
air loads had been iletermined by
the Acrodynamics Department, it
was impossible to know at that time
what effect manoenviability would

e-

10

have on the structure. For this re
uumbrer of stressing

lhad to he investigated. Supersonic
aireraft are virtually flying pressure
vesspls, and the problem was further
complicated by the need to keen
weight ta a minimum, Suprrsonic
aft also invulve prublems whivh
~viously coul ignonml. Two
lems which 1eqnitel]l ex
tensiv igation by the Stress
Departutent were structure weak-

enittg cansed by heat and sonul

In sinple terms the heat puolilen
{s caused by friction betwern the air
and the aircraft skin. Tewperatures
attained while flying at superspnic
speeds are high enough to weaken
steucture—the higher the sperd, the
more the heat, bigger the mohliin.

Thyre are two muin types of detri-
utental sonnd—jet engine aml acio
dynmnie. These can  cuuse skin
haiels to fracture and rivets to
[nnsvn, again weakening _structure
Sonie structural t are bring car-
ried out constantly, and will cou-
tinwe, until they have rur Inug
cnough to indicate satisfactory panel
ife,

Proper ground suppurt equipment
plays an iwpurtant role in the ope
rational cffectivenvss of any modrm
military aircraft. Since most existing
equipment eoull not be used for
Arrow servieing reqgnitements it was
essential to rmsure ade te main-
tenance facilitics were available

Ground Handling

A joint Avro-RCAF Maintenance
Engineering Group was foumei, and
to date has designed some 200
picces of equipment. Problems ta he
uvercome in \Lis field were us great
fn thvir own way as those in the
aircraft itsolf. This Is self-cvident
when one realizes for example U
the engine starter truck is a jeep
mounted gas tnbine, and the pawer
anil-air-conditioning  tric 1
maintain a constant air flow at 55
to the weapons, clectronic and athe
sensitive  equipment, under all
ground temperature condition

a large

Arrow  development presented
some prohlems that were not evin
dreameld of wlhen the CF-100 was

1, At supersanic speels, for

air Jusls an the coutrol sur-

xtrenely and the

providel with van-

tinn of his physi

:t, cuntral mech

mn the Arrow

ficiently powerful to
equivalmt of sl

elephants
standing an the elevatos.

il
siilerable

Electronics

Moilern military craft
elaborate electricul and el
systems. In the Arrow there are some
eleven wiles of wiring and enough
vacunm tubis 1o equip about twa
hondred televisiun sets exeept Tor
picture tubes,

Tremendons power is needed to
fly an aircraft at supersonic spreds,
and the Arrow uses ahuut twice as
ruuch power as that required ta drive
the Queen Mary, Ta develop this
power, th engines consime fuel at
tlie rate of ware than a quarter of a
ton per tninute. Much of this puwe
is dissipated in air friction at these
very ligh spreds, aml air friction
raises  thi ircraft tewperature tu

i a degree thut the air conditinn-
ing required to pmtect the crew aml
the vital equipment is sufficient to
prauce 23 tons of a day

The complex ctural require-
ments, and the desiie ta keep con-
struction as shuple as possible made
extensive rescarch necessary in this
ficld. A vast amount of development
has heen ilane in the field aof metal-
ta-utetal banling  which elminates
auch of the time-consnming aud dif-
ficult proces: f conventional rivet-
ing and fastening. In order tl
mctal bomling can he used su

it must be sufficiently str

y to use, and r
heat 1psistance to be
temperateres  experi:
ircraft flying at super-

reyuire

str

unaffected
e by a
speeils

Production Prototype
Whil, bonding af
alloys imposed no gieat problem,
derable experimental wink wus
nired with magnesium alloys. A
s hg
lur

lnmifun

o
wrt
sutisf umler tests, amtd is used
in many parts af the sicraft,

Uutil rece . high-perforuar
aireraft were not comwmiltell to pro-
ductive vutil after flight testing of
une or more pratolyprs, Normally
quite a number of chauges are neces-
sary before the aircraft can go into
production, The Armw pmgram is
unusnal in Canada in that even the
first flying model has been built on
production tooling. This time-saving

h made it essential to prove
e soundness of the structural
and systemy eoncepts by exhaustive
tusting prior to the actual build of
the aireraft. This procedure suhjects
nearly all compouents to test equi-

valuut to the most severe and vuried
conditions exPC T
!(H‘ n,“ th § nost rigorous tests hl‘
Un e high safvty st ydanl aud
SOIUIS  coinponly OpErution de
Arrow, ,
, has
un
3
cluborate test rig whicl
operation aud ultows it
in any position that the
Fue system test
tavestigatiuns of
em, relneling and
sinulaten] flight sequenc
ergency operation.

Stress Analysis

The wifficult tusk uf analyzing the
structure of the Arraw ipos d mal "yu
unique prohlems on the stress € \?!‘
neers, The complexity of the /\rm“l 8
structure demanded the use of “ll
must  advancell  analysis methods
and techniues bl

A novel tevhnique used Vit
stross_aualysis pungram {ovolvind the
use of plustic moels These models
wd to be constructed with great
care so that the structure wonld have
the renuireil 1legree of similarity to
the actual alreraft, They were then
placed (n test rigs wiic
pahle of pioiueing loads o tl
todls comparable ta the piedicted
flight lauils. After intensive testiug,
the aleflectinns ami  stresses which
were producelt showal that the
wetholds heing used for analytical
studies were valid

s
to he testr
aircraft m
srogratt i1
usstie an e

chnke

and em-

in the

Ancilory Equipment

The hundrls of items of mech
anical, hylraulic, electrical and che
tionic eyuipment in the Ariow are
all required ta aperite in a severe

\-temperatie, high-altitmle en
vitonument with the utimost teliabil-
ity lguipient whicl wouhl per-
facin wder thuse comlitions sitply
did uat vxist when the Arrow ilosien
gat wler way. 1t was therefarc
wecrssary far Avro to spevify th
sperfal purlananve  necvssury fur
carh one of these drviees to i its
joli, and to ussvss the proposals of
equippunt  wanubacturers  through-
out the cantinent to detemnine their
capability ta develup the itens. Avro
then maintainell vloge euginevrii
coutact with all these suurces while
the wnits which lun} to wect the
Arrow's stringent requirements were
heing esigned, huilt, tested and
deliverid

In wwdern wilitary terms, an air
craft like the Armiw becowes the

Pilots’ view from

nase-up affitude while taxiing

cuntral component of a W ehoon
System”. Besidus the hasic at x]n,
this Weapon Systeint i st {pehnle o
mpletes compuatible air tml grot
environment, starting with the ,l u‘
Sort and nuintenance. ek
ll((,"}- lhases, through the ground
radar communicatinn 2

T Tl iueluding the gitme
Toctronic systeml and weapuus. All
e is esstutiul for a supersonic in-
terreptur  to perform its specified
tas} o

As the Ariaw progrum pragressed,
it snon becume evident that no ex-
isting cowhinatinn of _clectroni®
pquipunent et the RCAF’s operit-
tional rrquiremunts aml l\hr An.]m s
ronnental nevds. After evainss

veral proposal the _m AF
el RCA as the electrunt SYS:
eontractor, with the tusk of de-
this niost essential compo-
wrapin systeii.

ting

tem
veloping
neut of the Arrow

RCA and RCA’s assoriate contric-
tor, Minucapolis-tloneywell, afong
with their Cunudisn affiliates,
phunged into the task of creating the
M dvanerd  specialized electronic
system for automatic flight, weapon
fire control, communiecation ‘,n‘] na-
vigatinn which has been designated
the “Astra 17 system.

What Next?
Tu alate, nunrm’m:nkc'y 17,000
Jifferint duwings  lave hien re-
for the Arrow 1 and Engi-
neering has formed a liaison team,
which is on call twenty-four liours a
day, to enmsurc that any drawing
Qcery or problem which may arise is
itnediately dealt with
1t is now four years since the de-
sign started. This is ronsidercd better
verage fur the time reiuire

sign aml build present day high
paiformance aireraft
o

Arrow s a fighter aireraft,
yrt its armament bay is as large as
the bomb bay of some World War
1I bombers and the power ul its two
Frutjuuis enginvs is almost sufficient
to lift the aircraft vertically unff the
gronnd!

With the Arrow ! engineering
vomplete, the Bugineering Divisiun
is looking toward future develup-
went of the airneraft, It is a flexible,
vorsatite, aireraft and with develup-
ment it can have a greatly extend-
vl future. The present Arrow is on
the threshol! of the heat barri
pupularly called the Thennal Th
vt, and studics are now under way
as to how to adapt the aireraft for
even higher speeils

the cackpit of the Arrow shaws excellent visibility despite slight
Phala was

taken fram mabile cackpit mock-up.

Test Pilots Aid Program

(Continued from
by Geueral Joseph Callara, of the
Office uf the Diwvtur uf Flight
Safety, US.A.F., fallawing an uffi-
cial visit ta the plant, ,fm which
he stated that the Arrow's covkpit
layout is the hest hie hail seen.
Mewbers uf Avro’'s Experinuutal
t Pilot staff have, as parl of their
preparations for preliminary flight
tests of the Arrow, sprot same time
at the Convair test fucility at Palm-
dale, California. There they hav
flawn experimental anil production
versinn of the F-12 singie-engine,
delta-wing interceptor now being

Page 9, Col. 4)

proflueerl for the US. Air Force

Now that the Arrow is conpleted
and is uuveilnl fur the first time,
it will he wuvinl fram the praduc-
tinn bays to the flight test hangar
in preparation for its initial flight.
The test pilats expeiience a stung
fecling of pride in lhe achievenient
uf the Engincering and Manufac-
hlrin% divisions, and of anticipation
for the opportunity to launch the
Armuw on its flight program. They
are eager to commence that portion
of 1he development which is in-
plicd by the professional title: Ex-
perimental Test Pilot

AVRO NEWS




Low Manhour Record
.Set By First Arrow

(Continued from Page 4, Gal. 4)
was maved in order to accommadate
the big new mill and heavy
machiring facilitic:

Calenlated  additional power ro-
yuireients resulted in the ennstrie-
i of twa upw suli-stations with a
total  additional output of 3,000
kw’s,

To Plint Engincering foll the
task of providing these additional
flooe space requirements, as well as
the installation and maintenance of
the new eyaipment required.

Still another responsibility of the
Plant Engineering department was
the design and installation of por-
table and static fixtures in the as-
sembly areas, providing work area:
which are, in some cases, three
storeys high.

Saund Cantrol

As the program progressed, inten-
sive invest ions were made into
the wmost practical means of sound
control the nceessary ground test g
of the Arrow's powerplant, This re.
search resulted in the present flight
line installation of the er-sv sound
control mits of their type in the
world. Each twin-cell dnit weighs
sowe fifty tons.

The increase in requirements for
water, light, heat and power have
increased” Avro’s plant utilities ser-
vices to the point where they can
now meet a demand equivalent to
a comnnnily the size of Brampton,

Closely following this large in-
crease of plant and equipmwent facil-
ities came a streamlined prograin of
louse - keeping  and  muintenance
which has contributed significantly
to the efficiency of this complex
production program,

Outside Suppliers

With the release of design infor-
mution from the Enginecring Divi
sion the Procurement Department
began negotiations which resulted in
over B850 outside suppliers estab-
lisheid for the present Arrow pro-
gram. A very important aspect of
Avro’s procurement policy was the
development of Canadian sources of
supply where possihle. As a re-
sult of this policy many of the sub-
cuntractors ;:ml to expand their fa-
cilities, purchase new equipment
and increase employment in order
to cconomically meet the complex
supply wherever possihle. As u re-
part requirements of the airplane
In es company procurcment
personnel provided technical assist-
ance throngh liaison with the Avro
design and production departments.

Coost Ta Coast
In the supply of bought-out
equipment, negotiations were car-
ried on with firms in almost every
part of the continent. Some parts
and equipment that hail been con-
sidered standard throughout the in-
dustry had to be redesigned, and
in some instances, made of new ma-
the close-tolerance
s supersonic aireraft,
S program progressed, over
5,000 peonle were found to be em-
ployed outside Avro in the many
facture of Arrow parts and tools.

LR U

Extensive linisan nu the part uf Pro-
curement personnel was needed in
order that these parts and tools met
the efficient schedule and cost re-
yuirements of Avra praduction,

ner I flam sreas were pro-
videl in e Stunes tivn tn meet
the heavy demunds of the new pro-
gram. In the handling and storage
of waterials and equipment, strin-
gent methods were  cxercised to
avoid even tho slightest dmmnage that
conld affect their ase on produc-
tion,

The Production Engincering de-
purtment providid the key link be-
tween the Enginvering Division and
all Production sectinus. In addition
to ]plannin;: the work scquence of
each part, nnd the design and wman-
afacture of tools, this depurtment
was respansihle far eusaring that
these production tools and methods
resi i parts heing Ffinished to
a high degree of aceurs

The fact that the Arnow
tremely advanced type of airplane
neans that extreme ac. icy in sur-
ace smonthness is wandatary, In
athlition, tu provile the nwst offi-
cient use of the airplane in service,
a high degree of interchangeability
of parts and compuncuts wis re-
guired right from the first airpla
which came off the line today.

Efficient Handling
These two factors made necessary
the master wmodel program fuy out-
side envelope contral, and the inter-
chimgeahility tooling program to es-
tahlish efficient service handling
frum the beginning.
Extensive use of gln:
introduced early in th: nfactur-
ing progrun to more  accurately
transfer Enginvering information to
tooling and manufacturing stuge
Milling of wing skins and large
muchined parts from solid hillets of
metal provided a tremendous inte-
gral increase in the Arrow’s struc-
tural strength, Besides reducing the
design and manufacturing tinws re-
red, this method eliminated tol-
erance difficulties inhereut in the
matching of numerous parts,

New Methods

Departures from existing methods
of manufacture became almost com-
mon, In the field of metal bonling,
Production Enginecring developed
a stronger and lghter method of
joining metal to m Jow ma-

juls sueh as titaninm  provided
key parts with greater heat resis-
tence properties,. Magnesiam was
mployed for weight saving pur-
poses,

With the master schedule as a
working basis, the Productinn Con-
trol department's task was to sched-
ule release of orders to the nmany
fulinicating areas, lo expedile pro
duction of the paits according ta
priurity sequence nnd to ensnre the
supply of finished paits to the
sembly areas throngh the appiopri
ate finished part stores

This procedure reymired exacting
control, pm tienlurly since the release
of these Arrow urders tn he
scheduled alo i uf the
CF100’s production, spares and

cloth was

Tronsit is used to line up correct oerofoil forms of master models to horizontal ond
verfical datum lines. Work on these speciolly-{obricated tools began in July, 1954,
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Arraw electrical system testri,
can be checked for serviceability in this ri
wndification programs, Clase atten
tion was also the hyward in sh
luading procedures so that work
anlers were released cnnsistent with
current wachine  and  munpower
capucity,
Jhe Progress section played an
important with their follow-up
pravedures in expeditiog par
uf the shap sl wtn their fnis
pait  stores.  Where  iutenuptians
aceurred in the production flow, the
Progress section had to fustigate
schedule recovery action,
Throughont all stages, from the
time the arder was in the
shup until its reception in the fio-
ishod part sture, n day tn day re-
porting systimn was maintained so
that the Incation and stage of com-
pletion of each part was readily
availuble. From these records mar
agement was given a permanently

accurate picture praduction in
relation to scheduled completions.

Bottlenecks

As the final assewnbly stage wi
reached, the i ahle “bottlenccks
spring up, many requiring re-desizn
and re-wark pio Mueh of the
credit is due the Praductinn Guotrol
department for getting th
oveicome  taphily  througl
2flants in providing smooth i
partme umf linison when fust

inl uction was reguired.

Finm the raw materiul to the fin-
ished part, aml ussembly of these
putts and equipment into the air-
ciraft unveiled today was the 1espon-
sibility of the Praduction Shops De
partment,

Using over 1% million square feet
of floor space, comprising the shoct
metal, ma and assembly areas,
the thousands of prodactinn shop
personnel have made and assem-
bled some 38,000 parts into the first
Avro Arrow.

It was a giguntic task while still
maiutaining scheduled productinn an
all phases of the CF-100 program.

Impoct Of Arrow

The greatest impact of the Arrow
program on the production shops
was the extensive increase in both
quantity and comples of parts,
alung with familiarization in the use
of new materials and vequipwment,
Difficult machining and _forming
operations became the rule rather
than the exception, and the faet
that the flrst Avro Arrow is a pro-
duction aireraft represents an ount-
standing departure from previous
programs involving a scrics of pro-
totype aircraft.

o
41 g8
their
er-de-
reme-

simulotes exactly the complete electrical sy

Ed Moare of systems test, i

stem in the oircrafl. Any production electrical component
s seen proving on electrical fitting for the first Arrow.

Quality Control Uses
Improved Techniques

(Cuntinued frum Page 8, Cal. 4)
arry unt s of these it
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ssary to purehase a Vi

Wils neee

gage' thickness incasuring machine
which has the appearance of a 21-

TV il give_aceurate
at _any point
f skin

1 and wi
iecks of thickpess
regardless of the sizc
In areas where uther parts have
to he bonded to the skins, inspec-
tion e to carry out 'wavines
ecks on the skin surfa and
tolerances here are as close as pl
and minus .002

New Materials

In Details Inspection, Horace Ri-
found a lot of new prohlems
when Arrow production conunenced
It must be remembered that this
first Arrow is a production aircraft
and that there ds no prototype other
than mock-ups,

New materiuls

ure such

ley

used in detail man
s titaniam and in-

, and the extendeil nse af mag-
nesium alloys and high tensile alu-
minum alloys pused wnique juspec-
tion prohlems, New conditivus and
tulerances needed tn he reckaned
with, Sume material was found to
‘grow’ after heat treatment, others
would str daring forming to a
much greater degree than less strong
materials,

Increased wse, in the Arrow, of
details produced by stretch furming
has hrunght about different concepts
of inspection and different locations
far carrying it nnt. Sume forty parts
were produced by stretehing for the
'1F-100. In the f i
the number is near &
hwl to be inspected
where, and wlat percentage nf
streteh ook place

Same idon of buw the Arrow piro-

w pingressed ean be syniholized
hy the ‘nselage scetion of
the nireraft. 1t ix the largest of the
Fuselage components and the main
jig for thi handed
protliction ‘tober of

entie

assembly
over ta

A

1956, The first component was
cleared hy Inspretim in Fehruary
ul this year and there were some
thirty-six inspection stages to be car-
ried oat while the component was
in the fig.

Other than assembly e\zc,
wark is produced in large numbers
uf other jigs. In each case, a rigid
first-off inspection had to he per-
formed to pr the tool. The En-
gine Buy alone used thirty-four jigs
ather than that for the main assem-
bly

Somie of the new inspectional fea-
tures encountered on final assembly
inelude the optical alignment set-up
used in the final jig and the intro-
ducing of a refrigerant gas into the
wing tank areas wherehy leaks are
found with a ‘snifter’ detector

It is an unusnal thing for assemhly
inspectors to carry plug gauges but
that had to be done with the first
Arrow. ‘The structural strength
vssary is such that bolt holes

its must be right to the close
limits called for by Engineering.

Baught-cut Items

Genff 1fughes is in charge of elec-
tronic installations _inspection and
has been respunsible for the test-
ing and inspection of all equipment
for the first Arrow, this includes
items of hydraulic and pneumatic
eyuipment “as well as electronic.
Some 1,800 itemis of bought-out
equipment go into each Arrow

The four-man team appointed by
Freid T, Smye, President and Gen-
eral  Manager, to spearhcad the
drive to get this first Arrow out on
schedule, includes Cyril Meilton
fiom Inspectivn. Cyril” who is In-
spection Superintendent of the De-
tails and Assembly Shops has, like

team membeis, been living

with the jub since the sircraft began
to take shape in the al nssembly
jig. It has heen his 1esponsibility to
make the major decisions on inspec-
tion matters cropping up.

This generol view of the Ariow Final Assembly shaws mojor components being
assembled for subsequent release to the final ossembly marry-up In the background.

n
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Designed And Built By Avro

top
stalled by Avro, the moulded fop is a radical

top s

Queen s moya /— Vt's[l G(ll'
stic J}/)

The car to be used by Her Majesty, Queen Elizabeth Il
and Prince Phillip during the Royal Vi

to Oftawa and

Washington, which begins October 12, is shown here with

installed. Designed,

departure from similar designs used in the past. A small
group in Avro Preliminary Design Office under Waclow
Czerwinski designed the top which was built by the Ex

being modelled at

right by Joan Lukanchoff of Experimental and S/L Don
Pettite, 428 Squadron RCAF. Below, Avro chauffeur, Grant
and S/L Pettite,
admire the installation by a CF-100 on Avro’s flight line.

right

Pays Tribute To Arrow Contributors
Who Made Today’s Rollout Possible

(Continued from Page 2, Col. 1)
“In this connection 1 would like
to pay tribute to my colleagues, Mr,
] . Floyd, Vice-President of
'»xrmg and Mr. H. R, Smith,
of Manufacturing,
who have headed up their teams so
admirably.
"I wounld also like to pay tribute
to the Canadian government agencies
with whom we have worked so
clusely, and who have made such
great con mbulm 15 to this project. In
particular, course,
Royal Cansdian: Ab
its s i of able
engincers
1 \wu)d also like to make men-
tion of the National Research
Conneil, who have assisted in many
chnical areas, and particularly in
the use of their wind tunnel and
other test faeilities,
DDP Helpful Partner
“The Department of l)qunw
Praduction has
h partner
ady to assist with
in the sphere

Defence
contributed

very import
test program nc which was carried
out at one o r facilities.

“We also wi h to say ‘thank you'
to the United States Air Force and
to the National Advisory Committee
on Aeronautics for the co-operation
and assistance which they have
always been so free in offering.

Subcontractors

“Whereas_the Arrow is an Avio
product, and whereas we are respon-
sible for the overall design and
manufacture of the aircraft, we
could be considered, let us say, as
the captuin of a team of hundreds
of suppliers and sub-contractors
w]\o together with us, did this job.

“There are many companies who
have made outstanding technical
contributions in the design, develop-
ment and manufacture of all types
of equipment and material for the
aircraft, To them I wish to express

our deep appreciation and gratitud.
The first weroplme which yan will
sce to-duy, and the next few de
velopment ‘aircraft will he powered
with the Pratt & Whituey )
engine, Huwever, the nltimate
engine to power the balance of the
developuient aireraft, and all the
prodiction aircraft, is the ently
wnveiled Tronuais, desigied by anr
associate company, Orenda Engines
Limited,

“As we have been creating the
Arrow, they have heen creating the
Iroquois, This engine tao represents

estone in fan (ndustrial
ment, mi t is the thrust
which the very
advanced |\mfu m’\n( of the Arraw
depend
se of this ceremen
will tuken to t
ger for flight preps
tion, which will involve exhanstive
testing and the installation of exten-
sive,  specialized  instrinen tatinn
The flight date 1 v aireraft will
lepend on the probloms which will
have to be dealt with (\|r||lr thi
phase af the proeramme and, cim-
sequently, it is difficult to foretll,
are hopeful, however, thut th
0 \uf muke its first flight
the end of the year.

Flight Test Program

“Behind first aircraft there
are other development aireraft in
variows slages ‘of completion, und all
of which be subjected to an
extensive md time-consnming flight
test and development programme,
We know that, like other air-
craft of this type, e ane is
constantly probnw th unknown, we
will encounter _many problems and
setbacks—and will not be putil
this exhaustive testing is successfully
concluded and u'\tﬁ the develop-
ment phase of the programime l\ 1s
been auomplnhud that it will t
able to see service in the sl]u.l(]rous
of the Royal Canadian Air Force.

“The CF100, which is cirrently
in production for the Royal Cani-
dian Air Force and the Belgian Air
Force, was _created, _designed,
<lev->]o;xd and prodmcd here at
Malton, We like to feel that that

Shis

aireruft has played an impottant
role in the defence nf anr ¢ untry
and has cnntribintoll tn NATO, 1t is
mny frryent liope that, in due course,
the Arrow will inake the same con-
m]mlu)u in the superganic A in
Cf \ch the Royal Cunadian Air
with the air forces of
ed countries.

“In closing, 1 would like to again
thank the Royal Gunadian Force
and the Gavernment of Canada fur
affording ns  the upportunity of
designing both of thise uireraft, and
far entrust g o us this respun
sihility, ich we are so deeply
consc h?H'\' %

Precision Keynotes
All Arrow Tooling

. Cul, 4)
for tllu processing nf the many large

(Continueil from Page

materinl  renpire fir
mannfacturing. Tmue-
low the hot air circulating
e, whi is momted on
is 0 20fuot-ling queneh hath. T
set-p means a minimunt
is spent in the tuunsfer of
from the furnace to the

To moet stres u,r‘h
where parts were together
with the metal hwulm,' technique,
an antoclav: ure chamher was
installed. W1 metal bonding of
malerials is nsal on the Arrow it
gives a high d(-gru of adhesive
strength as  well as a_ weight-
saving factor dnv to the clnm nation
of iivets and other . duwel-type
fasteners,

Due to the weight of many of
the Arrow com| anenls, and the ac-
curacy required in their assembly,
a final assembly fixtiits was provid-
ed so that all of the large compon-
ents could be brought together ac-
curitely at one stage,

Methods  to I‘Vlilbhdw working
flexibility of assembly jigs were
developed along \v\ll\ standardiza-
tion of jig fixtires where po:

wh added to a more effic
tooling program,

Selling New Aircraft Design
Is Delicate Merchandizing

(Continued fram Page 9 Col. 2)
ord varinus phases nf the progrim.
The movirs are prepared hy the
Phatographic  Department cii-
aperation with the Woiting Sectiou,

The Ports Degartment of Sules
and Service muintains the supply of
wilenuute spares b the custuier,
Fram an catly design stage, this d(;»
partment, in clase ci-operation with
the RCAF sern analyzing Arrow
proyisioning reiuirements. E Ench pact
af the pireraft is mview am] the
sewvice life ni parts nnder varinns
operating conditions assessed. When
all factues hase horn studied, the

1 yry 1uantity af spare parts is
acdorer] hy thie RCAF, either Tran
v ar frun the component o=
facturer

‘A1l Company spares are grepared

h\r teansit hy tie Parts Departuiint

ey are seicatifically packed to vo-

sure 4y uml.uumd at  their

drstingtinn, aml 1 renain service-

ul\]u lem,, their shelf life nmler
conditinns

Ahout The Cover

Cover design on this issue
was drawn by Kd Dyke of
the Illustrating Sectinu, Sales
and Service, Whercas the per-
spective of the cover picture
may sppear exaggerated to the
layman, it is, in fact, an np-

cally nccurate view from
immediately under the pointed
nose of the Arrow.
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