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Uhe Orenda Story-

COMPLEX PROBLEMS SOLVED 
IN ORENDA 

T HE EARLY deve:opment running 
of the Orenda showed that the 

engine lived up to expectations from 
the performance standpoint, the pre­
dicted thrust being obtained with 
design speed and jet pipe temperature 
at an early point. Starting was ex­
cellent, and acceleration reasonable. 

FIG. 1- Fatigue crack in a 1 0th -stage rotor 
blade. When made of steel, the blade proved 

satisfactory. 

DEVELOPMENT 
By D. W. KNOWLES 

Chief Development Engineer 
Gas Turbine Engineering Division 

A. V, Roe Canada Ltd. 

The engine showed a slight instabil­
ity in the region of 70% of full speed, 
however, this was not a limitation on 
test bed running. Oil consumption 
was very high. Tenth-stage stator 
blades showed a regrettable tendency 
to come off in quantities, and turbine 
blades developed cracks at the tip 
near the trailing edge. 

Oil consumption continued to give 
trouble on most succeeding engines, 
but their performance in this resoect 
was extremely erratic. Before this 
problem could be tackled it was 
necessary to get a proper adjustment 
of bearing oil flo"'{s, cooling air flows 
and air flow to pressurized glands. 
When these were corrected to give 
satisfactory bearing conditions the 
oil consumption still remained high. 

Initial attempts to localize the oil 
loss were misleading but it was finally 
traced to the turbine bearing area. 
Several months were taken up in 
trying different sump and scavenge 
arrangements, new seal designs and 
flinger rings. Finally checks made 
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LEFT-Blades have raised the most difficult 
problems i n development of the Orenda jet 
engine at Avro. John Howlett, engine fitter, 
i s shown scraping and deburring a stator blade. 

- NaUon(tl F ihn Board Photo. 

with a very accurately calibrated oi l 
system showed that the scavenge 
flow was equal to that supplied to 
the bearing. 

The only clue seemed to be that 
oil loss was small at lower speeds or 
until the engine had been running 
for some time. About the same time 
an adequate bearing test machine be­
came available. The rear-bearing 
assembly operated with negligible 
loss on the test rig. A thorough checJc 
of the detailed design was then made 
as the evidence seemed to point to a 
temperature effect and this was con­
firmed for the only difference be­
tween rig and engine conditions was 
the relative temperatw·e of the com­
ponents. 

The trouble was apparent when it 
was discovered that a steel sleeve 
supporting the bearing, which was an 
interference fit and often permitting 
casting, was not sealing one of the 
oil drillings in the casting. Under 
operating conditions the casting had 
a greater thermal expansion than had 
been anticipated thus relieving the 
intereference fit and often permitting 
oil to escape. The end of the oil dril­
ling was plugged and after confirm­
atory tests it was announced, with 
some embarrassment, that the oil 
consumption problem was solved. 

During the course of development, 
the rest of the oil system behaved 
very well. There were no aeration 
difficulties. Very Ii ttle effort was re-

FIG. 2- "The turbine blade crocks origina ted 
in the tips near the trailing edge . .. " 

,.... 
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i-%%-%%%" :;:;s•:; uu RE/J 11/R POWER 
(First of a Series) 

ILYUSHIN IL-16 
DESCRIPTION, High mid-wing mono­

plane powered by four Jumo 004 axial­
flow Ju rbojets and developed from Heinkel 
He 343, 

A PPROXIMATE DIMENSIONS, Span, 65 
ft. 

ESTIMATED PERFORMANCE, Maximum 
speed, 520 mph; Cruising speed, 400 
mph; Range 1,500 miles. 

DESIGNATION, unconfirmed. 

TUPOLEV TU-4 
DESCRIPTION, M id-w ing monoplane 

strategic bomber, a " pirated" copy of the 
Boeing B-29. Powered by four 2, 100-hp 
ASh-90 radial engines (copies of Wright 
R-3350) . 

DIMENSIONS, Span, 141 ft. 3 in.; 
Length , 99 ft.; Heig ht, 27 ft. 9 in .; Wing 
area, 1,739 sq . ft. 

APPROX. PERFORMANCE, Mox. speed, 
350 mph; Range, 4 ,000 mi les. 

ARMAMENT, Probably eight 12.7-mm 
machine guns in four turrets and one 
hand-operated 23-mm cannon in toil. 

TUPOLEV TU-70 

DESCRIPTION, Low-wing oil-metal 
monoplane transport, powered by four 
2, 100-hp ASh-90 radial eng ines. As a 
commercial t ransport it wi ll carry crew of 
five and 72 passengers. As a mi litary 
transpor t, t..orries crew of three and 11 0 
troops. 

APPROX. DIMENSIONS, Span, 141 ft. 
3 in.; length, 120 f t.; Height, 30 ft.; 
Wing area, 1,739 sq. ft. 

APPROX. PERFORMANCE, 'Maximum 
speed, 31 5 mph; Range, 2,500 miles. 
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quired to get adequate venting ar­
rangements for oil tanks and sumps, 
although pressurization of the oil 
tanks produced spectacular results at 
times before the problem was cur ed. 

The failures of 10-stage stators were 
initially traced to fatigue cracks 
which were the result of intercry5tal­
line corrosion. Other blades in the 
engine also were found to be sub­
ject to this form of attack. The ma­
terial used in the later stages of the 
compressor was changed to a similar 
material which was more resistant to 
this kind of corrosion. 

However, the failures, although not 
as frequent, continued to give trouble, 
appearing now as ordinary fatigue 
cracks FIG. 1. A study of the reson­
ance conditions of the blade showed 
that it was being excited by the 10th 
rotor in the second flexural mode. 
Strain gauge tests indicated that the 
blade would be strong enough if 
made in steel. The change proved to 
be a satisfactory solution. 

The turbine blade cracks FIG. 2, 
originated in the blade tips near the 
trailing edge. As originally designed 
the blade had a feather edge which 
was provided to prevent serious 
damage in case of tip rubs which 
might occur due to th e small clear­
ances used. A survey of the nodal 
patterns of the vibration modes oc­
curring in the running range showed 
that the second complex mode FIG. 3 
had an area of high bending stress 
extending right to the tip. 

Cracks star ted in the thin feather 
edge and were propagated along the 
line of high stress. As the behavior 
of turbine shroud ring under operat­
ing conditions was established it was 
possible to employ satisfactory tip 

TRAU\IG 
EDGE 

NOOAL AREAS 
DARKENED 

LEADING 
EDGE 

FIG. 3-Vibration pattern of the turbine b lade 
in the second complex mode. 
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clearances without the danger of 
rubs. Since the need for the feather 
edge had disappeared it was deleted 
in order to strengthen the blade tip. 
This proved to be an effective remedy. 

As more running hours were accu­
mulated, further difficulties began to 
crop up. Almost all engines were 
inclined to heavy rubbing of the 10th 
stage peripheral seal with complete 
loss of its effectiveness. This was 
thought to happen on running down 
from high speeds when the pressure 
behind the 10th stage disc decreased 
rapidly but a high pressure could re­
main momentarily between the ninth 
and 10th discs causing the disc to flex 
and the stepped sealing ring to foul 
its gland. The interstage cavity was 
vented through the 10th stage disc, 
which cured the trouble. 

Considerable work was involved 
in the development of the flexible 
thrust r ing of the centre-bearing 
assembly. This feature was incorpor­
ated in the design to look after 
angular misalignment resulting from 
flight manoeuvres. A similar design 
had been used on the Chinook engine 
and proved to be an excellent method 
of obtaining the required degree of 
angular flexibility. 

As originally designed, the rings 
were of soft rubber with slotted steel 
corner braces. They suffered con­
siderably from extrusion of the rub­
ber around the edges of the corner 
braces, through the slots in the corner 
braces and from the un braced cor­
ners FIG. 4. The resulting collapse 
of the ring permitted the compressor 
to move forward and foul the stator 
assembly. 

(Continued on page 48) 

FIG. 4-Failure of the centre bearing thrust 
ring, as shown here, was one of the problems 

overcome in development of the Orenda. 
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DEVELOPMENT OF THE ORENDA 
(Continued from page 24) 

This was partially remedied by 
placing a strip of tape between the 
corner brace and the rubber. A fur­
ther variation consisted of binding 
the ring with nylon tape. However, 
it was difficult to cure the ring to 
the required dimensions even under 
pressure as the tape binding tended 
to make the ring oval after curing. 
Under operating conditions the ring 
would assume the rectangular shape 
intended with reduction of its axial 
dimension and compressor fouling 
could still occur. 

The problem was finally solved by 
using a composite ring with a hard 
exterior and soft core without bind­
ing which did not alter dimensionally 
during operation. 

The front-bearing seal went 
through several stages of development 
to produce a satisfactory design. The 
seal in question is introduced behind 
the front bearing of the compressor 
rotor to prevent lubricant from 
escaping into the cavity immediately 
in front of the first rotor discs. This 
space is at a depression of 1.5-2 psi. 
as it is connected to the compressor 
air passage ahead of the first stage 
rotors. The bearing area is at atmos­
pheric pressure. 

The original seal was a carbon 
ring held in place against a cast-iron 
rubbing surface by a single helical 
spring with a pressurized gland on 
the shaft as a further seal. This 
arrangement did not work well as the 
single helical spring did not bear 
evenly on the carbon ring. The re­
sult was uneven heavy wear of the 
sealing surfaces. 

Subsequently a carbon-ring seal 
supported by a multiplicity of small 
springs was adopted. At this time it 
was decided to delete the gland as an 
unnecessary complication. The new 
seal worked well on rig tests but was 

FIG. 5 - Fatigue crack in seventh-stage rotor 
blade of Orenda during development. This 
problem was solved after considerable research. 

erratic on the engine. It was thought 
that the differential thermal expan­
sion of the rotor and stator casing 
was causing the trouble by permit­
ting the sealing surfaces to move 
apart. This was checked by introduc­
ing wear plugs near the seal which 
showed that little differential expan­
sion was taking place. When this was 
established a large number of seals 
were examined and it was discovered 
that the spring rate and travel of 
seals as supplied was varying con­
siderably from specification. When 
these were brought under closer con­
trol the trouble disappeared. 

One of the more difficult problems 
did not become apparent until al­
most a year of testing had been done 
and engines had logged about 2,000 

NOTE: EXOTATICN COE 
TO FIRST AKJ SECON> 
HARMO'<ICS Of 
PRECEOONG STATOR 
BLADES 

FIRST ~pt_ X 

FL«JAMENTAL l0Rs,()lj4L 

F\J,OSMEN'l'AL FLEXUR[ 

PERCENTAGE FULL sPEEO 1 '• 

FIG. 6-lnterference diagram for seventh­
stage rotor blade. 

hours of operation. Then a single 
seventh-stage rotor failed followed 
by several more within a short period, 
some on engines with relatively few 
hours of running FIG. 5. Failures 
continued to occur in apparently 
random fashion thereafter. Such 
failures appear as fatigue cracks. 

This trouble will serve to show 
the many •steps which are often 
necessary to get a satisfactory solu­
tion to development difficulties in 
aircraft engines. They are the re­
sult of the high vibratory stresses 
induced in the blade by the coinci­
dence of one of the natural frequen­
cies of the blade with an exciting 
force such as that caused by the pas-
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FIG. 7-Vibration patterns for seventh-stage 
rotor blade. 

sage of the blade through the wakes 
of the preceding row of blades. 

The first step is a precautionary 
one taken in the design stage. The 
fundamental flexural and torsional 
critical frequencies of all blades are 
calculated. A check is then made to 
determine that these are not in reson­
ance with known exciting frequencies 
within the engine operating range. 
As it is very difficult to calculate 
the frequencies of higher modes of 
vibration which could cause trouble 
these are found experimentally when 
the first blades are manufactured. 
From this information an "interfer­
ence diagram" is plotted for each 
blade. 

A typical diagram is shown in FIG. 
6. The frequency of various exciting 
forces is plotted against engine speed 
and the critical frequencies of the 
blade are also plotted. At the speed 
where the lines cross the blade will 
be in resonance with the exciting 
frequency. 

At the time the blade frequencies 
are determined the vibrational pat­
tern of each mode is studied and re­
corded to assist in the identification 

, of any failures. It is usual to do about 
150 tests of this type for an engine 
such as the Orenda. A set of vibra­
tion patterns is shown in FIG. 7. The 
lines and dark areas indicate nodes. 

As the failures being considered 
were somewhat sporadic and as 
there was a great spread between 
the lengths of running time which 
produced failures it was suspected 
that the material might be at fault. 

(Continued on page 62) 
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Jet Engine 
Roar 

with the 
Industrial Sound Control 

'PO'ttadte 
JET TEST MUFFLER 
You can bring the test cell to 
the plane with this revolution­

ary portable jet test muffler. 
Jet engines with or without 

after-burners can be tested 
right in the plane . . . any­

where! 

• Dampens Noise Efficiently 
• Deflects hot gases safely 
• Easily moved anywhere 

Write us for full information 

the FAI, BOAC, BEA, and there is a 
comprehensive list of the Common­
wealth and Foreign air lines which 
operate to the U. K. t ogether with air 
charter companies of the U. K. and 
Commonwealth. 

There is a full list of all the civil 
airports in the U. K. giving length of 
runways and conditions of usage, and 
a list of Air Transport licence holders 
and other holders of civil licences. 
There are lists of institutions, clubs, 
and societies, with flying and gliding 
clubs in the U. K. and Commonwealth, 
and all aviation periodicals of the 
Commonwealth countries. Two hun­
dred and fifty pages are devoted to the 
names and addresses of all firms in or 
associated with the aircraft industry. 
This year's list is enhanced in value 
as it includes the industries of 
the Commonwealth countries outside 
Great Britain of which Canada is the 
largest, with five aircraft constructors, 
and 47 ancillary firms who occupy be­
tween them five pages - Geoffrey 
Dorman. 

DESTINY OF CANADAIR 
TOP INDUSTRY RATING 

(Continued from page 15) 

the war year s Mr. Notman was on 
loan to the Dept. of Munitions and 
Supply as a consulting specialist and 
co-ordinator of ordnance. 

Robert A. Neale, vice-president, 
manufacturing, is a production expert 
and specialist in business manage­
ment. Mr. Neale's manufacturing 
experience includes production of a 
number of leading United States air­
craft, including the B-17 and B-29. 
Over 18 years with Boeing Aircraft 
Company, he was director and opera­
t ions manager of 11 of t he company's 
plants on the Pacific Coast from 
1943-47. 

Responsible for design and research 
development at Canadair is William 
K. Ebel, vice-president, engineering. 

A graduate of Heidelburg College 
and Case Inst itute of Technology, Mr. 
Ebel also holds doctorates in engineer­
ing and science. For 25 years he was 
with the Glenn L. Martin Company, 
becoming their vi ce-president of engi­
neering in 1941, and was later director 
of engineering for Curtis-Wright. Mr. 
Ebel is responsible for the design of 
many types of aircraft, ranging from 
the 83-ton Mars flying boat to jet air­
craft, and has also worked on the 
design of guided missiles. 

Peter H. Redpath, vice-president 
sales, combines practical flying ex­
perience with a solid background in 
administration. A veteran transport 
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pilot, Mr. Redpath was 13 years with 
Trans-World Air ways in various fly­
ing and administrative capacities. 
Also an expert on navigation, he has 
written several books on the subject. 
In 1946 Mr. Redpath became vice­
president of operations for the Swed­
ish Air Line (ABA) and later vice­
president of the combined Scandina­
vian Ail' Lines System (SAS). 

SOLVE MANY PROBLEMS 
DEVELOPING ORENDA 

(Continued from page 48) 

Consequently, a sw·vey was made of 
the physical properties of the batches 
of material from which the failed 
blades had been made and these 
were compared with the properties of 
batches which did not produce any 
failures. This threw little light on the 
situation. 

Since the experimental engines had 
been used for a variety of tests a 
survey of the running history of all 
engines was made by plotting the 
operating time in each 100 rpm. speed 
range. It was not possible to draw 
any conclusions from a comparison 
of histories of engines which had 
failed blades and those which had 
not. The study was narrowed down 
to a comparison of histories 10 hours, 
five hours and one hour prior to 
fai lure with the idea of establishing 
speed ranges which caused failure. 
This also pr oved abortive. 

As more failures occurred they 
were tentatively identified from the 
nodal pattern surveys as being caus­
ed by either second torsional mode 
or the first complex mode both of 
which occurred within the running 
range, but it was still not possible 
to explain how some engines could 
run several hundred hours without 
failure and others would fail in less 
than 100 hours even when the known 
scatter of the endurance properties 
of the material was taken into ac­
count. Failed blades were carefully 
examined for manufacturing flaws 
and inconsistencies such as variations 
in thickness and trail ing edge radius 
without result. 

As soon as it was apparent that the 
failures were not isolated ones a deci­
sion was made to study the problem 
using strain-gauge techniques. This 
involved the development of a slip­
ring unit to transmit the minute 
strain gauge signals from the rotor at 
high speeds without electrical distor­
tion. Several months of laboratory 
work and engine testing were requir­
ed before an adequate slip-ring unit, 

A 
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SOCKET SCREW 
PRODUCTS 

SELF-LOCKING 
NUTS 

HIGH-STRENGTH 
CLOSE-TOLERANCE 

FASTENERS 
for the 

AVIATION 
INDUSTRY 

NAS SHEAR BOLTS 

Several decades' experience in 
the manufacture of fasteners for 
the most critical applications is 
your assurance of com plete rel ia­
bility in every SPS Aircraft Product. 

.. close tolerance, high 
strength, flush-head type. 

Dept. 678. 

STANDARD " SIX­
DIGIT" ENGINE 

BOLTS 
. . . all listed diameters 
-hex and internal 
wrenching types . . . 
AN specifications . . . 
Information on request. 

Address Dept. 678. 

"FLEXLOC" SELF 
LOCKING NUTS 

I REGULAR) 
. . . serve as both stop 
end lock-nuts ... one­
piece construction ... 
res i lient segments lock 
positively with uniform 
torque . . . aircraft ap­
proval of sizes from # 4 
to 1" inclusive in steel, 
brass, oluminum . . . 
since regular steel FLEX­
LOCS ore approved for 
temperatures to 550° F, 
you need stock only one 
type lockn ut for th is tem-

perature range. 

The finest equipment, workman­
ship and " know-how" are lavished 
on these vital aircraft parts. This 
has resulted in widespread accept­
ance and approval by government 
and civilian agencies alike. 

" UNBRAKO" AND NAS 
INTERNAL WRENCHING 

For further information on parts 
shown in this advertisement please 
address departments listed. In­
quiries on other aircraft parts 
should be addressed to Department 
678. AIRCRAFT BOLTS 

. . . latest NAS specs 

... threads fully formed 
by rolling after heat treat­
men t ... fu l l range of 

sizes. 0ept. 678. 

" FLEXLOC" THIN NUTS 

. . . less than regular 
height, yet conforms to 
accepted standards, since 
every thread, including 
locking threads, carries its 
share of load ... hos oil 
"regular" flEXLOC feo• 
tures . . saves height 
and weight . . . sizes 
# 10 to 1" ... Write 

Dept. 5 1. 

" FLEXLOC.. EXTERNAL 
WRENCHING NUTS 

. . incorpora te famous 
FLEXLOC self - locking 
principle and one-piece, 
all meta l con struction ... 
latest NAS specs . . . 
sizes from 1/," to 1 ½ 11 

Nf Th read Series . . . 
approved for tempera­
tures to 550° f . . . 
Send for samples. Dept. 

51. 

NAS INTERNA L 
WRENCHING 
LOCK-NUTS 

• .. superior safety nuts 
. . . sizes from 1/4" to 
1 ½" . . . Dept. 678. 

Sps STANDARD - ------PRESSED STEEL CO. 

JENKINTOWN 50 , PENNSYLVANIA 
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proper instrumentation a nd reliable 
wirmg methods were established. It 
was then possible to determine the 
relative magnitudes of the stresses 
in the various resonances and also the 
width of the resonance bands. 

At the same time the problem was 
being attacked using more ad hoe 
methods by running engines to a test 
schedule which consisted of equal 
operating periods at 25 rpm. speed 
increments with frequent inspection 
of the blades through viewing ports 
in the compressor casing in order to 
determine the speed range in which 
failures occurred and the length of 
time required at speed to produce 
failures. 

The strain gauge tests and engine 
running confirmed that both suspect­
ed resonances were con tributing to 
the trouble and established a speed 
range which should be avoided in 
order to prevent fractures until a 
r edesigned blade could be manufac­
tured and proven. As capacity for 
manufacturing new blade designs was 
already strained, several interim solu­
tions were tried using the existing 
blades. These reduced the incidence 
of failure considerably. 

The first was a change in the num­
ber of stator blades preceding the 
rotors in which fai lures were occur­
ring. The sixth and seventh stator s 
or iginally had equal numbers of 
blades in each r ow. It was thought 
that this might be causing trouble as 
both the leading and trailing edges 
of the blade would receive impulses 
at the same time thus increasing the 
coupling of the exciting force. 

The number of blades in the sixth 
stator row was increased 10% to cor­
rect this condition and to move the 
resonance speed away from thP. 
cruising speed range. The results of 
this change were beneficial as far as 
the seven th rotor blades were con­
cerned. However, it had the effect 
of causing eighth-stage rotor fai lures 
after long operating periods. 

The second interim solution was 
introduced when it was determined 
that the relative indexing of the 
seventh rotor row to the preceding 
rotor rows had an appreciable effect 
on blade life. As or iginally built the 
relative positions of the blades in t he 
various rotor stages was quite ran­
dom. During the special engine tests 
mentioned above one engine ran for 
several hundred hours without failure 
wh ile another fa iled blades consist­
ently with a few hours of r unning. 
Both engines were carefully exam­
ined for component variations, the 
only apparent difference being the 
indexing of the rotor blades. When 
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for Oependable 
Hose Connections 

For over a quarter century, Wittek has 
specialized in hose clamps, devoting 
craftsmen's skills to producing hose 
clamps of uniform accuracy in clamp­
ing action combined with superior 
physical strength, for dependable leak­
proof hose connections. This experience 
is yours when you place your aircraft 
hose clamp requirements with us. 

WITTEK WWD 
(Tangential Type) 

Made Of stainless 
steel an.d ovoif­

oble in a ll ,tond­
ard aircraft sizes. 
Also furnished in 
diamete rs up to 

12" for duct and 
other rpecial 
applications. 

Permits easy in­

WITTEK FBSS ~1 
(Radial Type) l 

Mode of stainless 
steel ond utilizing . 

. the Wittek float- .: 
ing Bridge. Tesfod 
and proved for 
dependable serv'. 
ice on all types of 
aircraft applica­
tions. long 
accepted a, the 
standard of the 
industry. 

stallation when hose is in place. 

Meet current AN specifications 

and have C.A.A. approval. 

MANUFACTURING CO. 
430"9 West 24th Place, Chicago 23, Illinois 

the method of blade indexing was 
reversed on the two engines their 
blade breaking abilities did also. 

This largely explained the wide 
variations in running time to failure. 
The favorable indexing was then 
adopted as standard for all engines. 
Further studies with controlled in­
dexing variations are now proceeding 
using strain gauges to get quantita­
tive information to guide future 
work. 

The final solution of blade vibra­
tion problems requires that one of 
the following courses shall be 
adopted:-

(a) the damping action of the 
blade root shall be increased suffi­
ciently to prevent the blade from 
being overstressed. 

( b) the blade shall be strengthened 
to be able to withstand the vibratory 
stresses. 

(c) the blade shall be redesigned or 
the exciting frequency altered so that 
the natural frequency of the blade 
does not coincide with the trouble­
some exciting frequency within the 
engine operating range. 

The final method was adopted as 
the solution for this particular prob­
lem. 

BRISTOL FREIGHTER 
ORDERED FOR RCAF 

(Continued from page 30) 

ture setting at 10,000 ft. altitude, max. 
continuous power is 1,215 hp. 

Fuel consumption using 1,215 hp 
and 2,400 rpm is .441 lb/bhp/hr. in 
lean mixture. Drawing 722 hp and 
running at 1,400 rpm, fuel consump­
tion is .411 lb/hp/hr. 

Each engine is installed as a com­
pletely-cowled power plant with its 
own oil tank, oil cooler, gearbox and 
engine drive accessories. Four pins 
form the attachment points to the air­
craft nacelle. The cowling, of the 
free-exit type, is fitted with hinged 
and detachable panels to permit rapid 
accessibility for servicing purposes. 

Engine cooling is achieved via the 
annulus of the nose cowl (assisted by 
a fan attached to the propeller driving 
plate) and controlled by special cyl­
inder-head baffles and division plates 
in conjunction with two fixed-exit 
annuli formed by the special construc­
tion of the free-exit cowl. With this 
form of cooling, the air stream is 
divided so that a proportion of air 
passes to the cylinder heads only and 
emerges through a forward annulus 
behind the rear cylinder s. The re­
maining air cools the cylinder barrels 
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VHF COMMUNICATION 
and 

LF NAVIGATION SYSTEMS 
THE ARC TYPE 11 A 

Meets your basic navigation and 
communication needs. Provides for 
VHF transmission, LF range recep­
tion and rotatable loop navigation. 

THE ARC TYPE 1 7 
Adds two-way VHF communication. 
System includes tunable VHF re­
ceiver and a five-channel, crystal 
controlled VHF transmitter. As 
many as four of these transmitters 
may be installed providing up to 20 
channels. 

THE ARC TYPE 1 2 

Gives you the com­
bined advantages of 
the type l lA and the 
Type 17 systems. You 
get two-way VHF 
communication and 
LF range reception, 
as well as rotatable 
loop navigation. 
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Ask about ARC Type I SC Omni­
range equipment and ARC's 10-
channel Type Fll Isolation Ampli­
fier. Write for all the details. 

All units ol these systems are type corti­
licated by the CAA. Installations for bot/, 
single and multi-engine 
planes are made only by 
authorized agencies. ~ 
AIRCRAFT RADIO CORPORATION 

Boonton New Jersey 
Dt•pcndoblc Elcclron,c Equ,pmcnt Si,,ci.: l ;J? 
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302 Church St., Toronto, Can:ida 

Sole Canadian Distributor 


