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1. Abstract

An autonomous flying platform is an Autonomous Unmanned Aerial Vehicle (AUAV) with the
ability to hover. In previous years, research has been undertaken to build an autonomous flying
platform and in the main have been unsuccessful due to stability issues. The previous years
approach of electrically powered ducted fans provided a rapidly responding method of providing
thrust for stability and height control, by regulating the rotational speed, and successfully
managed to hover.

This year, through more extensive investigations and using previous research knowledge, an
attempt was made to further develop the flying platform to improve the stability control, and to
remove the need for a separate off-board power supply. The platform utilises previous years
plans for five ducted fan units, but replaced the central fan with an Internal combustion engine in
order to improve lift, and reduce the overall electrical power required. The electric ducted fans
were powered from brushless permanent magnet DC motors and electronic speed controllers
utilised in last year’s project, and larger variants of these motors were researched and used as a
generator in combination with a internal combustion engine to form an on-board power supply.

In a previous year’s project, an internal combustion engine was used to develop the lift, but had
been unsuccessful. This year saw a return to an IC engine, with additional research in order to
find the most effective static and dynamic response performance.

Stability problems have been a major concern in many of the previous year’s projects, which has
led to a step change in technology this year. This year an IMU was made available from BAE
Systems in order to gain a reliable control signal of the accurate position of the platform. A
modular electronic control system was developed to allow each part of the control system to be
researched, designed and tested separately. All speed controllers utilised a Pulse Width
Modulated logic signal, similar to that required by radio control servos used for the throttle
control on the IC engines. The system was designed to allow for correct set up procedures to be
completed, and for an emergency position to be made available to switch off the platform in the
event of a problem in flight.

Power sources were researched to power the electronic control fans, and the control system.
Different battery types were investigated continuing on from previous year’s work, and
additionally this year, super capacitors were included. However they were not found to be
suitable and hence the IC generator was continued to be investigated with the intent to replace
the umbilical lead used by last year’s group.
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4. Introduction & Background

Flying platforms are a specific class of Unmanned Aerial Vehicle (UAV) with the ability to
hover. UAVs have recently been in the public eye with “Predator” and its successful military
application in reconnaissance and attack roles. More recent military campaigns in the Middle
East have led to more enthusiasm and pressure being placed on manufacturers to produce a
stable and reliable vehicle to reduce the risks placed on pilots during the height of battle
conditions. They can eradicate the risks posed to pilots whilst simultaneously reducing the cost
of the aircraft and of pilot training. There are also advances to be made with the removal of the
cockpit reducing weight, and size within the aircraft and also allows the forces placed upon the
aircraft during flight to exceed those of human survivability.

Further possibilities for an UAV exist in the civilian sector. There are many inspections and
monitoring services that are currently carried out by manned aircraft including the inspection of
overhead electric cables, and the monitoring of traffic flows on motorways etc. The vehicle can
also be used for police surveillance purposes operating remotely from a central base, allowing
many vehicles to be controlled with fewer ground staff, and with less costs involved, more can
be available in a wider area. However any proposed civilian unmanned vehicle will first have to
gain authority to fly in British airspace.

Flying platforms are very complex vehicles as they have little or no aerodynamic stability,
making hovering impossible without some form of human, mechanical or electrical control
system. There have been a number of projects similar to this in the past, with the most notable
being the “Hiller flying platform”, shown in figure 4.1, where by a relatively small platform was
designed and constructed to carry a human, which also formed the control system. The advances
in technology has allowed electronic sensors together with advanced electronic control systems
to replace the human altogether, and one of the first companies to achieve this was RC Toys in
the USA, in the form of Draganflyer III, and shown in figure 4.2.

Figure 4.1 Hiller flying platform [1] Figure 4.2: Draganflyer III, RC Toys [2]

There have been a number of previous projects at the University of Exeter to attempt this
problem, and with the exception of the 2002-3 group none have yet managed to get a stable
flying platform. Last year’s group managed to get the platform to remain fairly stable in flight,
but were not entirely happy, with a number of glitches. Previous groups have looked at
inherently stable designs, as well as vectored thrust designs, but they have all been ultimately
unsuccessful.

This year’s group took onboard the points raised by the previous year’s research efforts. The use
of electronic ducted fan units was integrated into the new designs as they were proved to be
reliable, light weight, have good response times, and are relatively safe. Ordinary propellers have
less thrust than the ducted variety and given that the edges of the blades are exposed; they are
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more dangerous to the user. Last year’s group used five ducted fans arranged with one in each
corner of the platform and a centrally mounted duct, all of which were of the same diameter. The
group found that although there was sufficient thrust to allow the platform to hover, there was
insufficient to carry a power source. This year it was decided to replace the centre duct with a
larger diameter duct with a internal combustion engine to power it, with the intention to gain
additional lift to allow some form of power supply to be carried for the outer stability fans. A
number of IC engine technologies were considered, with a large capacity glow plug engine being
chosen to operate the main duct.

The issue surrounding power supplies from last year was progressed with investigations into
battery power finding no viable systems that could manage the duration required, without an
exceptional amount of weight to be carried. It was decided to investigate small generators,
powered by glow plug internal combustion engine. The power to weight ratio was of primary
concern, as was the amount of fuel that would be consumed during the specified flight.

The final main goal of this year’s project was to replace the accelerometers and gyros used by
the previous group with a higher quality IMU, incorporating gyros for all three axis and
accelerometers for all three axis. BAE Systems donated this, together with full datasheets and
with helpful advice for installing and using the device.

A full product design specification for this years project is given in appendix 1.

The group was split into four sections, with the main posts also being filled. Liam Dushynsky
chaired the group with James Mackenzie-Burrows as secretary and Kevin Lowis as treasurer.
Alex Tombling was responsible for the agenda’s and chaired one meeting in the absence of the
chairman. Kevin Lowis also chaired the control subgroup, Richard Holbrook chaired the
Propulsion subgroup, and Alex Tombling chaired the Electrical Power Systems subgroup. The
structure subgroup consisted of only Chris Poczka for the majority of its exsistance, and so did
not have a separate chairman.

All electronic designs used a standard procedure for the program it was produced in, and for its
numbering. All designs were labelled with the makers’ initials and a three-digit number, e.g.
AT001. All designs were produced in Multisim 2001, and kept on file on WebCT on the
university of Exeter server.
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5. Stability propulsion research

5.i Introduction

From the conclusions reached from the previous year’s report, it was decided to continue with
electric motor powered ducted fans to form the stability thrust for the platform. [3] The 2002-3
group had shown that the Plettenberg HP220/30/A4 S P4 brushless DC permanent magnet
motors were around 90% efficient giving a maximum of 20N of thrust when used with the
WeMoTec Midi fan. [3] The motors were controlled using the Schulze Future 32.55 brushless
speed controller, designed to operate with this particular motor.

It was decided to briefly research further into motors for the stability control fans in order to
ensure no newer technology has become available, and to ensure all possible alternatives had
been exhausted. One of the major concerns from the previous groups work was that not enough
power was available to lift the platform and its power supply, so this needed attention at an early
stage.

5.ii Theory

Various motor technologies were re-investigated, but no new technology was found. The
permanent Magnet Brushless DC motor has only become popular in recent times as the
electronics required to operate them has become more freely available. These motors are
efficient as they remove the largest loss in a traditional motor – the brushes. The windings,
therefore, need to be placed on the casing and not on the rotor; instead the permanent magnets
are fitted to the rotor. This has a number of benefits, including: -

� The length of windings can be extended,
� Smaller losses, and less heat build up,
� Better heat dissipation.

As the windings are placed outside the rotor, they have more available area, and so can be
lengthened to fill the additional space, giving rise to larger torque values. This more powerful
motor can be of benefit on applications were torque is preferable over speed. Without brushes
there are no losses of power due to the arcing that was previously inevitable, giving the
secondary benefit that without arcing, there is no additional heat energy being wasted. As the
windings are powered on any motor, they tend to dissipate heat, when this is in the centre of the
motor, it can cause problems heating up the entire device causing distortion and failure.
However, with the brushless motor, the windings are on the outside, and can utilise the casing as
a heat sink to remove the heat from the bearings and main drive shaft, reducing the wear, and
fatigue problems that can be caused by overheating. The main disadvantage of these types of
motor is the initial cost, and the cost of the associated electronics required to power them.

Commutation on these motors is performed electronically, and so expensive power MOSFETs
are required. At high speed, the back emf produced by the Hall effect as the rotor rotates is used
to synchronise the control electronics with the rotor position. This is difficult to achieve at low
revolutions, as the back emf is too low to be detected, and thus the motor will fail to rotate
smoothly if at all, and so will normally have a minimum operating speed to avoid this region.

Stability propulsion research
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These brushless motors need controlling by a specific type of controller, as they effectively work
as a three-phase motor. The most common method of DC motor control is to regulate the voltage
feeding the motor, normally by means of a Variable resister. However this has a number of
disadvantages: -

� Very Effective
� Generates Heat
� Wastes Power

This example of speed controlling is inappropriate as three-phase motors were being used on this
project.

The second most common method of speed control is by Pulse Width Modulation. By using a
simple PWM circuit, the heat generated can be reduced, and the power wastage minimised. Pulse
Width Modulation works by varying the proportion of on to off times on a simple square
waveform. Common practice is to keep the cycle time constant, and vary the on/off proportion,
by extending the on time. An alternative is to keep the on time constant, and vary the length of
the off time, hence extending the cycle length. With slow cycle lengths, generally greater than ¼
second, it is possible to see the motor change speed with the cycle, but with fast cycle times of
20mS, this becomes invisible. A basic example of a PWM circuit for DC Motor control is given
in figure 5.1.
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Figure 5.1: Pulse width modulation speed controller

In this example, varying the pot changes the length of the oscillation, and hence the speed of the
motor. It should be noted the MOSFET would get hot. Again, due to the three-phase nature of
the motor this circuit is inappropriate. Brushless motors require a complex control system, and
the best route to operate these motors is to purchase of the shelf controllers. These were already
purchased by the 2002-3 group and so were continued to be used. The controllers purchased
were the Schulze Future 32.55 brushless speed controller at £225 each. These devices utilised a
PWM DC input signal, identical to that used by traditional radio control servos, to control the
eventual speed of the motor.

5.iii Results and Analysis
On the WeMoTec datasheet, the Plettenberg HP220/30/A4 S P4 was shown to give 21N of static
thrust at a rotational speed of 32,400rpm, using an input power of 1.1Kw, (40.5A at 27.3v), [4]

when used with the Schulze speed controller. The speed controller motor timing can affect the
performance of the motor dramatically, with each motor designed to operate with an optimum
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timing setting [4] and it is important that speed controllers are matched for efficient use. For the
Plettenberg motor used, it is recommended to have a switching frequency of approximately
19kHz.

The ordinary Plettenberg motor was restricted to speeds of 25,000rpm, [5] however as these units
have the ‘S’ suffix this speed may be exceeded as they are made of hardened material. The
previous group report stated that the S rating allowed the motor to rotate at up to 80,000rpm, due
to the Kevlar reinforcing material used to keep the magnets attached to the shaft. [3] The motor
should stabilise at 100oC when run at 25,000rpm. The motors use neodymium magnets, which
can demagnetise at temperatures above 150oC. [15]

Given that all these components for the stability side of the propulsion system had already been
purchased and tested by the previous group, it was decided to continue using the same items on
this years project. Electrically the motors had only one interface, the three phase wires to the
speed controller, while the controller itself had a power supply pair, and three control wires from
the control system. These control wires were 5v supply, reference ground and a PWM control
signal, designed to operate with radio control equipment within the model market. This will be
covered in more depth in section 6.

5.iv Conclusions
The Plettenberg/Schulze set up (see figure 5.2) appeared to be effective in last years project, and
given the outlay already made by the university it was inappropriate not to use them on this
project. The motors were adequately powered for stability purposes, and were efficient in their
use of power. There were no reliable specifications of the response times, or of the thrust output
at different power levels, and so these needed to be reinvestigated by this years’ team. In order to
keep an operational platform in one piece, the control interface used by last year’s group was not
reused this year, and a new updated version constructed, and is covered in detail in section 6.

Figure 5.2: Plettenberg HP220/30/A4 S P4, and Schulze Future 32.55 controller

Stability propulsion research
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6. Speed controller operation

6.i Introduction
To control the rotational speed of the motors, the speed controller requires a signal to state the
required speed. These speed controllers are primarily designed for use with radio controlled
receivers and so require a signal identical to that produced by radio control equipment.

For initial testing a Basic™ program was written to imitate the signals given by a radio receiver,
but this was unreliable as Microsoft Windows™ interrupts caused poor repeatability of the cycle
times of the control pulse. A new interface was designed using the circuits developed by
previous years’, however these were deemed too large and bulky to be useable. A Micro
controller was used to interface between the control system on the platform and each speed
controller, and is discussed in full in section 7.

The speed controllers require a specific start up sequence in order for the electronics in the speed
controller to set up the 100% and 0% points of the linear speed scale.

6.ii Schulze 32.55 start up sequence
Not all radio control equipment is perfect, and not all equipment is trimmed accurately, and so
most speed controllers are designed and constructed with an intelligent programming system,
which allows it to be uniquely adjusted for the particular incoming signal. In order for full
performance to be realised from the motors, whilst maximising the resolution, the controllers
need to be given the maximum and minimum settings, and the controllers told when these are
being sent.

There are two different methods of loading these settings in to the controller:

1. Send the ‘stop’ command to the controller, followed by the ‘full-speed’ signal, or
2. Send the ‘full-speed’ signal, followed by the ‘stop’ signal.

Both methods will set up the controllers to give the same range and start/stop points but have
different results immediately after set up is complete. The first command must be being sent to
the controller at the point when transmission first starts from the interface, or when the speed
controller power is connected.

When main power is applied to the speed controller, it emits a series of bleeps, through the motor
itself, in a raising series of tones. Once one end of the scale is detected, it emits either a single
beep for 0% or a double beep for 100%. The first reading is stored immediately once it falls
within the boundaries of either end of the scale. The controller does nothing until the second end
stop is sent, whereby it will emit the second appropriate tone. Once both settings have been
stored, the controller will power the motor to whatever speed is being fed in at that time.
Therefore in the options given above, if the first method were used, once the controller had
received the 100% power reading, the motor would start up at full power, whereas with option 2,
the motor would remain stationary, as it would be reading 0%. The second option is favourable
for a number of reasons. Primarily once fitted to the platform, all 4 fans changed state from off to
100% simultaneously, the immediate current draw would be in excess of 120A, from a previous
2A. This dramatic change in current draw would cause considerable problems with the generator,
or excessive strain on any battery used to supply it. It would also cause undue stress on the
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motors themselves and the platform structure. The other major concern with the control fans
changing state so quickly during a set-up cycle is that it would cause alarm to those operators
surrounding it. This could be dangerous with such potentially lethal devices. In order to ensure
set up was completed safely and reliable, the start up procedure was written in to the interface, so
that it could not be avoided.

There are a number of in-built monitors with the Schulze speed controller. The temperature
monitor will switch off the motor in the event of the controller getting too hot. If the motor
windings are shorted, this monitor will operate quick enough to prevent damage, and so this
cannot be relied upon to detect this fault condition. In the event of overheating, the system can be
reset by sending the 0% signal to the controller for around 2seconds. This will re-arm the
controller, and will continue as before. The controller is very susceptible to overheating when
being used at high speed, and thus high power. The previous group fond that by placing the
controller in the air flow enough cooling took place to remove any problems encountered. This
must be considered again this year, and adopted unless there are considerable issues with doing
this.

A voltage monitor is also fitted to these controllers that will power down the motor in the event
the supply voltage drops below a preset threshold. The Schulze controllers are set to switch off at
5V, and can be re-armed in the same way as for the temperature monitor.

The devices also include a speed monitor, for both maximum and minimum speeds. If either
extreme is breached the device shuts the motor down, until back within its limits. Below a
certain speed, the controller cannot correctly detect the actual speed, and so stops the motor
altogether. This protective feature can make the motor reluctant to start of there is too much load
on it, which can also cause the current to be exceeded, tripping the current monitor. When the
current drawn by the motor exceeds the controllers rated maximum, it will limit its output.
However if it remains in current limited mode for some time, the device will switch off to protect
both the motor and the controller. It is important to note that this will only detect over current on
the controller, and so if a smaller motor is used, this will become damaged before the controller
will take note.

The final monitor on the Schulze controller detects the signal from the interface or radio control
receiver. In the event this signal is longer or shorter than normal, it will switch to disarm mode.
This prevent interference from giving wrong signals to the device, but means that the designer of
any interface must remain within tolerances and keep a repeatable signal being fed into it.

6.iii Schulze 32.55 settings
There are a number of DIL switches on the Schulze speed controllers for various different
functions. DIL switch 1 and 2 should be set to off, giving the “winged aircraft” setting. DIL
switch 3 enables the brake feature; this is not used and thus should be set to off. DIL switches 4
and 5 selects a belt driven gearbox, and the responsiveness of the motor; a belt drive is not used
on the fans, and so they should both be off to give a highly responsive fan unit.

6.iv Warning notes and cautions
Electric motors fitted with propellers are dangerous and require proper care for safe operation.
Keep well clear of the propeller or fan blades when the power supply is connected. These speed
controllers are not protected against reverse polarity connection, and incorrect connection will
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cause irreparable damage, as was proven during this year’s project. Also connection of the power
supply to the motor terminals will cause equal damage.

Speed controllers are sensitive to humidity, and should not be used in wet environments without
correct protection. They must also be protected against mechanical loads, vibration and dirt
contamination.

The cables on the controller should be kept as short as possible. The motor cables should not
exceed 10cm, and the power supply cables should not exceed 20cm. When measuring the current
drawn from these high power controllers, always use a clamp type ammeter, not a series meter
with shunt resistor, as this will effect the operation significantly. When the controller is not in
use, the power supply must be disconnected, and the 0% command not relied upon. This is
especially important when persons may need to gain access to the platform in the vicinity of the
ducted fan units for adjustments. When the speed controllers are slowing the motor down, the
motor will be producing more voltage (through the power generation rules) than is being
supplied by the power source. This can be significantly higher than the power supply, and so
must have some form of reservoir to ‘dump’ this excess power. When using a battery, it must be
able to cope with short duration of high voltage charging, such as a lead acid battery, or with a
generator, a circuit able to deal with these excessive power fluctuations. This power must always
be used, and cannot be left floating in the controller, i.e. if the battery was not connected, it
would cause damage to the controller.

6.v Conclusions
The Schulze speed controllers are very simple to operate and this was a good choice made by the
previous group. Due to the way in which all speed controllers operate, when connecting the
power supply, there is a large spark, due to the high peak current charging the internal capacitors.
Care must be taken in connecting the polarity of the power supply correctly, and the resulting
spark emitted as the connection is made should not be mistaken for that of the capacitors
charging.

The controllers must be placed in the airflow from the ducted fan in order to keep them cool; this
may reduce thrust slightly, but is the only feasible method of cooling without resorting to
additional cooling. The structure could be used as a heatsink, but may not be sufficient for
prolonged use.

A picture of the Schulze future-u 32.40k, a member of the same family of controllers as the
32.55 is given in figure 6.1

Figure 6.1: Schulze 32.40k controller
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7. Control System – Speed controller interface

7.i Introduction
There are two control systems used to stabilise the height, and pitch/roll of the platform. Each
control system uses the IMU as its main sensor, and outputs all control levels for the
stabilisation-ducted fans and the central lift ducted fan as a 0-5V analogue DC signal.

In order for all model radio control manufactures to work together, they utilise a standard Pulse
Width Modulated DC signal to give a specific setting. Thus the Schulze speed controllers and the
servos for the throttle control all need a PWM digital DC signal. Therefore the output from the
control system needs to be converted to a PWM signal. This was a simpler method than having
the control system derive the PWM signal itself.

The outputs of the control systems are DC voltages variant on the input to the control system. In
a change form the previous project where a 0V was defined as no change, a +5V signal as full
thrust, and –5V as minimum thrust, this year it was decided to output 0V as minimum thrust, and
+5V as maximum thrust. The control module rather than the interface would then determine the
normal operating thrust, as it is more appropriate for it to be defined by the controller rather than
the link.

The interface is required to convert the +5V DC signal into a 1.1-1.9ms 5V pulse as defined in
section 7.ii below. The specifications of the control systems were that each part of the system
should be independent of one another. The pitch part of the control system is connected to two
opposite fans, while the roll control is connected to the other two opposite fans. The height
control is to be connected only to the central IC powered ducted fan. A base thrust level has to be
established in order to get the platform to hover. However, it was deemed that the central fan will
not be able to provide all the thrust required to provide neutral buoyancy, and so the outer fans
will need to operate at a nominal speed to provide additional thrust. It is therefore considered that
one of each pair of control fans will operate at a preset thrust, while the other is adjusted to speed
up or slow down as required to correct any tilt that is detected by the IMU.

The interface must incorporate the start up procedure for the speed controllers, and be able to
shut down all the controllers in the event of an emergency. This system must be able to respond
to a shut down request immediately in order to provide a safe environment in which to work
following an emergency condition. The interface must remain within the boundaries set out in
section 6 above in order to prevent the controllers from shutting down prematurely.

Appendix 2 shows the electrical relationships between each of the sections on the platform. This
was used to insure each group new what signals were to communicate with each other so that a
common ground could be set. This prevented the group from working to two different standards
and not realising they would not work until it was too late.

7.ii Theory
In keeping with the rest of the electronics it was first considered to remain with analogue
electronics. However the large component count used by the previous project, over 100 items, it
was deemed to be quite large and bulky for the platform, and possibly a higher current drain than
was necessarily needed. It was therefore considered to look at microprocessor control with a
Microchip™ PIC controller.
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Each company involved in the manufacture of radio control equipment for the model market
follows the same standard for signals to control the equipment. These signals are in the form of a
pulse with duration of nominally 1ms to 2ms repeated every 20ms, a duty cycle of between 5%
and 10%. The full range of on time between full power and stop is thus 1ms, giving the off time
to be between 18 and 19ms in total.
The accepted signals for the controller are: -

� Low pulse 0-0.3v
� High Pulse 3.3-6.0v.
� Cycle time 10-30ms
� Pulse range 0.8-2.5ms.

This gives a small amount of margin to be used when designing the final control interface. The
duration of off ‘dwell’ time is important for most radio control uses. This is due to when the
signals are sent by radio frequency from the transmitter to the on board receiver. In order to
multiplex up to eight channels of information they are placed on the carrier one after another,
hence a large gap between each on pulse of each channel. The 1ms minimum pulse is to allow
the receiving module to count between each channel, and to discount noise that may be picked
up. Figure 7.1 shows the standard signal sent to radio control equipment such as the throttle
servo and speed controllers.

 

1-2ms 

20ms 

Figure 7.1: PWM signal for radio control modules

The 1-2ms pulse is not converted exactly linearly by the speed controllers, but is within very fine
tolerances, and may be regarded as linear.

In order to allow initial testing of the stabilisation fans, a short QBasic™ program was written to
replicate the signals from a RC receiver. The digital circuit then followed this.

7.iii Analogue circuit consideration
The basis of the purely analogue circuit was the previous years’ project. The principle was to use
an integrator to produce a positive linear voltage ramp (see figure 7.2). The output voltage of the
control system was then compared with the ramped voltage to generate the required pulse width
signals (see figure 7.3).

Figure 7.2: Integrator schematic and output [7,8]
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Assuming that switch S is initially closed, once opened (t=T1), the capacitor will begin to
charge. As it does so, the output voltage will rise until it reaches the magnitude of Vin, but
inverse in sign. Once switch S is re-closed (t=T2), the capacitor is immediately discharged and
the output voltage returns to 0V. The gradient of the slope, m, is given by equation 7.1.

m=Vin/(C.R) (7.1)

Figure 7.3: Fundamental principle of interface

The pulse widths are determined when the integrator ramp is greater in magnitude than the
control system output, as shown in figure 7.4. [9]

Figure 7.4: Pulse width generation [9]

The ramps were then separated into 20ms intervals using an astable 555 timer and a monostable.
The 555 produces a square wave with a period of 20ms, and a duty cycle of approximately 50%.
This triggers the monostable to generate a pulse <2ms. This set up was used last year as the 555
timer cannot produce duty cycles of <50%, and the monostable needs to have completed the 2ms
pulse before the reset pulse is sent otherwise the system saturates at 5V.

The previous group utilised pull up and pull down switches to give the start up signals to the
controller. This appears to have worked for them, but was not foolproof, and it was possible to
start up the motors on full power as described in section 6.ii. The safety device on the platform
also made use of pull down networks, effectively telling the device to operate at minimum speed,
or in this case 0%.

7.iv QBasic™ program construction and use
In order to test the stability propulsion ducted fans, a quick and easy to operate and control
circuit was required. There was also the specification of being able to accurately control the
percentage of power being requested of it, i.e. the PWM signal being fed in. The dynamic testing
required by the propulsion group required the interface to be able to step between two distinct
ratings, and to give a timing output at the point the controller was informed of the change. These
specifications pointed the group in the direction of a PC controlled system.

The simplest control output to utilise from a PC was the parallel port, which under Windows
98™ can be directly controlled from the relative registers. The system was designed so that the
PWM signal was sent on Data bit 0 (pin 2 on a SPP parallel port), and the timing output on Data
bit 1 (pin 3). Pin 25 is used as the ground connection. Each data output of the parallel port is
designed to sink or source no more than 20mA. Given that the timing output will only be

Integrator ramp output Interface output

 (to speed controller)
Control system output
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Control system output

Interface output

 (to speed controller)
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connected to an oscilloscope, and the PWM output will feed the TTL logic levels on the
controller, this limit should not be exceeded under normal conditions. The output buffer for PC
LPT1 is Hex0378, input buffer is Hex0379, and the control buffer is Hex037A. [10]

Full QBasic™ program listing, together with instructions on the program use is given in
appendix 3.

It was found to be simpler, and quicker to produce the program, if rather than use the system
timer for accurate timings, pulse widths were produced using delay routines, calibrated with an
oscilloscope. The timings for the delay were calculated by trial and error, and utilised a variable
for the full cycle period. The variable for the on time duration was set to be from 0 to 100, so that
it could be used as a simple percentage, but was adjusted in software to give 1 to 2ms. This was
done by trial and error again, until both 1ms and 2ms was found.

newlevel=350+level+level+level+level (Figure 7.5)

The QBasic™ program entry given as figure 7.5, sets up the on time of the cycle to be four times
the percentage added to 350 fixed duration. This gives just under 1ms for 0% and just over 2ms
for 100%. The actual ‘on’ cycle variable is called ‘oncyc’ and is different to ‘newlevel’ to
allow for the timing trigger to be activated when the two are not the same. The ‘off’ cycle time
‘offcyc’ is then calculated by deducting the on time from the full cycle time.

The keyboard is the main interface between the user and the interface. There are presets for Stop,
Full, Idle, and Preset, giving 0%, 100%, 10%, and 65% respectively. The system also accepts
“+” for step up by large interval, “>” for step up by small interval, “-“ for step down large
interval, and “<” for step down small interval. Each interval is predefined by variables at the
program start up using registers ‘laint’ and ‘smint’.

The program restricts the level to be 0-100% by reading the level before passing through the
control system, and if it is found to be outside the limits, the level is amended to be 0 or 100% as
appropriate.

The on pulse is controlled by a loop, which incorporates an entry to output the timing pulse if
required; this section of code is given as figure 7.6. If the trigger has been called, then a different
integer is sent to the port buffer placing both data 0, and 1 lines high for the duration, while if it
has not been called, only Data line 0 is placed high. The loop repeats for ‘oncyc’ repetitions,
and is placed on the port buffer at memory location Hex0378 reserved for LPT1. The loop
controller ‘i’ is reset to 0 after the loop to ensure correct operation for the off loop.

IF triger = 1 GOTO trigloop
'----------On loop
FOR i = i TO oncyc
OUT &H378, 1
NEXT
i = 0
GOTO offloop
trigloop:
FOR i = i TO oncyc
OUT &H378, 3
NEXT

i = 0 (Figure 7.6)
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The off loop is similar to the first, but includes a screen output to allow the user to know what
power level the controller is receiving. This output drains time from the PC and so is additional
dwell time for the loop, thus reducing the number of repetitions required. The off loop also
removes the trigger pulse from the timing line. On the display part of the program, the screen is
cleared to remove the scrolling effect that would otherwise be seen. Again the loop counter is
reset to 0 after the loop completes. The off loop is given as figure 7.7.

'----------Off Loop
offloop:
FOR i = i TO offcyc
OUT &H378, 0
NEXT
i = 0

'-------------------Print output level to screen and restart
CLS

PRINT level; "%" (Figure 7.7)

'---------------------Shut down routine
shutdown:
CLS
PRINT "Shutting down motor, making safe"
g = 0
reshutdown:
FOR i = i TO 350
OUT &H378, 1
NEXT
i = 0
FOR i = i TO 6900
OUT &H378, 0
NEXT
i = 0
g = g + 1

IF g = 50 THEN END ELSE GOTO reshutdown (Figure 7.8)

The shutdown procedure for the program, ‘S’ on the keyboard, ensures that the motor is placed
in the stop position before closing. This part of the code, given as figure 7.8, replicates the main
program but repeats the 0% command 50 times, before ending the program.

Although QBasic™ allows for an Executable file to be produced, but this affects the timings.
This is due to the QBasic program itself taking up operating processor time, so without it
running, the EXE file will run faster, and require longer delay loops. It was therefore left as a
QBasic™ file and a short batch file written to open the both the program, and the file. This batch
file is shown in figure 7.9.

cd c:\qbasic\

qb.exe /run platform\fulltest.bas (Figure 7.9)

An additional problem was found that the motors appeared to be hunting, and unable to keep a
constant speed. However this was later found to be the unreliability of the Windows™ operating
system, giving differing amounts of processing time to the QBasic™ file, and thus depending on
which point in the cycle the delay came, could affect the length of the on pulse, and thus the
overall speed of the motor.
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7.v Microchip™ PIC16F873 design and build
7.v.a Introduction
It was considered to replace the analogue electronics involved in the interface with a
microprocessor-controlled circuit. This would have the effect of reducing the number of
components from over 100, to around 10.

The PIC16F87x series was selected from the large range of PIC devices manufactured by
Microchip™. These devices have up to 8k x 14 words of FLASH program memory, up to 368 x
8 bytes of data memory, and up to 256 x 8 bytes of EEPROM data memory. These devices offer
a number of additional features including:

� Direct, indirect and relative addressing modes,
� Power on reset,
� Power up timer,
� Programmable code protection,
� Selectable oscillator options,
� In-circuit serial programming™ (ICSP) via two pins
� Wide operating range, 2.2-5.5V,
� Sink/Source current 25mA,
� Universal Synchronous Asynchronous Receiver Transmitter (USART),
� Up to 8 10bit A to D converters,
� Up to 33 digital I/O lines,
� PWM outputs,
� Low power consumption, <0.6mA typical @3V, 4MHz [11]

The Microchip™ PIC range has the advantage that there are only 35 single word instructions to
learn for programming. Having given consideration to the amount of A to D converters required,
the cost of the individual items, and the amount of memory required, it was decided to go with
the lower power 20MHz version of the PIC16F873.

7.v.b Method
Although compilers are available in C and a number of other programming languages, Alex
Tombling, appointed by the group to look after all PIC programs, preferred to write in assembly
language. In order to program the PIC a programmer was required, and an assembler.
Microchip™ offer freeware software “MPASM™” which takes assembly language files and
converts them to a .HEX file for directly programming into a PIC. This software is available
online. [12] A programmer was constructed labelled AT001, and given in appendix 4 as figure
14.4.1, and pictured as figure 14.4.2. This programmer was called the JDM programmer and
sourced from the Internet. [13] The programming software was sourced from the same location on
the Internet and was found to be very reliable and user friendly.

In order to reduce the time taken to reprogram the devices, the USART was used together with a
MAX232 Integrated Circuit to directly connect to the serial port of the programming PC using a
PIC downloader. This required the target device to have been pre-programmed using the
standard programmer with a bootloader. These were both sourced from the Internet. [14]

The Bootloader was programmed into the PIC originally using the IC Programmer.
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The programs for the PIC are written in assembly language in a standard text editor such as
Microsoft WordPad™. This was then assembled using MPASM, and directly sent into the PIC
by way of the Downloader. This is a very simple window platform, which requires the filename
to be entered into the program, and “Download” operated. This then starts to communicate with
the target board, and awaits the PIC to be reset. Once this is reset it will start to send the new
program to the target chip, and when complete will acknowledge completion, and the PIC will
start running the new program.

7.v.c Circuit design
There are very few components required to operate a PIC. For basic operation only 4 external
components are required. There is an oscillator and a pair of 22pF capacitors to start oscillation.
The master clear connection needs to be tied high normally, and in order to allow the clear to be
used, a 47kOhm resister should pull this input high. In addition to the basic circuitry there is the
bootloader components for the USART, the MAX232, and five associated 100nF capacitors.
Each of these capacitor values was chosen following guidance from the appropriate datasheets.
Most of the I/O ports on the PIC are of the open collector variant, and so are either open circuit
or connected to ground. Thus each of the PWM outputs need to be pulled high, and this is done
using a DIL package of 4.7kOhm resisters, with similar resister package used to pull high the
digital control inputs. Each PWM output is group with a +5V supply and ground connection to
power the servo for the throttles, and for references for the speed controller.

Care must be exercised when building this circuit to ensure that the oscillator connections are
kept as short as possible and any spare track removed, due to the additional capacitance that
exists between the tracks and will cause problems. This was one fault that was found during
initial testing of the circuit.

The full interface circuit diagram can be found in appendix 4 as figure 14.4.3, and the relevant
features of the circuit are shown on figure 7.10.

Figure 7.10: Circuit features of AT002

In order to replicate the control system so that the speed controller may be used with known
power levels, and so that the throttles on the IC engine tests can be controlled, a separate circuit
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