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Introduction

In October, 1955 the R.C. A. F, requested Avro Aircraft
Limited to conduct certain engineering studies in order to en-
sure that the R. C. A. F. would be adequately prepared to

support and maintain Arrow 2 aircraft in the field. One of these
studies was to cover the mobile equipment and stationary ground

facilities that would be required to maintain the Arrow 2

aircraft at readiness.

Purpose of Report

The purpose of this report is twofold:

(a) ’i’o outline the requirements for facilities and equipment
which will be needed in order to maintain the Arrow 2
aircraft at various states of readiness.

(b) To make recommendations concerning the facilities and to

specify equipment.

Discussion

It was intended originally to have this report compare detailed
design proposals for ground support equipment for use in the
readiness hangars and to make recommendations concerning
specific items of equipment. However, this has not been
possible since some of the fundamental requirements for the

Arrow 2 are not yet firm and, in addition, others will require
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consideration and acceptance by the R. C. A. F. before detailed
specifications for ground support equipment can be prepared.
For these reasons, this report has reviewed the design require -
ments for the Arrow 2 aircraft and has outlined the factors
which will determine or affect its states of readiness based on
present knowledge. It remains then for these other factors to
be resolved so that the requirements for the ground support
equipment and readiness hangars can be specified in detail.

Specifically, the following items need clarification:-

(a) Readiness capabilities of Astra 1 integrated electronic
system. On the one hand it is hoped that the system can be
left "off'"" and be considered serviceable and operational
within 5 min:J.tes at any time. On the other hand a large
amount of high-quality electrical power and cooling air
may be required continuously, with periodic breaks in the
aircraft's readiness status to permit serviceability
checks. Primarily, this will affect the requirements for
emergency power and possibly for equipment to cool the
readiness hangars to overcome the temperature rise if
the Astra system is in operation for long periods of time.
Primary power for the electrical and cooling air supplies

will be required in any case, since it is desirable to be

able to warm and operate the electronic system just

prior to starting a mission.



AVRO AIRCRAFT

LIMIT

£a

1.4

(b)
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Design combat mission for the aircraft. The maximum
fuel temperature at the start of a mission should be 70°F.
If the mission involves 10 minutes flying at Mach 2, but
may be up to 110°F, if Mach 1.5 is not exceeded. A limit
of 70°F. (maximum) would create a need for equipment to
cool the readiness hangars, or would limit the duration of
high states of readiness during very hot weather,.
Ambient conditions for the design of the cooling air
supplies. Limiting temperatures and dew points for

the design of the cooling air supplies have been suggested
in the report. These must be accepted, or alternaftives
stated by the R, C. A. F., before equipment can be speci-

fied. The design proposal presented in App. 1 of this

.report has been based on the figures suggested in this

report.

Conclusions and Recommendations

The use of readiness hangars will be necessary with
the Arrow 2 in order to meet the scramble and
mission requirements for this aircraft under all
conditions of weather. These hangars are required
in order to shade the fuel tanks and cockpits during
hot weather, to protect the aircraft from deposits

of snow and freezing rain during bad weather, and

to heat the hydraulic systems to at least 0°F. during
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cold weatrer, Tre R.C.A.F. standard readiness
hangars will be suitable for use with Arrow 2 aircraft,
bul some alterations will be required to accommodate

ground support equipment and services to the aircraft,

It is noted that the R.C,A,F. standard readiness
Fangars are sifed to provide a lateral clearance of
1000" from the main runway. Witk this siting arrange-
ment at least 20 seconds will be required to taxi from
the readiness Fangars to the runway with the Arrow 2

airc raft.

A taxi strip from the maintenance area to the rear of
the readiness hangars is recommended because with
the present arrangement the main approach to the
runway can be blocked for periods of up to 1 minute
while aircraft are being towed to and from the readi-

ness kangars.

The present layout for readiness hangars and crew
rooms is considered satisfactory for use with the

Arrow 2 aircraft.

It is recommended that tre hangar doors be capable
of being opened fully within 20 seconds in order to

be compatible with the Arrow 2engine starting time.
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For meeting the ""Scramble' and '""Standby' require-

ments the Arrow 2 aircraft will have provision for

accepting the following services from ground support

equipment:

(a)

Hot, medium pressure air for starting the two jet

engines as noted below for sea level standard

conditions:
Flow - 112 1b./minute (minimum) per engine
Pressure - 50 p.s.i. absolute (minimum)

Temperature - 360 to 500°F.

Simultaneous starting of both engines is required in

order to meet the scramble requirement.

(b)

(d)

Up to 40 K.V, A, of 208/120V, 400 C.P.S.

3 phase A.C. power. All of the aircraft electrical
and electronic systems may be energized from a
ground supply through this receptacle.

5 amperes at 275V. D.C. with the main A.C. cable.
This power is used to operate the A.C. line relays
in the aircraft.

Cooling air. Whenever A.C. power is being
supplied to the aircraft, cooling air should also

be supplied as below:
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Flow - 150 Lb. /minute (maximum)

Temperature - 55°F. to 80°F,

Pressure - 4.5 p.s.i. gauge at theaircraft

connector,

(e) Ground wire.

(f)

Nose undercarriage cable. A quick-disconnect

receptacle on the nose undercarriage leg has pro-

vision for

(1)

(2)

(3)

(4)

(5)

50 amperes current at 27.5 V. D.C, for oper-
ating essential D, C. services if the mainA. C.
systems are not being energized.

27.5 V. D.C. signals so that the flow of engine
starting air can be initiated by the pilot and
stopped automatically when the engines reach

a pre-set speed.

Approximately 250 V. A. of 400 C. P.S., single
phase, 115V. power per engine for warming
the electronic components in the fuel flow
control unifs.

Audio signals for intercommunication with
ground crew personnel.

Audio signals for two-way communication with
an Operations Controller via land telephone

line (Telescramble).
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It is recommended that provision be made in the R. C. A, F.
standard readiness hangars for running these services under
the floor to suitable points below the aircraft. A layout for

ducting the services is presented in Fig. 7 of this report.

T's Although the readiness characteristics of the Astra 1 inte-
grated electronic system are not known at present, it is
considered desirable to be able to warm and operate the fire
control system prior to take-off for a combat mission. On
this basis the following services will be required for each
Arrow 2 aircraft at '"Standby'':

(a) Hot, medium pressure air must be immediately available
for starting both engines simultaneously.

(b) Electrical power (208/120V., 400 c.p.s., 3-phase A.C.).
Up to 30 K.V.A. at 0.75 power factor will be required.

In addition, 5 amperes at 27.5V. D. C. will be required
for operating the main A.C. relays in the aircraft.

(c) Cooling air. 150 lb. /minute of air at a temperature
between 55 and 80°F. and a pressure of 4.5 p. s.i. gauge
will be required.

(d) Services through the nose-undercarriage receptacle:

(i) 27.5V.D.C. signal wires for controlling engine
starting.

(i) Intercommunication with ground crew.

(1ii) Telescramble.
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(e) Ground wire.

8. For engine starting only, without supplying power and cooling
air for the Astra 1 system, the following services will be
required:

(a) Hot, medium pressure air for starting the engines simul-
taneously or in sequence as desired.

(b) Services through the nose-undercarriage receptacle:
(1) 50 amperes at 27.5 V. D.C.
(ii) 27.5 V. D.C. control wire,
(iii) 27.5 V. D.C. signal wires for controlling engine starting.
(iv) 500V.A., 400 c.p.s., l-phase A.C. power for warming

the amplifiers in the fuel flow control units.

(v) Intercommunication with ground crew.

The aircraft might be operated with only these services for
training and ferry flights or when A. C. electrical power is not
available. In the readiness hangars these services should not

be dependent solely on the hangar main electrical supply.

9. Gas turbine compressors are recommended for supplying the
hot, medium pressure air for engine starting for the reasons

noted below:

(a) They are well suited to the intermittent duty cycle that

is anticipated because of their ability to start and to
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take full load quickly under all temperature conditions.
They are self-contained and therefore are not dependent
on an external power supply.

Suitable units are qualified and are in production now and
others will be available in time to meet Arrow 2 Squadron
requirements.

They are reliable and simple to maintain.

They compare with other types of equipment in initial cost
and also in operating costs because of the intermittent
duty cycle.

They use JP-4 fuel which will be available at all Arrow 2
bases.

They will be used for mobile starting equipment because
they are light and compact. It would therefore be advan-
tageous to use the same equipment in the readiness
hangars since ground crew training and logistic support
would be simplified.

Although other types of equipment have been designed

for this purpose, none are qualified and in production at

the present time.

Pending further information concerning the availability
of suitable engines and facilities for overhaul, no specific

gas turbine is recommended.
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It is recommended that the 3-phase, 400 C. P.S. A.C power
for '""Standby' be obtained from a Arrow 2 generator driven by
a 50 H, P. synchronous motor through gearing. This unit
should also provide 5 amperes at 28 V. D.C. for operating the
main A.C. relays in the aircraft. The aircraft generator is
defined by Avrocan Specification E-500 but a detailed speci-
fication has not been prepared for a ground power unit at the

present time.

For providing cooling air to the aircraft, an electrically
driven compressor and a freon refrigeration system with an
air cooled condenser is recommended. A detailed specifi-
cation for this equipment cannot be prepared until the ambient
operating conditions for the system have been considered and

stated by the R.C. A. F.

Although not needed when the aircraft electrical systems are
being energized, a 500 V. A. inverter is recommended for
supplying 115V., single phase A,C. power to each aircraft
under emergency conditions. It should be powered from the

emergency 28V, D, C. power supplies.

Existing types of R.C. A. F. equipment will be suitable for
supplying 28V. D.C. power for 2 Arrow 2 aircraft. Typical

units are:

10
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Normal supply - 100 ampere rectifier (Sect.5P,
Ref. #47) ~

or 500 amp. motor‘lngenerator
(Sect. 5P, Ref. #60)

Emergency Supply - 3000 watt gasoline -driven generator
(Sect. 42, Ref, #1093)
14, The AN/AIC -17 ground intercommunication system is recom-
mended for use in the readiness hangars. Power should be

obtained from the 275V, D.C. power supply in the hangar.

15, The mobile retractable stairs designed by Avro Aircraft
Limited are recommended for access to the cockpits of the
Arrow 2 in the readiness hangars, pending evaluation by the

R.C.A.F.

16. It is recommended that all of the controls for the ground
support equipment for two aircraft be brought to one control
panel and that this be in a room near the front of the readiness
hangar. This room should be designed to protect the ground
crew from the noise and wake from the Iroquois engines and
should have provisions for communication with the aircrew,
the operations control officer and the maintenance control

officer.

17. The main electrical supply to the readiness hangars should

cater for at least 838 K. V. A. in order to maintain 4

Arrow 2 aircraft at '"Standby', assuming that the

11
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compressors for engine starting are not powered by

electricity.

If the electrical supply to the air base should fail, emer-
gency electrical power and cooling air for aircraft at
"Standby' should be obtained from mobile power/air condi-
tioning units. While these vehicles are being obtained from
the flight line, power would have to be supplied from the air
base emergency electrical system. If this system is not
capable of supplying the power to the readiness hangars during
this period, a 450 K., V. A, diesel-generator set, complete
with controls and automatic quick-starting features, should

be installed at the readiness hangars to serve each pair of
Arrow 2 aircraft at "Standby". Without A.C. electrical power
and cooling air being supplied to the aircraft, the Arrow 2
could be started in the n(:;rmal time, but it should not be
taxied until the gyroscopes in the vertical and heading refer-
ence system have been erected and oriented. This will

require 3 minutes at normal temperatures.

Mobile ground support equipment will be developed by Avro
Aircraft Liimited for the R. C. A.F. in the form of two
vehicles; one to provide all of the services related to start-
ing the aircraft, the other to provide electrical power and

cooling air for "Standby" and for maintenance work. The

12
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starter will be a self-contained packége that will provide:

{(2a) Hot medium pressure air for starting one engine at a time.

{b) D.C. power - at least 50 amperes at 28V. D.C.

(c) Single phase A.C. power - 500 V.A, at 115 V., 400 c.p.s.

(d) Provision for con:rol of starting air from the aircraft
cockpit.,

{e) Intercommunication,

The power/air conditioning vehicle will provide:

(a) A.C. Power. Upto 40 K.V.A. of 3-phase, 208/120V.,
400 c.p.s. will be available. An aircraft generator and
constant-speed drive unit probably will be fitted for
supplving this power.

(b) D.C. Power. 5 amperes at 28 V. D.C. will be supplied for
energizing the main A.C. relays in the aircraft.

(c) Cooling air. A flow of 150 lb./minute at a pressure of
4.5 p.s.i. (gauge) and a temperature between 55°F. and
80°F. will be available. A gas-turbine compressor with

ah airecycle refrigeration system is proposed.

20. At each Arrow 2 base there should be towing vehicles available
that are capable of providing a drawbar pull of 7000 1b.

under all surface conditions that are likely to be encountered.

13
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Introduction

Authority for Study

On September 27, 1955 a letter (AMC 1038 CN-100 (Act-2-1) )
was sent from Air Materiel Command to the Chief of the Air
Staff recommending that certain engineering studies be pre-
pared by Avro Aircraft Limited in order to ensure that the
R.C.A.F. would be adequately prepared to support and main-

tain Arrow 2 aircraft in tre field.

On October 4, 1955, R.C.A.F. letter S1038-105-11 (ACE-1)
from T.S.D.'s/A.V. Roe Canada Limited to the Company

set out in detail the sum total of Avro Aircraft Ltd's develop-
ment responsibility with regard to Arrow 2 Ground Support
Equipment. List 2., appended to that letter called up specific
engineering studies which the Company was to carry out for
tte R.C.A.F. One of these studies was to cover the mobile
equipment and stationary ground facilities that would be re-

quired to maintain the Arrow 2 aircraft at readiness.

Scope of Study

The purpose of this report i1s two-fold:

(a) 1o outline the requirements for facilities and equipment
which will be needed in order to maintain the Arrow 2

aircraft at various states of readiness, and

14
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(b) To make recommendations concerning the facilities and

to specify equipment.

T.he report is based primarily upon the aircraft specification
(R.C. A.F. specification AIR-7~4, Issue 3) and on an R.C. A, F,
report which outlines basic date for maintenance planning for
the Arrow 2 aircraft. Pertinent extracts from these docu-

ments are presented in Chapter 3 of this report.

15
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3 General Requirements

S3ad

Aircraft Requirements

In order that the requirements for Arrow 2 readiness facilities
and ground support equipment may be appreciated, the follow=-
ing paragraphs, which contain the design requirements for

the Arrow 2 with respect to readiness, have been extracted
from R.C.A.F. specification AIR-7-4, Issue 3:

"Para. 3.4 Scramble Time

3.4.1 With the aircraft at normal gross weight and positioned

at the end of the runway, the elapsed time from the initiation
of engine starting, until the aircraft becomes airborne shall
not be more than one minute.

Para. 4.7.3 Readiness

4.7.3.1 The aircraft shall be designed such that, once having
been certified operationally serviceable, it shall be capable of
remaining serviceable at the highest state of readiness for a
period of at least 24 hours.

4.7.3.2 The aircraft shall be capable of meeting the scramble
requirement of para. 3.4.1 under all climatic conditions when
housed in a readiness hangar. Details of the facilities required
in the readiness hangar shall be provided by the Contractor and
shall be subject to the approval of the Department (of National
Defence).

4.7.3.3 The aircraft shall be capable of meeting the scramble

16
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requirement of para. 3.4.1 with a delay of not more than one
minute, when dispersed in the open. Details of the environ-
mental conditions inveived in this case will be provided by the
Department.

4.7.3.4 Special ground handling equipment peculiar to the
aircraft which 1s necessary to meet the scramble requirements
detailed above shail, subject tc the approval of the Department,
be developed by the Contractor and delivered as specified by
the Department,

4.7.4 Automatic Disconnect Couplings. All external connec-
tions from the aircraft to ground equipment shall be made
through automatic disconnect couplings preferably located in
an adjacent area, The automatic coupiers shall be positioned
such that they will be disconnecied by the aircraft taxiing straight
away.

Para. 6.7 Engine Starting

6.7.1 The engine starting shall be under the control of the
occupant of the front cockpit, and shall be such as to meet the

one minute scramble time detailed in paragraph 3.4."

5.2 Concept of Base Operations
An R,C.A. F, report "CF-105 Aircraft - Basic Data for
Maintenance Planning'" was presented at the 32nd Meeting of the
Arrow Co-ordinating Committee, and was published as Appendix

A" to the minutes of that meeting. Extracts from this

17
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document which pertain to readiness are presented below:
"Para. 4 The AWX squadron will have a UE of 12 fighter and
2 trainer aircraft., Full logistic support will be provided on the
base 1n the form of a single support organization, and the
squadron will not normally be required to operate from any
other base unless similar support i1s suppiied.

Para. 5 In exceptional circumstances, the squadron may be
required to operate from a forward readiness base to which
aircraft will be flown in a fully operational state. They will

be serviced and made avaiiable for readiness on arrival, but
normally will return to their main base after being scrambled,
If they shouid land back at a forward base, only sufficient
facility to prepare them for return to the main base is required.
This 1s a detachment operation and the main base is to be
capable of supporting such an operation up to a maximum of
50% UE. The support equipment required is to be air trans-
portable in a C119 aircraft. Individual aircraft will not norm-
ally remain on the forward base longer than the time between
primary inspections.

Para, 6 At the main base, 2 fighter aircraft will be at opera-
tional readiness at all times, and two readiness hangars will be
provided which will be sited at one end of the principal runway.
These aircraft are to be capable of becoming airborne within

one minute from the time at which starting is initiated, excluding

18
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time taken to taxi from thke readiness hangar to the runway end.
Para. 7 Ground support equipment in the readiness Fangars
is to be capable of maintaining aircraft "available' (15 min-
utes) indefinitely, and to provide for random periods of not
more than 30 minutes at ""'standby'' (2 minutes).

Para. 8 A time of 15 minutes is allowed in whkick an aircraft
scrambled from or becoming unserviceable in an alert shelter
is to be replaced. Tlis taken into consideration a state of air-
borne readiness whereby aircraft scrambled on training
exercises are considered at readiness for a similar period.
Para. 10 The minimum fraining requirement involves a util-
ization of 20 hours per UE aircraft per month, but the desirable
requirement involves raising that figure to 25.

NOTE: Tkre calculation (supporting this utilization) is as follows:

Squadron U. E. i2 fighter and 2 trainer aircraft.

Minimum average
training requirement

]

20 hours per crew per month.

Plarned utilization 20 hours per aircraft per month.

Average sortie duration ~ 1 hour 25 minutes. This includes
a factor to cover aborted sorties.

Therefore, training

]

requirement 200 sorties per month.

Maximum flying rate - 10 sorties per day on the basis of a
4-week month with 20 working days."

Be D States of Readiness

Trhe R.C.A.F., through the Arrow Sub-committee for Readiness

19
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Equipment, has defined various states of readiness for its inter-
ceptor aircraft. These terms and definitions have been extracted
from the minutes of the fifth meeting of this sub-committee and
are given below:

'""Condition 1 (Standby)

'Standby' means that an aircraft is ready for immediate (maxi-
mum two (2) minutes) take-off., The aircraft, with the engine
not running (starter batteries plugged in), is to be positioned for
take-off. The pilot is to be in the cockpit and the ground crew
are to be on the alert.

Condition 2 (Readiness)

An aircraft on 'Readiness' is to be capable of becoming airborne
within five (5) minutes. The aircraft engine is not to be running,
however, starter batteries are to be plugged in. The pilot is

to be close to the aircraft and the groundcrew are to be standing
by.

Condition 3 (Available)

An aircraft on 'Available' is to be capable of becoming airborne
within fifteen (15) minutes. Groundcrew are to be standing by;
however, they may carry on maintenance work provided that the
aircraft can be available for take-off within 15 minutes.
Condition 4 (At Ease)

An aircraft on 'At Ease' is to be capable of becoming airborne

within 30 minutes.

20
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Condition 5 (Released)
Aircraft and pilots which have been 'Released’ will not be avail-

able until the time specified. "

21
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4, CF-105 Technical Considerations

4.

1

General

During the design of the Arrow 2 aircraft, the scramble and
readiness requirements from specification AIR-7-4 have been
considered in detail fo*'r operations under all conditions of
weather. However, for certain extreme and rarely-met
conditions, compliance with these requirements would have
imposed severe weight or space penalties on the aircraft which,
in turn, would have had an adverse effects on its performance.
For these cases some compromise was necessary and, since
the all-weather mission capability could be attained by provid-
ing adequate ground support facilities, the aircraft has been
designed to give maximum performance in the air. The
effects of various weather conditions on the readiness states of

the Arrow 2 aircraft are discussed in detail in the following

paragraphs and are presented graphically in Figures 11,12,13.

Airframe

Although the Arrow 2 aircraft is required to be held at readiness
and to be operated under all conditions of weather, no provision
is made for de-icing the airframe while the aircraft is on the
ground. De-icing equipment for the wings and fin would have
imposed a severe weight penalty on the aircraft, and the readi-

ness requirements can be met by using a shelter for the aircraft

22
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when snow or freezing rain is falling. During taxiing, take-off,
and landing the engines are protected by hot air anti-icing sys-
tems and the windscreen and engine air intakes will be kept clear
of ice by electrically heated panels. Also an alcohol spray sys-
tem is installed to de-ice the radome when the aircraft is air-
borne, and an air blast system is fitted for clearing rain from
the windscreen. Adequate drain holes will be provided to prevent
trapping any water which may enter the airframe during heavy
rain or during operations from wet runways. With these provis-
ions a complete all-weather operating capability is anticipated.
Engines

Arrow Mk. 1 aircraft will be fitted with Pratt & Whitney engines,
but Service aircraft will have the Orenda ‘Iroquois' engines in-
stalled instead. At the present time no data is available concern-
ing the starting times and characteristics of the Iroquois engines
throughout the temperature range. However, it should be noted
that at temperatures below -35°F, the Pratt & Whitney J-75
engines (and presumably the Iroquois) will require 2 minutes
running at idling power before being operated at military or
maximum power. Thus the engines will have to be heated if the

scramble requirement is to be met during very cold weather.

As with many other new jet aircraft, the Arrow 2 uses air tur-

bine systems for starting the jet engines because of their low
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installed weight and reliability. These systems require a

large supply of hot, medium pressure air which, on the CF-105,
is fed to the starters through two automatic quick-disconnect
couplings as shown in Figure 2. The flow of air to the engine
starting motors is controlled electrically by valves on the
ground air supply unit. These valves may be opened by selecting
"Start'"' or '"Motor' on the engine starting switches in the front
cockpit and will be closed automatically by centrifugal switches
when the engines reach a pre-set speed. Two 28 V. D.C.

signal wires are brought to an automatic quick-disconnect

coupling on the nose undercarriage leg for this purpose.

In order to meet the '""Scramble'' requirement, both engines
must be started simultaneously and must reach idling speed
within 25 seconds, since engine acceleration from idling to
maximum power will take 7 seconds and the take-off time

(to 50' altitude) will be 28 seconds under the worst practical
environmental condition (3500' altitude, 100°F ambien;c temp-
erature). Starting times of less than 15 seconds are not feasible
with 2-spool engines since the low-pressure spools are not
driven from the starting motors, and therefore tend to lag and
restrict the flow of air through the engine. In tests at normal
temperatures, starting times of less than 20 seconds have been

attained on the Iroquois engine using air bled from an AiResearch
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GTC 85-20 gas turbine compressor. Under standard, sea level
conditions this unit supplies 118 lb/minute of air at 51 p. s. i.
absolute pressure and 380°F. However, the engine starting
motor can accept air at up to 60 p. s.i. absolute pressure and

500°F.

An engine acceleration time of less than 10 seconds from idling
to full power is feasible for the Iroquois engine provided that
the electronic components in the fuel flow control units are
warm prior to starting the engines. Provision is made in the
aircraft to supply power for this (250 VA, 115V, 1 phase, 400
c.p.s.) either from the aircraft A. C. electrical system if this
is energized from an external source, or through the connector
on the nose undercarriage leg if external power is not available

for energizing the aircraft A.C. electrical system.

4.4 Fuel System

In the Arrow 2 aircraft, the fuel flows from the tanks through a
heat exchanger as a cooling medium for hydraulic fluid and
engine oil before it is delivered to the engines. The limiting
fuel temperature at the engine inlet is 160°F, and since the fuel
will also absorb heat from the aircraft skins during high-speed
flight, the fuel temperature at the start of a flight should not
exceed 110°F for a Mach 1.5 combat mission, or 70°F for a

combat mission involving 10 minutes flying at Mach 2. 0.
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Fuel temperatures in the tanks of various types of R.C. A. F.
aircraft have been measured by the Central Experimental and
Proving Establishment at Station Rockcliffe and a high of 104°F
was noted for a CF-100 aircraft sitting in the sun when the am-
bient temperature was 92°F. This fuel temperature would be
exceeded for the Arrow 2 under similar conditions because of
the thin, flat integral tanks in the delta wing. Thus, it is
anticipated t:i.at shade will be required in order to limit the
fuel temperature to 110°F for aircraft at readiness whenever

the ambient temperatures exceed 90°F.

Although a Mach 2 combat mission is not a current R.C. A, F.
requirement, it is within the capability of the Arrow 2 aircraft.
If such a mission were contemplated, it would be desirable to
pre-cool the fuel during hot weather in order to keep the fuel
temperature below 70°F at engine start. In addition, the length
of time at which an aircraft could be held at readiness for this
mission might be limited during hot weather. This would
depend on the initial fuel temperature, ambient conditions, and
the rate of transfer of heat into the various fuel cells. These
aspects cannot be investigated fully until an aircraft becomes

available.

4.5 Hydraulic Systems

Three independent 4000 p. s.i. hydraulic systems are fitted in
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the Arrow 2 aircraft - two for operating the fully-powered

flying controls, and a utility system to extend and retract the
missiles, dive brakes, undercarriage, and to operate the brakes
and the nosewheel steering system. In the design of the flying
control systems the pipes have been sized to permit operation
of the flying controls at full rate from 0°F to 250°F and ade-
quate control with limited manoeuvrability down to -20°F. At
temperatures below -ZOOF, a significant delay will be required
after starting the engines in order to work the flying controls
and thereby circulate the oil and warm it up to -20°F. At -65°F
this delay is estimated to be approximately 5 minutes. In the
undercarriage retraction sub-system the hydraulic lines have
been designed to permit a retraction time of 5 seconds at tem-
peratures down to -20°F and 30 seconds at -65°F. Thus, in
order to meet the specified scramble requirements it is recom-
mended that the Arrow 2 be kept in shelters heated to at least

0°F when the outside temperature approaches -65°F.

Electronics

Readiness stafes for the Astra I integrated electronic system
have not yet been determined, but it appears that two items
will limit the aircraft with respect to immediate operating
capability when power is applied. These items are the magne-
tron, which will require approximately 5 minutes for warm-up

regardless of ambient temperature, and the stable platform in
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the navigation system, which will require approximately 5 min-
utes for erection and orientation at -=650F, 3 minutes at 72°F,
and 2 minutes at +160°F. Because of these items, external
power and, as a result, cooling air will be required for approx-
imately 5 minutes before take-off, since it will be desirable to

have the system fully warm and operable prior to take-off.

Prior to flight the vertical and heading reference system will
require orientation with respect to the earth's axes. For this
10
the heading of the aircraft must be determined to within i’—‘i-
and the reference system will then be locked or slaved to this
heading until the aircraft is moved. At the present time the
techniques and equipment for orienting the system have not been
established, and although the process may be self-contained
and automatic within the aircraft, it is assumed for this report
that an optical check will be required and that this will be done

by 2 men in 5 minutes when the aircraft is placed in the readi-

ness hangar.

At the present time it is hoped that no testing or rpaintenance
work will be required on the electronic equipmentduring any of
the aircraft states of readiness. If this should be the case then,
once an aircraft has been declared serviceable, it could be

left with power off and would be capable of becoming airborne

at any time within 5 minutes. On the other hand, studies that

AVRO ARROW &
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are being conducted at the present time by the Radio Corporation
of America (R.C. A.) may indicate that reliability can be
improved by keeping the electronic system in either a "Warm"
or a '""Standby' condition at all times. In that case external
power and cooling air would be needed continuously and the elec-
tronic system would be ready for take-off at any time without
delay. However, if this is done, periodic serviceability tests

of a '"go - no go'" nature might be required at intervals of, say,
4 hours. During these checks, which would take approximately
10 minutes, the aircraft would have to be derated to readiness
condition 3 '""Available' since it would take from 5 to 15 min-
utes to restore an aircraft to operational condition and to start
it and take off. The '"go - no go' test equipment, if used, would
be mounted on a dolly and would require approximately 6 KW of

power at 115/220 V. and between 50 and 1000 c.p. s.

Electrics

Alternating Current Power Requirements

The Arrow 2 aircraft will be equipped with two completely inde-
pendent and self-contained electrical systems, one being powered
from each aircraft engine. Each system will obtain its power
from a 40 K. V. A, 208/120V. , 3 phase, 400 c.p. s. alternator
which will be driven by its aircraft engine through a constant-

speed drive unit. Under steady conditions of load and engine
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speed the frequency will be controlled to 400 c.p.s. ¥ 1%
(maximum), and during a no-load to rated-load transient the
frequency deviation will not exceed £ 5% with recovery to 63% of
its initial value within 0.5 seconds. Direct current at 27.5V.

is obtained from two 4.5 K. W. transformer=-rectifier units,
each supplied from one of the A.C., systems. These D.C. out=-

puts are paralleled to feed all of the aircraft D.C. services.

To operate the electrical systems without having the aircraft
engines running, external A.C. power may be supplied to the
aircraft through an AN-3114 automatic quick-disconnect coup-
ling which is located under the fuselage just behind the arma-
ment bay as shown in Fig.2. When 28V. D,C. is applied to

pin "E" of this connector and the aircraft ""Master' switch is
turned ""On''; two 3-phase line relays will close and both A.C.
busses will be energized. At the same time a slave relay

opens to prevent the main A,C. line relays from closing, thereby
preventing the feedback to the aircraft alternators. Direct current
is obtained from the transformer rectifier units as in flight and
there is no provision for energizing the main D.C. busses direc-

tly from an external D.C. supply.

Whenever an A.C. ground supply is plugged into the aircraft,
cooling air must also be supplied since considerable heat may

be generated by some items of electrical and electronic equipment
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which are mounted 1n confined spaces i1n the aircraft.

At high states of readiness and during engine start the elecirical
load 1s expected to be less than 30 K. V. A. at .75 power factor,
but a detailed analysis of the electrical loads is not available

at the present time.

Frequency response, wave form. and harmonic content of the
external A. C. power supply are all critical for some items of
electronic equipment in the aircraft, and should meet the per-
formance requirements of Avrocan specifications E500 (40 K.V.A.
A.C. Generator) and E501 (Constant Speed Drive Unit for

40 K. V. A. A.C. Generator).

Direct Current Power Requirements

As outlined in paragraph 4.7.1, all electrical power on the
CF-105 aircraft is generated as A.C., and direct current
(D.C.) at 27.5 V is obtained from transformer rectifier units
in the aircraft. In addition, a 15 ampere-hour battery is fitted
to operate the essential D.C. services during emergency con-
ditions. To permit ground operation when A.C. power is not
being supplied to the aircraft, external D.C. power can be sup-
plied to the battery and emergency D.C. busses through a
receptacle which 1s fitted on the nose undercarriage leg as
shown in Fig. 2. From this D.C. connection the following ser-

vices may be operated during standby and engine starting:
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SERVICE LOAD

Battery isolation relay .26 Amp. Continuous

U/C indication 0.5 I It

Fire detection 1.00 H "

Master warning box 1.35 a "

Emergency cockpit lights . 60 A i

Turn and bank indicator 220 " "

AN/A.R.C. 52 U.H. F. 5.6 " E

AN/A1C 10 Intercommunication 2.90 e 0

Canopy actuation 16.8 H (for 8 seconds)

Fire extinguishing 8.0 f (momentary)

L. P. fuel cocks 12.8 " (for 1 second)

Ignition for engine starting 31.0 B (for 30 seconds
maximum)

Total connected load 80. 6 Amp.

Since the continuous load is only 12. 4 amperes and since the inter-

mittent loads are not likely to be encountered simultaneously, a

nominal 50 ampere ground supply 1s considered adequate.
Normally when an aircraft is being maintained at a high state
of readiness the power for these services will be obtained
from the transformer rectifiers in the aircraft. Since these
will be energized from the main external A. C. supply, only 5
amperes at 27.5 V D, C. for operating the main A.C. relays
as outlined in para. 4.7.1 will normally be required. The

D.C. loads noted above will be required only when external A.C.

power is not available.

In addition to D. C. power leads, the nosewheel connector has
provisions for the following services:
1. Signals from switches in the pilot's cockpit to flow control

valves on the engine starting units to permit the pilot to
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initiate engine starting. When the aircraft engines reach

a pre-set speed, these signals are removed by the action of
centrifugal switches on the engine starting motors so that
the valves will close automatically.

Audio signals from a landline ''telescramble' system to
provide two-way communication between the cockpits and
an operations controller.

Audio signals between the cockpits and ground crew.

D.C. power to control the external D.C. supply to the air-
craft and to energize the aircraft interphone system from

a towing vehicle, thereby permitting intercommunication
between the crew in the cockpit and the driver of the towing
vehicle. This power lead permits use of the interphone sys-
tem with all other aircraft services turned off.

A.C. single phase power to warm the amplifiers in the

engine flow control units.

Cooling Air

In the Arrow 2 aircraft, many items of electrical and electronic
equipment are mounted in confined spaces so that a continuous
flow of cooling air is required i1n order to maintain the temper-
atures of the components at an acceptable value. In flight, this
cooling air 1s obtained from the aircraft air conditioning system

which uses air that is bled from the engine compressors and
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cooled through a heat exchanger, a water boiler, and an expan-
sion turbine, For ground operation, air can be supplied
through two automatic quick-release connectors which are
located on the bottom of the fuselage, just forward of the arma-
ment package, as shown in Fig. 2. Since there is no provision
for adjusting the distribution of air within the aircraft as
various loads are switched on or off, sufficient air must be

supplied to ensure that all components receive adequate cooling.

In determining the supply of air that will be required for an

Arrow 2aircraftthat is being maintained at a high state of

readiness, the following conditions have been considered:

1. The maximum average temperature of air exhausted from
the aircraft should not exceed 140°F. This infers that
some compartments may operate at temperatures higher
than 140°F, but that, for the purpose of determining the
total airflow that is required, the average temperature of
the exhaust air should not exceed 140°F.

2. The maximum temperature of the air entering the aircraft
should not exceed SOOF, limited for the‘comfort of the
aircrew in the cockpits.

3. The minimum temperature of air entering the aircraft
should be 550F, limited for the comfort of the aircrew in

the cockpits.
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Maximum humidity of air entering the aircraft may be 100%.
It is noted that in the aircraft air conditioning system no
provision is made for water separation or water removal
during taxiing ‘or in flight. However, hot air may be directed
to the cockpits for defogging the cockpit or demisting the
windscreen under adverse conditions.

Pressure of air entering the aircraft should be 4. 5 lbs. per
sq. in. (gauge) to ensure adequate distribution of air within
the aircraft.

For a temperature rise of 60°F as the air passes through
the aircraft (140° - 80°F), the quantity of air required is
approximately 4 lb. per minute for each kilowatt of power
used, or 120 lb. /minute total for equipment cooling. In
addition, 28 lb. per minute will be directed to the cockpits
because of the distribution system within the aircraft so that

the total flow required is approximately 150 lb. per minute.

Intercommunication

The Arrow 2 aircraft will use the AN/AIC 10 interphone system

for communication between the two cockpits. This system may

also be used, through the nosewheel connector, for

(a)

(b)

two-way '""hot-mic'" communication between the cockpits and
ground personnel.
"Telescramble' - i.e, two-way ""press-to-talk" communi-

cation with an operatiocns control center by land telephone
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line, The present wiring design includes provision for a
four-wire telescramble system and will require a signal
level of one m:lliwatt in 150 ohms at the aircraft connec-

tion.

Towing

Since the need for readiness shelters is evident in order to

obtain an all-weather capability with the Arrow 2 aircraft,

towing and manoeuvering the aircraft on the ground should be

considered as functions affecting readiness. The weight of

the Arrow 2 aircraft will be approximately 60, 000 lb. when

loaded for :ts primary combat mission, and the maximum

take-off weigh: will e 67,8501b. The aircraft is designed to

be towed by the ncse undercarriage with drawbar loads up to

+10,0001b. and with nosewheel castoring angles up to +55°. Since

the towing tacter will not be visible from the cockpit, an inter-

communication system will be fitted to the tractor and suitable

connectors wiil be fitted to the towbar and to the nose under-

carriage. In addition, anaudiowarning system will be fitted to warn

(a) tke tractor driver and cockpit occupant if a shear pin fails
in the towbar.

(b) the tractor driver whenever the nosewheel angle exceeds
approximately 45°,

The geometry of the undercarriage and the minimum radius of
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turn will be as shown on Fig. 1. The towing loads will be approx-
imately 3000 - 4000 ib. on hard, ievel surfaces but will, of
course, be higher during starting, on grades, or in snow. Each
air base should have availabie some towing equipment capable of
providing at least 7000 ib. drawbar pull under all surface condi-

tions that are likely to be encountered.

Aircrew Factors

Because of the high-speed, high-altitude role of the CF-105 air-

craft, aircrew will require special flying equipment, probably

consisting of the foilowing:

1. Pressure helmet for proiection in case cabin pressurization
should be lost at high altitude. Since these helmets restrict
downward peripheral vision, they would probably not be put
on until the crew members were settled in the cockpits.
Connections must be made from the helmet to the aircraft
systems for oxygen supply. and two-way communications.

2. Pressure vest for protection as in (1) and for improving the
crew's tolerance to "G'". This vest is inflated from the
aircraft oxygen system as required.

3. "G'" pants for improving the crew's tolerance to "G", in-
flated from the aircraft low pressure air system.

4, Leg restraints to prevent the legs from flailing if ejection

is required at high speeds.
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5. Parachute attachments and ejection seat harness.

The final equipment 1s not available at the present time, but

preliminary checks using current equipment and allowing

for known changes indicate that approximately 2 minutes will

be needed for the crew to enter the cockpits and to prepare to
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