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J ET PROPULSION of a ircraft is 
achieved simply by directing a 
s tream of rapidly expanding gases 
of sufficient fo r ce to over com e the 
iner tia of the aircr aft , in a manner 
which w ill propel th e a irc raft in the 
required direction. There are a t pres­
ent three types of je ts-the rock et , 
the r a m, and the gas turbine. F or 
many reasons n ot important h ere it 
has b eco me apparent tha t the gas 
tur bine is the m ost practical je t for 
today's need and tha t the axial flow 
gas turbine, s uch as th e Avro 
Orenda, offer s the best possibilities 
for de velopment. 

Functioning of gas turbine engines 
depends on fo ur m ain compon ents­
a compressor , expanding air from 
which produces the je t s t rea m, a 
combustion system to boost the ra te 
of expa nsion, a turbine to drive the 
compressor a nd a ta il cone to p ro­
duce a n effec tive je t str eam. The 
co mpressor in the axial f low e ngine 
is made up of r ow s of ra pidly ro ta t ­
ing blades spaced by row s of sta tion­
ary blades in a passage w hich be­
comes progr essively sma ller. The 
Orenda has more tha n 1,000 blades. 
The turb ine in t he Orenda is 
made up of a s ingle row of blades 
dr iven by the je t s tream jus t for­
ward of the tail cone and mounted 
on the rim of a disc which is direct­
ly co upled to the com pr essor sh af t 
and thus d r ives the com pr essor. 

The p roblem s in manufac turing 
gas turbines ar ise from the m ain fac­
tors wh ich control des ign. These fac -
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Sir Roy Dobson, C.B.E. , J.P. , F.R.A e.S ( centre ) , pres ide nt of A vro Ca nada, examines th e Orendo 
with Woll er N . De i sher, g enera l manager ( le ft) and Stanl ey And erson . (Ta th e great 
Iroquois tribe, Orenda w as th e ultimate source of all power- th e impersona l be ing from 

whi ch supernatural being s in turn derived th eir power . 

tors a re three close ly re la ted ratios 
w hich we w ill ca ll Power -Weigh t, 
Weight-Strength a nd S tren gth-Tem­
perature . Examini ng these in order 

w ill give a dear picture of genera l 
pr oduction diffic ulties. 

The power-weight fac t or is com ­
mo n to a ll a ircraft engines and is 



now generally familiar. Obviously 
an aero engine becomes better if its 
weight drops as its power increases. 
Power-weight has two main design 
effects: all possible useless material 
is trimmed from every part and the 
lightest possible material is used in 
every case. These effects present the 
first manufacturing troubles, for as 
material is trimmed from parts they 
become more intricate and thus 
much harder to cast and machine, 
and much harder to hold as machin­
ing goes on. Also lighter materials 
cannot stand the holding and cutting 
pressure in regular use. 1''urther, the 
accuracies and finishes required in 
gas turbine parts are generally con­
sidered practically impossible, even 
by today's standards. 

Weight-Strength 
The weight-strength factor is a di­

rect offspring of power-weight and 
should be easily understood, for it 
must be obvious that while weight 
reduces strength must not, and, in ­
deed, must increase in proportion tu 
power. Thus strength becomes 

Above: fig . 2-
Diogram of opera~ 

tion of Avro jet 
engine. This section 

shows the earlier 
smaller Chinook 

engine. 

fig. 4-Turning 
compressor intake 
casting in Bullard 

Mon-au -Trol. 

l~fl: Fig. 3-Compressor intoke casting 
vertical shaper . 
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is . a prime consideration in all air- 1
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frame and engme design, but 111 gas , 
turbines the problem is greatly in - ! 
tensified. H must be remembered I 
that the gas turbine engine whi It· \ • , ' f 

giving speed and power utterly im - i 
possible from reciprocating engines l 
has actually only one moving part I 
and this part weighing many times : 
as much as the crankshaft of a re­
ciprocating engine and traveling at 
many times its speed must du all 
the power-producing work uf the 
engine. This part, the compressor 
and turbine rotor assembly or sirn- , 
ply rotor, is made up of hundreds of l. 

smaller parts, each one made and fit- I 

ted so accurately that the entire as- I 

sembly will be as one piece and in I 
perfect balance for unbalance pro- i 
duces vibration', and vibration can l 
tear an engine to pieces in a matter .! 
of moments. I 

The weight-strength factor has ef- t 
feet on every single part of the en- f 
gine, for while the rotor parts must'( 
produce their mighty power, the f 
static parts must contain and direct , 
th_is power while _their weight must J 
still be at a m1111mum. The manu- ,. 
facturing diffjculties resulting from \ 
weight-strength are mostly evident • 
in the decreased machinability re- I 
suiting from increased strength and t 
the extremely high standards of ac- I 
curacy and finish which must be i 
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Fig. 8 - Broaching 
fir -tree slots in 

compressor di sc. 

Fig. 7-Broaching 
internal slots for 

blades in compressor 
stator ring. 

Fig. 5-Boring 
compressor stator 

housing in Air­
Gage tracer lathe. 

maintain ed. A s imple compressor 
rotor disc wh ich must fit as accurate­
ly as a tin y instrument part must 
often s usta in loads of close to half 
a million pounds, yet these discs are 
made of aluminuiT., alloy and run as 
thin as .150 in. in the web. Obviously 
e ven an imperceptible finish imper­
fection finish on a part could have 
di sastrous results. 

Sti,ength-Temperature Facior 

WE HAVE SEEN how the we ight­
strength factor introduces new 
manufacturing standards, but we 
have not yet taken into account the 
fact that many parts of the gas tur ­
b ine engine must operate in tem­
peratures which would r ender even 
the strongest ordinary materials so 
soft and plastic that they would soon 
fail under the stresses imposed. This 
problem shows up in the strength­
temperature factor, for, as is well 
known, th e rule in metals is that as 
temperature increases strength de­
creases, while the opposite effect is 
required in gas turbines. This has 
brought about the development of a 
whole new range of materials with 
truly amazing characteristics. 

To point up the strength-tempera­
ture effect let us consider the tur­
bine blades-these blades which 
sometimes travel well beyond the 
speed of sound at ordinary tempera­
tures, are run red-hot, and yet must • 
be able to st,;md pressures that from 
centrifugal force alone amount to 
many thousands of times their own 
weight. Further to this, the materi ­
als from which these blades are 
made must be r eadily forgeable for 
manufacturing purposes. Impossible 
as it sounds, this has been achieved. 
The manufacturing troubles brought 
in by strength-temperature are most­
ly in the cutting and forming of the 
new metals, for these metal s which 

Fig. 6-Universal horizontal boring machine 
drilling bosses in assembled compressor housing. 
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r etain their strength at high tem­
peratures are almost unworkable at 
tow temperatures. In fact some of 
our present materials are so tough 
th at they cannot be econo.mically cut 
and must be precision cast and then 
ground. Strength-temperature, there­
fore , has req uired the establishment 
of radical t e c h n i q u e s and may 
eventually result in a new concep­
tion of all standard metalworking 
practice. 

EXPERIMENTAL DIVISION 
SHOPS 

The gas turbine experimental 
shops at Avro Canada employ prob-

l 

Fig . 9-Tracer lathe 
copying shaft coup­
ling element from a 
master . Requirements 
of accuracy and 
finish are mo st 
exacting. 

ably the largest body of highly skill­
ed mechanics in the country and con­
tain, as well as all types of the latest 
machine tools, many machines devel ­
oped by Avro for operations pecu­
liar to gas turbines. To best consider 
the tools and techniques used in 
making these engines it will be as 
well to detail the sections into which 
they are divided for design and con­
trol of manufacture. (Blades and 
vanes will not be taken in their as­
semblies, as they are a section in 
themselves.) 

THE COMPRESSOR intake is es­
sentially a casting of magnesium al -
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loy and consists of two concentric 
rings join ed by six hollow struts of 
a irfoil sec tion . The outer ring is 
abo ut 34 in. in diameter by about 12 
in. long. The passages between the 
rings and struts form the air intake, 
whi le th e inner ring houses the front 
bearing, power take-off and the 
starter. Through the hollow struts 
pass the power take-off shafts as 
well as oil and electrical connections. 

Beyond extremely close machining 
tolerances, particularly as to concen ­
tricity, the intake casting presents no 
great manufacturing d iffi culties a l­
though the annular faces of the air 
passages, which are worked out 
(fig. 3) on a Pratt and Whitney ver­
tical shaper, require very close at­
tention. All turning on this casting 
is done (fig. 4) on a Bullard vertical 
turret lathe, while horizontal boring 
mills and radial drills comple te the 
work. The a ir passage is faired in 
by hand to give smoothest possible 
airflow. 

It might be as well to mention at 
this point that while the major en­
gine castings present varying degrees 
of machining difficulty, one thing 
they have in common is their ex­
treme complexity to the pattern­
maker and fo undryman. While the 
techniques developed to overcome 
these problems are of great interest , 
unfortunately they are not within 
the sco pe of this article. Light Alloys 
Limited of Renfrew, Ont., and the 
Aluminum Co. of Canada have done 
notable work in producing these 
castings. 

The compressor is made up of two 
main components, the stator and the 
rotor. The stator also forms the cas­
ing for the compressor assembly. 

Fi g. 10 - Turn i ng blade ti ps in special Bertram lathe fitted w ' th 
Turchan follower. 

Fig . 11 - In foreground , diffuser ca sting in horizontal boring 
machine . 



Fig. 14 - Tail cone assembly introduces new requirements of Fig. 15 - Variety of aluminum blades and vones that go to make up 
accuracy to sheet metal work. a gos turbine compressor. 

Compressor Stator 
THE STATOR CASE consists of 

two semicylindrical magnesium al­
loy castings which are fitted together 
after the joint and end faces are 
squared up on a horizontal boring 
mill. The conical cylinder thus form­
ed is then bored on a Monarch Air­
Gage tracer lathe ( fig . 5) in a series 
of concentric steps and angles as well 
as three deep grooves which form air 
passages to bleed off excess and cool­
ing air. After this boring operation 
the stator returns to the horizontal 
boring mill for machining of various 
exter ior bosses (fig. 6) and mounting 
pads. 

Th e casing is then ready to receive 
the blade rings and spacers, which 
are of aluminum alloy. The spacers 
are plain rings while the blade rings 

have a number of dovetailed slots 
through their inner faces to hold the 
dovetail roots of the stator blades. 
These slots are broached in a special 
fixture (fig. 7) on a horizontal 
broach ing machine. After the rings 
are fixed in th e casing the entire as ­
sembly is set up on the Monarch 
tracer lath e and the airflow contour 
machined 'Jn the passage formed by 
the inner faces of the rings. The 
blades are now mounted in the rings 
and after pouring wax between the 
blades to support them the blade tips 
are machined to the contour of the 
inner air passage, again in the tracer 
lathe. 

Compressor Rotor 
THE COMPRESSOR rotor consists 

of discs separated by spacing rings 
and mounted on three drums which 

are joined end-wise to form a shaft. 
With the exception of the last stage 
disc all these parts are of aluminurn 
alloy. The last stage disc and the 
~tub shafts, which are mounted on 
th e drum ends, are of alloy steel. 
The discs are broached through the ir 
outer rims (fig. 8) to receive the ro­
tor blades, this operation being don e 
on a vertical broach. The rotor discs, 
being among the most vital members 
of the engine, have presented an in­
teresting manufacturing problem, 
particularly as to accuracy of form 
and finish on the webs. At present 
the alurPinum discs are turned on 
large turret lathes by means of spe­
cial formers, while the stee l disc is 
being turned on a Bullard vertical 
turret lathe with an electronic trac­
in g unit. Other methods a re now in 

Fig. 1 2 - The gas turbine rotor on it, shaft. Fig. 1 J - Grinding turbine rotor blade tips. 
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Fig. 16 - Pantogroph duplicating machine 
(Avro Canada patented design) for grind ­

ing cavities in blade forging dies. 

the planning stage and will be soon 
under experiment. 

The front and rear stub shafts 
which are more or less bell-shaped 
are contoured (fig, 9) on an Ameri­
can hydraulic tracer lathe, while the 
airflow contour on the rotor body, 
which forms the inner air passage of 
the compressor, is formed on the 
Monarch tracer lathe. The rotor 
blade tips -.vhich are contoured to fit 
the outer air passage are machined 
on equipment developed by Avro 
for this purpose. This blade-tipping 
machine was made by cutting the 
centre section from a Bertram 36-in. 
engine lathe (fig. 10) and setting this 
section on a base somewhat out from 
the centre line of the lathe, thus 
making a large fixed gap lathe. This 
separate section, of course, carries 
the saddle of the lathe and to this is 
fitted a Turchan hydraulic following 
unit to trace in the required contour. 

Diffuser Casting 
THE CENTRE, or diffuser, casting 

is of high-strength aluminum alloy 
as it is the "keystone" in the build-

Fig. 17 - Stages in manufacture of turbine 
blades from bar stock . 

up of the engine. It is similar to the 
intake casting in character, that is 
two concentric rings form the air 
passage while the inner ring houses 
the centre bearing, but it has the ad­
dition of six horns on the aft face 
which diffuse air to the combustion 
chambers. Most of the manufactur­
ing difficulties on this part arise from 
the intricacy of the casting and its 
mate, the centre bearing housing. As 
in the other major castings the ver­
tical turret lathe, horizontal boring 
machine (fig. 11) and radial drill 
perform most of the machining, with 
thP. addition of some jig boring and 
engine lathe work on the bearing 
housing. 

Backbone Casting 
The backbone casting is simply a 

slim cylinder of aluminum alloy, ex­
pand ing slightly at each end to allow 
for spigotting to its related com­
ponents. As with the centre casting, 
no great difficulties are met in 
manufacturing this component. 

Combustion System 
THE COMBUSTION system con­

sists mainly of the combustion cham­
bers and the nozzle box. These are 
made from high-temperature alloys 
and are mostly fabrications of press-

<Continu ed on page 36 ) 

Fig. 19 - Special allachment in Modern 
milling machine for profiling blades . 
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ings and castings, and present a great 
many difficulties in manufacturing. 
Up to now most of these parts have 
been obtained from J oseph Lucas of 
England, but in a short time th e en ­
tire system will be made at Avro . 
Those parts which are made a t. 
Avro have given rise to some very 
interesting problems in metal-cutting 
technique, though very little spec ia l 
equipment has been involved. The 
carbides a re used extensively on 
these materials and experimentation 
has constantly been canied on to im­
prove results. An imposing mass of 
data has been gathered and th is will 
probably form the basis for re-ex ­
amination of all standard· metal­
working practice for it has been 
found tha t th e generally accepted 
standards of machinability, rate of 
stock removal and finish , fall sign ifi­
cantly short of what can be achieved 
in actual practice when put to the 
test. 

TURBINE 

THE TURBINE (fig. 12) is made 
up of a number of parts, but the 
maj or component is, of co urse, th e 
disc which is probably the most ex­
acting single part to manufacture in 
the entire engine. This disc is ma­
chined from a large well -worked 
forging of a special Timken alloy, the 
stub shaft being included 0n the 
forging. Some 240 lb. of material are 
removed during machining. All turn ­
ing is done on a vertical turret lathe 
with the help of special cammi nJ:! 
and other tools, but th e chief neces­
s ity on this job is extreme care and 
patience from th e mechan ics co n­
cerned, both .in grinding th e cutting 
tools and machine setup and opera­
tion, for the slightest slip on this part 
would be disastrous. 

After turning, th e "fir tree .. s lots 
are broached in the rim of the dis<'. 
This "fir tree" is used generall y 
throughout the industry and has 
been the subject of a tremendous 
amount of discussion and research. 
It is in th e form of a V with a num ­
ber of serrations on each s ide giving 
a silhouette similar t o that of the tree 
for which it is named. In t.h c United 
States it is generally known as thf' 
"Christmas tree" form. This form 
constitutes an envelope over the root 
of th e turbine blade, which is simi­
larl y formed, the inner faces of th e 
serrations taking the bearing of the 
blade. The elements of th.is form are 
held to extrem e limits of accuracy 
and require the utmost vigilance in 
manufacturing. After broaching th e 
disc is spl ined and threaded on the 
stub shaft, ~orne milling operations 
are performed and the stub shaft is 

Above, Fig . 20 -
Grinding bl a d e con ­

tour in Avro du ­
;,licoto,. 

Fig . I 8- Kellering 
three blades at on e 

setting. 

s ilver-plated, while th e a ir seal 
la nds are chrome-plated. 

Tail Assembl)' 
The tail assembly (fig. 14) is fab ri ­

cated entirely from high-temperature 
alloys. It is made mostly in the sh eet ­
metal shop and has opened up a new 
era in this ph ase of metalworking, 
requiring th e use of tools such as 

CANADIAN AVIATION 

he ight gauges and verniers h itherto 
unknow n in thi s trade. This assem­
bly cons ists mainly of an inner and 
outer cone, the outer being truncat­
ed , which i'orm the passage leadin g 
t.h e jet stream to the final nozzle and 
the je t pipe. These cones are mount-

/Continu ed on page 52) 
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tion litt le overhead clearance is n eces­
sa,y, m aking th em ideal for work be­
neath cross m em bers or oth er obstruc ­
tions . 

These wrenc hes l0 a ve different size 
open ings at each end for greater 
adaptabi lity and ar e available in the 
fo llowin g popular sizes: % in. and 
7 /16 in., 1/~ in. and 9/16 in., and 'Ys in . 
a nd ¾ in. Over- all len gths range from 
5 % in. for th e smallest to 8 ¾ in . 
for the lar gest, and a ll of them ar e 
chrome plated . 

For further inform ation write to 
Snap-on Tools of Canada, Ltd. , Long 
Branch, Ontar io. 

NEW LUBRICANT 
The r ar e m etal m olybdenum h as 

been used in place of, or supplem ent­
ing r egular lubrica tin g oils and 
greases in recent year s . Molybdenum 
is an extremely "greasy" m etal, p rac­
tically indestructible at high tempera­
tures and pressures, certain forms of 
it h a ving the p eculiar faculty of 
' 'plating" itself firmly to any friction 
surface . This forms a permanent 
friction- supporting film which cannot 
be "squeezed out" by any amount of 
pressure, thus protecting the bearing 
again st scorin g or seizing even after 
all the oil has been burned out. 

Molybdenum lubr ication h as now 

been made availa ble in a form suit­
able for use in any conventional lub­
ricating system, by a n ew develop­
ment of the Lubricants Division of 
th e Lockr ey Company, Coll ege Point 
1, N.Y., w hi ch is n ow placing on th e 
market a new molybdenum-base Jub-

CANADIAN AVIATION 

ricant called "Liqui-Moly." This can 
be used a lone, or added directly to 
crank-case or oth er oils which carry 
it to th e fri ction -surfaces, w h ere it 
"plates out" on the metal, providing 
a permanent low-friction anti-seiz­
ing coating . 

Manufacturing the Orenda 
Engine 

(Continued .from page 35) 

ed together by a series of tubes 
which also serve the purpose of car­
rying cooling air to the aft face of 
the turbine d isc. In th e jet p assage 
are four van es of airfoil section 
which serve to s upport and sp ace the 
inner and outer cones. Many other 
en gine components are made in th e 
sheet-m etal shop , a lmost without ex­
ception to acc uraci es till no w confin­
ed to the machine shop. 

BLADES AND VANES 
THE MANUFACTURE of gas tur ­

b ine blad es and vanes has presented 
the greatest challenge to metalwork­
ing m en to appear in m any year s. 
These p arts are thin sections, often 
of unworkable m aterials, held t o ex­
treme accuracies, yet almost al ways 
of no:1geometrical form. Millions of 

dollars have been , and are being, 
spen t through out th e world to find 
practica l. manufacturing methods 
and in this respect Avro is no ex­
ception , for experimentat ion is al­
ways going on. There are six distinct 
ty pes of bl ades and vanes n ow used 
in th e OrencJa as well as a wide vari­
ety of test blades. 

The inlet guide vanes are made 
from precision castin gs of aluminum 
a lloy (fig . 15) and th ey are r elatively 
s' mple to make. There is no rn achin ­
ing beyond polishing done on the air­
foil section. Th e only machining is 
on th e ro ots, while the platforms ad­
jacent to the airfoil are worked by 
h and in form f ixtures. 

All but the last stage of sta tor 
blades ar e som ewha t similar to the 
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WEST COAST SERVICE 
HAVING served most of Western Canada's aviation engine 

and accessory requirements for the past 20 years from Win­

nipeg, we have seen the need of a parts depot across The Divide. 

Our Vancouver airport branch is fully stocked and waiting to 

serve you . 

BRANCH MANAGER - T. HARVEY PEARCE. 

ff/RITE Tf71RE PHONE 

STANDARD AERO ENGINE LIMITED 
WINNIPEG, MANITOBA. VANCOUVER, AMF. B.C. 

STROMBERG • BENDIX WHEELS, BRAKES & STRUTS 
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AIRCRAFT RADtO CORPORATION . ' 

VHfcommu=on 

lf' and 
rnavigation systems 

Meet Every Operational 
Need for Single and Twin­

Engine Aircraft 

~The A.R.C. Type l1A ]...._ __ _ 

[hi_s system is designed to meet 
t as,c n_eeds by providing for VHF 
ransm1ss1on, LF ran . 

and rotatable loop nage re~ept10n, 
v1gat10n. 

LJ The A.R .C. Type 17 'L----f 

This system introduct;s tw~-:sa! 
VHF equipment. It mclu 
tunable VHF receiver aft;,:~;; 
channel, crystal contro ~hree of 
transmitter. As many as . tailed 
these transmitters may be ,~s 1 ' 
thus providing up to 15 c anne s. 

This equipment com­
bines the advantages 
of the Type 1 lA and 
the Type 1 7 systems. 
It offers two-way VHF 
communication, to­
gether with LF range 
reception and rotatable 
loop navigation . Ask 
about our Type 1 SB 
Omni-range equip-
ment and our 10-chan-
nel Type F-11 Isola-
tion Amplifier. 

A ll u nits of lhese syslems are lyp e­
cerli/icated by !he CAA . For the high­
eJ I J/andards of des ign 11nd 11111n11/tJc­

/11re i n u1dio eq11i/1111 e11I , s/1ecify A.l{.C. 

Sold Exclusively in Canada by 
ANTHONY FOSTER & SONS LT D. 

:-102 Church St. 
Toronto, Canada 

inlet gui de vanes in that their air­
foils are on ly polished. T h ey differ, 
h owever, in that th ey are precision 
forgings rather than castings. These 
forgings are produced by t he Alumi­
num Co. of Canada in dies made by 
Avro and are held t o as close as 
.002 in. Th1s is radical departure 
from accepted for ging practice and 
the Alumin-..1m Co. deserves great 
credit for their achievements in thi s 
import ant work. The making of the 
dies for this work has required some 
very in terest in g innovations among 
them a 10 to 1 pantograph grinder of 
patented design (fig. 16 ) which 
works off a p laster master, and a spe­
c ial comparator for checking blade 
forms and cavities. 

The f irst, second, third and last 
stage rotor blades and t he last 
stage stator bl ades are made from 
sta inl ess steel bar and are complete­
ly machined. Th e major steps (fig. 
17 ) are as fo llows: the bar is cut off 
somewh at Jc.nger than the finished 
blade and a tooling hole is drilled 
an d r eamed in each end to locate the 
work for subseq uent operations. The 
blank is gashed on mi lling machines 
to some approximation of the finish­
ed blade. The airfoil section is rough­
ed in on a three-spindle Keller die 
s inker (fig. 18 ) and then refined 
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again on a Keller, to w hich has been 
added an Avr o-developed elec­
tronic unit to increase se nsitivity and 
eliminate as much as possi ble "dwell" 
at points of reciprocation. The air­
foil is then ground on a machin e de­
veloped by Avro which works off a 
master form, and is then rough 
polish ed. 

Th e b lade root which, on these 
blades is a modified f ir tree, is then 
crush-ground on a Th ompson grinder 
with Avro-developed tooling. The 
root p latform is now worked in by 
hand in form fixtures and the blade 
is f ina lly polished a nd buffed to an 
8 micro-inch (rms) finish as are all 
blades. 

The remaining rotor blades are 
made from alurninum alloy bar, al­
though it appears that forgings w ill 
be used in the n ear f uture. These 
blades fo ll ow somewhat the sam e 
course as the st ainless blades except­
ing that Gorton profilers (fig. 20) 
rather than Kellers are used to rough 
in the airfoil, and the root, being a 
dovetai l, is milled rather than crush­
ground. 

Nozzle Guide Vanes 
THE NOZZLE g uide vanes, which 

must operate in the h ottest part of 

OF 
SPEED CLEANING 
AIRCRAFT & PARTS 

Whereve r se rvicing is don e on planes , 
wh ether it 's at th e small private airport or 
mainte nance shop of large commercial oirR 
line s, Mognusol is a ne cess ity . 

The removal of exhaust stains, on both 
fabric and metal covered aircraft , i s nor ­
mally a difficult job . It requires a cl e aner 
that i s mild e nough to b e harmless to paint , 
fabric or metal, and ye t efficient e nough 
to re move th e oily stains without a great deal 
of laborious bru sh i ng. 

The use of M r,g nusol greatly speeds up 
exhaust stain removal - end doe s it with 

Send toda.y for the two 
folders cont,tining com­
fJJet. e in format ion 011 

M ,1g11 11s 755 mul th ,i 
Magnus "Aja - Di/1" 
clemiiug macb,ne. 

entire safety to surfaces being cleaned . 

DIRECTIONS-Mix 1 part Magnusol with 10 
parts kerosene or safety solvent. Spray o r 
brush this solution onto the sloin s. Let pene ­
trate a few minute s-flush off with a pressure 
stream of water. Heavy deposits may b e 
bru shed to speed up the cleaning operation . 

Magnusol also quickly removes hydraulic 
broke fluid smears from landing gear. Simply 
spray on the Mognusol solution , 1 part 
Magnu sol to 10 part s kerosene or safety 
solvent-let pe ne trate - hose off with a 
pre ss ure stream of water. 

MaGnUs CHEMICALS LIMITED 
4040 MASSON ST. MONTREAL 36 QUE. 
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STRAIGHT 
PLUG (06AF) 
Shell Size 145 

RETAINER NUT 

WALL 
MOUNTING 

FLANGE 

Drilled for 
safety wire 

0BAF-18-4P 
Angle eoo Plug 

* in actual aircraft operation under 
severest conditions. 

I 02AF - 18 -4 S 
Rec ep tacle COUPLING 

I 
I 
I 

NUT 

SPLIT RING NUT 
& RETAINER RING 

Single piece 
end bell may be 

rotated every 
15° far 360° 

J 
I 

I 
Resistance to vibration is aided by the 
dual locking action of coupling nut and 
retaining nut, together with the new re­
silient insert material, and rubber grom­
met over solder pot ends of contacts. 

For general information on Vibra­
tionproof Series, write for the 
hi-G-1 Bulletin. Complete AN insert 
arrangements are listed in the AN7-
1 248 Bulletin and the new AN Wall Chart ( 38" x 50"). Tooling and 
prices on the Vibrationproof series available from factory. 
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th e engine, present a major prob1em 
in that the material used cannot be 
cut so that an machining is done on 
grinders, the a irfoil and platforms 
being finished by polis hin g and buff­
ing on ly. These vanes are cast by the 
" lost wax" method of precision cast­
ing and importan t advances in this 
technique have been made at Avro. 

Turbine Blades 

The turbine blades follow the same 
general processing as th e stainless 
steel blades, except that they are 
made from high temperature alloys 
and have the full fir tree roots. This 
root is also crush-ground but on a 
machine made for Avro by the 
Coventry Tool & Gauge Co_ of 
England which incorporates two 
wheels and thus grinds the entire 
form in one setting. 

It must be reali zed that the fore­
going only covers some representa­
tive questions in this wide new 
manufacturing field. No mention 
has been made of gears, gear boxes, 
spl ines, couplings, bearings, and such 
items, which space does not allow, 
but it is well to remember that any 
part which goes into a jet engine is 
made to specifications hitherto con ­
fined to the finest instrument work. 
Nor has any reference been made to 
the important problem of inspection 
and control of components in which 
many new techniques have been de­
veloped. Such measures as X-ray 
and supersonic testing have become 
commonplace. It is hoped, however, 
that this article will provide some 
idea of the obstacles to be met in this 
new industry. 

In closing some mention must 
be made of the way in which 
the Canadian mechanic has played 
his part in helping to achieve 
the great success which has brought 
worldwide attention to Avro . It 
must be remembered that never be­
for e in any branch of manufacturing 
in this country h as s uch an ambitious 
program of developrnent and experi­
mentation been und ertaken, let alone 
in such a trying field. The willing­
ness of the Canadian workman to 
learn and often to unlearn, h is inter­
est and enthusiasm, have been a 
revelation. The r esult of this is th a t 
in hundreds of hours of testing on 
Avro engines there has never been 
a fail ure traceable to poor workman­
ship. 


