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Abstract 
 
This report covers the Flying Platforms progress in 2003/4 in terms of the structure and 
propulsion matters. Propulsion is covered as there was a need for further thrust identified. 
Research into gas turbines is covered. Testing of auxiliary ducts to improve the ducted 
fan unit are described. The structure is designed for this year’s requirements. An outline 
design is conducted and reported. Manufacturing options are discussed together with 
further research areas.The cost of materials needed for the structure is also covered.  
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Introduction and Background information  
 

1.1 Project description 
The objective is to design and develop a flying platform with a team of nine final year 
undergraduate students from various specialist engineering disciplines (Mechanical, 
Civil, Electrical and Management). Using the knowledge gained from previous years’ of 
development, together with personal knowledge and skills, support from supervisors and 
academic staff, the aim is to work as a team towards a common goal; the design and 
further development of the flying platform. 

1.2 History of Flight 
The first flying platform was developed by American organisation,� Hiller Advanced 
Research Division (A.R.D.)1, which advanced research division successfully achieved 
this in 1955. Since then, academic institutions as well as the defence industry have been 
researching and developing this area of advancement in both manned and unmanned 
vehicles. The strong interest from the defence industry has resulted in development of 
numerous types of such devices over the years.  Besides being utilised in the defence 
industry, such devices many also be applied towards other areas such as, search and 
rescue operations, agriculture, humanitarian aid, civil engineering and law enforcement 
 
The flying platform can be divided into two specific groups, namely, Manned Aerial 
Vehicle (MAV) and Unmanned Aerial Vehicle (UAV). Details of which are listed below. 
 

1.2.1 Manned Aerial Vehicle (MAV) 
Following more than 50 years of research and development, technology advancement in 
this field has made it possible for private individuals to purchase a MAV commercially. 
 
MAV devices are complex and require input from the operator. They are highly damped 
to enable the individual flying and controlling the vehicle to have almost total control of 
the vehicle. This means that these devices do not require high precision sensing devices 
to control the motion of the vehicle. For the purposes of the flying platform, this type of 
device is not useful as the sensing / control of the vehicle is the key to the flight of the 
platform.  

1.2.2 Unmanned Aerial Vehicle (UAV) 
UAVs, on the other hand, are complicated to develop as they require a complex control 
system. Despite the complexity involved in its development, technology advancement in 
this area has resulted in UAVs becoming more compact in size. The defence industry is 
particularly interested in this area of development and have made advancements with 
respect to UAVs based on aircraft designs.  This means that they do not hover over the 
ground like helicopters.  
 
A survey of available technology has determined that to the author’s knowledge, the only 
systems available are based on helicopter designs (Marvin, the UAV2 helicopter designed 
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by TU BERLIN) or have one used ducted fan for vertical flight. In the latter case, 
stability is ensured with the use of vanes and horizontal flight is provided by a second fan 
mounted horizontally.  
 
Rotomotion, LLC3, produces model helicopters with an autonomous flight system. They 
use open-source software produced by enthusiasts, together with commercially available 
parts, to design the control system. The helicopter comprises of a standard large model 
sized helicopter. The advantage of using a “standard platform” such as a helicopter is that 
the mathematical model for helicopters is highly developed and proven. This makes 
design of the control system easier. 
  
As Rotomotion uses open-source software, this would be a useful starting point for the 
development of a digital control system. Although the mathematical model will 
inevitably be different the control algorithms used will be similar. Once the algorithms 
are studied these could be amended to suit the flying platform scenario. 
 
The software uses predictive control algorithms to predict the motion of the helicopter. 
The hardware required to run the software is an 8MHz chips 256kB of ROM and the 
same of RAM. As the software is open sourced, it is freely available. When used in 
conjunction with an IMU (Inertial Measurement Unit)  and GPS, the helicopter is able to 
fly to any given point.   
 
The problem with implementing such a course of action is that no student has enough 
knowledge of programming to write the algorithm onto the chips. 

1.3 Previous years work at Exeter University 
The flying platform project has been running for some years at the university and is 
advancing through the build up of knowledge and development throughout the years. 
 
The 2002/3 group succeeded in developing and building the flying platform to a tethered 
flight status. Due to the lack of evaluation of the power systems, the flying platform was 
dependant on external power. Thus during flight, the platform was dependant on an 
umbilical cord to supply a control signal and power. 
 
The group’s success lay in its strong organisational structure which lead to good progress 
and development. Critical Path Analysis (CPA) was conducted before commencement of 
the project to identify and define the areas that required focus and development. 
Communication within the group appeared good and strong. 
 

1.4 This groups objective for the platform 
The development of the flying platform will be centred upon providing power to the 
platform to enable it to take flight independently without external power supply. Further, 
development of the control model is to be complemented and integrated with the IMU  
provided by BAE systems for accurate control of the platform. The structure and thrust 
were to be considered and amended where necessary.  A PDS is included in Appendix A. 
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1.5 Tasks and responsibilities 

1.5.1 Group management 
Before the commencement of the project, the group appointed LD as a permanent chair 
and a JMB as permanent administrator, who would take charge of the minutes. The 
agenda for meetings was handled by AT and the treasurer was KL. These appointments 
were kept throughout the year.  
 
The early stages of the project were spent investigating the developments and progress 
made by the 2002/3 group. Individual reports written by the 2002/3 group were 
distributed to be analysed and read. Depending on the specialist engineering field each 
student came from, tasks were allocated accordingly.  Distribution of workload was 
constantly evolving throughout the project. 
  

1.5.2 Personal tasks 
The project was subjected to ongoing changes and the full extent of the tasks was 
highlighted towards the end of the project. The following is a list of areas the author  
investigated into throughout the year. 
 

• Design and rebuilding of the pulse width modulated speed controller unit  
• Research into gas turbines 
• Research into predictive control  
• Design of Ducts to be built around the flying platform 
• Design of the structure 
• Redesign of snake engine attachment 

 

2 Electronic speed regulator and revolutions counter 

2.1 Electronic speed regulator 

2.1.1 Requirements 
The characteristics of the control fans were required for control system development. The 
available thrust had to be evaluated to determine the size of the central fan unit. The 
evaluation of the thrust available required a reading of revolutions per minute (rpm). For 
this purpose, a frequency to voltage converter was required. The 2002/3 group designed 
an electronic circuit to record the rpm. Unfortunately, this circuit4 was not included in the 
material handed over from the group and had to be redesigned. Using information from 
their material4, the author constructed and developed the circuit further as the literature 
showed that the circuit diagram would not be capable of measuring the frequency band 
required.  
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Constructing the circuit was the first step towards gaining further data on the control fan 
characteristics. 

2.1.2 Design 
The design of the frequency to voltage converter produced by the 2002/3 group was 
incorporated, subject to modifications done to fine-tune the resistor and capacitor values 
to reach the right band of frequencies, as the components from the group was inadequate. 
A circuit diagram is shown in Appendix B.  
 
The design of the electronic revolutions counter utilised a light gate provided by photo 
diodes. As the photo diode appeared too weak over the distance required, the author 
considered replacing the light emitting diode (LED) with a laser pointer, which has 
higher energy in the light beam and a longer range. A laser pen was sourced, as laser 
beam is high in intensity and easy to direct. This was used to provide a strong signal into 
the circuit, together with a photo transistor as the recording device.  
 

2.1.3 Testing 
The circuit was tested with an oscilloscope and a digital signal generator. The signal 
generator simulated the frequency light beam being cut and the oscilloscope was used to 
show the resulting voltage. The data was correlated to determine the accuracy of the 
speed controller and the sensing circuitry. 

2.1.4 Conclusion 
The circuit was tested and in full working condition. This was used to successfully test 
the power characteristics of the control fans as well as the ducted fan experiments. 
 

3 Propulsion Research 

3.1 Background  
The engine purchased was an OS max 0.91 two stroke engine with a rating of 4.5 HP. 
The ducted fan made by RAMTEC, was 5.25” in diameter and specified to provide 60N 
of thrust when combined with the engine specified above. The control fans were to 
provide 20N of thrust, allowing for a total thrust of 80N. This thrust was required to leave 
enough thrust margin to lift all the other components of the flying platform. Initial tests of 
the output thrust indicated that the maximum achievable thrust from the central ducted 
fan unit was about 35- 40N, 33% less than what was expected. This fact seriously 
affected the flight ability of the platform. With the outer control fans contributing 10N 
each to the thrust, a minimum of 40 N of thrust was required from the central fan unit to 
allow the platform to take off.  In light of this defect, alternatives, as listed below, were 
considered. 
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3.2 Considered solutions: 

3.2.1 Design of a custom made purpose built fan 
Design of a custom made purpose built fan was researched into and concluded to be 
beyond the scope for the group as a thorough design process will have to be conducted, 
and time constraints would not enable it to be built and testedi. 

3.2.2 Gas turbines 
The author researched model sized gas turbines to be used as a generator to generate 
electricity or used directly to provide thrust. A survey of such manufacturers was 
conducted and found, as indicated under section 3.3 Gas turbines. The gas turbine 
combined with a gearbox and a propeller (turbo propeller version) was found to be very 
capable of providing the thrust required for application to the flying platform. Otherwise, 
the gas turbine could be driving an electric motor providing 3 phase generation to the 
platform.   
 

3.2.3 Ducts to improve the current duct 
The RAMTEC 5.25” duct does not include any auxiliary ducts (upstream or 
downstream). Further to the background research conductedii, the author commenced 
upon developing the design of lower and upper duct extensions. The upstream duct is of 
highest importance in increasing the thrust of a ducted fan unit. Thus, the author 
researched into the possibility of utilising both upstream and downstream ducts to 
optimise the airflow into and out of the ducted fan. This will be further discussed in 
0section 04 4to greater detail. 
 

3.3 Gas turbine 

3.3.1 Background 
Gas turbines are widely used in helicopters and aircraft to provide power to the rotors and 
electrical systems. There are model helicopters that have been successfully implemented 
with gas turbines as their means of propulsion. These models use the gas turbine only to 
provide the power to the rotor as they use batteries to power the electrical systems.  
 

3.3.2 Gas turbine Theory 
Gas turbines are a very powerful propulsion method as they have a high power to weight 
ratio. They are usually fuelled by natural gas or liquid kerosene and comprise of three 
stages, namely, the compressor, combustion area and turbine5. 
 

                                                 
i See JM report for details on the custom made fan 
ii RCH individual research topic “Optimisation of Fan and Propeller Design” 
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The compressor pulls the air into the combustion area, causing pressure to rise by up to a 
factor of 30. The compressor consists of turbine blades in a conical shaped chamber. The 
airflow compresses increasingly as it progresses deeper into the compressor.  
 
The combustion area has a fuel injector lined around the inlet. The high pressured air 
from the compressor enters the chamber and flows through the “flame holder” which is a 
perforated metal sheet. The flame holder is necessary, as without it the flame will blow 
out as high speed air enters the combustion chamber. This problem is the main design 
issue when designing gas turbines. 
 
Thereafter follows the turbine, which is on the same shaft as the compressor, i.e. the 
turbine drive the compressor. The hot gasses flow through turbine and out of the exhaust. 
There is a power take off at the end of the turbine that connects to a shaft supplying 
power to the application, i.e. a generator for example. 
 
Included below is a list of four main propulsive versions of gas turbines6: 
 
Gas turbine jet: The turbo jet is the most basic gas turbine variant. The only main 
difference is that the gas turbine jet has an optimised air inlet nozzle. The nozzle is 
curling inwards rather than outwards as these are designed for high speed flight and not 
to induce high drag at high speeds.  
 
Turbo fan:  The turbo fan includes a large turbine in front of the compressor. This brings 
about a lot more thrust and is the common installation on commercial jet planes. 
 
Turbo propeller: This design is similar to the turbo fan design, but instead of the fan in 
front to the compressor, there is a reduction gearbox and a normal propeller. This version 
is very fuel efficient though slower than the turbo fan. It has a higher static thrust and is 
better suited for heavy power demanding applications such as a C-130 transport plane. 
 
Afterburner: This system is based on a normal gas turbine. I is used to increase the thrust 
during takeoff, climb or in military application during combat. Fuel is induced into the 
hot air after the turbine, but before the air leaves the jet nozzle. The reaction utilizes the 
unburnt oxygen with in the exhaust air. The increase in temperature due to the reaction 
makes the velocity increase and thus the thrust.  
 
The advantage of a gas turbine is that it has high power to weight ratio compared to other 
means of energy production, like a reciprocating engine. It is also usually smaller than the 
equivalent size reciprocating engine.  However, the disadvantage is that it is more costly 
in comparison to similar installations. To highlight key feature a comparison has been 
conducted between the RAMTEC engine and the Wren turbo propeller gas turbine (see 
Table 1). These installations also use relatively much fuel when they are idling and 
operate far better at a constant load rather than a fluctuating one. This is the reason why 
gas turbines are not used for car engines for instance, as they would not be able to cope 
well with the fluctuating power demand. For transatlantic flight though were a cruising 
velocity is kept for most of the journey the gas turbines are very efficient. 
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3.3.3 Application to the Flying Platform 
 
For the flying platform, the application could be implemented in two ways: 
 

1. The gas turbine could provide the total power for the flying platform. The current 
central fan could be replaced for a larger electric fan (or a number of small ones), 
using the power supplied by the gas turbines.  
Gas turbines have a band of rpm (revolutions per minute) in which they work very 
efficiently. This quality makes them very suitable as a power generation unit, 
where the turbine can run at a constant speed. 

2. The second option is to use the gas turbine with a turbo propeller configuration. 
There is a unit produced by WREN Turbines7 that can currently provide 
approximately 15kg of static thrust, which for the current size of the platform is 
ample. Turbo propellers are by design the coolest available gas turbine installation 
The gas turbine will provide in any case an automated starting sequence. The 
main advantage is that the gas turbine has far more power available than required 
at this stage. Gas turbines have another problem that as they are so highly 
sensitive shock loading. 

 
A comparative table of the characteristics is given below: 

 
Characteristic RAMTEC Fan with OS engine Wren turbo-propeller 
Thrust (max) 60N 300N 
Engine power 4.3 HP 7.1 HP 
Weight 1270g 1600g (excluding prop) 
Fuel consumption 28g/min 38g/min 
Fan / Rotor size 5.25 “(duct diameter) 21” X10” 
Price (�) 500 3500 

Table 1 -Ducted Fan vs. Turbo-propeller characteristics 

3.3.4 Conclusions 
The initial research into gas turbine looks promising, although the cost is high. With 
prices around �3500 pounds this was not viable for this year’s platform, but should be 
considered when subsequent work is done. With such a high thrust the propulsion section 
would leave ample opportunity to develop other areas of the platform further, with out 
having to redesign propulsion continuously to meet new demands in subsequent years. 
This would allow propulsion to be left at a stage and the attention for focus on other 
aspects of the project, such as lateral flight. 
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4 Duct Design 

4.1 Back ground 
A preliminary analysis and design of a duct was conducted. A full investigation including 
a complete CFD (computational fluid dynamics) investigation would not be possible due 
to the detailed scope of analysis required and the time constraints of the project. 
 
The author used research 8,9 and the Model Ducted fan design book10 to design ducted 
fans. It was decided to only proceed with a preliminary analysis and design of a duct, as 
Duct Theory 
 
The shape of the duct will have to be adjusted according to the conditions upon which the 
propulsion system is active. It has been found that the shape of the duct affects primarily 
the thrust characteristics as well as the rotor design8. Thrust is created by a propulsion 
system by adding velocity to the stream of air flowing through it. This is based on the 
momentum theory Figures 1, 2, and 3 below illustrate the effects of a duct on the airflow. 
 
 
The flow around a rotor based propulsion 
system can be divided into three regions: 
the inflow, the slip stream and the free 
stream.  
This can be seen in Figure 1. 
The rotor aspirates air all around the tips 
of the rotor.   
The next scenario to consider is the 
scenario of having a duct enclosing just 
the tips of the rotor. Figure 1 - Flow around a rotor with out duct 

In Figure 2, air is not aspirated as the 
duct locks the passage. Thus the air has 
to move up stream bend around and flow 
though the rotor and duct within the slip 
stream. Note that there is no free stream 
in this scenario as the air flow is all 
confined to the slip stream. Losses due to 
the open propeller tips are known as tip 
losses and reduce the effective area of the 
rotor by creating reversed flow regions 
near the tips. This can be seen in Figure 
2. 

 
Figure 2 - airflow around an open Lower stream 
duct 


































































































