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PART 1
GENERAL INFORMATION



NOTE

On 23 September 1958, the Government cancelled the
ASTRA 1 electronic system and the Sparrow 2D missile
programs. The Company has therefore stopped work
on any parts affected by this cancellation. The period
covered by this report is from 1 July to 30 September,
and as a great deal of the report was written prior to
the cancellation date, it reflects the progress made on
the ASTRA and Sparrow installations prior to their
cancellation.
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1.0 INTRODUCTION

s 1.1 SCOPE OF QUARTERLY TECHNICAL REPORT

This is the fifth Quarterly Technical Report on the AVRO ARROW aircraft
o project. The object of the report is to inform the Canadian Government of
technical development of the project during the three nonth period ending
30 September 1958.

The report presents a description of work performed and the results
obtained in the design and development activities of the project; it summar-
— izes technical progress, changes and problems in all phases of the program
during the report period. The text is divided into seven parts, and covers
design, testing and development.

1.2 THE ARROW

e The ARROW is a high altitude, supersonic interceptor of advanced design
being developed by Avro Aircraft Limited at Malton, Ontario.

Two versions of the ARROW are being manufactured. The first five aircraft
- will be ARROW 1's and subsequent aircraft, ARROW 2's. The ARROW 1 has

been designed to RCAF specification AIR 7-4 Issue 3, and is powered by two
- Pratt & Whitney J75 Turbojets. The ARROW 2 is being designed to RCAF
- specification WSC 1-2, and is powered by two Orenda Iroquois turbojets.

Both ARROW 1 and ARROW 2 have essentially the same basic configuration,
- but the more powerful engines of the ARROW 2 will give it superior perform-
ance over the ARROW 1. The ARROW 2 is designed to operate at altitudes
up to 60, 000 feet and speeds in excess of Mach 1. 5.

1.3 BRIEF DESCRIPTION OF ARROW AIRCRAFT

o 1.3.1 ARROW 1

The ARROW 1 carries a two-man crew (pilot and flight observer) in a press-
- urized and air conditioned cockpit, which is equipped with two split clam-
shell type canopies and automatic upward ejection seats,

- The airframe is an all-metal stressed skin structure and consists of the

_J following major components: the radar nose, front, centre and rear
fuselage, engine bay, duct bay, inner and outer wings, elevators, ailerons,

- fin, rudder and speed brakes. The elevators and ailerons are hinged to the

wing trailing edge and form part of the wing area. The rudder, elevators
and ailerons are split at approximately mid-span in order to alleviate contirol
surface buckling when the surfaces are moved under deflected wing and fin
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conditions, An electrically-controlled, hydraulically-actuated tricycle type
landing gear is installed; the main gear retracts inwards and forwards into
the inner wing and the nose gear retracts forward into the front fuselage.

The landing gear, wheel brakes, nosewheel steering and speed brakes are
actuated by a 4, 000 psi utility hydraulic system. A compressed air system
is available for emergency lowering of the landing gear. The fully powered
and irreversible flying control surfaces are operated by a separate 4, 000
psi hydraulic system which consists of two completely independent circuits.

Power for the electrical system is provided by two engine-driven alterna-
tors for alternating current, and two transformer-rectifiers for conversion
to direct current.

Where necessary, space in the radar nose and weapon bay is utilized for
test equipment and instrumentation to enable the development aircraft to
carry out their designated role of flight test vehicles,

1.3.2 ARROW 2

The external configuration of the ARROW 2 is basically the same as that of
the ARROW 1, However, there are major internal differences, namely;
the weapon pack carrying air-to-air missiles, installation of a fully opera-
tional electronic system and the replacement of the J75 engines with Orenda
Iroquois engines. The mechanical proportioner type fuel system used for
centre of gravity control on the ARROW 1 is replaced by an electrically
controlled sequencing system. Provisions are made for a jettisonable
external fuel tank,

1.4 FIXED DIMENSIONS AND GENERAL DATA

CHARACTERISTICS: ARROW 1 and ARROW 2

Length of aircraft (excluding probe) (77 £t 9. 65 in (See Note 1)
(76 £t 9. 65 in (See Note 2)

Height of aircraft over highest portion of fin 21 ft 3.0 in

Ground angle (Angle between aircraft refer-

ence line and ground static line) 4,55 degrees

Tread of main wheels . 25 f 5,6 in

Wheel base 30 1.0 in

WINGS:

Wing area (including ailerons, elevators and
390. 5 sq ft of fuselage and not including
28,63 sq ft of extended leading edge) 1,225,0 sq ft
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CHARACTERISTICS:
Span
Chord - Root

- Construction tip
Mean Aerodynamic Chord
Airfoil section - Inner wing profile
- Outer wing profile

ARROW 1 and ARROW 2

50 ft 0. 0 in
45 £t 0.0 in
4 ft 4.98 in
30 ft 2. 61 in

NACA - 0003.5-6-3. 7 (Modified)
NACA - 0003, 5-6-3. 7 (Modified)

NACA - 0003, 8-6-3. 7 (Modified)

Camber
Incidence - At root
- At construction tip
Anhedral of chord plane
Aspect ratio
Taper ratio
Thickness ratio - parallel to G, of aircraft
Sweepback at 25% chord

AILERONS:

Aileron area (aft of hinge line) - Total

Span

Chord (average percent of wing chord) - Root
- Tip

ELLEVATORS:

Elevator area (aft of hinge line) - Total

Span

Chord (average percent of wing chord) - Root
- Tip

VERTICAL TAIL:

Area (including rudder)
Span
Chord Root
Construction tip
Mean aerodynamic chord
Airfoil section
Sweep Back - Leading edge
- Trailing edge
- 1/4 chord
Aspect ratio
Taper ratio

. 0075 (Modified)
Zero degrees
Zero degrees
4.0 degrees

2, 04

0. 0889

3.5 and 3. 8%

55 degrees

66. 55 sq ft
10 £t 0, 0 in
25,735
35.0

106.90 sq ft
10 £t 2.0 in
14,109
25.735

158. 79 sq ft
12 £t 10,5 in
19 ££ 0.0 in
5 ft 80in
13 ft 6.41 in

NACA - 0004-6-3.7 (Modified)

59. 34 degrees
33. 08 degrees
55,0 degrees
1. 04

0. 2982
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CHARACTERISTICS: ARROW 1 and ARROW 2
Thickness ratio (parallell to aircraft datum) 4.0%
Rudder area (aft of hinge line) 38.17 sq ft
Rudder - Span (average) 9 f£11.0 in
- Chord (average percent vertical fin
chord) 30.0

SPEED BRAKES:

Speed brake area (2) - Projected 14, 37 sq ft
Span (each) 2 ft 1.08 in
Chord 4 f£ 1.0 in

CONTROL SURFACES AND CORRESPONDING CONTROL MOVEMENTS

CHARACTERISTICS: ARROW 1 and ARROW 2
Surface Movement Control Movement
Ailerons: Up and Down . 19° 4.98 in
Elevators: Up 30° Aft. 6.63in
Down 20° Fwd, 4,37 in
Rudder: Left 30° Fwd. 3.28 in
Right 30° Aft, 3.03in
Speed Brakes 60° -

Note 1, Aircraft 25201, 25202, 25203

Note 2, Aircraft 25204 and subsequent aircraft.
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2.0 WEIGHT AND CENTRE OF GRAVITY

2.1 ARROW 2 WEIGHT

The ARROW 2 weight history is shown in Figure 3. A summary of current
weights is given in Table 1, along with foot-notes to explain the weight changes
which have occurred during this quarter. Weight accounting, as used in the
foot-notes, refers to recorded weight changes arising from minor design
changes, revised weights obtained from production drawings, and the incor-
poration of actual weights or vendor-quoted weights. Significant weight
changes which have occurred for reasons other than normal weight accounting
are explained by more detailed foot-notes.

2,2 ARROW 2 BALANCE

The extreme points of C. G. travel, corresponding to the weight summary in
Table 1, are as follows:

Extreme forward C,G. 26. 65% MAC

Extreme Aft C, B. 29, 35% MAC
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TABLE 1 - STATEMENT OF WEIGHT

ARROW 2 - OPERATIONAL AIRCRAFT

Weight - Pounds
Present Previous Change | Notes
Structure 19228 19163 +65 (a) +65
Landing Caur 2698 2658 +40 | (b) +40
Power plant and services 10771 10814 -43 (a) -69
(c) +26
Flying controls group 1966 1932 +34 (d) +34
Fixed and removable equipment 9082 9094 -12 (a) -12
Trapped fuel 214 - +214 |(e) +214
Basic Weight 43959 43661 +298 -
Useful load (less fuel) 2687 2799 -112 |(a) -5
: . (e) -214
(£) +84
(g) +23
Operational weight empty 46646 46460 +186 -
Normal combat mission fuel 17684 17605 +79 (h) +79
Normal combat weight 64330 64065 +265 -

NOTE:. (a) Weight accounting,

{b) Redesign of main landing gear wheels and legs to meet strength
requirements. (Interim only).

(c) Fuel system modifications to reclaim residual fuel.

(d) Change to higher strength tubing in flying control hydraulic system.

(e) Accounting change - trapped fuel now included in aircraft basic
weight jn accordance with chapter 30 of RCAF Spec. CAP 479.

éf) Addition, of mi ssile cocaons.

g) Accounting change to include oil in constant speed drive separate

oil system, '

(h) Fuel weight change due to change in operational weight empty.
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3.0 PERFORMANCE

3.1 ARROW 1
3.1.1 PROGRAMMING FOR PERFORMANCE DATA

A report has been prepared which outlines the AVRO computing program to
be used during the initial RCAF performance evaluation of ARROW 1
aircraft.

Flight test data will be transformed te punch cards, from traces and auto-
observer, and fed into the IBM 704 Digital Computer. The results produced
will require no further computation. The computer output will be presented
graphically versus time, with four outputs to one graph, except when tabu-
lated or cross-plotted results are specifically requested. All anticipated
performance parameters will be calculated, including total air miles covered
in a particular manoeuvre or over a complete flight.

Reference: Report No. 71/PERF/2, Issue 4 - Programming for Performance
Data from ARROW 1 Aircraft 25203 (Phase II) Flight Tests - September 1958,

3.2 ARROW 2
3.2.1 PERIODIC PERFORMANCE REPORT 14

A revision of the ARROW 2 performance estimates has been necessitated
primarily as a result of the following:

(a) An increase of 1,489 pounds in operational weight empty.
(b) Revised mission profiles and combat-weight definition.

(c) Revised input data for take-off and landing distances based on flight
test. s

It should be noted that the operational weight empty used in this report is
557 pounds less than the figure quoted in weight report number 7-0400-34
Issue 22, August 1958. This difference is due to an increase in engine
weight, which is not considered in this performance report since the revised
weight is not applicable to the production engine.

The revised mission profiles and the combat weight definition are as infor-
mally agreed to but not yet approved by the RCAF. The revised mission
profiles are tabulated in para. 3.2.2. The combat weight is now defined as
the operational weight empty plus one-half the maximum useable internal fuel
weight. : :

11
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The performance data given in this report are based on the drag and propul-
sion data given in Periodic Performance Reports 12 and 13 and the engine
performance asin EMS 8 Issue 2. These performance data represent an
estimate of the ultimate performance of the ARROW 2 as presently envisaged.

Performance estimates are based on ICAO standard atmosphere conditions,
clean aircraft (i. e. no ventral tank) and CG at 29. 5% MAC.

3. 2.2 WEIGHTS

Operational weight empty 46, 650 Ib,
Maximum useable internal fuel 19,443 1b,
Gross take-off weight (max. internal fuel) 66, 093 1b,
Combat weight 56, 372 1b,
Maximum external fuel and tank (500 gallons at

7.8 Ib/gall. and drop tank) 4,242 1b,
Maximum gross take-off weight (combat mission) 70, 335 1b,
* Maximum gross take-off weight (ferry mission) 68, 607 1b,
Normal design landing gross weight 49,783 1b.
Maximum landing gross weight (combat mission) 66, 093 1b,

* Maximum gross take-off weight (combat mission) less 1, 728 1b, for missiles.
3,2.3 MISSIONS - (Radii of Action)

(1) Subsonic high altitude mission - subsonic combat 442 n.m.

(2) Subsonic high altitude mission - supersonic combat 347 n, m,

(3) Supersonic high altitude mission - supersonic combat 238 n.m.

(4) Combat air patrol - supersonic combat 467 n. m.

(5) Subsonic low level mission (10, 000 ft. altitude)
subsonic combat 349 n. m.,

() Ferry mission (no armament)

(a) ventral tank carried throughout 1,306 n,m. range
(b) ventral tank jettisoned when empty 1,357 n.m., range
3,2.4 GRAPHS |

(a) Maximum Level Speed Figure 4

(b) Maneouvrability Figure 5
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_ (c) Time to Height Figure 6
e (d) Rate of Climb Figure 7
B (e) Take-off Distance Figure 8
_ (f) Landing Distance Figure 9
- Reference: Periodic Performance Report 14 - August 1958.

3.3 REVISED ARROW 2 PERFORMANCE ESTIMATES
- As a result of the recent change in armament and electronic systems,a

revision of the ARROW 2 performance estimates will be made. A Genie
- missile installation appears to be simple and compact, resulting in savings
-~ of weight and space.

- 3.4 PERFORMANCE WITH J75 P6 ENGINES

A performance comparison has been made between an ARROW powered
- with Iroquois engines and an ARROW powered with Pratt & Whitney JT4B-23
— (P6) engines. Both versions of the aircraft were at compatible weights,

with suitable allowances being made for the weight changes due to the

installation of the Pratt & Whitney engines.

The results of the comparison indicate that both versions are comparable
= from the performance point of view, when operating subsonically with after-
- burners unlit. However, in addition to a superior aircraft performance at
- supersonic speeds with afterburners lit, it is evident that the Iroquois

engine has a much lower fuel consumptionh than the Pratt & Whitney engine.
- A comparison of missions was also made for these two aircraft. The

Iroquois powered version has, with one exception, the greater radius of
- action and range. In the subsonic low level mission (10, 000 feet altitude)
- with subsonic combat, the Pratt & Whitney powered version has a greater

radius of action due to an apparent improvement in economy at this altitude,
o Reference: Report No. 72/PERF/22 - ARROW Performance with Pratt &

Whitney JT4B-23 Engines - July 1958.

- Report No. 72/PERF/22/ADD 1 - Further ARROW Performance with

Pratt & Whitney JT4B-23 Engines - New Missions - September 1958.

|
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3.5 TACTICS

3.5.1 ARROW 2 MATHEMATICAL MODEL

A report has been prepared which describes a program of digital and analog
simulations of the ARROW 2 weapon system capabilities. This program has
been written to meet AAWS requirements for a mathematical model of the
ARROW 2, for the following purposes:

(a) To determine the theoretical potential of the weapon system.

(b) To indicate suspect areas and influence the flight test program
accordingly.

(¢) To form a basis for evaluation of the weapon system.

The following terms of reference for the study have been laid down:
(a) A single interceptor versus a single target.

(b) The model will start at target detection by ground environment,
(¢) The model will end at the completion of the missile phase,

(d) Both clear and ECM environments will be considered.

(e) The results of the model prediction and the ARROW weapon system
demonstration are to show statistical agreement,

(£) The 1961 weapon system shall have priority over studies of the
ultimate system.

Reference: ARROW Weapon System co-ordinating contractor.
Report No. 10 - The Mathematical Model.

3.5.2 REVISED TACTICAL STUDIES

In view of the Sparrow missile and ASTRA system cancellations, work on
the tactical studies program has been temporarily suspended,
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4.0 STABILITY AND CONTROL

4.1 PRELIMINARY STABILITY, CONTROL AND DAMPER ANALYSIS

The first nine flights of aircraft 25201, and the first seven flights of aircraft
25202, have been analyzed and assessed with regard to handling qualities
and suitability of the control systems. Particular reference is made to air-
craft 25202 because of the greater amount of data available,

4,1.1 YAW DAMPER

In all flights of aircraft 25201 to date, the normal and emergency yaw
dampers have functioned satisfactorily up to Mach 1. 86 with gain set at 100%
of design, A slight l-cps oscillation was present for a time but it is thought
to have been exaggerated by the roll damper, which appeared to excite this
mode. The relocation of the lateral accelerometers to a forward position
has practically eliminated this oscillation, With this change, yaw damper
operation in all modes is considered to be satisfactory and reliable. A very
effective side slip minimization has been obtained under all flight conditions
tested so far, '

Pilot comment on the yaw damper is favourable except for operation on the
runway, Some difficulty is experienced here, as was expected, since the
damper tends to oppose any change of direction, whether intentional or not.
This is particularly noticeable in heavy cross winds and when the drag chute
is streamed. When landing under these circumstances the damper is
switched off immediately the drag chute is streamed.

4,1.2 ROLL DAMPER

During the operation of the roll damper, under both subsonic and supersonic
conditions, the differential servo has been too oscillatory in action. This
oscillation aggravated the yaw axis l-cps vibration described in paragraph
4.1.1. Damping has been effected in this mode but is not yet considered

to be satisfactory. Flight tests are continuing in order to establish suitable
gain settings.,

The stick feel has been changed from 10 1b/120°/sec., which was too sensi-
tive, to 23 1bs/120°/sec., which appears to be of the right order. In
several flights, stick locking occurred with the roll damper in operation.
This was subsequently traced to a faulty connection in the control stick.
Experience gained so far, indicates that the present stick requires a con-
siderable effort to keep it in serviceable condition. In addition, the stick
shows some undesirable characteristics which are the cause of inconsistent
test results and critical comments from the pilots, This is currently being .
investigated.
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4.1.3 PITCH DAMPER

The pitch damper was not activated during these flight tests because of a
number of problems which arose in conjunction with valve stability and link-
age behaviour. These problems are being investigated. In addition, the
electronic filter associated with the stick had to be relocated within the
circuit in order to eliminate the excessive pickup of structural vibrations
through the accelerometers.

4,1.4 VIBRATIONS IN FLIGHT

Excessive buffeting, at a frequency of approximately 35 cps, has been
indicated by the transverse accelerometer sensors with landing gear exten-
sion, This is probably caused by the vibrations of the landing gear doors.
An occasional 12-cps vibration in the elevator system appears to be sensi-
tive to the configuration of the viscous dampers on the main control valves.
Investigations are continuing in order to eliminate both of these problems.

4,1.5 STABILITY AND HANDLING CHARACTERISTICS

The limited amount of instrumentation available so far has permitted only
an approximate evaluation of stability derivatives.

Dutch rolling characteristics agree well with prediction and show a slight
improvement over the extimate of directional stability in most flight
conditions.

Both aircraft (25201 and 25202) have been flown without dampers, super-
sonically up to Mach 1.7 and 50, 000 feet and subsonically at 450 knots EAS,
With the damping system inoperative, the lateral control of the aircraft
appeared satisfactory, though a little heavy. In the pitch axis the aircraft
experienced oscillations, of approximately 1 second periods. This indi-
cated that pitch control is inadequate for flight in excess of approximately
430 knots EAS subsonically in the damper -off configuration. This oscill-
ation is probably due to high sensitivity and dynamics of the stick-linkage-
valve combination. An investigation of this unacceptable behaviour is
being made on the simulator and flying controls test rig. The dynamics
of the hydraulic system and control valves are also being checked, Super-
sonic handling at speeds up to 450 knots EAS is good, Flight tests are
being continued to extend the supersonic effective airspeeds beyond this
point,

Preliminary assessments of flight test results indicate good agreement
with prediction of the following parameters:

(a) Aileron effectiveness at super sonic speeds.
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(b) Elevator effectiveness at all speeds,
(c) Roll to yaw (#/B) ratic in most conditions.

(d) Trim angles of the elevator at supersonic speed (indicating good
agreement of Cmg, and therefore on supersonic trim drag).

(e) Elevator angle per-g at most conditions.
(f) Angles of attack in lével flight.

(g) Period of the dutch rolling oscillations.
(h) Dutch roll damping at high altitudes,

Reference: Report No.71/FAR/43 - Preliminary Stability and Damper
Analysis of the First Seven Flights, ARROW 1, No., 25202 - September/58.

4.2 WIND TUNNEL TESTING

4,2,1 SPARROW MISSILE COCOON JETTISON TESTS

Preliminary tests have been made to assess the jettison characteristics
of the following cocoon model configurations,

(a) 15° drooped nose - with and without aft release pin.

(b)  25° drooped nose - with aff release pin.

(c) Nose vent - with and without aft release pin,

(d) Plain nose - with and without aft release pin,

The plane nose and nose vent configurations did not separate without inter-
ference with the missiles and in some cases, the fuselage. The 15° and in
particular the 25° drooped nose configuration, with the aft release pin,
tended to pitch nose down and drop cleanly from the pack when released.

The use of the aft release pin appeared to improve the jettison character-
istics.

Some additional testing has been planned which will clarify the jettison
characteristics already observed,and indicate the need for further testing,

4,2.2 IR POD INSTALLATION ON FIN

Supersonic wind tunnel tests to determine the effect of the IR seeker pod
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installation, have been completed in the NAE high speed tunnel. Tests were
made at Mach 1. 35, 1.78 and 2. 03, to measure fin forces and moments and
rudder hinge moments with the pod on, and fin pitot and static pressures
with the pod on and off. Test results indicate that the pod has no appreciable
influence on the lateral stability derivatives or rudder hinge moments. At
speeds above approximately Mach 1.5 with the pod on, the fin pitot position
errors were reduced. At the lower Mach numbers there was almost no
effect. The fin static pressure position error throughout the Mach range
covered, was also improved with the pod on. These results only indicate
the trend, however, since the static pressure probe model was not exactly
to scale.

4,2.3 POST STALL GYRATION TESTING

Preliminary post stall gyration tests are almost complete. A launching
technique for these tests, which are made from the roof of the NAE spin
tunnel, has now been developed. It has been found, however, that open

air testing is impracticable due to the influence of wind and weather,

4.2.4 SPIN AND RECOVERY CHARACTERISTICS
This program is now being continued after delays necessitated by tunnel
modification work. A disparity between early and later test results is being

investigated. A smaller model has been built for testing at higher altitudes
(30,000 feet).
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5.0 AIRIL.OADS

5.1 LANDING GEAR

An investigation has been completed to determine the reasons for the mal-
function of the landing gear extension mechanism, The results have shown
that the specified aerodynamic limits for the landing gear had to be con-
siderably reduced, due to excessive internal friction and insufficient spring
load, In order to obtain a landing gear suitable for operation within the
originally specified limits, internal and external load details were issued
for the redesign of the ARROW 1 gear and the design of the ARROW 2

landing gear.

5.2 AIRLOADS MATRIX

Air loads matrix is being prepared in a form suitable for correlation with
the structural integrity flight test program.
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6.0 THERMODYNAMICS

6.1 THERMAL STRESSING

A report has been wirtten by Avro on some of the considerations which
should be made in establishing temperature distributions through structure,
when used in the calculation of thermal stress,

The analysis of thermal problems depends upon various physical properties,
some of which are:

(a) Coefficient of heat transfer

(b)) Thermal conductivity

(¢) Joint conductivity

(d) Relative density

(e) Specific heat

(f) Geometry of the section

(g) Coefficient of thermal linear expansion
(h) Young's modulus

Most of these properties have a considerable influence on the final stress and
temperature distribution through a structure.

In most of the structures that have been analyzed, these properties have
been assumed to be constants or average values and invariable with temp-
erature. Such an assumption is not strictly correct; investigation has shown
that a large variation exists in the physical properties of materials for diff-
erent batches, and for different heat levels of the materials, These varia-
tions result in unavoidable errors inherent to the input data. In addition to
these, errors arising in the calculation of the restraints of the adjacent
structure must be added. The latter have a significant effect on skin
stresses,

Since all the variables involved are seldom considered, the ' exact'! thermal
analysis of a structure is not usually possible. A method of analysis which
approximates the structure to a simplified model, together with a simplified
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mission, will give results that are within the spread of results due to the
variations in input data.

Ref: Report No. 70/THERMO/32 - Some Considerations in Establishing
T emperature Distributions as Used for Thermal Stressing - July 1958,
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7.0 ELASTICITY

7.1 THERMAL STRESS EFFECTS

An investigation has been conducted to determine the significance of thermal
stresses on material stiffness in the plastic and buckled regimes. Although
the cases investigated to date represent only an illusiration of the problem,
they are useful in determining the stiffness drop when the ARROW wing
structure buckles elastically.

Thermal stresses (and altered material properties) reduce the bending and
torsional stiffness, For this reason it was necessary to determine the sig-
nificance of thermal stresses at various external load levels.

The problem was approached by investigating the effects of buckling and
plasticity on thermal stress and ultimate strength for end-loaded bars and
for a typical wing spar. Buckling and plasticity were considered separately
in the simple end-loaded bars, The more complicated case of a typical
wing spar, where both effects occur simultaneously, was then analysed.

The following conclusions were made:

(a) Buckling causes a redistribution of stress which decreases thermal
stress in some elements and increases thermal stress in others.

(b) By defining thermal stress as the difference in stress between the
cases where thermal expansion occurs and where it is zero, it was
found that plasticity reduces thermal stress.

(¢) The ultimate strength of the spar considered was mainly a function
of the mechanical properties and was virtually unaffected by thermal
stress. ‘

(d) Since thermal stress tends to become unimportant in the plastic
region, it can be concluded that exact temperature distributions are
not required for ultimate strength calculations.

It should be noted that reference is made only to ultimate strength calcul-
ations. In the calculations of limit loads, however, thermal stresses may
not be negligible.

Reference: Report No. 70/ELASTIC/10 - The Effect of Plasticity and
Buckling on Thermal Stress and Stiffness.
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- 8.0 ELECTRONIC SYSTEM

- 8.1 INSTALLATION DESIGN

8.1.1 ARROW 1

- Design work has been completed for the flight test damper system modifi-
cations in aircraft 25201, 25202, and 25203. Wiring information has been
issued to the Manufacturing Division for the AFCS installation in aircraft
e 25202 and stage 1 wiring of the air data computer installation in 25204.

ASTRA system wiring and installation design (including instrumentation) for
e aircraft 25204 and 25205 is complete and has been released to Manufacturing.

8.1.2 ARROW 2

-y

B Wiring modifications for introduction of the development damper and revised
qc actuator system in aircraft 25206, 25207 and 25208 (Partial ASTRA air-

- craft) have been completed.

3

System wiring requirements (less AN/ARC-552) for aircraft 25209 to 25215
were received from RCA during July, but instrumentation requirements have
not yet been finalized. Aircraft wiring and installation design for these air-
craft is 30% complete. No information is available on the production damper
or missile auxiliaries wiring. Instrumentation signal requirements have 'been
received from RCA, but the associated wiring details are not yet available.

8.2 RADOME

Hetron 72 polyester resin has been chosen for fabrication of the ARROW 2
radome. Physical testing of radome wall laminated, constructed with this
resin, has been completed by the vendor (Brunswick-Balke-Collender) and
creep evaluation is currently being conducted by AVRO. Minor differences
in the electrical properties of Hetron 72 and resin originally used (Bakelite
Company BRSQ 142) may require a small increase of the radome wall thick-
ness, probably in the order of 0. 005 inch.

At a meeting between the RCAF, RCA and AVRO it was decided to retain the
air data nose boom in its present location,since the minor improvement
gained in radome performance does not justify its relocation.

AVRO is currently studying an improved radome specification formulated by
RCA. This specification is not consistent with present radome development
and cannot be applied to radomes currently under construction. However, it
may be necessary to investigate the design of a higher performance radome

for the Genie rocket.

e b d b b b Lt

1
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The radome vendor will be requested to investigate the production of the
radome by the filament winding technique which is considered superior to

the hand lay-up methed curréntly in use. Filament-wound radomes can be
produced in quantity more readily to meet the high performance require-
ments than those produced by hand methods. They provide greater uniformity
of wall thickness and homogeneity, with resulting improvements to electrical
performance.

::

8.3 BORESIGHT RANGE

The automatic boresight range mentioned in paragraph 8. 7 of the previous
Quarterly Technical Report is now partially installed on the roof of the
Engineering Building at AVRO. '

The California Technical Industries (CTI) boresight range consists of a radome
holding fixture, a master control console and a null-seeking boom (See Figure
10). The holding fixture provides rotation about all three axes and has attach-
ments for the radar system antenna which is mounted within the radome. In
operation, a transmitting antenna on the null-seeking boom directs a micro-
wave signal through the test radome to the conically scanning radar antenna

at the opposite end of the range.

The error induced in the received signal by the radome causes the null-seek-
ing boom to be reposifioned to the apparent axis of the radar antenna. De-
flection of the boom, relative to the length of the range provides an accurate
measure of the boresight error introduced by the radome. Recorders con-
tinuously indicate the boresight error and its in-plane and cross-talk com-
ponents.

The radome holding fixture and the null-seeking boom will be mounted on the
roof and closed circuit television is to be used for remote visual monitoring.
An ASTRA system antenna is not yet available, therefore an MG -2 antenna
and radome will be used for initial checkout of the equipment.

8.4 TELECOMMUNICATION AND NAVIGATION ANTENNAS

Design and development of ARROW telecormmunication and navigation system
antennas is now almost complete. The next stage will be an antenna evalu-
ation flight testing program on an ARROW 1 aircraft (probably 25203). A
review of the current status of the ARROW antennas follows:

8.4.1 UHF BELLY ANTENNA

The UHF belly antenna is a flush mounted, annular slot type, used with radio
communication set AN/ARC-34 or AN/ARC-552 and with data link. The
antenna operates in the 225 to 400 mc/s frequency range and provides omni-
directional coverage over the lower hemisphere.
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The ARROW 1 version of the UHF belly antenna has a voltage standing wave
ratio (VSWR) less than 3:1, and the ARROW 2 version has a VSWR less than
2:1 over the entire frequency range. Qualification tests on the ARROW 2
antenna are currently in work and will also serve to qualify the ARROW 1
version. Principal plane and conical cut pattern measurements for the UHF
belly antenna have been completed.

8.4.2 L-BAND BELLY ANTENNA

A flush mounted, annular slot type L-band belly antenna is used with radar
identification equipment (IFF) AN/APX-6A or AN/APX-25A. The operating
frequency range is 950 to 1150 mc/sland coverage is ominidirectional over
the lower hemisphere.

Development and qualification of the L-band belly antenna have been com -
pleted and units are being installed on ARROW 1 aircraft. Some principal
plane and conical cut patterns have been measured.

8.4.3 COMBINED UHF AND L-BAND FIN ANTENNA

The combined UHF/L-band antenna consists of dual fan-shaped elements
mounted in the vertical fin cap. This antenna operates jointly with the UHF
and L-band belly antennas in the 225 to 400 mc/s and 950 to 1150 mc/s bands
respectively. Coverage is omnidirectional in the upper hemisphere.

Both elements of the combined UHF /L -band fin antenna have a VSWR less
than 2:1 over the frequency range. Principal plane and conical cut patterns
have been measured, and the antenna, which is fully qualified, is now ready
for installation on ARROW 1,

8.4.4 X-BAND ANTENNA

An X -band antenna of the flush mounted, dual slot, horn type is installed in
the upper part of the fin, for use with the air-to-air IFF equipment (AN/APX-
27). The frequency range of this antenna is X-band (in the 10, 000 mc/s
regiop) and coverage is isotropic in the horizontal plane.

The RCAF has stated that omnidirectional X -band antenna coverage is
required. However, this is not possible with the existing system and the
RCAF has been asked if the present system is acceptable, provided inter-
rogation is continuous throughout an attack. A ruling on this point is awaited.

Approximate patterns have been calculated for the X -band antenna, which has
been qualification tested and installed in ARROW 1.

o
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8.4.5 UHF HOMBER ANTENNA

The UHF homer (AN/ARA-25) antenna is flush-mounted on the underside of
the radar nose. This antenna has a cardioid pattern and operates in the 225
to 400 mc/s frequency range. No pattern measurements have yet been made,
but a program is being prepared to obtain bearing error measurements of the
antenna when operating with the UHF homer equipment.

8.4.6 RADAR HOMER ANTENNA

Flush mounted antennas will be installed in the radar nose for use with the
AN/ARD-501 radar homer, the operating frequency range of which is 1215 to
1340 mc/s and 2700 to 3150 mc/s.

The antenna pattern requirements of the original specification for the radar
homer were not achievable and development was discontinued in July 1957.
No further work has been undertaken pending a requirement decision by the
RCAF.

8.4.7 DOPPLER ANTENNA

Space has been provided for a doppler radar antenna on the left-hand side of
the aircraftjalthough no decision has been reached on the type of antenna to be
used.

A four-beam antenna system, which radiates one beam forward and one beam
aft on both sides of the aircraft, will be required.

8.4.8 RADIO COMPASS LOOP ANTENNA

The radio compass (AN/ARN-6) uses a loop antenna flush mounted in the
electronics bay access door,and operates in the 100 to 1750 kc/s frequency
band. The loop anténna is currently installed in ARROW 1 and will also be
used in ARROW 2.

8.4.9 RADIO COMPASS SENSE ANTENNA

The radio compass sense antenna is a curved copper sheet, fastened to the
inner surface of the dorsal fairing. It is installed in ARROW 1 aircraft and
will also be used in ARROW 2. Coverage of the sense antenna is omnidirec-
tional.

8.4.10 TELEMETRY ANTENNA

A blade type telemetry antenna, is mounted in the underside of the rear fuse-
lage of ARROW 1 aircraft. The coverage of this antenna is not as good as was

31
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anticipated and a different type is contemplated for ARROW 2. A small,
flush-mounted antenna, providing coverage in the lower hemisphere, is
proposed.

8.5 INFRA-RED SUB-SYSTEM

AVRO considers that the RCA open loop gaseous nitrogen system for coocling
the IR detector is impractical from the logistics support, weight and space
aspects. However, it Is rot considered advisable to change from the open
loop gaseous system at this stage because of the delay in the development
program. The open loop system is therefore being developed for test pur-
poses. In the meantime, RCA is to investigate the possibilities of develop-
ing a suitable liquid nitrogen cocling system for use in squadron aircraft.

It is anticipated that a liquid nitrogen system would have decided weight and
maintenance advantages.

8.6 GENIE LONG RANGE ROCKET (MB-1)

The RCAF has instructed AVRO to proceed with the installation of Genie, long
range rockets in the ARROW. A program for this is being established and
preliminary studies have started.

As the tolerable launch error of the Genie will be smaller than that for the
Sparrow 2, it may be necessary to improve the electrical characteristics of
the radome, possibly by the use of filament winding construction.

8.7 CANCELLATION OF ASTRA I PROGRAM

Subsequent to the foregoing, the Government has decided that neither ASTRA
nor Sparrow will be used in the ARROW. Consequently, no further work on
these systems will be performed by AVRO. Representatives from AVRO and
the RCAF will shortly visit the Hughes Aircraft Company for preliminary
discussions on an alternative electronic and armament system.
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9.0 ENGINE INSTALLATION

/

9.1 IROQUOIS ENGINE WEIGHT

AVRO has been advised that the weight of the first three prototype Iroquois
engines will be4834 1b,, each, instead of the 4, 500 1b quoted in the Iroquois
engine Model Specification (EMS-8). As a result of this weight increase, the
first ARROW 2 will have a reduced performance capability.

9.2 ENGINE STARTER UNITS

AVRO has been responsible for procuring engine starter units. A total of 74
starters was ordered,and of this total, ten have been delivered to AVRO and
are being installed on J75 engines. However, the RCAF has advised that since
starters are considered engine accessories, the engine manufacturer is
responsible for procuring and installing these units. AVRO is therefore
arranging for delivery of the remaining 64 starters to Orenda who will install
them on the engines, prior to RCAF acceptance of the power units.

9.3 AIRCRAFT TURNAROUND SERVICING AIDS

In order to minimize aircraft turnaround times, the RCAF requested that
remote indication be provided to show the contents of the fluid systems
associated with the engines. Although not in full agreement with the RCAF
recommendations, AVRO agreed to comply with the intent of the request.
Discussions were held between AVRO and Orenda, and an alternative pro-
posal was submitted to the RCAF (Ref. ARROW Quarterly Technical Report
No.4 - 70/ENG PUB/8 Para. 9.1.2). The RCAF's review of this proposal
regulted in the following decisions:

9.3.1 ENGINE RE-OILING

The engine re-oiling couplings will be mounted directly on the outside of the
engine shroud to eliminate the need for an access door. Orenda will install a
thermistor-type oil level indicating system in the oil tank, and the oil levels
will be shown by green indicator lights, installed by AVRO on the refuelling
panel, as follows:

(a) Low Level Light -
Light "ON'" indicates that oil level is above the half-full mark, and is
satisfactory for flight.
Light extinguished indicates that oil level is below the half-full mark,
and re-oiling is required.

(b) Full light -
Light "ON" indicates that the oil tank is full.
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9.3.2 CONSTANT SPEED DRIVE AND ACCESSORIES DRIVE GEAR BOX
SYSTEMS

It has been agreed that since these systems are sealed and do not normally
consume oil, the need for checking oil levels on turnaround should not be
necessary, The systems can be checked and serviced during routine daily
inspections when the access doors are open,

9.3.3 ENGINE HYDRAULIC AND OXYGEN SYSTEMS

The RCAF has also agreed that separate indicator lights are not required for
the engine hydraulic and oil systems, since they are self contained and
equipped with integral indicator gauges. In addition, the hydraulic and oxy-
gen fluid consumption is low, and checking and replenishment would only

be required during routine daily inspections.

34




UNCLASSIFIED:

AVRO A/RCRAFT LIMITED

AVRO ARROW

el

10.0 ELECTRICAL SYSTEM

10.1 POWER SYSTEM -

10.1.1 ARROW 2

Alterations have been made to the aircraft wiring to allow complete inter-
changeability between Westinghouse and Lucas-Rotax power generating equip-
ment. The most significant change involves the addition of wiring to
accommodate the Lucas-Rotax differential current transformer which does
not exist in the Westinghouse system.

10.2 ELECTRICAL SUB-SYSTEM DEVELOPMENT

10.2.1 LANDING GEAR CONTROL SYSTEM - ARROW 2

Changes have been made to bring the ARROW 2 landing gear electrical sys-
tem in line with the changes to the ARROW 1 system described in para. 10.2.1
of the previous Quarterly Technical Report, and in para. 9.4.1.1 of the
March 1958 Quarterly Technical Report.

The present landing gear electrical system permits the opening and closing
of the nose doors for ground servicing, and sequences the lowering and re-
traction of the nose gear doors and leg at take-off, regardless of the ground
services switch position.

10.2.2 FUEL CONTROL SYSTEM - ARROW 2

A modification has been embodied which allows the refuelling system to be
operated from the emergency d-c bus when an outside source of d-c power is
connected to the aircraft.

10.2.3 DAMPING SYSTEM - ARROW 1

The pilot's landing gear actuator has been modified to provide signals to the
damping system when either landing gear up or landing gear down is selected.
The landing gear up signal will cause an amber warning light on the warning
panel to illuminate when the damping system is not in the high speed con-
figuration. The landing gear down signal will cause the light to illuminate
when the damping system is not in the low speed configuration.

10.2.4 CANOPY ACTUATION - ARROW 2

A canopy seal relay has been added in parallel with the front and rear canopy
sealing valve. This relay will complete the d-c circuit to the cabin pressure
warning light if the front or rear canopy latch has not been moved to the
sealed position.
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10.2.5 WINDSHIELD AND CANOPY DE-ICING - ARROW 2

Power for the observer/Al's canopy de-icing system has been changed from
the a-c to the main d-c bus because of the change in window material. (Ref.
para. 22.6). The temperature sensor in the observer/Al's right-hand window
has been deleted for simplification purposes.

10.2.6 AIR CONDITIONING SYSTEM - ARROW 2

An air conditioning failure control switch has been added to the system, and
the failure circuits have been modified to provide a single fail warning light.
The air conditioning failure control switch has two positions, ON and NOR -
MAL, and is located on the right-hand console of the pilot's cockpit. If the
air conditioning fail warning light is on, it indicates overheating of the cock-
pit, equipment, fuel air, or turbine outlet air, or turbine overspeed. Selec-
ting the control switch to ON will close the cockpit valve or equipment valve,
if the fault is in one of these circuits, and the warning light will be extinguished.
Any one of the other faults will shut off the main system and open the ram air
system, when the temperature at the ram alr inlet is below 108°F. However,
the switch will not reset the main system ,or extinguish the warning light for
any other system fault, but its operation aids in the location of system faults,
and may preclude the abandoning of a mission due to overheating in the cock-
pit or equipment. (Ref. para. 11.2).

10.2.7 WEAPON PACK - ARROW 2

Weapon pack circuits have been modified as follows:

(a) The relay control sigﬁals for missile firing have been re-routed.
(b) Downlock switches have been added to the launcher rear jacks.

(c) The missile lowering circuit to the external tank jettison system has
been re-routed. This has been done in order to prevent inadvertent
tank jettison when the landing gear override switch for pack armament
ground test is operated.

10.2.8 GROUND STARTING VEHICLE

The aircraft wiring in the air conditioning, engine services and starting cir-
cuits has been modified to provide external connections to the new ground
starting vehicle. These connections provide for additional services which
facilitate ground servicing, as follows: intercommunication with the aircraft,

- tele-scramble, ground air conditioning control, a-c supply for jet pipe

temperature indication and engine fuel metering, and starting control.
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10.2.9 ENGINE SERVICES - ARROW 2

A modification has been added to provide for tailcone plug jettison when
afterburners are selected. The plugs are jettisoned by cartridges, which
are detonated when the tail cone plug relays are energized. These relays
are energized when an afterburner selection is made on the throttle assem-
bly. When the plugs are released, the afterburner fuel control system is
energized.
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11.0 : AIR CONDITIONING SYSTEM

11.1 ARROW 2 FLOW CONTROL

11.1.1 COCKPIT BYPASS METHOD OF FLOW CONTROL

The bypass method of controlling cockpit flow described in the Quarterly
Technical Report for 31 December 1957 (70/ENG PUB/5, Section 10. 3) will
be installed on a trial basis in aircraft 25208. The theoretical circuit dia-
gram shown in Figure 11, shows that the pilot may have the flow control
system either operative or inoperative. With the pilot's switch in the "AUTO"
position, cockpit flow will be regulated to a constant 27.5 1b. /min. In this
case, the opening and closing of the bypass valve is controlled by the flow
controller, which in turn is governed by a flow sensor in the cockpit inlet
duct. When the OFF position is selected, the bypass valve is held closed,
and the total flow passes through the cockpit.

11.1.2 AVRO MASS FLOW CONTROLLER

Recent testing has confirmed the basic theoretical concept applied in the design
of the AVRO angular momentum mass flow controller; i.e. the retarding
torque on a set of rotating blades does in fact vary linearly with the mass flow
through the blades. These tests also indicated the need for some improve-
ment to controller configuration. (Ref. Report 72/SYSTEM 22/239, Require-
ment for, and Future Development 6f an Angular. Momentum Mass Flow
Controller for MK 2 Air Conditioning System, Sept. 1958).

Separation of the torque detection and power unit is desirable for the following
rez;sons:

(a) To overcome any tendency towards oscillatory instability in an associ-
ated control system, which could arise from the inertia of the originally
proposed impeller and motor combination.

b To avoid the control problems associated with the high starting torque
P q
of the motor.

(¢) To eliminate the manufacturing problems associated with the use of slip
rings for supply of current to the motor.

(d) To simplify maintenance procedures.

This separation can be achieved by using two mechanically independent blade
rotors in tandem instead of one, as originally proposed. The impeller, or
upstream rotor, would be driven by the synchronous electric motor and would
control -the angular velocity of the flow. The turbine, or downstream rotor,

-
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would act as the detector, operating on the principle that the torque required
to straighten the flow is equal to the torque required to spin up the flow. With
this arrangement, the anti-swirl honeycomb could be eliminated, and the con-
troller turbine would be used to provide the control signals for the refrigera-
tion turbine's variable inlet nozzle. The preliminary design of such a
controller has been completed and an experimental unit is being manufactured
by AVRO.,

11.1.3 PROPOSED MASS FLOW CONTROL SYSTEM

In order to conserve engine power, control of total air conditioning system
flow is desirable. Since the bulk of the total flow must pass through the
refrigeration turbine, regulation of turbine inlet flow appears to be the obvious
method of flow control. For this reason, provision has already been made to
use a turbine with a variable area inlet nozzle, and an AVRO-designed angular
momentum mass flow controller., A true constant mass-flow control system
will thus be obtained.

The pneumatic nozzle guide vane jack of the refrigeration turbine will be con-
trolled by the flow controller turbine, but it has not yet been decided whether
this control will be by a directly operated pneumatic valve or by an electroni-
cally operated pneumatic valve. -

The purely pneumatic system lis attractive because of its simplicity and
reliability. However, there is a possibility that friction in the guide vanes

- may cause the inlet nozzle to '"hunt'. In addition, a longer development time

will be required for this system than for the electronically operated system.
An electronic system, similar to that developed for the temperature control
systems (Ref. Quarterly Technical Report for 30 June 1958, Section 11. 1),
offers a possible solution te the problem. A similar two-loop system,
employing feedback in the inner loop, would provide more precise control

of inlet nozzle area. Also,with the experience gained in the development of
the temperature control systems, development time for such a system would
be reduced.

11.2 SYSTEM FAILURE PROTECTION

ARROW 2 air conditioning system fault indication, and pilot controls for
corrective action, have been changed in an attempt to simplify emergency
procedures. Some aspects of these changes have already been noted in
paragraph 10.2. 8.

Pilot operation of a single switch is the only immediate corrective action
required. The pilot, without being subjected to the pressure of urgency, can
then interpret the nature of the fault and decide on the necessary final action
to be taken. 'Only one warning light is now used to indicate a fault arising
from any one of five different causes:

f—
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(a) Failure of cockpit temperature control.

(b) Failure of equipment temperature control.

(c) High turbine outlet temperature.

(d) Turbine ovefspeeding.

(e) High temperature of fuel system pressurizing air.

The theoretical electrical circuitry for this warning system is shown in Fig-
ure 12.

11.2.1 COCKPIT TEMPERATURE CONTROL FAILURE

When cockpit inlet air temperature exceeds 180°F, an overheat thermostat in
the cockpit inlet duct will close to illuminate the warning light. Operating
the failure control switch to the ON position closes the cockpit temperature
control valve and breaks the warning light circuit.

11.2.2 EQUIPMENT TEMPERATURE CONTROL FAILURE

When equipment cooling air temperature excéeds 100°F, an overheat thermo-
stat in the equipment air supply duct closes to jlluminate the warning light.
Selecting the failure control switch to the ON position closes the equipment
temperature control valve and breaks the warning light circuit.

11.2.3 HIGH TURBINE OUTLET TEMPERATURE

If turbine outlet air temperature exceeds 80°F, a thermostat in the turbine
discharge duct closes to illuminate the warning light. Selecting the failure
control switch ON position trips the air conditioning system emergency con-
trol relay thus closing the system shut-off valve, the radar nose shut-off
valve and both cockpit and equipment temperature control valves. At the
same time, if ram air temperature is less than 100°F, the ram air relay
trips to admit emergency cooling and pressurizing air to the cockpit.

11.2.4 TURBINE OVERSPEEDING
Should overspeeding of the refrigeration turbine occur, a turbine overspeed
switch closes to automatically establish the same sequence of events described

in the preceding paragraph. The system failure warning light is illuminated
by tripping the emergency control relay.

41



NOILD310¥d FUNTIVE ONINOILIANOD ¥V T MOWIV Tl "Old

FUEL TANK PRESSURIZING AIR

O

}

}

OVERTEMP THERMOSTATS

EQUIPMENT

FAILURE CONTROL
SWITCH

O

TEMPERATURJ
SHUT-OFF

O
/

CONTROL LATCH-IN
RELAYS

}

COCKPIT

TURBINE OUTLET
TEMPERATURE

-

—_—r

TURBINE OVERSPEED SWITCH

o

EQUIPMENT

COCKPIT

)

d.

—0

OPEN

CLOSE

E

———— ———— . —-
e Y
N

| ol
RAM AIR
THERMOSTAT

RAM AIR RELAY

ERGENCY
CONTROL

RELAY

fiememesiia s

SYSTEM
SHUT-OFF
VALVE

TEMPERATURE CONTROL
VALVE SHUT-OFF
SOLENOIDS
EQUIPMENT COCKPIT

O

RAM AIR

VALVE

LEFT
REVERSE
FLOW
VALVE

" MAIN DC SUPPLY

MASTER
) WARNING ¢
BOX

AIR CONDITION FAILURE
WARNING LIGHT

£

T=40T=ngTE

MOHHEY 041V

GILINIT] LIVEIEIY Q6AY




UNCLASSIFFED

’;?'.
AVRO AIRCRAFT LIMITED

i
[

AVRO ARROW

11.2.5 HIGH TEMPERATURE FUEL SYSTEM PRESSURIZING AIR

If engine bleed air at the ram air heat exchanger outlet should exceed 380°F,
a thermostat located at that point closes to illuminate the warning light.
Selecting the failure control switch to the ON position initiates the same
sequency of events described in paragraph 11. 2, 3.

11,2.6 FAULT INTERPRETATION AND CORRECTIVE ACTION

If the warning light is extinguished when the failure switch is operated to the
ON position, it indicates that either the cockpit or equipment temperature
control systems are at fault, If the warning light does not reappear when
the switch is returned to NORMAL, it indicates that the fault has cleared,
and normal operation of the system resumes.

If the warning light is not extinguished when the switch is returned to NOR -
MAL, then the fault must be due to any one or more of the remaining three
causes (see para 11, 2) and the flight should be aborted. Returning the failure
control switch to NORMAL will not reset the ram air or the emergency con-
trol relays.

To shut off the air conditioning system for any reason, such as contaminated
air, the pilot may operaie the air supply switch which is wired in parallel
with the turbine overspeed switch.

11.3 ENVIRONMENTAL PROTECTION FOR CREW MEMBERS

In mid-September a meeting was held between AVRO and the RCAF to discuss
aircrew protective equipment in ARROW aircraft. During the meeting, the
AVRO study outlining the requirements and consequent problems involved in
providing for ventilated and pressurized aircrew suits was discussed, (Ref.
Quarterly Technical Report for period ending June 30, 1958, 70/ENG PUB/8,
section 11. 4.

The RCAF stated that although a full pressure suit was preferred, the 100 lb.
weight penalty involved was not acceptable. AVRO advised that a substantial
weight saving could be achieved by reducing the taxiing time, thus reducing
the amount of liquid oxygen required for adequate ventilation during the taxi-
ing period. The RCAF agreed to review the taxi time requirement, with
respect to the ventilation period, and to advise AVRO accordingly.

Since equipment for the full pressure suit system would not be available until
1960, AVRO will be advised to proceed with the design of an interim ventila-
tion system which would be compatible with the partial pressure suit. In the
meantime,  AVRO will proceed with the design of a system compatible with
both the full pressure suit and the partial pressure suit.
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12.0 LOW PRESSURE PNEUMATIC SYSTEM

12,1 PITOT STATIC SYSTEM - ARROW 2

The qc actuator syétem (ref. para. 15.175) is now monitored by a q¢c pressure
switch instead of the q. transducer previously required. The q. pressure
switch is supplied with pitot and static pressure from the fin probe.

In the engine test vehicle (aircraft 25207) Orenda Engines require a trans-
i ducer for the engine hot box instrumentation. This transducer will be supplied
with primary static pressure from the nose boom pitot-static probe.
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13.0 FUEL SYSTEM

13.1 REDUCTION OF UNUSEABLE FUEL

Actual weighing of ARROW 1 aircraft and recent calculations for ARROW 2
aircraft have shown that a large amount of fuel in the aircraft is unuseable.
In order to reclaim as much of this fuel as possible, the ARROW 2 fuel sys-
tem is being modified. No attempt will be made to recover the unuseable
fuel in ARROW 1 aircraft,

Approximately 260 pounds of fuel will be recovered from the tributary tank
system (tanks No. 1, 2, 3, 4, 6, 7 and 8) by modifying the fuel-no-air valve
outlet pipes. (Ref. Figure 13). The modification will provide the outboard
fuel-no-air valves with a bypass pipe in which a non-return-valve and a
restricting orifice will be installed. At low fuel levels, the fuel-no-air valve
inlet becomes exposed to air, and the valve closes. The fuel pressure on the
delivery side of the valve then falls off and tank pressure is able to force fuel
through the bypass into the transfer line. To recover as much of the fuel as
possible by this method, the bypass inlet will be located at the lowest point
in the tank and as close to the tank floor as possible.

Modifications to the collector tanks will permit recovery of an additional 44
pounds of fuel. The following alterations are currently in work:

(a) Installation of a sump at the aft outboard corner of the tank with con-
sequent alteration to the booster pump aft fuel inlet pipe.

(b) Provision of holes in the tank floor stringer webs to permit drainage of
trapped fuel to the sump.

13.2 ENGINE INLET FUEL PRESSURE WARNING

A fixed-datum pressure warning switch is currently used to indicate low fuel
pressure at the engine fuel inlet. The switch is set to close at a fixed
critical pressure datum of 15.9 psia. This pressure datum is derived by
summing the specified minimum fuel inlet pressure (7.5 psia above the rele-
vant vapor pressure) and the fuel vapor pressure at the maximum design
temperature (8.4 psia at 160°F for JP4 fuel). It has been found that this
arrangement can cause unnecessary and misleading warning signals when
fuel temperatures are below 160°F (see Figure 15).

In order to prevent these false warnings, AVRO has investigated the possi-
bility of designing a switch in which the critical pressure datum varies with
fuel temperature. (Ref. report 71/SYSTEM 16/177, Investigation of a Fuel
Pressure Switch Operating at a Variable Temperature Datum Related to
Vapor Pressure, June, 1958). The study revealed that two types of switches
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could be constructed, one of which would completely eliminate the occurrence
of misleading warning signals, and the other would substantially reduce the
region in which the false signals are produced. (See Figure 15).

The suggested ideal pressure switch would be actuated by a sealed capsule
containing JP4 fuel. By immersing the capsule in the fuel being delivered

to the engine, the fuel sample is exposed to delivery fuel temperatures and
pressures. Thus, if the capsule is arranged to operate a switch contact at
the datum point of 15. 9 psia when fuel temperature is 160°F, the switch will
close at the pressure corresponding to any temperature along the critical in-
let pressure curve, whenever the differential pressure between fuel delivery
and the sealed fuel sample is less than 7.5 psi. A fuel capsule would be
difficult to manufacture because of the sealing problems while fuel is con-
tained within the capsule.

The alternative proposal would use a capsule containing air at 50 psi. In this
case, however, the internal pressure exerted on the capsule would vary line-
arly with respect to fuel temperature, and consequently the variable datum
governing the warning signal would deviate from the ideal curve. In the
working range of temperatures defined by 90° to 160°F, warning signals
would occur prematurely. At temperatures below 90°F, no warning signals
would occur, even when fuel pressures fall well below the required mini-
mum. To avoid this latter condition, a cut-off switch, actuated by an evacu-
ated capsule, could be integrated into the switch design. The warning light
would then appear whenever fuel inlet pressures dropped below a nominal
10.25 psia. This would, of course, tend to make a more complicated and
bulkier unit.

The feasibility of introducing variable-datum pressure warning switches in
ARROW aircraft will depend on further engineering studies.

13.3 PRESSURIZING AIR SUPPLY

Under certain flight and ground conditions, the engine bleed air used for fuel
tank pressurization can rise to potentially dangerous temperatures. In
certain conditions, JP4 fuel will ignite spontaneously when in contact with a
surface at 450°. Since pressurizing air is tapped from the downstream side
of the air conditioning system's ram air heat exchanger, high air supply
temperatures occur when cooling in the heat exchanger is inadequate.

~ In ARROW 1: aircraft, inadequate cooling in the ram air heat exchanger

occurs only during static ground running with the air conditioning system
shut-off. 'The turbine driven fan is then inoperative and the cooling air flow
through the heat exchanger is too low for adequate cooling of engine bleed

air. In order to fully explore the potential hazard involved, ground tests

will be conducted in which only one engine will be run with the air conditioning
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system shut-off. Fuel tank pressurizing air temperatures will be monitored
to determine the engine throttle setting at which stabilized 400°F air tempera-
ture is reached,and limitations on ground running conditions will be intro-
duced if found necessary.

Due to revised estimates of pressurizing air temperatures in ARROW 2 air-
craft during Mach 2 flights above 50, 000 feet, a cockpit warning light is being
introduced to make the pilot aware if hazardous operating conditions occur.
This light is operated by a thermostat in the pressurizing air supply. Should
the warning light indicate that the high temperatures occur too frequently,
additional cooling of the bleed air will be required. Consideration is being
given to tapping pressurizing air from the downstream side of the water

. evaporator instead of the present downstream side of the ram air heat

exchanger.

13.4 FUEL QUANTITY GAUGING SYSTEM

The ARROW 1 cockpit fuel quantity indicators have been giving érroneous
readings, which have been caused by spurious signals picked up by the signal
carrying leads at bulkhead connectors. Throughout their length, the signal
carrying lead wires are shielded; the shields being grounded. By grounding
the shield for each length of wire at the terminating bulkhead connector, the
shielding is not necessarily at the same potential at all points along its
length. To ensure that a cormmon ground is provided for the shielding, bulk-
head connectors with coaxial pins are being investigated. These would
provide a continuous shield throughout the full length of the signal leads.

13.5 AVRO FUEL-NO-AIR VALVE DEVELOPMENT

13.5.1 DEVELOPMENT PROGRESS

Arrangements have now been completed with the supplier for the development
and manufacture of the AVRO-designed fuel-no-air valve (Ref. para. 12.2 of
the previous Quarterly Technical Report).

13.5.2 DESIGN FEATURES

Although the basic features of the valve remain unchanged, some detail
changes have occurred. The most significant of these is the adoption of a
photo-electric sensing system to replace the utrasonic systemm. This new
multiprobe sensing system offers a lighter and more compact installation at
lower cost. The optical sensing probe is discussed briefly in para. 13.5.3.

13.5.3 OPTICAL SENSING DEVICE

The optical fuel/air discriminating system will consist of four parallel-
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connected probes in series with a single amplifier. Each probe will include
a light source, a prism and a light-sensitive solar cell (Ref. Figure 16).

The light source is located within the probe so that no light reaches the
sensitive surface of the solar cell except by reflection from the two exposed
surfaces of the prism. Total reflection occurs within the prism when the
surfaces are exposed to air, and almost total transmission occurs through
the surfaces when the probe is immersed in fuel. The solar cell is activated
by the reflected light and generates a voltage proportional to the intensity of
light incident upon it. This voltage, upon amplification provides the initial
fuel-no-air valve closing signal.
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14.0 HYDRAULIC SYSTEM

, Therehavebeen no significant flying control hydraulic system developments
1 during the quarter. Improvements to the control system actuators and servos
are reported in Section 15, With regard to the utility hydraulic system, the
following work has been performed:

14.1 NOSE LANDING GEAR

Design requirements for the ARROW 2 nose landing gear have been revised
to bring them into line with up-to-date aircraft landing weights and dynamic
braking conditions.

Both maximum and steady braking loads were considered from the point of
view of shock absorber and tire deflections, and the roll life of the existing
wheels and tires. For the maximum braking case, at maximum aircraft
landing weight, it was found that tire deflection would be excessive to the
point of complete flattening. In the case of steady braking, it was calculated
that 43% tire deflection can occur, resulting in reduced tire life and pre-
mature failure. Investigations have also indicated that bottoming of the
shock absorber could also occur under certain maximum braking conditions.

As a result of these investigations, the nose gear équipment procured for
ARROW 2 will be designed to meet the dynamic conditions of the revised
specifications.

14.2 NOSEWHEEL STEERING SYSTEM

Preliminary design of an electro-hydraulic nosewheel steering system, to
replace the original mechanically-operated arrangement, has now been
completed. Trial installation and flight testing will be conducted on air-
craft 25202 in order to develop an operational system for ARROW 2,

In order to prevent oversteering at high speeds, the steering control ratio
of rudder bar deflection vs nosewheel angle will probably be non-linear for
the ARROW 2 system. However, for trial installation purposes a selector
switch in the cockpit will permit the pilot to select the steering control
characteristic (ref. Figure 17). This will facilitate an assessment of the
comparative merits of linear and non-linear control, from which the opti-
mum characteristic for the ARROW 2 system can be determined. The
principal advantages of the electro-hydraulic system as compared with the
original mechanical system are:

(a) A reduction of steering mechanism friction effects on the rudder control
system.
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