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I NTRODUCTION 

The Jwro ground power/air conditioning unit for the ARROW will embody a 
self-contained, automatically controlled System capable of supplying A-C 
electrical power and conditioned air to one aircraft for prolonged pericx:l s. 
It is intended t hat Avro will suitably package this System and mount it 
on a four wheeled 9 two wheel steerable, towable chassis with limited self­
mobility. 

This re port states the System r equirements in general terms 9 for the purpose 
of obtaining adequate preliminary engineering data on proposed sub-systems 
to enable Avro Ai rcraft Limited to order the principle "off -shelf" components 
and to prepare an "Avrocan" specification for subsequent detail engineering 
and procurement of an acceptable System and hardware. Preliminary information 
on enclosures and on the vehicle chassis is included, to clari fy the overall 
concept of the unit. 

The System shall supply a minimum of 130 lbs/min. of controlled temperature 
and pressure air. The air temperature and pressure at the air craft shall be 
55°F or 70°F (depending upon the demand of a temperature sensing device 
located in the cooling air duct of the aircraft) and 4 .5 p . s.i.g. respectively. 
A maximum of 40 KVA, . 75 power factor, l agging, of 400 cps 208/115 volts A-C 
power, plus a small amount of D-C power to energize the aircraft bus, shall be 
sup?lied simultaneously to the aircraft . D-C power will be required to 
oper ate the unit's refrigeration sub-system, contro l sub-system and auxiliary 
services . The characteristics of the A-C power supplied to the aircraft are 
outlined in the text of this report. The primary power source of the unit 
shall be two AiResearch GTCP 85 series Gas Turbines. One gas turbine shall 
drive the A-C generator 9 the other a D-C generator. The gas turbines shall 
supply bleed air to an air cycle cooling system of the "bootstrap" principle, 
which shall embody certain protective devices including anti -ice control and 
water separation. 

An integrated control sub- system shall automatically govern the operation and 
output fI'Om the unit including safety shut down features in the case of any 
malfunction. The design aim of the control system shall be the automatic 
operation of the complete unit following the actuation of the engine starter 
switches 9 the load switch and the A-C power switch. An intercommunication 
system shall be provided . The design of the sub-systems shall provide for 
accessibility, ease of maintenance and noise supression. All components with 
the same part number shall be interchangeable. 

The corn lete unit will be designed to be of minimum size and 
when packaged , not exceed 51611 in height nor 7 19 11 in width. 
whole shall meet the performance requirements of this report 
environmental conditions listed on Page 2 . 

weight, and will, 
The sys t ern as a 
under the 
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Altitude pry Bulb Tem.J?_•~ 

Sea Level l20°F 
Sea Level l00°F 
Sea Level - 65°F 

3500 1 lQQOF 
3500 1 - 65°F 

Wet 

72/GEQ/10 
CONFIDENTIAL 

Bulb Temp,, 

76°F 
8QOF 

8QOF 

The unit must operate satisfactorily when subjected to t he 
ment al conditi ons of sand and dust, salt spray and fungus . 
designed to withstand the shock 9 vibration and acceleration 
with travel over unimproved roads and air transportation . 

natural envi ron­
The unit shall be 
loads associated 

The components of the unit shall be subjected to Qualification Tests designed 
to prove i t s performance under all specified environmental conditions. These 
qualification tests need not necessarily be compl eted before del ivery of the 
first unit, but should be carried out at the earliest possible date . 

A schematic diagram (Drg. No . 7-4427-132) of t he air cycle system and 
electrical cir cuitry is enclosed . 

METHOD OF OPERA!ION 

2 .1 Eng:;ine Startip_g_ 

2 . 2 

The t ·wo Gas Turbine Compressors will be started in sequence as fo l lows . 
Firstly, the GTC driving the D-C generator will be started by the 
actuation of a momentary contact swit ch . The starting cycle shall be 
automatic . Stabilization of the GTC will be indicated by the load 
light . Closing the load r elay will energize the star-ting circuit of 
t he second GTC driving the A-C Generator. The second engine can now be 
started by actuating the starter switch . Stabilization of the second 
engine will be indicated by a load light . Both engines shall be 
automatically protected against overspeeding and over- temperature . 

Conditioned Ail:. 

With both engines running and both load lights on, it shall be possible 
by actuating a single switch to operate both load valves ~hich permit 
bleed air to pass from each Gas Turbine Compressor through non-return 
valves i nto a common duct in the unit 1s refrigeration system, t hence, 
by two 3½'' flexibl e hoses to the aircraft . The temperature of the 
conditioned air supplied to the aircraft should be controlled between 
: 4°, and from a range of 55° to 70°F. The required temperature will 
be sensed and controlled by temperature sensing devices located in the 
aircraft . Devices shall be incorporated downstre am of the air cycl e 
refrigeration system to sense and indicate pressure, temperature, and 
f low of the conditioned air . These devices shall be coupled with the 
A-C circuit to interrupt the A- C supply to the aircraft should the 
condition of the air fall outside the required limits • 
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Witn the aif• cycle system 091'rating and the~A~C supply switch selecited 
to the 11 on11 position ~ A-G power to the aircra.t't shall not flow under the 
following conditionsi-

(a) If the cycles and voltage are outside the prescribed limits . 
(b) If the temperature of the conditioned air is t oo high . 
(c) If the flow of conditioned air is too low. 
(d) If the pressure of the conditioned ai.r is too low. 

The electrical sub-syst em shall include su~ficient protective devices to 
ensure that no damage occurs to the aircraft 1 s~ or the unit 's , ele ctrical 
equipment. The sub-system shall be self .. ccmtained and easily removable 
from the unit . 

Protection on the !}.a() suppl y shal l be confined to current and voltage. An 
overvolt.age protect.ive device with r ese t switch shall be installed. 
Current protection consists of reverse and overload pr otective devic.es. 

The A-C supply system shall be furnished with an overvoltage protective 
device with reset switch, undervoltage protection , and overload relay, 
under/over frEquency device a.>ict a r everse phase rotation protection. 

Egurp_MJ);_NT. RE_QUI REMENT§, 

3 . 1 Air Compr_§_ssorfaclc Inst~:1..a,-U.o.n. 

2 AiResea.rch GTCP 85 series Gas Turbines shall provide; 

( a) A minimum of 1:30 lbs/min. of conditioned air under aJ.l stated 
environmental condit ions . 

(b ) 40 K1TA of 400 cps A-C power from an alternator driven by one GTCP 
unit . The requirements of the alt ernator are quoted in paragraph 
3.3.2. 

(c) Sufficient D-G el ect rical power cbtained from a generator driven 
by the second G'I'GP unit . The requirements of t he generator are 
quot ed in paragraph 3 . :] . l . 

Control S;y:stems for GTCJ'-1lll;lt..s., 

There shall be complete automatic control of both un:its f ollowing 
the starting sequence . 

3 . 1.1. l Start,ingg The flexible air hoses &'1d the A-C ele ct rical 
cable are coupled to the aircraft r eceptacles provided. 
When i nterc:ommunieation is required the D~C cable is 
connect ed to the rec:eptable i n thf;l nose wheel leg . 
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3.1.1.1 Starting: ..•• cont 1d 

3.1.1.2 

The unit starting sequence is initiated by closing the 
start switch for the turbine driving the D-C generator . 
When the unit accelerates to governed speed, and 
stabilizes, a light on the control panel indicates that 
the circuit for the second turbine is energized. The 
second turbine is started by closing a switch and at 
governed speed a load light indicates that the unit s are 
ready to load. Acceleration of each unit shall be limited 
to ensure a long life for the unit. 

Speed Control: The speed control shall hold the output 
drive speed of the A-C driving turbine constant at 
6 000 RPM! 1% during any steady state load condition ' . throughout the range from no-load to full-load. Transient 
fluctuations in frequency owing to block loading or 
unloadi ng with any load up to and including full load 
(pneumatic or electri cal) or any combination of each shall 
have a maximum duration of 0.5 seconds . 

3 .1.1.3 Bleed Air Control: This shall limit the air flow to a 
minimum of 130 lbs/min. and a maximum of 180 lbs/min. 
The output from each engine shall pass through a non-return 
valve then combine to form a single flow . After passing 
to t he air cycle system the air shall flow through a 
measuring device. 

3.1.1.4 Emergency Controls: Provision shall be made to protect 
t he engines against: 

(i) 
(ii ) 
(iii) 
(iv) 

Overspeed 
Oil Pressure Failure 
Over temperature 
Low Fuel Pressure 

3.1.2 Associated Equipment 

Each engine unit shall have an air inlet screen and will be assembled 
on an individual frame work which can be withdrawn for ease of 
maintenance, but can be locked in position when the engine is in 
use. Necessary control wires and pipework shall be easily 
disconnected f or servicing. 

3.1.2.1 Hourmeter: An hourmet er of the odomet er type, having a 
range of 0-9,999 hours shall be provided for each engine. 

3.1.2.2 Start Counter: A start counter, having a range pf 
0- 9,999 starts, shall be provided for each engine . 
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3.1.2.3 Instrumentsg Instruments applicabl e to t he GTC Units , 
detailed in para. 4. 5 shall be provided. 

3.2 Air C_y:cle Refrigeration Unit 

The requirement at the aircraft connections is a minimum continuous 
flow of 130 lbs/min. of oonditioned air at a temperature of 55°F or 
70°F, as demanded by the aircraft, and a pressure of 4.5 psig. The 
air shall be free from noxious fumes l' oil and fuel vapours . 

3.2.2 Refr;j,g_eratjon mlliJ;,ment 

The refriger ation unit shall be of the bootstrap type and shall 
consist of t wo air-to-air heat exchangers , a ooling turbine, an 
anti-ice v;_alve l' a water separator l' a by-pass valve and temperature 
control equipment . • 

Electrically driven f ans shall be used for cooling the heat 
exchangers. 

3.2. 2. 1 Cooling Turbine Assemblyg An expansion turbine of light­
weight construction shall be used to prov:ide cooling. The 
assembl y sha:11 require infrequent lubrication attention . 

3.2 . 2. 2 Heat Exchangersg The heat exchangers shall be of the 
extended surface type and lightweight in construction. I.f 
possible the same model shall be used for both applications. 

3 . 2. 2. J Cooling Air Fans g Electrically- driven f ansp of lightweight 
construction l' shall be used to draw air' through the air- to­
air heat exchangers. 

3 .2 . 2 . 4 Water Separator g The water separator shall be of light­
weight construction and shall incorporate a pressure relief 
valve. The dew point of the air delivered at the aircraft 
connection shall not exceed 65°F under the stated ambient 
conditions • 

.3.2 . 2. 5 Anti - foe Valve g An anti-ice valve shall be inst alled 
upstream f the water separator to prevent t he l atter from 
"icing-up" at high humidity conditions. 

3.2 .2 . 6 By- Pass Valveg A by-pass valve shal] be installed in the 
warm air by>-pass line. 

o o o oo o oo o o /6 
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.3 . 2 .2 . 7 Temperature Control Equipmentz Ne cessary temperature c~ntrol 
equipment shall regulate the temper ature of the air from the 
refrigeration package. Under the entire operating r ange the 
aircr aft will demand a delivered air t emperature of 55°F or 
70°F. The temperature will be selected by a t hermistor in the 
aircraft ducting and the r equirement will be signalled to a 
temperature controller in the ground unit. The temperature 
controller shall automatically regulate the settings of the 
by-pass valve para. J.2.206 to meet the requirement. 

The signal f or this control shall be carried f rom the aircraft 
to the unit by a cable~ t erminating at the aircraft end in a 
quick disconnect coupling. Protection will be given to the 
cable by a strain relief cable. It may be ne cessary to install 
a t,emperature anticipator dcwnstream of the mi:x:ing chamber~ 
which will signal the t emper ature controller 9 in order to prevent 
cycling. 

Overtemper ature : A thermal switch» set to operate 
at 85°F ! 2°F shall be provided to automatically 
cease the A- G powe~ supp y. This ensures that the 
electrical power supply to the a.iI'craf't i s cut off 
should overheating of the air conditioning syst sm 
occur . This temperature shall be sensed downstream 
of the mixing chamber prior to t he discharge hoses. 
A warning light shall be incorporated in the control 
panel to give indicat ion of t his o-;rer- t emperature 
condition • 

.3.2.2.8 Preeft\1re Controlg The maxiinum baek pr essure at the ref'rigeration 
unit outlet shall be t he S'llil total of the deliver y pressure to the 
aircraf t of 4. 5 psig mim.nrJJn and a pressure drop resulting from 
the use of 45 fee t of J½n i /d flexible hose complete with 
couplings. 

The outlet to' ' the flexible hose shall incorporate a re;I,:i.ef valve 
to limit the discharge pre ssure to not more than 10 : lj.5 psig. 

A pressure cont rollerp situated downstr eam of the m1x1.ng chamber 
shall automati cally cease the A-C power suppl yp should the 
discharge pr essure f al l below 4 psig • 

.3 .2.2 .9 Flow Control~ Mass flow shall be measured by means of a f low 
meter, e.g. venturi or nozzle. Should the air flow f all below 
130 lbs/min. a switch shall be actuated to cut off t,he A-C power 
supply. The value of the air flow shall be given by an 
i ndicator on the control panel • 

o o <» o o o • e c/7 
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3o2 .2.l0ol Internal Ducts: Suitabl e ducting shall be used, 
where necessary , for guiding air through various 
assembl ieso The ducts shall be constructed of 
lightweight sheet metal, all bends being internally 
smootho All duct intersections shall ensure uniform 
mixing of the various airstreams. Where applicable, 
expansion joints shall be usedo 

3o2 o2ol0.2 Mixing Chamber: A mixing chamber shall be installed 
at the outlet of the refrigeration unit, This shall 
afford uniform mixing of cold air from t he unit and 
warm air from the by-pass line . 

The outlet f rom the mixing chamber shall terminate 
in a Y-branch to supply two discharge hoses. 

3.2.2ol0,3 Flexible Hoses: Two flexible hoses each 3½11 i/d x 
45 f t. long will be provided, permanently attached 
to the ducting from the refrigeration packageo 
Quick disconnect lanyard-release couplings will be 
fitted to the discharge end of the hoses . Scuffing 
strips or a scuff preventive covering will be 
provided along the length of each hose to obviate 
undue wear from contact with rough and abrasive 
surfaces. The hoses will be made of material 
impervious to fuel and oil which i s flexible at 
all operating conditions, The couplings will be 
provided by Avro Aircraft Limitedo The hose s will 
be so located that they may easily be stowed without 
disconnect ion from the unit. 

3o3 Electrical System 

• 
• 

The unit shall provide both A-C and D-C electri cal power. The A-C power shall 
be generated by a 3 phase 1 400 cps, wye wound generator which shall be driven 
by one of the gas turbine engines. D-C power shall be obtained from a D-C 
generator driven by the second gas turbine engineo Both generators shall be 
air cooled by air supplied from the gas turbine. 

The D-C generator turbine shall be started f irst to assist in recharging the 
batteries, provide D-C for control purposes and to energize the starting cirruit 
f or t he A-C generator turbine o When the D-C generator turbine reaches normal 
running speed a green light shall be lighted to indicate that the A-C generator 
turbine may be started • 

0 0 0000000/8 
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The D-C generator shall be r ated at not l ess than - amps at 27.5 volts 
continuous or as required to suppl y the fo llowing services plus 50 
amperes. 

(a) Supply power for the cooling fans . 
(b) Energize the aircraft/ground power changeover relays. 
(c) Energize the thermistor in the aircraft . 
(d) Charge the units 1 engine starting batteries. 
(e) Charge the units' t raction batter ies. 
(f) Operate the control system and lighting . 
(g) Supply 30 amps to one convenience outl et . 

Performance: The electrical characteristics and test require­
ments of the generator shall be as defined in MIL--P-6905A, 
Requirements not defined in MIL-P-6905A shall be as defined in 
MIL--E-7894. 

For any steady load from no l oad t o full load, the voltage 
shall remain within plus or minus 1 volt of any setting wit hin 
t he range of adj ustment , The adjustment range shall be from 
27.0 to 29.0 volts with at least 8 equal steps • 

3,3.1.1,1 Re covery Time: When the ful l - rated D-C load i s 
applied and removed, the output voltage shall 
r ecover and r emain within plus or minus 10% of the 
D-C output voltage setting within 0.1 se conds of 
load switching and shall further recover within 
plus or minus 1 volt of the setting within 0 .5 
seconds of load switching. 

Overloads: The D-C system shall be capabl e of meeting the 
fo llowing overload condit ions without damage during any period 
of cont i nuous operation at full rated load. 

(a) 200% of rated l oad current for 5 seconds. 
(b) 300% of rated l oad curr ent fo r 2 seconds. 

Under condi t ions of 200% overlo ad, t he output voltage shall 
no t fall below 20 volts for any voltage setting within the 
range of adj ustments. 

3.3.1.3 Batteries: A 24 v battery shall be provided whose sole 
purpose shall be engine start i ng. I t shall be mounted in 
an insulated carrier which shall accept ei ther, 

(a) 
(b) 

2 - AN 3150-2 Batteries, or, 
A commerci al automotive t ype 24V battery set of 
equivalent capacity • 

o • • o o o o o o o/9 
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3.3.1.3 Batteri es: •••• • cont 1d 

A second and i ndependent 24 v battery shall be provided to 
propel l the entire •unit through an electric •mot0r drive. This 
traction battery shall be capable of moving t he unit at 
walking pace on l evel ground over a distance of 200 f eet . 
A combustion heater will be provi ded for batt ery heating 
in cold weather operation . 

The batteries wi ll be located so that they may be easily 
removed or serviced and will be vent ed to permit excess 
acid to drain directly to ground. Such drains will not 
discharge in t he vicinit y of the unit's tires . 

3.3.1.3.1 Battery Charging~ All batteries wi ll be charged 
from t he D-C Generator and t he necessary voltage 
and current regulators shall be part of the 
control system. An external power receptacle 
AN 2552-JA shall be provided f or external battery 
chargi ng and assi sting in starting the engi ne. 

3.3.1.4 System Components: The fo llowing components shal l be 
included • 

(a) 

(b) 

(c) 
(d) 
(e) 
(f) 

(g) 

(h) 
(i) 
( j ) 

(k) 

An output voltage regulator with adjusting 
control. 
A voltage and current regulator for battery 
charging. 
An ammeter to indicate output current. 
A voltmet er to indicate output voltage. 
An ammeter to indicate battery charging current . 
A generator overl cad protection system consisting 
of an overload relay to open t he master output 
circuit breaker. 
An overvoltage protecti ve device, with reset 
switch marked 11 D-C over voltage reset 11 • 

A master out put swi tch marked "D-C Power11 • 

A r everse current cut out. 
A Green light on t he control panel to i ndicate 
11 D-C ON11 • 

A Power Failure Red light on the control panel 
to indicate when t he over voltage relay i s 
opening the circuit. 

3.3.2 A-C System 

The A-C Generator shall be required to supply t he followingg 

(a) 40 KVA, 3 phase, 400 cps (at 0 .75 Power Factor, lagging) 
to the aircraft • 

ooao o oo o/10 
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3.3.2 A-C System ••.••• cont 1d 

(b) 5 KW , 3 phase 400 cps to a convenience outl et • 
(c) 3 KW single phase 400 cps to each of two convenience 

outlets. 
(a) (b) and (c) will not be required simultaneously. The three 
phase power output shall meet the same requirements as laid down in 
Avrocan Spee. E-500 for the aircraft el ectrical supply system. The 
single phase A-C power shall have the characteristics required of 
one of the phase s in the three phase system. 

3.3.2.1 Performance : Voltage transients shall be within the limits 
specified in Spee. MIL-E-7894 para. 3.2.1.2.3. 

3.3.2.1 . 1 Frequency~ The frequency shall be maintained 
at · 400 plus or minus 4 cycl es. Transient 
fluctuations in frequency due to A-C generator 
loading shall have a maximum duration of .5 
seconds. 

3.3.2.2 System Components: 

(a) 

(b ) 

(c ) 

(d) 

( e) 

(f) 
( g) 

(h) 
(i) 

( j) 

(k) 

A voltage regulator of the magnetic amplifier type 
as described in Avrocan Spee . E-500. In addition 
the regulator shall exercise frequency control to 
keep t he frequency within the limits specified above. 
An ammeter wit h current transformers and sel ector 
switch for indicating line current~. 
A voltmeter with selector switch for indicating each 
phase to neutral output vol tages. 
An overvoltage protective device with reset switch 
marked 11 A-C overvoltage reset11 as specified in 
Avrocan Spee. E-500 para. 5. 8.9.2. 
A generator overcurrent protection system consisting 
of an overload relay to open the master output 
circuit breaker and as specified in Avrocan Spee. 
E-500 para. 5.8.9.4. 
A master output switch marked II A- C Power11 • 

A reverse phase rot ation protection relay or device 
t o prevent the wrong phases being supplied to the 
output cable in the event of internal equipment 
disconnections. 
A frequency meter (not of the vibrating reed t ype ). 
A Green l ight on the control panel to indicate 
"A-C ON11 and mounted above the A- C Master output 
switch. 
A Red light on t he control panel to indicate when the 
overvoltage relay opens the circuit. 
An underfrequency device to prevent the master output 
switch being closed until the frequency i s within the 
required range (380-420 cps ) • 

0 0 fl O O O O O /11 
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3.3.2.2 System Components: . .•• • , . cont ' d 
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(1) An undervoltage protective device as specified in 
Avro can Speo. E-500 para. 5.8.9.3. 

The A-C generator may be brushless but in the event of a 
brush type being used the brushes shall be easily accessi bl e 
for examination or r emoval. 

Intercommunication 

An i nt ercom amplifier control unit and headset shall be providedo 
Under-oover stowage shall be made for t he amplifier . An intercom 
11 0N-OFF11 swit ch with small amber light shall be adj acent to the 
amplifier, deriving power from the 24 V battery system. D-C power 
will be obtained f rom the aircraft to operate the intercommunication 
system. This power will be carried by a oabl e, 50 ft . long, terminating 
at the aircraft end in a l anyard release plug connector 2CS-C-142. 
The f ollowing are the items ooncernedg 

Control , Intercom Set 
Mounti ng 
Headset - Microphone. 

The intercom set shall be capable of operating f rom the batter y without 
t he necessity of the D-C generator running. 

A power delivery cable 45 feet long shall be provided similar to AN 
3430 . It shall contain t he 3 phase wires and netitral and the D-C relay 
control wire. 

The connector· at the aircraft end shall conform to Specification. 

3.3.5 Packagi :QE. 

The elect rical equipment with the exception of generators, batteries 
and power cables shall bev where possible j packaged as a sub-system so 
that it may easily be removed "in toto,c for servicing. To aid r emoval i> 
wires and cables shall terminate , at the package, in plug-in type 
connectors • 

The enclosure will be of a suitable lightweight structure. The structure 
will be panell ed with light gauge sheet alurninum. Access doors will be 
provided for operation and servicing. The Gas Turbine's frames and the 
Refrigeration equipment will be rigidly attached to the structure . Suitable 
framework will be provided to support a fue l tank . 

000000001"100/12 
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The whole enclosure will be (i) either rigidly attached to the vehicle bed 
or (ii) the wheel axles will be suitably assembled on a sub-frame forming 
part of the main structure. 

3 .4.1 Envelo:Qe 

With the towbar in the stowed position and the unit closed down, the 
vehicle will conform to the following overall dimensions. Maximum 
height 5 1611 , and maximum width 7 19"• Design objective for length 
91611 • As a desi gn objective the gross weight will not exceed 5,000 
l bs. 

All doors will have handl es easi ly operated by personnel wearing 
arctic gloves. 

Doors fitted to the top of the enclosure, when open, must conform to 
the height envelope . Intake and exhaust doors for the GTCP units will 
preferabl y open upwards and will actuate a microswitch to prevent 
equipment operating with doors closed. 

Air Intakes 

Air intakes and exhausts will be suitably positioned to prevent 
clogging with snow and re-cycling of exhaust gasses . Each engine 
unit i ntake will be protected by means of a suitable screen of ½ to 
3/4 inch mesh to prevent the entrance of f oreign objects. As a 
furt her protection a suitable f i lter will be provided to screen dust 
particles. 

3.4.4 Noise Suooressi<m. 

The enclosure will be suitably l agged with sound absorbent material 
to reduce t he noise level to a minimum. Particular attention will 
be given to the de sign of the turbine exhaust stack. 

Fuel System 

The fuel system will comprise the following equipment. A fue l t ank 
with usable capacity of 120 I mperial gallons having a vent (with 
flametra.p) and a f iller cap. The t ank will have a drain located at 
the lowest position. Fuel boost pump ( s ) and a filter will be 
provided. A fuel gauge will be installed on the control panel • 

oooo&ooooo/13 
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3.4.6 Lubrication System 

The lubrication system shall consist ofg 
An oil tank with filler cap and dipstick, an oil filter with replace­
able element 1 an oil cooler and drain plug. A pressure indicator 
for each engine shall be i nstalled on the control panel. 

3.4.7 Instrument and Control Panel 

The panel will contain the necessary instruments and controls for full 
operation of the unit. The panel will be suitab})" illuminated by 
white lights together with dimming rheostats. 

At least t he following instruments shall be provided. 
(a) Starting switch and green load light for t he D-C generator 

driving GTCP. 
(b) Starting switch and green load light for the A-C gener ator 

driving GTCP. 
(c ) Outlet Air Temperature (°F) indicator. 

~~~ 
850 t 2°F warning light (red). 
Discharge pressure (psig) gauge . 

(f) Approx. air flow lbs/m.in. indicator. 
*(g) Engine speed indicator . 
*(h) Engine jet pipe temp (°F) indicator. 
*(i) Engine oil pressure indicator. 

**(j) Hourmeter. 
**(k) Startmeter. 

Items marked* shall be duplicated. 
Items marked** may accompany the engine unit. 

(1) A switch (with red light) for selecting self-mobility. 

The f ollowing electrical apparatusg 

(i) 
(ii ) 
(iii) 

(iv) 
(v) 
(vi) 
(vii) 
(viii) 
( ix) 
(x) 
(xi) 
(xii) 
(xiii) 
(xiv) 
(xv) 

A-C power output switch. 
A-C ammeter. 
A-C Voltmeter with a selector switch for indicating all line 
to neutral output voltages. 
Frequency meter A-C. 
Contr ol switch for A-C convenience outlets. 
A-C voltage reset switch . 
D-C power output switch. 
D-C Ammeter. 
D-C Voltmeter. 
D-C voltage reset switch. 
Intercom switch and amber pilot light. 
D-C 30 amp. outlet switch • 
Flood l ights switch. 
Obstruction lights switch. 
Cockpit valve switch. 
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t 

• 
• 

- 14 -

3.4.8 Exterior Fittings 

Provision will be made for the following:-

(a) A floo dl ight at each end of the unit. 

72/GEQ/10 
CONFIDENTIAL 

(b) Two red obstruction lights shall be on top of t he unit, one 
at each end. 

(c) Stowage space for the lt-C and D-C power cables. 
(d ) A fire extinguisher. 

3.4.9 Chassis 

The chassis will be of the 4 wheel towable, 2 wheel steerable de sign. 
The wheels will be inside the width enve lope. 

3.4.9.1 Steering: The unit will be equipped with knuckle type 
steering incorporating tie rods and king pins. I t will be 
controlled by a tow bar to provide a hi gh degree of 
manoeuvreability. A compensated angle type of steering 
l inkage will be adopted. 

The cramping angle will be, as a design objective, not less 
than 40°. 

3.4.9.2 Tow Barg The unit will be furnished with a hinged tow bar. 
The tow bar will have a lunette eye and be retained i n a 
vertical position during stowage. 

3.4.9.3 Wheels, Hubs, Tires: The vehicle will be equipped with 
wheels , hubs and tires i n accordance with Spee. MIL-W-8005B. 

3.4.9.l+ Parking Brakes_s The vehicle will be equipped with drum-
type brakes. ·The brakes will have sufficient braking action 
to hold the vehicle on a slope of 35 per cent. I f a br ake 
handle i s used f or the actuati on of the brakes, i t will be 
locat ed adj acent to or near the hinged tow bar. 

3.4.9.5 Springs: Suitable springs will be furni shed to provide good 
riding qualities i n order to protect the mount ed equipment. 
No more than 2 inches will be added to the frame height f or 
spring deflection when t he unit is fully equipped . 

3.4.9.6 Clearance: The fully loaded trail er wi ll have a road 
cl earance of at least 811 • 

3.4.9.7 Pint l e: The rear end will be equipped with a pintle . 

3.4.9.8 Lo adings: The entire vehic l e will be designed t o conform 
with Spee . MII.r-A-8421 • 
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3.4.9.9 Tie-Down Fittingsi Eight (8) tie-down point s are required, 
any (4) of which will be capable of being used for hoisting. 
The fittings must conform with Spee. MIL-A-8,421. 

3.4.10 Self Mobility 

Limited self mobility is required. The vehicle will be required to 
travel a distance of 200 feet at 2 m.p.h. on one charging of the 
storage battery. A suitable electric motor will provide, through 
speed reduction, power to the two non- steerable wheels. A clutch is 
required, fitted between the drive motor assembly and the rear end 
so that the mobility drive will be engaged only whilst in operation. 
This leaves the vehicle free to be towed at any other time. The 
dr i ve requires a forward and reverse switch located conveniently on 
the drawbar to automatically engage the clutch. 

Self mobility will be selected, on the control panel, by the 
operation of a switch. Thi s switch will be accompanied by a red 
light indicating that self mobility is available. Suitable protection 
will be provided in the traction motor circuit , to prevent overload 
should ground conditions cause too heavy a load on the motor. 

DIVISION OF ENGINEERING WORK 

Avro Aircraft Limited will design y manufacture and test the Air Conditioning and 
Generator A-C and J)...G, Unit as def ined i n this report . 

The Garrett Corporation of Canada ~ by sub-contracty shall provide technical 
assistance to Avro Aircraf•t Limited as defined below. 

1. The Garrett Corporation of Canada shall prepare and submit to Avro Aircraft 
Limited a conmhle system 12ro_QQsal for the System described hereafter. The 
System is defined as all component s 9 contained within the enclosure(s ) and 
does NOT include the enclosure(s), running gear, batteries, fue l tank 9 
external hoses and cables, control panel and inter-communication sub-system. 
The complete System shall comprise of the following sub-systemsg 

(a) Gas Turbine Compressors Sub-system. 
(b) Air Cycle Refrigeration Sub-system complete with intercoolers and water 

separator . 
(c) Generator A-C/D-C Sub- system. 
(d) Integrated Control Sub-system including i nstruments ., 

2. The Garrett Corporation of Canada shall at the earliest possible time submit 
to Avro Aircraft Limited a system proposal comprising of: 

(a) System schematic drawings. 
(b) Wiri ng diagrams. 
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DIVISION OF ENGINEERI NG WORK .....• cont 1d 

(c) I nstal l ati on drawings of off-shelf components made by the Garrett 
Corporation . 

(d) Parts Ust including manufacturer's name and part number. 
(e) A technical report describing the system and its components. 

3. The Garrett Corporation shall assist Avro Aircraft Limited on the fo llowing 
points:-

( a) Recommendations and advice 
enclosure(s). 

(b) Recommendations and advice 

( C) ' 
within the enclosure(s). 
Recom.mendations and advice 
components. 

(d) Recommendations and advice 
(e) Recommendations and advice 
(f) Recommendations and advice 

sensing devices. 
(g) Recomme ndations and advice 
(h) Re commendat ions and advice 

on the arrangement of components within the 

on venti l ation and re quired air circulation 

on the design of ducts between principal 

on the installation of controls. 
concerning anti- vibration mounts . 
concerning the location of the temperature 

on the design of the air mixing chamber . 
on sound attenuation. 

The Garrett Corporation wil l provide technical assistance and advice, as 
required , throughout the basic deve lopment program. The basic development 
program will be cons idered completed with the delivery of the f i rst complete 
unit to the Avro fli ght test organi zation. 

The Garrett Corporation of Canada Limited shall prepare and submit to Avro 
Aircraft Limited maintenance and overhaul instructions for the System and 
its components • 
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