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Introduction

A lot of people talk about different types of vehicles and how unique each one is.  They ponder on all the different models there are, how exotic the rarer ones are, and even talk about the really revolutionary modes of transportation.  There are always the people who look into the future and try to guess the wonders that might come.  Will we be able to have flying cars and glide around the skies in our daily lives?
There is an amazing variety of styles and functions for vehicles around the world.  Many times the concept of a hovercraft, a vehicle which utilizes two airflows to operate, surfaces in the conversation.  In order for anyone to build a hovercraft, he/she needs to understand exactly how it works.  A hovercraft is a vehicle which uses an air cushion to overcome the friction between its base and the ground.  After this is achieved, two airflows need to be directed in a way so that one produces thrust while the other one provides lift.  Two fans are commonly used to provide the airflows; however, a single fan design is one which has become more popular.  This is increasingly true because of the cost efficiency that this brings to smaller projects.  These versatile vehicles can be used to transport people and supplies over difficult terrain thanks to their unique properties.
Computers are now everywhere; anywhere you go there is something that is controlled by a computer.  But in this sea of electronics, a lot of people don’t know what goes into a computer.  Microcontrollers are simple computers which can be programmed to interpret inputs, such as the information given by an array of sensors, and then carry out a function to complete a task.  They can perform mathematical operations like addition, subtraction, multiplication, and division.  Modern microprocessors can perform extremely sophisticated operations on large numbers.  A microprocessor can move data from one memory location to another and can make decisions and jump to a new set of instructions based on those decisions.  They can control many output devices such as motors and light-emitting diodes (LED’s).  Appliances, telephones, and cars are all examples of machines that contain microcontrollers to carry out the functions for which they are designed.
Our project consisted of building a hovercraft from scratch (as shown in Figure 1) that is able to travel in a straight line as well as hover in place.  It also needed to be able to make complete turns on command.  Then, after finalizing the build, a microprocessor was implemented in the form of a driver-assist system.  This system is intended help the driver in maneuvering and avoiding obstacles while controlling the moving hovercraft.
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Figure 1 - Hovercraft in mid-build
Hovercraft Build

In the first steps of our project, our team discussed the best designs for the hovercraft.  We thought of skirt designs which would increase the stability of the hovercraft. Taking into account the time and weight limitations, we decided to go with a simpler way to retain an air cushion under the vehicle:  a cutout in the hull of the hovercraft.  Air would flow to the cutout and thus create the air pocket needed for travel.  Since weight is one of the major concerns in the hovercraft design, foam was the dominant material in the creation of our hovercraft.  Its light and durable properties made it the ideal material for the design.
Another limitation in our project was the propulsion system that we had to work with.  We were provided with a single propeller and two small servo motors to control our vehicle. A challenge we faced was finding a method which was not only able to direct the air down for lift, but was also able to leave some air which could propel the vehicle forward. We decided to enclose the propeller in a box made from foam to keep the air from escaping while also protecting the blades.  Air is pulled from the front of the vehicle and through protective chicken wire to the propeller.  Once there, it is divided by a sheet of thin metal mounted on two triangular pieces of foam.  This directs the air downward to use as the air cushion and allows some to escape out the back for thrust (see Figure 2).  The air that is used for thrust then passes through metal rudders in order to turn the hovercraft in the desired direction.  To control thrust, a metal flap system was designed to stop the air propelling the hovercraft forward and force it to a halt.  This also gave us a method of speed control, as we were able to open the flap part way in order to move slowly.  The rudders are controlled by a belt system that turns them in the desired direction.  Each one is connected to a grooved plastic wheel where a cable would be placed.  The cable went through each wheel, including an additional one attached to a servo which caused all the fins to rotate in unison.  When the rudders turn right, they push the air to the right, turning the hovercraft left.  This mechanism is used to turn the hovercraft cleanly.


Figure 2 - Propulsion and lift system example (About Hovercraft, 2009)



Microprocessor Implementation

Before we spent time building the hovercraft, we attended some lectures in order to better understand the mechanics of a microprocessor and some simple circuits that we would need for our project.  We learned about wiring breadboards and control logic, as well as the way motors and sensors work.  We also learned some basic C programming, integral for using the microprocessor.  From there, we started building the hovercraft that would integrate the microprocessor component.  The microprocessor (shown in Figure 3) can be programmed to perform almost any task, only limited by the amount of memory it has and the programmer’s skill. In this instance, the microprocessor was programmed to light different color LED’s when ultrasonic sensors detect objects, such as walls and obstacles, that are in the hovercraft’s path.  An ultrasonic sensor works by sending out an ultrasonic pulse and then measuring how long the pulse takes to return after bouncing off of a surface.  In this case, the microcontroller was programmed to send pulses from three ultrasonic sensors and compare the distances from objects.  The microprocessor would then take the smallest value and light a colored LED depending on the distance from the sensors:  green is safe, yellow is warning, and red is danger.  These LED’s and sensors were wired to the hovercraft to help the driver gauge the distance from certain obstacles and find the best way to overcome them.
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Figure 3 - Microprocessor used in project


Results and Analysis

The hovercraft was completed with all the features that were desired while still staying within the strict constraints.  Not only can it hover off the ground, but it can propel itself forward, turn left and right, and indicate how far it is from solid objects via the microprocessor and ultrasonic sensors.  The hovercraft performed according to expectations, cornering well and moving at a respectable speed.  It was able to move forward at about four feet per second and turn 90˚ in about 3 seconds.  In a timed drag race, our hovercraft was able to surpass the other participating groups by moving a total distance of 30 feet in 7.5 seconds.  Additionally, the hovercraft was able to complete an obstacle course while being in full control at a time of around 22 seconds.  Also, the hovercraft successfully retained its air cushion and move on water without sinking.  Moreover, the microprocessor was able to detect solid obstructions and alert the operator with different color LED’s.  Finally, the hovercraft was able to stop by cutting off the propulsion air flow with a sheet of metal, allowing better control of the hovercraft overall.
One feature on the hovercraft that created many problems and much frustration was the system for turning the fins. The fins on the hovercraft redirect the airflow to turn the hovercraft left or right. In total, the hovercraft has three fins and the challenge was to get all three fins to move in unison using only one servo motor. The first designs consisted of attaching foam fins together with a thin piece of metal and have the servo push and pull the metal similar to the fins used for the air vents in cars. This design did not work because the foam was not durable enough to withstand the push and pull of the servo. The second design consisted of metal fins and gears moving the fins in unison. However, the gear system proved to be inefficient and did not work as designed. The third and final design was a pulley system where the fins were attached to plastic wheels with a groove in the center. The servo was attached with a similar wheel, and everything was linked together with a metal cable and tensioned by a spring. This design proved to be more efficient, durable, and consistent


Discussion

	Our project had great success with all the effort that was put in the building of our machine.  We were able to overcome a lot of limitations that were thrown at us throughout the process.  The mechanisms used in our hovercraft are very different from what other groups in the session used, and most are not able to control speed as our hovercraft does.  More time and resources would have made a great project into an amazing one.  Other project groups that revisit this project could hopefully use our designs and make them even better.  The microprocessor could be further implemented to control more actions from the hovercraft and make it more intuitive.  Picking up what other people have left off is one of the biggest foundations in science and engineering.
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