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SUMMARY

This document details a planned program for the Avro Aircraft Limited
AVROCAR f{irst phase development with accompanying cost estimates and
scheduling.

The first phase consists of the manufacture of one prototype vehicle
according to the approved Model Specification for Avrocar I (Army VZ-
9AV) dated 20 May 1958, issued by the Contractor and the carrying out of
certain wind tunnel and other tests directed to this endeavour.

The program is prepared in accordance with the requirements set forth
in the Preliminary Statement of Work Avrocar Vehicle (Army VZ-9AV)
identified 58RDZ-12743 dated 1 May 1958 and the Request for Proposal
identified 58MCXH-12357 dated 18 March 1958. Two items of work,
namely the 1/5 scale AVROCAR model and simulation studies which
form part of the USAF System 606A program re-directed to support the
AVROCAR program, are included for programming and scheduling but
are not included in the cost estimates.

A brief description of the AVROCAR is given in the Introduction, but for
a comprehensive account of the proposed prototype, the model specifi-
cation may be referred to. Some further detail is given in para 3.1.1 in
order to clarify the design planning. Following the Introduction, the
Engineering and Manufacturing of the prototype vehicle are described
with detail scheduling through all phases. Separate sections describing
models and tests supported with schedules and cost estimates are also
included.

It is the Contractor's intention to subcontract the design, manufacture
and development of the AVROCAR turborotor to Orenda Engines Limited,
a subsidiary of the A. V. Roe Canada Limited Group. Planning and cost
for this item is included in Appendix I of this report.

The funds required to carry out the program amount to $2,102,197 US.
This sum includes $65, 000 for one (1) additional complete set of vehicle
parts, $15, 520 for one (1) complete 16mm color film with sound track and
$561, 295 for a package first phase turborotor development by Orenda
Engines Limited.

The first vehicle is expected to begin its tethered flight program not later
than one year from date of contract; that is by June 1959,

The following items are not included in the cost analysis shown in this
report:

(1) Equipment items requested as GFAE, now CFE
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(2) Landing Wheels

(3) Fire Extinguisher System

(4) Amendments to the approved model specification (dated 20 May 1958)
originating from USAF or US Army which increase the scope of work

beyond the program defined herein.

All the above will be the subject of separate cost estimates.
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2. INTRODUCTION

The AVROCAR is a new type of air vehicle suitable for operaﬁng close to
the ground and capable of VTOL, flight to 10, 000 ft. altitude and speeds
in excess of 200 mph.

The design is derived from a supersonic aircraft with VTOL/STOL capa-
bility projected by Avro Aircraft Limited.

Considerable research and development performed for the supersonic

aircraft is directly applicable to the subsonic AVROCAR. Because the
latter is a subsonic vehicle of simple design, it is considered entirely
feasible to complete a prototype within twelve months.

This program involves the design and manufacture of an AVROCAR vehicle
in accordance with the details outlined in the approved Model Specification
for Avrocar I (Army VZ-9AV) dated 20 May 1958.

Manufacture of the vehicle will run concurrently with a series of model
tests and simulation studies. The latter two items are included to assist
refinement of the concept and determine the exact characteristics for
controls development.

A general layout of the AVROCAR is illustrated in Figs. 1 through 6.

Fig.1 is a three-view general arrangement of the vehicle. The vehicle
is an all wing design of circular planform and is approximately 18 feet in
diameter. In section the wing is a cambered ellipse with thickness to
chord ratio of approximately 20%.

The wing section is symmetrical about the vertical centerline, resulting
in a very simple radial structure. The vehicle stands approximately 5
inches off the ground, has an overall height of 4. 8 feet and will take off
vertically at a weight of 5650 1b, which includes a payload of 2000 1b. and
fuel for over 100 miles flight. ’

Three Continental J69-T -9 turbojets - 927 1b. S. L.. static thrust, 27 inch
overall diameter, 364 lb. weight - are symmetrically disposed in plan
with their exhausts directed inboard (ref. Fig.2). The exhaust is col-
lected in a cochleate chamber and directed through nozzle guide vanes to
impinge upon turbine blades attached at the outer edge of the turborotor
assembly.

The turborotor (ref. Fig. 3) draws in air through a circular intake from
the wing upper surface and forces it radially outwards through diffuser
ducts in the main structure (ref. Fig. 4). Some of the air forced out by the
turborotor is directed back to feed the turbojets, but the main flow is
expelled from an annular nozzle at the wing periphery. A continuous ring

SECRET ' 5
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forming a small spoiler is fitted in the throat of the annular nozzle ahove
and below (ref. Fig.5). The projection of the spoilers controls the
direction of the jet efflux; if both project equally the jet emerges radially;
if both are lowered together, the upper spoiler will project further than
the lower spoiler, and this inclines the jet progressively downward to
exhaust partly through the radial propulsion nozzle and partly through

the lower nozzle. When the spoiler is flush with the nozzle, the jet is
bent to emerge completely from the lower nozzle in a vertical curtain of
air. Similarly the jet can be bent upwards. In this way, the spoilers
control the jet to raise the vehicle vertically off the ground or to propel
it in forward flight. In the same manner, the spoilers are used to control
and maneuver the aircraft by bending the jet differentially over opposing
sectors of the periphery.

The operator controls the spoilers by means of a conventional control
stick. The total movement of the spoilers is small (0.15"). They are
flexure mounted and very light in weight and the jet responds almost
immediately to the spoiler position so that a very rapid response is
possible. This feature is an asset as the vehicle is stabilized by means
of the controls. The stabilizer must not compromise safe operation of
the controls and therefore a simple direct system is used which depends
principally upon the turborotor acting as a gyro. In fact, the turborotor
is allowed to pitch and roll a very small amount within the vehicle. The
relative motion is stepped up with a mechanical linkage into a control
post and this is connected directly to the spoilers through a number of
cables. The operator's controls also act on the post through pneumatic
bellows. Thus when the aircraft is pitching or rolling, a correction is
applied by the contrels but the control stick can always obtain maneuver
by overriding the stabilizer, The change in jet direction as the vehicle
pitches performs the same function as the fixed stabilizer of a conven-
tional aircraft.

To take-off, the peripheral jets are directed downwards by means of a
screw jack which lowers the spoilers collectively and produces the ver-
tical curtain of air referred to above. This jet-around-wing configur-
ation results in a powerful ground cushion effect (ref. Fig.6) so that the
lift near the ground is several times the reactive nozzle thrust. The
effect increases the closer the vehicle is to the ground; a considerable
magnification is realized within 12 feet of the ground.

The vehicle may be operated to hover or move within the ground cushion.
Transition to forward flight is effected by gradually deflecting some of the
jet flow backwards through the propulsion nozzle. The vehicle acceler-
ates forward, and is inclined upward. The jet sheet at the rear of the
wing induces a very large lift coefficient which, together with the low
wing loading, enables the entire weight of the vehicle to be supported at

a speed of 45 mph.
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In landing, descent is made at constant power until the presence of the
ground is sensed as the vehicle enters the ground cushion. The throttle
is then progressively closed to settle the vehicle onto the ground.

Tests completed under previous USAF contracts have confirmed the
feasibility of this new type of vehicle.

Every effort has been made to outline the proposed course of work in
detail. Any changes to the planned program will be made only with the
prior approval of the Project Officer and will be reported in the monthly
Progress Reports required in accordance with Section 9. 2. 3 of the
Preliminary Statement of Work.

114]
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Statement
of Work
Sub Parts

PROTOTYPE VEHICLE 6.1

ENGINEERING

DESIGN PROGRAM

This design schedule includes general assembly drawings for
the prototype vehicle and installation drawings for the equip-
ment and stores to be carried within it.

The design of the prototype is explained in the following item-
ized construction analysis. Fig. 7 is an exploded view dia-
gram to assist in identifying structural components and Fig. 8
is a detailed drawing release schedule for the prototype
vehicle. The Work Schedule Chart (ref. Fig. 24) provides an
appreciation of the program as a whole.

Structure

Base Structure: The base structure is divided into four

component assemblies to simplify manufacture and con-

struction. These components consist of a centre base of
circular planform to which are attached three equal seg-
ments jointed radially at the three engine intake ducts.

The centre base is designed to house the turborotor shaft in
a centre casting which is supported in a box structure of
radial ribs and external skins.

The three wing segments are constructed of radial ribs
supporting the bottom skin and the floor skin.

Wing Tip: The wing tip is designed for assembly to the
base structure in six detachable segments to permit access
to the flight control mechanism.

Compartments: The space above the floor is divided into
compartments by means of transverse partitions. The power
system is segregated in the centre of the vehicle by a tri-
angular enclosure.

The three remaining sectors are each divided by a partition
to form two crew compartments and four stowage compart-
ments

SECRET 13



SECRET

AVRO AIRCRAFT LIMITED

/Jéfg

AvrRocamr

27.3-802-1

. TRANSVERSE BULKHEADS

CENTRE BASE

WING SEGMENT

IR SR

WING TIP SEGMENT

15
FIG.7 STRUCTURE BREAKDOWN Fig. 7 Structure Rreakdown

E E SR ETY
SECRET



AVRO AIRCRAFT LIMITFEFD

SECRET

OB
3315-802-1
CODE TITLE 1958
MAY JUNE JULY AUG.

530 AIRFRAME COMPLETE

531 CENTRE BASE

532 WING SEGMENTS

533 WING TIP

534 TURBOROTOR

SUBCONTRACTED

535 TURBINE CASING

536 ROTOR INTAKE

537 FUEL TANK

538 ENGINE INTAKE

539 JET PIPE

540 ENGINE ASSEMBLY -
5
=

541 ELECTRICS <
<
>

542 RADIO g
<
Z

543 INSTRUMENTS AND PANELS z

544 ENGINE CONTROLS

545 FLYING CONTROLS

546 FUEL SYSTEM

550 PILOTS FACILITIES

551 PNEUMATIC SYSTEM

554 TRUNK DOORS

555 COCKPIT CANOPY

556 ENGINE COWLINGS

557 LANDING GEAR

558 EXHAUST BOXES

i

m

"

FIG.8 DRAWING RELEASE SCHEDULE - PROTOTYPE VEHICLE



i\:

“a

~ % 1. 1. 2

3.1.1. 3

18

AVROHOBIE

SECRETY

AVRO AIRCRAFT LIMITED

—

vVmROCAR

Power System

Firewalls: The triangular power system enclosure is further subdivided
by firewalls to segregate the engines and fuel tanks and to isolate the
combustion and exhaust areas from the fuel control components.

Engine Mounts: The engines are anchored to the floor structure at the
rear mounting point. The main trunnions are slung on a hinged yoke to
permit longitudinal thermal expansion of the engine and a sliding housing
provides for transverse expansion. Engine removal is facilitated by
open access to the yoke hinges, while the pin at the rear mounting point
is disengaged from an adjacent stowage compartment.

Engine Exhausts: The jet pipe is attached to the engine with a marman
clamp and is supported on the turborotor casing with provision made for
rearward expansion by means of a slide device.

Engine Intakes: Three radial ducts are provided in the base structure
and these permit air from the turborotor to be fed to the engines while
by-passing the residual exhaust gas into adjacent ducts. The final ducts
to the engine compressor sections are provided with sealed sliding
joints to permit longitudinal thermal expansion to the engines.

Compressor Intake: The flared intake to the turborotor in the top centre
of the vehicle is designed to be supported at three attachment points on
the triangular enclosure partitions to facilitate removal.

Turborotor: The turborotor consists of a centre hub and outer rim sus-
taining a single stage of radial compressor blades, with a single stage

of turbine blades mechanically attached to the outer face of the rim. This
assembly is mounted by means of two tapered roller bearings on a
tubular shaft which locates in the centre casting of the base structure.

Turborotor Casing: The turbine blades are enclosed with a segmented
casing mounted on the base structure. This casing provides support for
the engine jet pipe, and carries a single stage of stator blades above the
turbine blades with a gas seal to reduce leakage losses.

Exhaust Boxes: The residual exhaust gas from the turbine is conducted
through exhaust boxes into the diffusion ducts in the base structure.
These boxes are designed to provide mixing of the hot gas with the air-
flow from the compressor.

Controls .
Peripheral Apertures: The radial airflow through the diffusion ducts in

the base structure emerges at the wing tip where its path is controlied to
perform flight maneuvers.
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The airflow normally emerges horizontally, but a bifurcated by-pass per-
mits the flow to be deflected either upward or downward.

Exit Louvres: At the front sector of the vehicle, normal emergence is
at 30° to the wing edge, attaching to the wing surface and flowing back-
wards. At the left and right of the vehicle, deflection louvres are pro-
vided to turn the airflow rearward and at the rear of the vehicle open
louvres are installed.

Shutters: To close off the exit louvres during hovering, a series of elec-
trically actuated shutters are provided at the sides and rear. A small
segment of shutters is provided at the left and right of the front sector for
yaw control with pneumatic jacks.

Spoiler Rings: To control deflection of the airflow either upward or down-
ward an upper and a lower spoiler ring are installed in the throat of the
main diffusion duct. These rings are carried on flexures with a spring-
loaded return, and are connected mechanically to a central control shaft.

Central Control Shaft: A central control shaft is mounted within the tubu-
lar turborotor shaft on flexural diaphragms. The lower end of the shaft
picks up the mechanical leads to the spoiler rings and is also connected to
three pilot-controlled pneumatic jacks, At the upper end of the shaft an
electric actuator is installed with a connecting rod to the spoiler ring ‘
mechanism.

Hovering Control: The spoiler rings are actuated through the actuator on
the central control shaft by means of a switch control in the cockpit to
deflect the airflow downward; the shutters are also closed from the cock-
pit by switch control,

Transition Control: Shutters and spoiler rings are inched through the
cockpit switch controls to effect the change from hovering to forward
flight and vice-versa.

Pitch and Roll: Conventional movement of the pilot's stick operates the
pneumatic jacks on the central control shaft to deflect the spoiler rings
in a swash-plate action.

Yaw Control: A twist-grip on the pilot's stick operates pneumatically
the small shutter segments at the left and right sides of the front sector.

Automatic Stabilizing: The flexural diaphragms on the central control
shaft are designed to transmit stabilizing forces, utilizing the turbo-
rotor as a gyroscope, and to apply through the central control shaft, a
corrective movement to the spoiler rings.

SECBET 19
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Statement
of Work {
Sub Parts

MOCK-UP 7.1

The program additionally calls for the design and construc-
tion of a wooden mock-up of the vehicle to assist in refining
Engineering design. A design has been determined and a
mock-up is already in the process of assembly.

Fig. 9 presents a detailed drawing release schedule for the
mock-up.

STRUCTURAL ANALYSIS 6.1.1

The requirements of MIL-S-5700 to MIL-S-5709 inclusive
will be used as a guide in the structural analysis of the AVRO -
CAR I in so far as they are considered applicable to this
vehicle and as time permits. The analysis will be based

on a limited number of flights cases for which air loads may
be estimated. The structure will be examined in detail for
the most critical of these cases. The analysis will not be
supported by a structural test program at this time.

Load Analysis

A flight envelope based on MIL-S-5702 has been established
for the AVROCAR I and is shown in Fig. 10. The cases under
consideration are itemized in Fig. 11. The latter will be dealt
with in more detail in a structural design criteria report.

Aerodynamic loads for these cases will be estimated and shown
in an aerodynamic load data report. These estimates will be
compared with the results of surface pressure tests now being {
conducted on a 1/6 scale model of P.V. 704 under the System
606A program and with the limited surface pressure data to
be obtained on the proposed 1/5 scale AVROCAR model (ref.
para. 4.3). Revisions will be made if considered essential
in the light of these results

The aerodynamic data report will serve as the basis of an
external load report. This report will cover the entire

vehicle as the wing and fuselage cannot be separated and there
are no ailerons nor empennage to consider. Control loads
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5.1.3.3

3.1.3.4

and ground loads will be considered in the stress analysis of the control
system and landing gear respectively. A separate report on engine loads
will be presented.

Weight and Balance Estimation and Control

The initial weight estimate appears in the Model Specification for
Avrocar I. This estimate will be revised as necessary throughout
development of the design. A continual check will be made of the weight,
centre of gravity position and moments of inertia for the complete
vehicle and for each service installed therein. A report summarizing
this work will be issued at intervals.

Structural Reports

The structural reports will be divided into groups as indicated below.
These are, in principle, the groups called out in MIL.-S-5709. The
reports will be issued according to the schedule shown in Fig. 12.

Group I Basic Reports

Structural Design Criteria
Airplane Weights and Moments of Inertia

Group II External Loads Reports

Aerodynamic Data
External Load Analysis
Power Plant L.oad Analysis

Group III Internal Loads Reports

Internal Load Analysis

Group IV Stress Analysis Reports

Thermal Effect due to Exhaust Gas Temperatures
Primary Wing Structure
Splitter Box and Wing Details
Centre Base Structure

Wing Tip Structure

Main Intake Structure

Super Structure Ribs

Trunk Doors and Access Panels
Cockpit Canopy and Deck
Landing Gear

Cargo Stowage Provisions

fil

CRET

]

=B




SECRETYT

AVRO AIRCRAFT LIMITED

AVROMOBIHE

G =

Engine Installation

Engine Intake Duct

Engine Exhaust Duct

Engine Firewall and Cowlings
Engine Oil System Installation
Engine Controls

Rotor Installation

Rotor Casing

Rotor Exhaust Duct

Fuel Tanks

Fuel System Installation

Flight Controls

Central Control Shaft

Hydraulic and Pneumatic Installations
Radio and Electrical Installations
Crew Furnishings

Instrument Installations
Equipment Installations

Group V Summary Reports
Stress Summary and Flight Limitations

PERFORMANCE ESTIMATION

Preliminary performance estimates appear in the Model
Specification for Avrocar I. A preliminary substantiation
report is being prepared and will be available by June 30,
The estimates will be revised on completion of the wind
tunnel test analysis of the proposed 1/5 scale AVROCAR
model (ref. para. 4.3), and if the tests conform to
schedule, a revised report will be available by December
1958 as indicated on the Aerodynamic and Propulsion
Report Schedule (ref. Fig. 13).

This performance report will be based on:

(a) The above wind tunnel tests.

(b) The latest weight estimate, probably including a large
proportion of weighed weight.

(c) The subcontractor's latest estimate of turborotor
performance.

AvmocAa®m

Statement
of Work
Sub Parts

25



SECRETY

. J/ﬂﬂﬂyi/gﬂf 7 AVRO AIRCRAFT LIMITED

Avmocam

3314-802-1
[ <> PRELIMINARY REPORTS [ | AwnaLysis
5~ FINAL REPORTS REPORTS
1958 1959

MAR. |APRIL| MAY |JUNE | JULY | AUG. | SEPT.| OCT. INOV.| DEC. | JAN. | FEB. | MAR.|APRIL| MAY | JUNE | JULY

GROUP 1 REPORTS

CRITERIA ‘ t > ' ’ X

WTS AND INERTIA 7

GROUP 2 REPORTS | <>

GROUP 3 REPORTS i | ' > r ; h -

GROUP 4 REPORTS &>

GROUP 5 REPORTS !

] b

HEN

FIG. 12 STRUCTURAL REPORT SCHEDULE

|51

il

T




€l 'old

13823 5%

3TNAIHIS LYO0d43¥ NOISINdOdd ANV DIWVNAQOUIV

1958 1959
F | M M| J M| A J J
AERODYNAMIC ,
LOAD DATA
| [FINAL
DATA REPORT
PRELIMINARY
PERFQRMANCE SUBSTANTIATION
EL REPORT
ATION
e 3>
STABILITY AND CONTROL e e |
PRELIMINARY INTERIM [FINAL
REPORT REPORT REPORT
PROPULSION Sy
PRELIMINARY |
SUBSTANTIATION
| INCLUDED |
IN PERFORMANCE
REPORT ABOVE

L2

[-208-2Tkek

GILINIT LIVEIHIVY OHAY

4A3a82238%

-

BY>OouAw

oy,




SECRET

S AVRO AIRCRAFT LIMITED
AVEOMOBIE

AvmocARm

Statement
of Work
Sub Parts

It will substantiate at least the following items of perform-
ATee;

(a) Maximum level flight speeds.
b) Hoverin erformance.
gP
(c) Maximum rate of climb.
d) Ranpge with allowance for payload.
g pay

w Ix B STABILITY AND CONTROL ANALYSIS 6.1.1

A short description of the proposed control system appears
in Section 2. The stability and response of this system in
the forward flight condition is being analyzed using wind
tunnel test data obtained under the Project 1794 program
which preceded that of the System 606A. The analysis is
being worked out on an analog computer and the motions

are being investigated with freedom in all conditions except
yaw and sideslip. This will be followed with freedom of
motion along and about all axes. As soon as satisfactory
response and damping can be demonstrated, a preliminary
report will be prepared and this will be available by 31 July
1958. On completion of the test analysis on the 1/20 scale
AVROCAR model, a complete investigation into the stability
response and handling characteristics in all phases of flight
will be initiated. This will take the form of simulation
studies on an analog computer with suitable parts of the
AVROCAR flight control system incorporated as develop-
ment proceeds. In addition, simple free flight models will
be devised. These simulations are more fully described in
para. 4.4. When the test results of the 1/5 scale AVROCAR
model are available, the data will be compared with that of
the smaller 1/20 scale model, and if necessary, adjustment
to the assumed quantities will be made. At this stage a
comprehensive interim report on the anticipated flight hand-
ling characteristics can be prepared. This will be issued
by 31 March 1959 (ref. Fig.13). A final report incorpora-
ting refinements or alterations to the interim report will be
issued prior to the commencement of hovering trials.

%
]
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PROPULSION ANALYSIS

Estimates of static and forward flight thrust were made to
provide the performance calculations in the Model Specifi-
cation for Avrocar I As the design develops, these esti-
mates will be refined.

Orenda Engines are estimating the turborotor character-
istics (ref. Appendix). When the estimates are complete,
a report will be prepared to substantiate the net thrust and
specific consumption figures to be used in estimating the
vehicle performance.

The report is scheduled for 1 September 1958. It will include
data on duct and nozzle efficiency obtained from the P. V. 704
Six Viper Engine Test Assembly and from the Full Scale Wing
Tip Segment described in para. 4. 2.

MANUFACTURING

PROCESS PLANNING

Process Planning and Tool Design will be carried out in
accordance with the Company's standard procedure for
prototypes.

Preliminary investigations will be conducted during the
initial design stages to determine the most economical
method of tooling and manufacture. The basic method of
manufacture, assembly procedure and tooling requirements
will be established and closely co-ordinated with the design
production economy throughout this stage.

MANUFACTURE OF JIGS AND TOOL.S

The manufacture of jigs and tools will be carried out to
process planning and tool design instructions.

Detail tooling will be utilized only if warranted by the
number of parts to be produced or the nature of their com-

plexity.

Assembly jigs will be held to a minimum, sufficient only to
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ensure meeting engineering specifications and points of con-
trol necessitating mating with adjacent assemblies. Gauging
will be supplied to achieve the fitment between the airframe
and the rotor.

3.2.3 MANUFACTURE OF PROTOTYPE VEHICLE 6.1

The manufacture of the first vehicle will be carried out to
process planning instructions and the jigs and tools made
available, in accordance with Company's procedure for
prototypes. =

Close co-operation will be maintained with the process
planning department to achieve maximum economy.

Fig. 14 shows the flow of components required to achieve
the production of the first vehicle in the time period speci-
fied.

Fig. 15 shows the manufacturing sequence and component
breakdown to be used in producting the first vehicle.

SECRET
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4, MODELS AND TESTS

4.1 1/20 SCALE AVROCAR MODEL 8.1.1

Preliminary aerodynamic tests will be carried out on a 1/20
scale model of the AVROCAR in the 18 x 18 inch ejector tunnel
at the contractor's facility. Fig.16 is a photograph of this
tunnel with a similar sized model installed. Fig. 17 illustrates
the 1/20 scale model which is in the course of manufacture and
testing is scheduled to start in June. A test specification for
this model is almost complete and will be submitted before the
tests begin.

The model incorporates both air intake and jet flow. To avoid
the large pipes usually required for supply of intake and jet
flows, an ejector is being used. In this way a relatively small
volume of high pressure air is supplied and used to pump a
much larger mass flow through the air intake of the model and
out of the jets. As the volume of exhaust air from the jets will
be greater than that drawn in through the air intake, the two
flows will never be wholly compatible. Adequate representa-
tion is however anticipated.

The spoiler conirol system is represented and the control posi-
tion can be set by adjusting three screws in the surface of the
model. .

The mosel is mounted on a five component balance giving lift,
drag, pitching, rolling and yawing moments. The tests are
designed to measure forces over the whole flight range includ-
ing hovering for which condition the tunnel sidewalls are
removed to avoid interference.

A data report with some analysis of results will be submitted
at the conclusion of the first and major phase of testing. Spor-
adic testing of the model to confirm detail points will continue.
If sufficient additional data is obtained another report will be
issued. The work schedule chart (ref. Fig.23) listing models
and tests, indicates the proposed scheduling for the model.

4.2 FULL SCALE WING TIP SEGMENT ' 8.4.1

It is proposed to test a full scale 20° segment of the wing tip
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control system. This requires a mass flow of approximately 30 1b. /sec.
at a total pressure of 16.5 psia, This mass flow is not available to the
contractor by direct pumping capacity. The model will therefore be
tested at the Orenda Engines Novel Facility where available compressors
can produce a primary stream of 16 1b. /sec. at 105 psia. There is thus
little doubt that the required flow will be obtained.

Construction is about to start on the proposed rig illustrated in Fig. 18
The Work Schedule Chart (ref. Fig. 23) indicates the dates scheduled for
test specification, development and production of data reports. The
specimen will be mounted on the end of a 40 foot length pipe containing
an orifice plate for flow measurement, and will be comprehensively
instrumented for pressure survey.

For ease of manufacture, the nozzle has been represented as a straight
portion but the spoiler control is faithfully reproduced. Successful testing
of this model should give complete confidence in the satisfactory operation
of the basic control which has already been tested at small scale on the rig
illustrated in Fig. 19. This established the vital geometry of the nozzle

and proved the proportionality of control and absence of hysteresis through-
out the full 90° control range. This proportionality is illustrated by the
graph in Fig. 20.

REDIRECTED SYSTEM 606A PROGRAM

The following models and tests applicable to the AVROCAR form part of
- the redirected System 606A program. They are described to complete the
requirement under Phase 1 of the AVROCAR Program.

— 4.3 1/5 SCALE AVROCAR MODEL

It is proposed to test a 1/5 scale force model of the AVROCAR with sim-
- ulated intake and jet flow. The scale is chosen to match an existing
V balance and air supply constructed under the 606A Program for use in
the Massie Memorial Wind Tunnel at W. A. D. C. Model and Balance are
- illustrated in Fig. 21.

This model will make use of the facility's scavenge system in the ten foot
transonic wind tunnel. It will provide direct pumping capacity to supply
the jet and suck the intake. A smooth accurately measured jet flow will
thus be assured. This will confirm the results of the small model tests
in which the ejected flow will probably be more difficult to assess
accurately.

In other respects the large model will also be superior; the scale provides
Reynolds nos. up to approximately 6 x 106 and allows for more accurate

SECRET
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FIG. 21 1/5 SCALE AVROCAR MODEL
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representation of the spoiler control. In addition the large model will be
relatively much smaller with respect to the tunnel working section than
the 1/20 scale model. As a result, indeterminate tunnel wall interfer-
ence due to the jet flow, particularly in transition, will be minimized.

The ground will be mounted on the tunnel elevator and remotely controlled.
The spoilers likewise will be remotely controlled in order to reduce the
configuration change time unavoidable in earlier models. This will allow
considerable improvement in test efficiency. A limited number of surface
pressure taps will be fitted to provide a check on the surface pressure
data obtained from the reflection plane model now being tested in the

606A program.

Tests are scheduled for mid July and the model will be ready for approval
at the Contractor's plant on July l1st. Approximately five weeks testing

is scheduled which should allow reasonable coverage of the unusually large
number of test parameters involved. These include pitch and roll control,
ground distance, transition control, jet strength, intake flow, angle of
attack and tunnel speed. A report on the results, including a comparison
with the 1/20 scale model test, is planned for completion in January 1959.

4.4 SIMULATION STUDIES

This item is also covered in the re-directed System 606A program, but
is again referred specifically to the AVROCAR 1.

The system of control and stability proposed for the AVROCAR 1T is
described in para 3.1.1. 3,

The following points are of paramount interest:

1. Control is by jet deflection in both hovering and forward flight con-
ditions.

2. Due to the C of G position in the middle of the wing the vehicle is
unstable in pitch in the forward flight condition without the stabilizer.

In view of these and the additional cases imposed by hovering and control
in the powerful ground cushion and of transition to forward flight from the
ground cushion and in free air, extensive simulation studies are proposed.

Simulation may be carried out either on representative mechanical models
operating in free flight or with an electronic analog computer. The sim-

ulations will use as much actual control system hardware as is practicable.

Complete dynamical similarity is very difficult to achieve at small scale
in a mechanical model, but it is believed that valuable work can be done

ESECRET 45
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with models which possess approximate similarity and limited freedom of
motion, Two such models are presently planned and if possible, further
similar models will be devised. The model illustrated in Fig, 22 is intend-

- ed to combine the gyro system with jet control in free air hovering. No
attempt is made to simulate the wing or the effect of ground upon it. The
model illustrated in Fig, 22A is intended to be flown in the Contractor's

- wind tunnel by means of manual controls outside the tunnel. This repre-
sents the combination of a gyro stabilizing system with a circular planform
in forward flight. However, flap type controls are used instead of jet
controls,

The electronic analog does not suffer from the simulation difficulties
inherent in mechanical models and is thus considerably more versatile
and comprehensive. It is intended to carry out an analog program in
several phases. The first phase is presently underway on two PACE
units. This involves a preliminary study of the system in all degrees of
freedom. From this, the effects of varying available design parameters
to improve stability and response, and the accuracy of estimated deriva-
tives necessary to predict response satisfactorily can be investigated.
This phase relates to forward flight cases.

The second phase will be the introduction of a simple stick control, not
designed to represent the actual pilot's controls, but enabling command
input to the computer, and a simple display of pitch, roll and yaw on a
standard cathode ray oscilloscope. This will enable the operator to
assess the ease with which any long period motions can be controlled.

The third phase will be an analytical program to cover all régimes of
flight including hovering and transition with the given system.

The program will develop with the introduction of a mock-up, operator's
seat, stick and visual display. This will be followed with provision of as
much of the control system hardware as it is practicable to incorporate
and will be dependent upon the outcome of discussions with NACA

Laboratory at Ames.
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ITEM 1958 1959

9-2-1
AVROCAR MODEL SPECIFICATION P |

6-1-1
PROTOTYPE VEHICLE
ENGINEERING

6-1-2
PROTOTYPE VEHICLE
= PLANNING AND TOOL DESIGN

6-1-2
PROTOTYPE VEHICLE
MANUFACTURE OF JIGS AND TOOLS

6-1
PROTOTYPE VEHICLE —— - . = N i
MANUFACTURE ' i “=  FIRST FLIGHT

o 6-2-1
TURBOROTOR ENGINEERING [

8-2
- TEST AND - .
DEVELOPMENT OF 2 TURBOROTORS ;

6-2-2
TURBOROTOR
& PLANNING, TOOL DESIGN & i e
MANUFACTURE OF JIGS & TOOLS g

6-2
MANUFACTURE OF 2 TURBOROTORS

8-2
TURBOROTOR TEST CELL

8.3
TURBOROTOR
INSTRUMENTATION
8-1-1
1/20 SCALE MODEL DESIGN,
MANUFACTURE, TEST AND REPORT " S

7-1
o MOCK-UP
DESIGN & MANUFACTURE

8-4-1
WING TIP SEGMENT DESIGN, o -
MANUFACTURE, TEST & REPORT I T {

(PART OF RE-DIRECTED 606A)
1/5 SCALE MODEL DESIGN,
= MANUFACTURE, TEST AND REPORT | REF. ONLY

(PART OF RE-DIRECTED 606A)

SIMULATION STUDIES REF. ONLY

6-3
MANUFACTURE OF ONE
ADDITIONAL COMPLETE SET
OF VEHICLE PARTS

o 9-2-9
FILM COVERAGE

FIG. 24 WORK SCHEDULE CHART - ENGINEERING AND MANUFACTURING
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Statement
of Work
Sub Parts

DATA REQUIREMENTS

PROGRAM PLANNING REPORT 92,2

Fifteen copies of this Program Planning Report are now sub-
mitted to the Commander, Hq. Air Research and Development
Command, ATTENTION: RDZSXA, Wright-Patterson Air
Force Base, Ohio.

MONTHLY PROGRESS REPORTS 9. 2.3

Twenty-five copies of a Monthly Progress Report will be
furnished by the thirtieth day of the month following the re-
ported one month period. This will present a summary of the
following items:

(2) Work performed

(b) Percentage of task accomplished

(c) Results obtained

(d) Problems encountered

(e) Budgetary status of the program.

Alternate reports will be in letter form.

These reports will be delivered to Hq. ARDC, ATTENTION:
RDZSXA and such other places designated by the Procuring
Contracting Officer.

TEST SPECIFICATIONS 9.2, 6

Ten copies of detailed specifications of tests to be accom-
plished under item 8 of the Preliminary Statement of Work
identified 58RDZ-12743 dated 1 May 1958 will be submitted
to Hq. ARDC, ATTENTION: RDZSXA, for approval. The
test specifications will provide the following information:

(1) Test objectives

(2) Facility requirements
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(3) Model characteristics
(4) Test conditions
(5) Instrumentation requirements

(6) Data collection and reduction etc.

Test specifications will be furnished in accordance with the

Work Schedule Chart of the approved Program Planning
Report.

TECHNICAL REPORTS AND SUMMARY

Twenty copies of technical reports presenting results of
tests accomplished under item 8 and covering other work
accomplished, will be submitted in accordance with the
Preliminary Statement of Work and as indicated in the
Schedule Charts contained within this report.

Twenty-five copies of a Summary Report will be submitted
containing:

(1) An introduction which includes historical background
and statement of purpose or objectives.

(2) Discussion of the design concept.

(3) Presentation of the important results.

(4) Evaluation and interpretation of these resulty.
(5) Conclusions

(6) Recommendations

PROJECT REVIEWS

Three project reviews of the program<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>