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1 Abstract
This report is 1 of 9 reports that, together, describe the process involved in the design and
manufacture of an autonomous flying platform. The report includes information relating to the
propulsion and on-board power generation required for the platform. The report starts with a brief
analysis of what has been achieved by previous years working towards a similar goal. Different
modes of propulsion for the platform are discussed, including ducted fans, propellers, and gas
turbines. The process for selecting a suitable propulsion system is outlined including the
development of the system to produce the maximum thrust. Conclusions are drawn as to the
overall suitability of the selected propulsion system and some potential improvements are listed.
The report also discusses a potential system that could be used to provide on-board power for the
four control fans required to stabilise the platform, and for all other on-board systems. The power
system comprises a high speed two stroke internal combustion engine that is used to drive a three
phase electric motor in reverse, thus acting as a dynamo. A test rig is developed that allows the
power generation unit (Genset) to be tested to see if it can produce enough power for the
platform. Methods for furthering the testing of the Genset are then discussed and conclusions of
the systems suitability are made.
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3 Introductioni

3.1 Background to Autonomous Flying Vehicles
Unmanned Aerial Vehicles (UAV’s) were first developed by the military towards the end of the
First World War in the form of self guiding bombs1. The first UAV capable of making several
flights was the British Fairey Queen plane first launched in 19331. They were mainly used for
weapons platforms and distraction devices. The original UAV’s were not completely
autonomous; they required a person to be in control of them from the ground. Truly autonomous
vertical takeoff UAV’s have only been around for the past 30-40 years. The role they have in
modern day society is much larger than it was originally, with uses in civil as well as the original
military areas. They can be used for weather forecasting, crop ripeness predictions, road accident
advanced alerts, reconnaissance work, weapons platforms, and many other uses. In 1998 the
worldwide annual revenue from UAV sales was $2.7 billion, with a forecast for 2004 of $3.98
billion.2

3.2 Previous Years Work3

Figure 1 -Last Years flying platform3

Last year the main achievement of the project was the development of a 2 Dimensional control
system4 that could control the platform in either pitch or roll, but it was never tested to see if it
would also work in 3 dimensions. A lightweight and strong platform was also designed last year
that was suitable for mounting all the components on. The main failure of last year was the
development of an onboard power supply, as the batteries could not produce the power required
for the 4 outside fans.

3.3 This Years Aim
The long term aim of this project is to develop an autonomous flying platform that can hover
approximately 1 metre above the ground. The project has been run at the university for several
years. Each Year the final year Mechanical Engineering students take the project further towards
its overall goal. The two aims for this year were to design and build an on-board power supply
                                                
i All photos were taken by Liam Dushynsky unless otherwise stated
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and a 3-D control system to replace the 2-D system which is currently in use. The power supply
will provide power for the location control fans and for a central ducted fan providing lift.

3.4 Group Organisation
This year there were 9 people in the project group. Three administrative positions were identified:
Group Chairman, Secretary and Treasurer. It was decided that these positions should be
permanent throughout the year to ensure continuity. The group was initially split on an informal
basis into two sections: Control and Power Systems. Over time it became apparent that these
sections were not satisfactory and that a more rigid structure was needed. It was therefore decided
to have four sub-groups, each working on a specific section of the project: Control, Structure,
Propulsion and Power System. The members and chairman of each sub group are shown in Table
1.

Subgroup Members Names
Control Liam Dushynsky (Chairman), Richard

Forder, Rebecca Hughes, Kevin Lowis
Structure Christopher Poczka (Chairman), Richard

Holbrook
Propulsion Richard Holbrook (Chairman), Alex

Tombling, Liam Dushynsky, Jody
Meulaner, James Mackenzie-Burrows

Power Systems Alex Tombling (Chairman), James
Mackenzie-Burrows, Richard Holbrook

Table 1 - Group Organisation

4 Propulsion

4.1 Possible systems
One of this year’s aims was to design and build a self contained (non-electric) thrust source that
would also generate electricity for the 4 outside control fans. The control fans are shown in
Figure 1. Before starting detailed plans for the propulsion system, it was necessary to research
what was commercially available. It was decided that one promising solution for the main source
of thrust would be an engine from a model aircraft. Such engines can be bought as part of a kit
that contains a small gas turbine or a small internal combustion (IC) engine used to drive a
propeller or ducted fan.

4.1.1 Basic theory for generating lift from a propeller or ducted fan
In order to calculate the size of propeller and motor it was first necessary to calculate the
theoretical lift. A propeller can be considered as a collection of airfoils located about a point. The
equation for the lift produced by an infinitely long airfoil is shown in equation 15.

FL = ½ CL*�*U�2*A              Equation 1
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Where:
FL = The Lift force
CL = the coefficient of lift (dependent upon the shape of the airfoil and its angle of attack)
� = the density of the medium that the airfoil is flowing through
U� = the speed the airfoil is moving at
A = the plan area of the airfoil

This equation is only accurate if the airfoil is assumed to be infinite in length or is in an enclosed
space (a duct, for example). If the propeller has a finite length and does not have a duct around it,
the tips of the propeller affect the lift and therefore the thrust.

The pressure on the top of the airfoil is less than the pressure on the underneath; hence, lift is
generated. The pressure difference between the top and the bottom of the airfoil causes air to flow
around the tip of the airfoil from the bottom to the top6. This is shown in Figure 2.

Figure 2 - Diagram show airflow around an airfoil7

This leads to the air flow on the top of the airfoil being towards the centre of the airfoil, whereas
on the underneath it is towards the edge. This air movement causes vortices to form at the trailing
edge. The pressure difference between the top and bottom surfaces is therefore greatest at the
centre of the airfoil and is zero at the tips. The circulation is also greatest at the centre and least at
the tips. Circulation is proportional to true lift.

This phenomenon leads to the overall lift being decreased. The mathematics involved in
calculating the degree of lift reduction is very complex, hence the effect is normally allowed for
in the coefficient of lift (CL). The Equation for this is8:-

CL = CL0/(1+(CL0/(AR*�))                     Equation 2

S

C
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Where:
CL = the true lift constant
CL0 = the lift constant without tip losses accounted for
AR = the aspect ratio (AR = S/C)

If a propeller with a ten inch (254mm) span, a chord of 20 mm and a coefficient of lift of 1.0,
rotates at 5000 rpm it can be shown, using equations 1 and 2, that the difference between a
propeller being modelled as an infinite airfoil (no tip losses) and being modelled as a finite airfoil
(with tip losses) is a decrease in lift of approximately 2%. This decrease in lift is observed only
for a propeller that is finite in length and is not inside a duct.

4.1.2 Duct Design9

In order to maximise the theoretical lift, it was decided to investigate the impact of mounting the
propeller in a duct. The purpose of a duct is to reduce tip losses and to streamline the flow before
and after it passes the propeller or fan. There are two forms of duct that should be investigated;
inlet ducts and outlet ducts. Each is important to ensuring that the flow through the ducted fan
produces the maximum amount of thrust. The maximum thrust will be achieved when the flow
through the duct is most streamlined. The inlet duct should have one of two shapes depending on
whether the duct is to be optimised for dynamic or static thrust. As in this case the platform is
being designed for vertical take off and not for high speed flying static thrust may be more
important than dynamic thrust. The shape of the inlet duct should therefore resemble that shown
in Figure 3.

Figure 3 - Bellmouth inlet duct

This design of inlet duct will help to collect air from all around the duct without it separating
from the edge of the duct and hence prevent vortices from forming. If the air flow does separate
from the edge of the duct then vortices will be formed and these will dramatically decrease the
efficiency of the fan.

The outlet duct on the flying platform should be modelled around the constant area rule. That is
the area of the duct should be constant from the inlet all the way to the outlet of the platform. The
main way that this can be achieved is by channelling the air around the engine and by using
“fairings” to fill in the areas where a rapid increase in duct area would occur. The main areas
where there are rapid changes in duct area are in front of and behind the engine and around the
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tuned pipe. Figure 4 shows an example of where fairings have been used to fill in the required
areas.

Figure 4 - Constant area rule

4.1.3 Propeller
Model aircraft, generally use propellers (as opposed to fans or turbines) as propellers are cheap to
make and easy to use. They can be started easily with a “Starter stick”, without the need for an
electric starter or the complex start up routine required for a ducted fan or gas turbine. Propellers
for model aircraft generally range from 8 to 14 inches in length. They can either be twin or triple
bladed, depending on the application. The blades are generally designed to spin at around 10,000
revolutions per minute (rpm), and hence the engines intended for use with them are designed to
drive a shaft at this speed. The main drawbacks of using a propeller on the platform are that it
would be very large and may not be particularly safe. A propeller and engine could be purchased
for as little as £200. A propeller can be made much more efficient by placing it inside a duct.

4.1.4 Ducted Propeller
Propellers in ducts are not used that often in model aircraft. The main advantage of ducted
propellers over non-ducted propellers is that they significantly reduce the tip losses. This means
that more lift can be produced from a smaller propeller.  The duct will also provide protection
around the rotating propeller. The advantage of a ducted propeller over a ducted fan is that it is
cheaper and easier to manufacture, as there is little work required to design the complex duct
shape and the propeller will spin at lower speeds than the fan and therefore will not need to be as
strong. This type of propulsion system would cost little more than a system using propeller alone.
The additional cost would be the price of the duct material, and any machining time required.

4.1.5 Ducted fanii

This system is used in model airplanes and is very effective. The system produces more thrust
than a propeller in a duct and hence more thrust than a non-ducted propeller of the same size. It is
for this reason that ducted fan units are generally smaller than propellers. Ducted fan units

                                                
ii For more information on ducted fans and Gas Turbines24

Cowling to guide
air around engine

Fairing to fill volume
behind the engine



The Design and Development of a Flying Platform 29/05/2004

9 Richard Holbrook

produce more thrust than ducted propellers because they have ducts that are specially designed to
maximise air flow. There are also more blades on a ducted fan than a ducted propeller and hence
more air can be forced through a smaller area. Ducted fans are generally designed to run at very
high rotational speeds, approximately twice those of a ducted propeller. This leads to a faster air
flow through the fan and hence more thrust being produced. As ducted fans are designed to run at
high speeds they need engines to be specially designed. Normal model aircraft engines are not
designed to run at these speeds. The advantage of having a high speed engine is that it has a much
higher power to weight ratio. The disadvantage is their potentially short life, caused by their
running close to their maximum speed. A suitable ducted fan system can be purchased for around
£300-£400.

4.1.6 Gas Turbineii

Gas turbines operate on a different principal from the previous three types of propulsion
mentioned; they do not use an IC engine. Although the principle is simple, it is complex to
investigate theoretically. The basic concept is shown in Figure 5.

Figure 5 - Gas turbine Basic Principals

A gas turbine works by compressing air, mixing it with a fuel and then igniting it. This leads to
very high temperature and pressure exhaust fumes, which are then used to rotate a turbine. Gas
turbines can be split into 5 distinct types: turbojet, turbofan, turboprop, after burning turbojet and
ramjets. These are illustrated in Figure 6 and Figure 7.
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Figure 6 - Main types of Gas Turbine

Figure 7 - Ramjet Gas Turbine

Gas turbines can be difficult to control, as they require a precise fuel mixture, which on start-up
or shutdown can easily be mixed incorrectly, leading to catastrophic failure. For this reason, most
gas turbines are fitted with a control unit that monitors the engine and adjusts the fuel mixture
automatically. Gas turbines have a higher power to weight ratio than any of the previously
mentioned systems. Thrusts in excess of 13Kg are possible from a turbine that only weighs 1.5
kg. A major drawback of gas turbines is that they produce exhaust gasses that can be in excess of
500°C; this would not be practical for a vehicle that is hovering 1 meter off the ground. There are
some gas turbines currently being produced by Wren Turbines, called  turbo propeller gas
turbines, that only generate exhaust fumes at a temperature around 50°C. These units still have a
large power to weight ratio but cost over £3000 to buy, a normal gas turbine costs around £1500.

4.1.7 Propulsion System Choice
The cost of a commercial ducted fan and engine was only a little more than a propeller in a duct,
but this extra expense resulted in a system that was significantly more powerful. On this basis it
was decided that the most suitable system would be a ducted fan. There was also less machining
time necessary as the ducted fan units and engines can be bought off the shelf. Although a turbo
propeller driven by a gas turbine would have been more powerful than a ducted fan unit, the
initial cost involved was beyond the scope of this project at the current time. It was not cost
effective to use a gas turbine if a ducted fan unit could provide the thrust required to lift the
platform.

4.1.8 Power characteristics of high speed IC engines and Ducted fans
When selecting the engine, it was important to identify an engine which produced a power output
similar to the required power of the ducted fan. If the power required for the fan is greater than
the power that the engine can produce, the engine will not be able to rotate the fan at the required
speed. Figure 8 and Figure 9 show power outputs for two stroke engines running at high speed.
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Figure 8 - Example of a high speed two stroke engine power curve10

Figure 9 - Example of a high speed two stroke engine power curve11

From these graphs it can be seen that the power increases approximately linearly with rpm, but
then reaches a peak and begins to decline. This peak is reached when the engines speed is so
great that all the exhaust gasses in the cylinder cannot escape though the tuned pipe before the
new fuel and air mixture is let into the cylinder. When the engine next reaches compression the
combustion process is less powerful as the fuel mixture is not pure. This process can be rectified
by designing the tuned pipe such that it sucks the exhaust gasses out of the cylinder when the
engine reaches its peak speed. However this will compromise performance at lower speeds.
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Figure 10 is a graph showing the power input vs. rotational speed (RPM) of a ducted fan. It can
be seen from this curve that the power required to increase the speed of the fan is an exponential
curve.

Power In against RPM
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Figure 10 - Power input for a ducted fan12

An engine and ducted fan unit should be selected such that the power input exponential curve of
the ducted fan crosses the power output curve of the engine at its maximum power output. The
relationship between the weight of the engine and the maximum RPM (and hence maximum
thrust) should also be considered.

4.1.9 Potential engines13,14

It was found that there was a large range of potential engines available. The possibilities ranged
from less then 1 bhp at under £50 to in excess of 10bhp at over £500. Some of the more suitable
initial findings are shown in Table 2.
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Power
Manufacturer Model

Number
Displacement

(cc)
RPM

(1000's)
Weight

(g) BHP kW
Cost (£)

Saito

FA-
120S/FA-
120SGK 20 2 to 11 840 2.2 1.6 300

Saito
FA-180/FA-

180GK 29
2 to
10.5 900 2.8 2.1 410

Moki 22 - 90 8 to 12
0.8 to

2.9
3.5 -
7.5

2.6 -
5.6 299 - 675

Irvine 120 ring
19.82 (1.2 cubic

inches)
1.7 to

12 1020 2.35 1.8  

Irvine 150 ring 1.5 cubic inches 2.55 1.9  

OS
.70 SZ-H

Ring 3D heli 11.5 cc 2 to 18 553.5g 2.5 1.9  

OS BGX-1 3500 35cc
1.5 to

10 1340 4.1 3.1 350

OS 1.4 RX-FI 23
1.8 to

10 807 3.5 2.6  

OS
OS FT-300

(TWIN) 24.38 *2 1.8 to 9 1828 4 3.0 900

OS
OSMAX 91

FX 14.95 2 to 16 550 2.8 2.1 190

OS
OSMax

160FX FI 26.23 1.8 to 9 945 3.7 2.8 700

OS
OS Max
46VX-DF 7.45 2.5-28 462 2.5 1.9 250

OS

OS MAX 91
SX-H C-

Spec 14.95 2 to 16 547 3 2.2 270
Super Tigre G2300 23.21 ? 877 3.7 2.8 125
Rossi Aero 60 10 17 590 2.5 1.9 120-170

Table 2 - Initial IC Engine Research

The two highlighted engines were of particular interest. Both are produced by the same
manufacturer, OS Engines. The engine highlighted in red, the OS Max. 1.60FX FI, appears to be
very expensive without any special features. On closer inspection it became clear that the reason
for this engines’ high cost was because the engine came with a separate control unit that provides
information on engine speed and engine temperature. The control unit could be used to provide
an input for the IC control circuitry in order to dictate power requirements or to shut the engine
off if it is overheating. The engine highlighted in yellow, the OS Max. .46VX-DF, is a specially
designed ducted fan engine. It was the only engine found during the initial research that could run
at over 20,000 rpm. This is the approximate speed required to run a ducted fan.

Ducted fans are generally smaller and hence have a lower moment of inertia than a propeller. As
the other engines mentioned in Table 2 are designed to turn propellers that are up to 14 inches
(355.6mm) long, it is probable that they will be able to turn a ducted fan at over 20,000 rpm, but
this would be running the engine above its maximum specified speed and could lead to engine
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failure or decreased engine life. None of the engines shown in Table 2 had a secondary power
take off that could be used to generate the electricity required for controlling the outside fans. A
power take off point could possibly be added, but this would have required a lot of machining,
and may not have been feasible in the time available. This machining may also have weakened
the engine. A secondary power take off could have been achieved by using an external gear box
with two or more output shafts. This would have avoided carrying out any machining on the shaft
itself and thus prevented damage to the engine.

After carrying out the initial engine research it became clear that a more detailed specification
was required for the engine. The power output, rpm, and maximum cost were required in order
for an educated decision to be made.

4.2 Considerations for Engine Choice

4.2.1 Electric Motor and Control Fan Testing
Initial testing was carried out with the control fans in order to determine their performance curve
and hence power requirements. From the fans’ specification sheet it was understood that the
maximum operating speed of the fans was 30000 rpm when used in conjunction with the
Plettenberg hp 220/20 A4 S P4. It was therefore necessary to find a safe operating speed for the
fans where they could provide the best control, with enough power in reserve to rectify any
instability that may occur. Figure 11 shows how the pulse width modulation of the speed
controller affects the speed of the fan. From Figure 11 it can be seen that if the fans are operated
at 1.60 ms, there is 30% excess potential power that can be used to stabilise the platform should
this be necessary.
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Figure 11 -Pulse width Modulation vs. RPM12

Figure 12 shows that with a pulse width modulation of 1.60 ms (60%), the fan motors require
approximately 400 Watts per fan. The maximum rotational speed of the fans is 30,000 rpm,
which is achieved when the pulse width modulation is set to 2.0 ms. The power input at this
operational level is approximately 1100 watts, as shown in Figure 12.
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Figure 12 - Pulse Width Modulation vs. Power Input12

Figure 13 shows that at a pulse width modulation of 1.60 (60%); the outside control fans produce
a thrust of approximately 1Kg per fan. This means that the main propulsion system will need to
generate 4 Kg less than the maximum lift required. With a pulse width modulation of 1.90, hence
achieving the fans and motors maximum rotational speed, the fans produce a thrust of
approximately 2Kg.
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Figure 13 - Pulse Width Modulation vs. Thrust12

4.2.2 Weight of Platform
The maximum lift required is dependent on the weight of the platform. From the initial PDS15 it
was made clear that the platform should be able to lift its own weight plus a payload of up to 5
Kg. From last year’s work it can be seen that their platform and all of its components weighed
less than 4 Kg16. The platform this year will probably weigh considerably more than this, as it has
to carry an IC engine and fuel. Looking at the engines shown in Table 2 it can be seen that the
engine weight varies considerably depending on the power output. It can be assumed that an
engine with a power output of greater than 1.6 KW (2.15 hp) is required, based on the required
engine to run the control fans. An estimate of 1.5 Kg was allowed for the engine weight based on
the data for a medium to large engine (4hp). The weight for fuel was estimated at approximately
500 grams, as this allows for an engine with a fuel consumption of 1oz per minute flying for 20
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minutes17. If a dynamo weight of 500 grams and an onboard starter motor weight of 500 grams
are assumed, then the total platform weight can be estimated at 7 Kg. With a 5 Kg payload this
leads to 12 Kg of thrust being required, of which 8 Kg will need to come from the main
propulsion unit (ducted fan and IC engine).

4.3 Further Ducted Fan and Engine Research
After carrying out more research into ducted fan units and associated IC engines, it became
apparent that what was thought to be an easily available common system was not as readily
available as had been initially suspected. Four possible engines were found, two made by OS
Engines, and two made by BVM engines. The two BVM engines had customized fans for use
with them, and for the OS engines there were two possible fan units, one made by Ramtec and
the other by Dynamax. Figure 14 and Figure 15 show photos of the BVM and OS engines18,19.

None of the units illustrated above produces the thrust required to lift the platform and its 5Kg
payload. They would definitely not provide excess power for the four outside control fans. It was
therefore decided that it may be more efficient to utilise two engines, one to provide lift and the
other to generate electricity for the control fans. Making this decision increased the weight of the
platform by approximately 1.5 Kg. The payload capacity was made flexible to enable the project
to continue without the need for a large investment of capital. A comparison of all the possible
units is shown below, in   Table 3.

Engine Fan unit Predicted Thrust Rated RPM Total Cost (£)

Ramtec 13 23000 305OS .91
Dynamax 15 21000-23000 330

BVM .91 Viojet 12 24000 483
BVM .96 Viofan 15 24000 533

Table 3 - Comparison of potential ducted fan systems20,19

Power input and output curves were not available for any of the fan units or engines, it was
therefore not possible to match the engines to fan units precisely. It was decided to talk to
manufacturers and other model enthusiasts to see which engines and fan units worked well
together.

Figure 14 - OS .91 ducted fan engine with
large cylinder head Figure 15 - BVM .96 ducted fan engine
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4.4 Final engine and fan choice
The engine and fan unit eventually chosen were the OS Max. .91VR-DF large head, and the
Ramtec 5 ¼ inch ducted fan unit. These were selected because this engine and fan unit
combination gave a similar power output to the BVM unit, but at a significantly lower cost. The
Ramtec fan unit was chosen over the Dynamax unit, as it was recommended by the engine
manufacturers and said to “load the engine better”21, i.e. the fan’s power input curve is a similar
curve to the engine’s power output curve and will therefore not cause the engine to stall or its
rotational speed to become too high. After selecting this engine, it was soon realised that the
suppliers had stopped stocking it. However, they did stock a small headed version which had an
equivalent technical specification, but had a smaller cylinder head. It was hoped that as the
engine is located directly behind the fan unit, the smaller cylinder head would cause less drag
then the larger one and therefore the thrust output would be increased.

4.5 Testing

4.5.1 Test rigsiii

Several test rigs were required for the propulsion engine, as it had to be “run in” under certain
conditions before any thrust testing could be carried out. The engine had to be run for several
short bursts using a 10 inch propeller in the horizontal plane, and then it had to be run for several
runs using the ducted fan in the horizontal plane. The engine could then be placed in a test rig to
measure the thrust. Figure 16 shows the rig used for running the IC engine in the horizontal
plane, using a 10 inch propeller.

The test rig is made
from 2 inch aluminium
angle, with a width of
¼ inch. The aluminium
angle was bolted on to
a piece of 20 mm thick
steel plate which was
then bolted on to a
desk, to ensure that the

test rig could
not move.

The IC engine was fitted on to the Ramtec ducted fan unit and the combined unit fitted to the test
rig shown in Figure 17 and Figure 18 for the secondary stage of “running in” the engine.

                                                
iii Appendix A shows technical drawings for all test rigs required for thrust testing. Appendix F shows a cost
breakdown of all components used in the test rigs

Figure 16 - Horizontal Engine Run in with Propeller Test Rig










































































































