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Executive Summary 

The goal of this project was to design and construct a two-person hovercraft capable of operating 

on both land and water.  The final design utilized two engines – one engine in the bow of the craft to 

provide lift and one engine in the stern of the craft to provide thrust.  The design incorporated an 

inflatable bag skirt that trapped air underneath the hovercraft, creating a pressure cushion on which the 

craft could float.  The hovercraft’s design was driven by the principles of safety, integrity, and 

transparency.   
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1 Introduction 

Hovercrafts, also known as air cushion vehicles (ACV), were invented in the early 1900s, primarily 

for military usage.  Inventors had the ingenious idea of using a cushion of air to reduce drag on ships 

traveling on water, thereby increasing the theoretical speed of the ship.  Traveling on an air cushion had 

the additional benefit of allowing a hovercraft to explore any geography; hovercrafts were not bound to 

land like trucks, nor were they confined to water like ships.  Unfortunately, practical applications for 

hovercrafts were scarce, so the idea of producing commercial hovercrafts was scrapped.  

However, practical applications where hovercrafts are well-suited do exist.  Swamps and marshlands 

are perfect territory for an ACV since it can be traveling on land and instantaneously make a smooth 

transition to water without needing to stop or switch vehicles.  As a recent example, the U.S. Postal 

Service actually enlisted a hovercraft to haul mail and freight to small villages in Alaska.  The ACV 

enabled them to reach these villages, which were located far from any major roads, via a river during both 

summer and winter.  This ability to traverse any territory, whether it be land, ice, or water, is what makes 

a hovercraft unique as a vehicle.   

Anyone living in a rural, water-logged area would benefit from this type of vehicle since having a 

hovercraft eliminates the need for both a car and a boat.  With a rural demographic in mind, the team 

designed an inexpensive hovercraft that could be built by persons with no construction experience and 

that was intuitive to operate.  All construction materials were easily obtainable and very affordable.  For 

example, the engine power required to generate enough lifting force for a moderate size hovercraft can be 

adequately supplied by a simple lawnmower engine.  Throughout the creative process, the team ensured 

the design included safety features and made stewardly use of available resources.   

 

2 Design Approach 

2.1 Project Objectives 

The main objective of this project was to construct a hovercraft that could travel at speeds of at 

least 5 miles per hour and that could carry two people (400 pound payload) both on land and on water.  

The weight of the craft itself was not to exceed 400 pounds.  Sufficient safety measures were required to 

be installed in the hovercraft to protect the user and bystanders from harm.  Finally, the team mandated 

the vehicle be designed with aesthetics in mind.  
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2.2 Design Norms 

2.2.1 Transparency 

For this project, it was imperative that the ACV was as user-friendly and easily understandable as 

possible.  The hovercraft was designed so that if parts broke or components needed a maintenance check, 

these parts would be easily accessible and easily replaceable.  An average person would be able to look at 

the components and understand how they worked and how they could be replaced.  Also, the team desired 

that the users could quickly familiarize themselves with the basic operation of the craft, and designed 

accordingly (e.g. a recognizable device like a joystick was chosen for hovercraft’s means of control).  

Designing an ACV with the end user in mind makes the ride more enjoyable and the operation and 

maintenance less frustrating.   

 

2.2.2 Integrity 

The team deemed a successful prototype to be a hovercraft that was sufficiently sturdy enough to 

withstand prolonged abuse.  Therefore, the team prioritized reinforcing the hovercraft in whatever way 

possible.  Often, reinforcement meant covering areas with fiberglass even when it was not necessary in 

most areas.  However, fiberglass strengthened the craft as well as made it more water resistant (a 

desirable quality for a vehicle designed to travel on water).  Also, where minor mistakes were made in the 

construction of the craft, these areas were double-reinforced to ensure nothing would come apart.  The 

team did not want a prototype that was a product of careless craftsmanship; this would reflect poorly upon 

the team’s reputation as well as the institution they represented.   

 

2.2.3 Safety 

While safety was not one of the “official” design norms taught in Engineering 340, safety was 

very much a concern of this project.  There were two propellers on the craft that, when running at full 

speed, could easily cause bodily harm to innocent bystanders (as well as the operator).  One precaution 

incorporated into the hovercraft was wire guards placed over the inlets of both the lift duct and thrust duct.  

These guards prevented a person from accidentally reaching into the mouths of the ducts and losing a 

limb.  Other safety measures were taken during the course of construction to ensure the hovercraft would 

be as safe as possible for the operators and surrounding public.   
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2.3 Other Considerations 

The materials needed to be chosen carefully in order to fit with the design requirements, mainly the 

weight of the craft.  Materials that would be able to withstand water also needed to be selected.  There 

were a limited range of materials suitable to such a purpose and the team decided which ones were best.  

Cost was a major consideration during this project.  In order to reduce costs, the team asked for 

help from a variety of people.  The team was fortunate enough to receive a donated lawnmower engine as 

well as donated full sheets of polystyrene foam.  Based on the lawnmower engine horsepower and the 

amount of foam given to the project, the team sized and built the hovercraft to make the best use of these 

materials.  The team also tried to cut costs by fabricating most of the hovercraft components, such as the 

lift fan and thrust propeller.  

 

3 Final Design 

3.1 Hull 

A picture of the completed hull is shown below in Figure 1.  The final dimensions of the hull were 

12 feet long, 6 feet wide, and 6.75 inches high (including landing skid height discussed in Section 3.2).  

 

Figure 1: Completed Hull 

 

3.1.1 Size 

The team chose to construct a relatively large hovercraft for one main reason: the size of the 

hovercraft needed to match the lift engine horsepower to operate correctly.  This following statement 

seems counter-intuitive, but the larger the hovercraft’s size, the less engine horsepower is required.  Since 

an ACV operated on a cushion of pressurized air, the goal was to increase the square footage of the craft, 
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thereby decreasing the pressure underneath the craft (since pressure is force divided by area).  By 

decreasing the pressure, this reduced the strain on the lift engine since it did not have to work as hard to 

provide enough high-velocity air to lift the hovercraft.  Therefore, the team sized the hovercraft according 

to the engine size.  Appendix A shows calculations related to hovercraft size and engine horsepower.  

 

3.1.2 Shape 

The shape of the hovercraft was designed mainly for aesthetics.  The team thought curves 

generally looked better than straight angles and built accordingly.  A bevel on each side of the hovercraft 

runs the whole length of the stern for added visual appeal.   

 

3.1.3 Materials 

To ensure the hovercraft remained within the team’s imposed weight restriction, the team chose 

extruded polystyrene foam (XPS), marine plywood, and high-strength epoxy to form the hull.  These 

materials were chosen after reviewing the work of other hovercraft builders and receiving some 

recommendations from them.  XPS was extremely lightweight and the marine plywood was very thin, so 

put together the two materials still did not add up to much weight.  Epoxy was chosen as a material to 

bond the foam and plywood together because it added much rigidity and strength to the hull.   

 

3.2 Landing Skids and Attach Strips 

The landing skids and attach strips are shown below in Figure 2 and Figure 3.  

 

Figure 2: Skid Risers (Before the Attach Strips are in Place) 
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Figure 3: Landing Skid Assembly with Attach Strips 

 

3.2.1 Materials 

Again, XPS foam, marine plywood, and epoxy were chosen to keep the weight of the hovercraft 

low.  Once air was flowing through the bag skirt, which was attached to a portion of the skid, there was 

much force pulling at the attach points where the skid or skirt could rip off.  Fiberglass reinforcement was 

wrapped around the whole skid (seen in Figure 3 above) to ensure the skid would not detach from the hull 

because of a potentially weak epoxy bond.  The reason a wood attach strip was used on top of the skids 

was so that the skirt could be easily attached with screws.   

 

3.2.2 Skid Elevation 

As shown in Figure 3 above, the landing skids were one layer of foam (2 inches) higher than the 

hull.  This elevation was not completely necessary as the wood attach strips would have elevated the hull 

about 0.75 inches above the ground.  However, to allow for more air flow underneath the ACV during 

operation, the team elected to add these skid risers.  

 

3.2.3 Addition of Skid Plates 

In Figure 3 above, one can see sheet metal screwed into the wood attach strip.  Since the 

hovercraft rested on this wood whenever it was not in operation, the team decided to install sheet metal 

(skid plates) to mitigate the deterioration of the wood.  The sheet metal withstands much more abuse than 

wood and saves the user from having to do major repair work on the wood attach strip later.   
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3.3 Cockpit 

The skeletal frame of the cockpit can be seen in Figure 4 below.  The nearly completed cockpit is 

shown in Figure 5. 

 

Figure 4: Skeletal Frame of Cockpit with Bench 

 

Figure 5: Almost Complete Cockpit 

 

3.3.1 Materials 

A variety of wood was used in the construction of the cockpit, based on what was available in 

Calvin’s wood shop.  For simplicity, the average size of the frame wood was about ¾ inch by ¾ inch.  
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This wood was thick enough to provide enough surface area for gluing, and rigid enough to afford the 

cockpit some strength.  All areas of the frame were cross-braced for added support, as seen in Figure 7.   

Wood glue has been purported to be stronger than wood if used correctly.  Therefore, the team 

mainly used wood glue to bond the frame together and to bond the frame base to the hull.  The team also 

used a nail gun to put finishing nails into the cockpit paneling to hold it in place.   

 

3.3.2 Corner Braces 

Small triangular corner braces were glued to the frame base and the vertical support rails (see 

Figure 7 above).  The frame was very rigid in the horizontal and vertical directions; however, the side-to-

side support was quite weak.  The triangular corner braces added a small amount of side support.  

Horizontal braces spanning the width of the cockpit also were added with the dashboard panel to add 

more rigidity to the sides.   

 

3.4 Lift Duct and Air Splitters 

The bottom of the lift duct can be seen in Figure 6 and Figure 8 below.  An intermediate step in the 

construction process is shown in Figure 7.  The duct was 24.25 inches in diameter and angled at 15 

degrees into the hull.  

 

Figure 6: Bottom of Lift Duct with Taper 
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Figure 7: Lift Duct Encapsulated by Spray Can Foam 

 

Figure 8: Lift Duct with Air Splitters Installed 

 

3.4.1 Materials 

The lift duct was constructed out of marine plywood, glue, and foam.  To add strength and 

rigidity, the outer sides of the duct were reinforced with fiberglass.  In an effort to dampen engine 

vibrations as well as make the inlet of the duct easy to form, the team decided to use spray can foam (as 

seen in Figure 7 above).  The team also used spray can foam at the top of the duct in order to easily form 

a round fillet for the duct inlet.   
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3.4.2 Angling and Bottom Taper 

In Figure 4 above, there was a taper along the bottom of the hull stemming from the lift duct.  The 

reason for this taper was that so air flow would be less inhibited coming from the duct fan to the bottom 

of the craft.  Angling the lift duct at 15 degrees so that air was directed toward the stern of the craft also 

facilitated better air flow.   

 

3.4.3 Air Splitter Design 

The air splitters provided chutes for the lift fan to divert air.  Air was directed either into the skirt 

or to the bottom of the hull.   Many hovercraft books recommended flowing roughly 10% of the air into 

the bag skirt, so the team designed the splitters to divert this much air into the skirt.  

The air splitters take the most abuse from the lift fan constantly running.  To reduce the abuse on the air 

splitters from wind erosion, the team installed round wooden dowels on top of the air splitters.   

 

3.5 Lift Fan 

The completed lift fan, without and with components, is shown below in Figure 9 and Figure 10.  

 

Figure 9: Lift Fan Without Components 
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Figure 10: Complete Lift Fan 

 

One of the greatest challenges in this project was designing the optimum lift fan given the 

conditions of 800 pounds of total ACV weight and a 12 foot by 6 foot craft.  Closely related to the lift fan 

design was the choice of an accompanying engine, as it needed to generate a certain amount of power in 

order to maximize the lift fan’s potential.  Research helped to determine the most effective design and 

size of the lift components that would successfully lift the team’s hovercraft.  

Based on calculations performed by the team and supported by various case studies, the team was 

able to design a lift fan and select a matching engine.  The fan chosen was 24 inches in diameter with an 

average pitch angle of 20 degrees.  The lift engine power required was 5.5 horsepower, as shown by 

calculations in Appendix A as well as the case studies in Appendix B.  

The team elected to fabricate their own fan, as this saved a large amount of money.  Buying a 

finished fan cost roughly $250 whereas buying the materials to fabricate a fan only cost about $30.   

Once the lift fan was built, the team chose to reinforce the blades with fiberglass.  Fiberglass helps 

to mitigate erosion of the blades and adds strength to the fan, a vital component of the hovercraft.  

 

3.5.1 Balancing the Fan 

Balancing the lift fan was a difficult, but necessary task.  A well-balanced fan reduces vibrations 

as well as potential damage to the engine.  The team balanced the fan through a static balancing process.  

The fan was hung on a string, which was attached to the center of the fan.  Then, the fan was balanced by 

placing weights in strategic spots, as well as adding washers to the bolts.  A level was used to check how 
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balanced the fan was.  Figure 11 shows where the team put a bolt into the fan to best balance it.  There are 

also 5 washers located on the underside of the fan that helped to put the fan in balance.  

 

Figure 11: Balanced Lift Fan 

 

3.5.2 Mounting the Fan to the Lift Engine 

The team chose aluminum components for mounting the fan to the engine shaft because the team 

wanted to keep the weight of the lift fan as low as possible.  A compressive, taper-lock bushing and 

tapered hub were used as mounting components (see Figure 12 below).   

 

Figure 12: Lift Fan Hub, Backing Plate, and Bushing 

 

A taper-lock bushing is ideal for attaching rotating assemblies to shapes due to its machined 

keyway and strong compressive force, as well as the relative ease of installation.  The taper-lock bushing 

fitted into the hub and then was tightened via two screws.  The screws pulled the bushing farther into the 

hub while the bushing compressed onto the engine shaft.  Once the screws were sufficiently tightened, 

there was enough compressive force holding the assembly onto the shaft.  See Figure 13 below for a view 

of the assembly.   
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Figure 13: Hub and Bushing Components Mounted to Engine Shaft 

 

3.5.3 Lift Fan Calculations 

The team carried out calculations to determine appropriate lift engine and fan specifications for 

the craft.  An ACV lift fan operated best when the fan was able to absorb all of the horsepower from the 

engine.  The team found that to use a 24 inch diameter lift fan on a craft of this size and weight required 

about 5.5 HP.  This amount of horsepower was best matched to this size fan and the fan would efficiently 

utilize this power.  See Appendix A for detailed calculations. 

 

3.5.4 Hovercraft Case Studies 

By comparing the team’s hovercraft engine size and lift fan size to similar hovercrafts, the team 

verified their design choices for the lift fan.  See Appendix B for detailed case studies.  

 

3.6 Lift Engine Mounts 

The lift engine mounts are shown below in Figure 14 and Figure 15.  
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Figure 14: Empty Lift Engine Mounts 

 

Figure 15: Lift Engine Mounts with Components Attached 

 

The lift engine mounts were made out of square aluminum tubing because it was lightweight and 

readily available in the Calvin metal shop.  The team also drew upon the knowledge of other hovercraft 

builders who used aluminum or wood when constructing lift engine mounts, and these materials proved 

durable enough.  The team decided to sandblast the aluminum to give it a nice surface finish and make it 

easier to paint. 

To dampen the engine vibration, rubber “feet” were attached to the base of the engine, as seen in 

Figure 15 above.  By using rubber feet, vibration was isolated at its source (the engine), rather than being 
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transmitted through the aluminum and becoming isolated at the lift duct wall via rubber and spray can 

foam.  

 

3.7 First Lift Engine (5.5 HP) 

Since the team received a donated lawnmower engine, the team desired to make use of this kind 

donation.  So, the team elected to make the lift engine directly drive the fan.  This simplified the 

hovercraft design as it was unnecessary to design a belt and pulley system that ran the whole length of the 

craft.  Having one engine devoted to lift also helped in evening out the ACV’s weight distribution, as the 

lift engine was located in the bow of the craft.  Before adding a lift engine in the bow, the craft’s weight 

was centered farther toward the stern.  See Figure 16 below for a picture of the lift engine.   

 

Figure 16: Lift Engine 

 

3.8 Second Lift Engine (12 HP) 

After performing some preliminary testing on the first lift engine with lift fan, the team discovered 

that the engine did not have sufficient power to completely lift the hovercraft.  Therefore, a more 

powerful engine was required.  The team was fortunate enough to find a 12 HP engine – on short notice – 

that included electric start and throttle control.  The engine exhaust was originally mounted in such a way 

that it restricted air flow into the duct, so the team fabricated a new exhaust.  Also, because the fuel was 

gravity fed and the tank was not mounted on the engine like the previous 5.5 HP engine, the team had to 

mount the gas tank on top of the cockpit.  This design was not as aesthetically pleasing as the team would 

have liked, but unfortunately it was unavoidable.  Pictures of the engine, exhaust pipe, gas tank, and 

control panel are shown below in Figure 17 and Figure 18.  
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Figure 17: Lift Engine (12 HP) with Exhaust Pipe and Gas Tank 

 

Figure 18: Control Panel for Lift Engine (Choke, Ignition, Throttle) 

 

The team performed more testing on this engine that proved successful.  The team installed this 

engine the same way as described in Section 3.6, complete with rubber for dampening engine vibration. 

 

3.9 Bag Skirt 

A picture of the skirt is shown in Figure 19 below. 
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Figure 19: Deflated Skirt Attached to Hull 

 

A bag skirt was chosen over other types of skirts (jupe skirt, segmented skirt, etc) due to its 

simplicity.  The skirt only had three seams that were glued together with strong vinyl cement, and 

required no sewing.  The skirt also only required screwing into the hull, and no complicated connections.  

The skirt was screwed into the hull every 4 inches, leaving enough gap between screws to allow air to 

escape.  Some amount of air seepage was necessary to avoid over-inflating the bag and bursting the bag.  

The bag skirt material was 18 ounce vinyl-coated nylon.  This material was flexible and 

lightweight enough not to make the hovercraft cumbersome, but also durable enough to withstand 

constant friction.   

 

3.10 Thrust Duct 

The thrust duct can be seen in Figure 20 and Figure 21 below.  The thrust duct was 43 inches in 

inner diameter.   
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Figure 20: Intermediate Step in Construction of Thrust Duct 

 

Figure 21: Thrust Duct Mounted onto Hull 

 

The thrust duct was basically a funnel for the thrust propeller.  Air was forced through this duct in 

order to steer the hovercraft via the rudders.  The duct was necessary because it provides some protection 

from the spinning propeller, as well as makes the hovercraft more visually appealing.  The duct was made 

out of foam mainly because it was easy to form into a round shape.  Side supports were installed (as seen 

in Figure 20 above) to add stability to the thrust duct.   
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3.11 Thrust Propeller 

The completed thrust propeller, without and with components, is shown below in Figure 22 and 

Figure 23. 

 

Figure 22: Thrust Propeller Without Attached Components 

 

Figure 23: Completed Thrust Propeller 

 

For the thrust calculations, the primary principle used was that at a given craft speed, the force of 

exiting air must be greater than the drag force on the craft in order to accelerate.  Therefore, the first step 

in these calculations was finding the drag force.  The minimum force of exit air needed to overcome the 

drag at the given speed was then calculated.  Then, using the amount of horsepower selected for the thrust 

motor, the maximum speed and acceleration generated by the thrust was found. To determine the 
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maximum attainable speed, the acceleration was set to zero.  The team realized that by setting the 

acceleration to zero and choosing the desired velocity of the craft, the pitch of the propeller could be 

calculated.  See Appendix C for detailed calculations. 

After calculating the pitch of the propeller needed to produce the required amount of thrust to move 

the hovercraft, the next step was to calculate the angle of attack of the propeller, which would determine 

the optimum design of the propeller for this hovercraft.  Since the pitch of the blade must be constant 

throughout the propeller, the angle of attack varied as the radius of the propeller changed.  Figure 24 

shows the required angle of attack at any given position on the propeller blade. 
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Figure 24: Angle of Attack at Blade Radius 

 

Even though the team’s thrust propeller calculations may be slightly off due to non-ideal operating 

conditions, the results found were very similar to other hovercrafts of similar size and shape.  Based on 

these calculations and other hovercraft designs, the optimum thrust propeller was found to be 42 inches in 

diameter with an average pitch angle of 24 degrees. 

Because the team was very concerned about safety, the team chose to fabricate a less powerful 

propeller by sizing down the pitch angle of the propeller blades (from 24 degrees to 20 degrees).  The 

thrust engine the team obtained could have handled a very high pitch angle on the propeller – meaning the 

hovercraft could reach higher speeds – but the team opted for the safer, slower option.   
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3.11.1 Balancing the Propeller 

The same procedure used to balance the lift fan was used to balance the thrust propeller.  The 

thrust propeller was much easier to balance since it only had two blades as opposed to four.  Amazingly, 

the thrust propeller was perfectly balanced when the team checked.  

 

3.11.2 Mounting the Propeller to the Thrust Engine 

The same aluminum components used to attach the lift fan to the engine were used to attach the 

thrust propeller to the engine.  Reference Figure 12 above for pictures of these components.  Also, see 

Figure 25 below for a picture of the thrust propeller mounting assembly. 

 

Figure 25: Thrust Propeller Attached to Thrust Engine 

 

3.12 Thrust Engine Mounts 

See Figure 26 below for a view of the thrust engine mounts.  
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Figure 26: Thrust Engine Mounts 

 

Due to a lack of sufficient materials in the Calvin metal shop, the team decided to build the thrust 

engine stand from steel instead of aluminum.  Then, the team performed a finite element analysis on the 

engine stand to ensure that the stand was strong enough to withstand the maximum thrust force, and that 

the stand did not have any resonance frequencies within the engines RPM range.  The results of the 

analysis showed that the stand would deflect a maximum of 0.003 inches while the craft was being 

propelled by the maximum thrust force.  See Figure 27 below for a screenshot of the results. 

 

Figure 27: Finite Element Analysis of Thrust Engine Stand Showing Max Displacement 
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The team deemed a deflection of 0.003 inches to be negligible, meaning the thrust engine stand 

was well-designed.  The vibration analysis showed that the engine stand had no modes of vibration within 

the RPM range, however the team still took precautionary measures to isolate any vibrations by putting a 

rectangular layer of rubber between the engine and the top mount as well as putting layers of rubber 

between the hull and the bottom mounts of the stand (reference Figure 26 above).   

 

3.13 Thrust Engine 

The team decided to make the thrust engine directly drive the propeller.  A direct drive system 

eliminated the need to design belts and pulleys, as well as simplified how the propeller attached to the 

engine.   

Based on calculations in Appendix C, the team discovered that any engine above 10 horsepower 

would adequately propel the ACV.  The team was unable to find any used engines that sufficiently met 

the criteria, but found a good deal on a new 16 horsepower engine.  An electric engine would have been 

desirable, but to save money the team chose to buy a recoil-start engine.  A picture of the engine is shown 

below in Figure 28.  

 

Figure 28: Thrust Engine 

 

3.14 Rudders 

The rudders are shown below in Figure 29. 
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Figure 29: Rudders Mounted Behind Thrust Duct 

 

The rudders were constructed out of XPS foam and reinforced with fiberglass.  Foam was chosen 

because it was easy to sand quickly and accurately into an airfoil shape, and the fiberglass reinforcement 

was to help mitigate erosion.   

The rudders were formed into airfoil shapes in order to reduce the air resistance flowing past the 

rudders.  The team wanted to be able to steer the craft with ease, and simple block-shaped rudders, while 

easy to build, would increase the difficulty in steering.  Also, block-shaped rudders were more prone to 

wind erosion, and the team did not want to be replacing rudders on a frequent basis.   

 

3.15 Safety Features for Lift Engine and Thrust Propeller 

Because the exhaust pipe on the lift engine became extremely hot after operation, the team decided 

to incorporate a safety guard over the pipe.  This guard was able to dissipate heat from the pipe as well as 

guard people from directly touching the pipe.  See Figure 30 below.  

The team chose to install wire guards over the inlet of the thrust duct, primarily for the safety of 

others.  The team did not want someone to accidentally reach their hand into the duct and be 

dismembered.  These guards prevented any such possible accidents.  Pictures of the guards are shown in 

Figure 31 below.  
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Figure 30: Lift Engine Exhaust Pipe Safety Guard 

 

Figure 31: Thrust Propeller Safety Wire 

 

3.16 Steering 

See Figure 32 and Figure 33 below for pictures of the steering design. 
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Figure 32: Joystick Control 

 

Figure 33: Steering Setup and Linkages on Rudders 

 

The team desired to have an intuitive, transparent steering design and thought a simple joystick 

best fulfilled this criterion.  The steering worked via a simple slider linkage attached to a horizontal bar on 

the rudders (shown in Figure 33 above).  Initially, the team chose copper tubing to run the length of the 

craft and be used for the steering torque pipe.  However, copper quickly wore down, causing the steering 

to be inaccurate and sloppy.  Therefore, the team refined the steering design to include a steel tube instead 

of a copper tube.  This material switch worked very effectively, allowing for much tighter control over the 

rudder direction (from 40 degrees joystick rotation to 60 degrees, controlling 120 degrees of rudder 

rotation) 
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3.17 Throttle 

Pictures of the throttle setup are shown below in Figures 34-36.   

 

Figure 34: Throttle Lever and Cable Attachment 

 

Figure 35: Turnbuckle and Pulley for Throttle Cable 
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Figure 36: Throttle Control Via Foot Pedal 

 

The throttle was controlled via a foot pedal seen in Figure 36 above.  The throttle cable ran from the 

foot pedal to a turnbuckle, which allowed for tension control in the throttle cable.  From the turnbuckle, 

the cable went through a pulley and attached to a lever seen in Figure 35 above.  This lever seesawed so 

that when pressure was applied on the pedal, the lever pulled a cable attached to the thrust engine (see 

Figure 36), revving the engine.  Once pressure on the pedal was decreased, a spring would pull the 

throttle lever back into place, lowering the speed of the engine.   

The team implemented this design two days before deadline.  It was the simplest design the team 

could come up with using the materials available in the shop.  

 

4 Budget Performance 

The budget for this project was $1000, which included money granted to the team by the Calvin 

Engineering Department and the team’s personal investment.  Unfortunately, the team failed to stay 

within budget on this project and went approximately $900 over budget.  This failure to meet budget was 

due to a variety of factors (discussed here and in Section 4.4).  Mainly, the team did not check beforehand 

what materials were available in the metal and wood shops.  When estimating the budget for this project 

during the first semester of Senior Design class, the team assumed many materials would be available in 

the wood and metal shops for no cost.  However, as the project progressed, the team quickly depleted the 

useful stock of materials in the shop, making it necessary to buy more materials.  Also, there were many 

specialty materials, such as castle nuts and lock nuts, which were not available in the shops. 
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4.1 Bill of Materials for Prototype 

The team benefited from many donated materials.  Items obtained at no cost to the team are labeled 

as such, with a price of $0.00.  A Michigan sales tax of 6.00% was included in all material costs.  

Table 1: Prototype Bill of Materials 

Description Quantity Size Unit Price Order Price Ship/Tax Total 

Horizontal shaft engine 1 16 HP 248.97 248.97 78.99 327.96 

Vertical shaft engine 1 12 HP 280 280 0.00 280.00 

West Systems 105B Epoxy Resin 4 126 oz 62.99 251.96 15.12 267.08 

Marine plywood 4 4' x 8' 29.9 119.6 7.18 126.78 

West Systems 206B Hardener 4 27.5 oz 24.99 99.96 6.00 105.96 

Great Stuff foam 23 12 oz 4.12 94.71 5.68 100.39 

18 oz vinyl coated nylon 7 60" 9.95 69.65 9.91 79.56 

6 oz plain weave fiberglass 10 60" 6.95 69.50 9.90 79.40 

1x6 pine wood 5 8' 12.23 61.15 3.67 64.82 

Screen pine wood 48 1" 1.19 57.12 3.43 60.55 

6061-T6 Aluminum hub 1 4.5" 49.95 49.95 5.60 55.55 

5.2mm birch plywood 3 4' x 8' 16.58 49.74 2.98 52.72 

Paint 3 1 gal 15.48 46.44 2.79 49.23 

Bondo fiberglass resin 3 1 quart 10.94 32.82 1.97 34.79 

Hx1" split taperlock bushing 2 1" 11.95 23.9 6.70 30.60 

Gasoline 7.992 1 gal 3.464 27.68 0.00 27.68 

HH-66 vinyl cement 1 0.5 pint 9.95 9.95 9.90 19.85 

Gorilla glue 1 8 oz 12.88 12.88 0.77 13.65 

Air filters 1 2 pack 11.99 11.99 0.72 12.71 

Hex bolts 16 3/8"x6" 0.71 11.36 0.68 12.04 

Spray paint 2 15 oz 4.97 9.94 0.60 10.54 

Spray paint 5 12 oz 1.726 8.63 0.52 9.15 

Gas can 1 5 gal 7.99 7.99 0.48 8.47 

West Systems pump kit 1 NA 7.99 7.99 0.48 8.47 

Black Kevlar thread 1 50 yd 2.25 2.25 5.95 8.20 

1x2 top choice wood 4 6' 1.82 7.28 0.44 7.72 

Titebond wood glue 1 1 quart 6.97 6.97 0.42 7.39 

Paint trough 3 11" 1.98 5.94 0.36 6.30 

Duct tape 1 2 pack 5.66 5.66 0.34 6.00 

SAE 10W-30 oil 2 1 quart 2.49 4.98 0.30 5.28 

Roller frame 2 9" 2.27 4.54 0.27 4.81 

Painters tape 1 1" 3.98 3.98 0.24 4.22 

Lockwashers 1 3/8" 3.76 3.76 0.23 3.99 

Cover-Roller 1 7" 3.19 3.19 0.19 3.38 

Lockwashers 3 3/8" 1.04 3.12 0.19 3.31 

Engine gasket 1 NA 2.99 2.99 0.18 3.17 
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Roller frame 1 7" 2.49 2.49 0.15 2.64 

2x4 stud 1 8' 2.04 2.04 0.12 2.16 

Lockwashers 1 5/16" 1.35 1.35 0.08 1.43 

1x8 wood 1 10' 1.09 1.09 0.07 1.16 

Lockwashers 1 7/16" 1.04 1.04 0.06 1.10 

Hex bolts 3 3/8" 0.3 0.9 0.05 0.95 

Wire Clamps 2 1/8" 0.39 0.78 0.05 0.83 

       

Lawnmower engine (vertical shaft) 1 5.5 HP 0.00 0.00 0.00 0.00 

2" extruded polystyrene foam (XPS) 5 4' x 8' 0.00 0.00 0.00 0.00 

1/2" Plywood 4 4' x 8' 0.00 0.00 0.00 0.00 

2x4 studs 2 8' 0.00 0.00 0.00 0.00 

3/4" x 3/4" wood (average dimension) 8 8' 0.00 0.00 0.00 0.00 

1.25" PVC pipe 1 6' 0.00 0.00 0.00 0.00 

2x2 posts 1 8' 0.00 0.00 0.00 0.00 

3/4" steel tubing 1 4' 0.00 0.00 0.00 0.00 

1" XPS foam 1 4' x 8' 0.00 0.00 0.00 0.00 

Self-drilling hex head screws 200 3/4" 0.00 0.00 0.00 0.00 

Finishing nails 200 2" 0.00 0.00 0.00 0.00 

Sheet metal 1 4' x 8' 0.00 0.00 0.00 0.00 

1" square steel tubing 1 16' 0.00 0.00 0.00 0.00 

Square aluminum tubing 1 5' 0.00 0.00 0.00 0.00 

Aluminum cylinder 1 4.5"x2" 0.00 0.00 0.00 0.00 

Aluminum barstock 2 1"x2' 0.00 0.00 0.00 0.00 

Rubber 1 1/4"x3' 0.00 0.00 0.00 0.00 

Washers 200 3/8" 0.00 0.00 0.00 0.00 

Pulley 1 2" 0.00 0.00 0.00 0.00 

Hex bolts 30 5/16" 0.00 0.00 0.00 0.00 

Nuts 30 5/16" 0.00 0.00 0.00 0.00 

Steel rod 1 3/8"x3' 0.00 0.00 0.00 0.00 

Screws 100 1" 0.00 0.00 0.00 0.00 

      ======= 

GRAND TOTAL      1911.97 

 

 

4.2 Fully-Costed Project Budget 

Since the team obtained a variety of materials at no cost, the bill of materials above does not reflect 

the actual cost of funding a hovercraft from scratch.  Table 2 below shows the fully-costed budget for a 

hovercraft.  This table does not include the cost of a 5.5 HP lawnmower engine because a 12 HP engine 

replaced the smaller-sized engine for the final prototype.  
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Table 2: Fully-Costed Hovercraft Bill of Materials 

Description Quantity Size Unit Price Order Price Ship/Tax Total 

Horizontal shaft engine 1 16 HP 248.97 248.97 78.99 327.96 

Vertical shaft engine 1 12 HP 280 280 0.00 280.00 

West Systems 105B Epoxy Resin 4 126.6 oz 62.99 251.96 15.12 267.08 

Marine plywood 4 4' x 8' 29.9 119.6 7.18 126.78 

West Systems 206B Hardener 4 27.5 oz 24.99 99.96 6.00 105.96 

Great Stuff foam 23 12 oz 4.12 94.71 5.68 100.39 

18 oz vinyl coated nylon 7 60" 9.95 69.65 9.91 79.56 

6 oz plain weave fiberglass 10 60" 6.95 69.50 9.90 79.40 

1x6 pine wood 5 8' 12.23 61.15 3.67 64.82 

Screen pine wood 48 1" 1.19 57.12 3.43 60.55 

6061-T6 Aluminum hub 1 4.5" 49.95 49.95 5.60 55.55 

5.2mm birch plywood 3 4' x 8' 16.58 49.74 2.98 52.72 

Paint 3 1 gal 15.48 46.44 2.79 49.23 

Bondo fiberglass resin 3 1 quart 10.94 32.82 1.97 34.79 

Hx1" split taperlock bushing 2 1" 11.95 23.9 6.70 30.60 

Gasoline 7.992 1 gal 3.464 27.68 0.00 27.68 

HH-66 vinyl cement 1 0.5 pint 9.95 9.95 9.90 19.85 

Gorilla glue 1 8 oz 12.88 12.88 0.77 13.65 

Air fiLters 1 2 pack 11.99 11.99 0.72 12.71 

Hex bolts 16 3/8"x6" 0.71 11.36 0.68 12.04 

Spray paint 2 15 oz 4.97 9.94 0.60 10.54 

Spray paint 5 12 oz 1.726 8.63 0.52 9.15 

Gas can 1 5 gal 7.99 7.99 0.48 8.47 

West Systems pump kit 1 NA 7.99 7.99 0.48 8.47 

Black Kevlar thread 1 50 yd 2.25 2.25 5.95 8.20 

1x2 top choice wood 4 6' 1.82 7.28 0.44 7.72 

Titebond wood glue 1 1 quart 6.97 6.97 0.42 7.39 

Paint trough 3 11" 1.98 5.94 0.36 6.30 

Duct tape 1 2 pack 5.66 5.66 0.34 6.00 

SAE 10W-30 oil 2 1 quart 2.49 4.98 0.30 5.28 

Roller frame 2 9" 2.27 4.54 0.27 4.81 

Painters tape 1 1" 3.98 3.98 0.24 4.22 

Lockwashers 1 3/8" 3.76 3.76 0.23 3.99 

Cover-Roller 1 7" 3.19 3.19 0.19 3.38 

Lockwashers 3 3/8" 1.04 3.12 0.19 3.31 

Engine gasket 1 NA 2.99 2.99 0.18 3.17 

Roller frame 1 7" 2.49 2.49 0.15 2.64 

2x4 stud 1 8' 2.04 2.04 0.12 2.16 

Lockwashers 1 5/16" 1.35 1.35 0.08 1.43 

1x8 wood 1 10' 1.09 1.09 0.07 1.16 
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Lockwashers 1 7/16" 1.04 1.04 0.06 1.10 

Hex bolts 3 3/8" 0.3 0.9 0.05 0.95 

Wire rope 2 1/8" 0.39 0.78 0.05 0.83 

       

2" extruded polystyrene foam (XPS) 5 4' x 8' 22.42 112.1 6.73 118.83 

1/2" Plywood 4 4' x 8' 15.76 63.04 3.78 66.82 

3/4" steel tubing 1 10' 46.56 46.56 2.79 49.35 

3/4" x 3/4" wood (average dimension) 8 8' 5.78 46.24 2.77 49.01 

Aluminum round bar 1 4.5"x2" 32.44 32.44 1.95 34.39 

1" square steel tubing 1 16' 30.36 30.36 1.82 32.18 

Washers 2 3/8"x100 14.65 29.30 1.76 31.06 

Sheet metal 1 1'x4' 29.24 29.24 1.75 30.99 

1" Square aluminum tubing 1 5' 21.00 21.00 1.26 22.26 

Hex bolts 1 5/16"x100 19.28 19.28 1.16 20.44 

Rubber 1 1/4"x3' 17.90 17.90 1.07 18.97 

Nuts 1 5/16"x50 13.28 13.28 0.80 14.08 

1" XPS foam 1 4' x 8' 11.86 11.86 0.71 12.57 

Aluminum flat bar 2 1"x2' 5.76 11.52 0.69 12.21 

Screws 1 1"x100 10.58 10.58 0.63 11.21 

Finishing nails 1 2"x200 8.92 8.92 0.54 9.46 

Self-drilling hex head screws 2 3/4"x100 3.48 6.96 0.42 7.38 

Pulley 1 2" 5.63 5.63 0.34 5.97 

1.25" PVC pipe 1 6' 5.47 5.47 0.33 5.80 

2x4 studs 2 8' 2.48 4.96 0.30 5.26 

Steel rod 1 3/8"x3' 4.36 4.36 0.26 4.62 

2x2 posts 1 8' 2.97 2.97 0.18 3.15 

      ======= 

GRAND TOTAL      2477.98 

 

Building this hovercraft completely from scratch would have cost approximately $550 more. 

 

4.3 Labor Cost 

The team worked over 1000 collective hours on the hovercraft and project documentation (see 

Appendix D for detailed work hours).  If engineering time was billed at a rate of $100 per hour, then labor 

costs amounted to $100,000.   

 

4.4 Possible Cost Reductions 

As seen in Table 1 above, the highest material cost incurred was from epoxy.  Of this material cost, 

2 cans of epoxy could have been eliminated.  The team made many minor mistakes during construction 
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that had to be filled in or covered over with epoxy.  If the team had planned better and spent extra time 

thinking out possible design flaws, buying extra cans of epoxy could have been avoided.   

Another cost that could have been reduced was the marine plywood.  The team initially thought 

marine plywood would be better for the hovercraft as it was a wood specifically for water use.  However, 

after almost completing construction, the team realized expensive marine plywood was not necessary as 

the hull was covered with fiberglass and water-resistant paint.   

The amount of spray can foam used during the project was another potential cost reduction.  The 

foam was very convenient for filling in the numerous cracks and unconnected seams on the hovercraft.  

Unfortunately, the team was rushing to meet the deadline toward the end of the semester, and did not have 

time to design things to connect together perfectly.  Therefore, the team relied heavily on the foam to 

cover up unsightly parts of the hovercraft that could have been better designed to fit together seamlessly, 

given more time. 

An unexpected project cost was an aluminum hub for the lift fan.  From the very start, the team had 

planned to fabricate their own hubs, both for the fan and the propeller.  However, the team ran into many 

unanticipated delays, causing the team to concentrate on other parts of the hovercraft while neglecting the 

metal fabrication jobs.  The team was worried they would make too many mistakes fabricating the hub, 

and towards the end of the semester, they did not have time to spare making mistakes.  The team decided 

to save time and buy an aluminum hub, then replicate this purchased hub.   

 

5 Scheduling 

Planning was an area that the team struggled with initially.  The team worked very well together, but 

did not schedule very well.  After two weeks of trying to adhere to a schedule, the team completely 

scrapped the schedule because many parts of the hovercraft needed to be built in a different order than 

originally thought.  The original schedule was also somewhat unrealistic in its time frames (e.g. the 

original schedule planned 1 week for installation of the air splitters when actual installation only took 1 

hour).  After scrapping the schedule, the team approached the hovercraft construction tasks on a day-by-

day basis.  Using this approach worked much better because it allowed more flexibility and more realistic 

time frames.  See Appendix E for the original schedule that was scrapped.   

Division of labor was also an area the team struggled with initially.  During most of the first half of 

the semester, the team all worked together on one task.  Often, four people working on one task were not 

necessary, so one or two people would end up just watching the other two team members work.  However, 

towards the end of the semester, the team began dividing up construction tasks to expedite the project’s 

progress.  Reference Appendix D for a detailed list of tasks performed throughout the semester.   
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If the team were to better manage and plan a similar project in the future, only one thing would be 

changed.  Rather than gluing parts of the hovercraft together and then calling it a day, the team would try 

to epoxy as many components together as possible so they would not have to wait later on a component to 

cure.  For example, both the thrust propeller and the lift fan could have been laminated together with 

epoxy early on in the project.  The team did not plan ahead for this task, and ended up having a wasted 

day because the fan was not ready to be formed.  There were many instances when the team wished they 

had used epoxy or fiberglass earlier during construction to eliminate downtime.   

 

6 Discussion of Results 

6.1 Hovering 

The project was successful in meeting its main objectives of hovering both on land and on water 

while transporting two passengers.  The ACV hovered about 0.25 inches above the ground (measured 

from the bottom of the skirt to the ground), including the weight of two passengers.  See Figure 37 and 

Figure 38 below for pictures of the ACV hovering. 

 

Figure 37: Hovercraft Carrying Two Passengers 
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Figure 38: Hovercraft on Water 

 

The team’s design choices were successful in producing a working hovercraft.  Diverting 10% of 

the air into the skirt, as discussed in Section 3.4.3, provided enough air flow to fully inflate the skirt and 

provided a good pressure cushion underneath the craft.  The craft was very well-balanced, and when 

making sharp turns the bag skirt mostly retained its shape and did not lose pressure.  Using a bag skirt and 

gluing the corner seams also proved successful as the bag did not tear apart and seemed very durable 

when the ACV was operating.  

The project met its goal of keeping the weight of the craft below 400 pounds.  Originally, the 

craft was designed to operate with a 5.5 HP engine lifting the craft, so the weight needed to be 400 

pounds or less if the craft was to carry passengers.  Once the team obtained a 12 HP lift engine, the 

weight was no longer a concern (at least to a certain extent).  More horsepower on a lighter craft allows 

the ACV to hover higher off the ground, a desirable characteristic when traveling over bumpy, debris-

filled terrain.   

 

6.2 Lift Assembly 

In order for the hovercraft to attain maximum lift, the duct and lift fan had to be designed with 

extremely small tolerances.  Once installed, there was only 1/8 inch clearance between the fan blades and 

the lift duct wall.  Also, there was only ¼ inch gap between the bottom of the fan blades and the top of the 
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air splitters.  These small clearances maximized the amount of lift gained and were successful in aiding 

the ACV’s hovering capabilities.   

Because only a small margin of error was allowed, the team had to ensure the engine and fan 

assembly would not vibrate so much that the fan would cut into the duct wall.  The rubber installed 

between the engine mount and actual engine was successful in dampening vibration and preventing the 

lift fan from tearing the duct apart.   

The duct was strong enough to withstand the weight of the engine (approximately 50 pounds).  

The spray can foam added around the duct helped the duct to retain its circular shape and the fiberglass 

bands around the duct provided additional strength.   

The team was successful in balancing the lift fan as it produced minimal vibrations when in 

operation.  The balanced fan also aided the hovercraft’s lifting ability and had no trouble in lifting 800 

total pounds of weight.   

 

6.3 Hovercraft Speed 

The hovercraft was successful in attaining speeds that exceeded 5 mph.  The team did not have a 

chance to run the hovercraft for a long stretch of level road, but on slightly rough surfaces, the team was 

able to get the hovercraft up to 15 mph.   

The simple gas pedal design worked extremely well for controlling the thrust engine throttle.  A 

gas pedal was very intuitive to use for all team members.  The turnbuckle was effective in eliminating any 

tension in the throttle line.  The pulley and lever system, coupled with the spring, worked very well, 

always returning the gas to a low throttling position once the driver let off the pedal.   

 

6.4 Thrust Assembly 

Because only a small margin of error was allowed, the team had to ensure the engine and propeller 

assembly would not vibrate so much that the propeller would cut into the duct wall.  The rubber installed 

between the engine mount and actual engine, as well as the rubber between the hull and bottom of the 

stand, was successful in dampening vibration and preventing the thrust propeller from tearing the duct 

apart.  The steel used for the engine stand was rigid and strong enough to withstand the engine weight and 

remain firmly planted on the hull.  

The team was successful in balancing the thrust propeller as it produced minimal vibrations when 

in operation.  The balanced propeller provided sufficient thrust to propel the craft forward.  
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6.5 Steering 

Given that hovercraft steering has a slow response time due to the hovercraft being steered by sheer 

air flow, the steering worked very well.  The joystick had approximately 60 degrees of rotation which 

controlled 120 degrees of rudder rotation in the rear.  The simple slider linkage and torque tube was 

effective for finely tuned rudder control and the joystick controlled the rudders perfectly.  Steering was 

difficult to get used to as the back end of the hovercraft moved first, followed by the craft’s center of 

gravity, and lastly the nose of the craft.  The operator had to anticipate turns as the hovercraft made 

drifting, wide turns.  Once the operator was accustomed to this way of movement, steering control 

became very intuitive, enabling the driver to navigate tight spots with ease.   

 

6.6 Material Benefits and Disadvantages 

6.6.1 Wood Glue 

Wood glue has been purported to be stronger than wood if used correctly.  The team discovered 

this statement to be true when a team member accidentally broke a frame piece of the cockpit; rather than 

the glue bond failing, the wood splintered and fell off the craft.  This incident verified that the team made 

a good decision in using wood glue for most of the cockpit.   

Wood glue was a good substance to work with because of its cure time.  Unlike other adhesives 

which had cure times of almost 15 hours, wood glue dried in less than an hour, allowing the team to 

quickly move on to building other parts of the hovercraft rather than waiting for glue to dry.  

 

6.6.2 Extruded Polystyrene Foam (XPS) 

The primary purpose in using XPS was to keep the weight of the craft within the team’s 

restriction.  After completing the hull and cockpit, the team weighed the craft to see if the craft would 

meet its target weight of 400 pounds.  The XPS was successful in meeting the team’s weight criteria.   

Some unexpected benefits of using XPS was how easy it was to sand the foam and how well it 

bonded to other materials with epoxy.  Because the foam was so easy to sand, the team was able to make 

small design additions (without adding much extra labor time), such as adding a bevel to the sides of the 

hovercraft, to improve the craft’s aesthetic appeal.  As for the epoxy, the epoxy chemically reacted with 

the foam to a slight degree and formed an extremely strong bond.   
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6.6.3 Epoxy 

Epoxy was a very good multi-purpose adhesive.  It cured extremely strong and never broke in any 

of the team’s tests.  It was used to bond foam to foam, foam to wood, wood to wood, and fiberglass to 

foam, proving how versatile it was. 

The downside of using epoxy was its long cure times.  Unfortunately, no other adhesive was 

inexpensive enough that provided the same bond strength as epoxy, so the team had to use epoxy.   

 

6.6.4 Aluminum 

Aluminum was very easy to work with because of its machinability.  The team was able to 

fabricate an aluminum hub, a very complicated component, in less than an hour because of its 

machinability.  However, aluminum was very difficult to weld with.  It was unpredictable and did not 

form very uniform welds.   

 

6.6.5 Spray Can Foam 

Spray can foam was a good substance to work with.  It was perfect for filling in unsightly cracks, 

and once it hardened, it could just be sanded down later.  Complex curves were formed from spray can 

foam, such as the inlet of the lift duct, and were easily sanded down.  Another benefit was that fiberglass 

bonded to spray can foam very well.  Spray can foam was very lightweight and inexpensive, so the team 

had no qualms about being liberal in using it on the hovercraft to improve the craft’s aesthetics.   

 

7 Future Work 

7.1 Recommendations 

1) Study the work of others.   

The team had a general idea of how to approach a project of this magnitude, but looking at the 

fabrication processes used in other hovercrafts sped up the team’s design approach and gave good 

ideas for construction. 

2) Plan for downtime. 

The main bonding agent holding the hovercraft together was epoxy, a substance that takes about 

15 hours to fully cure.  Often, the team would have to postpone their planned construction for the 

day because they needed to wait for the epoxy to harden.  This wait time led to many unexpected 

delays in the schedule that could have been avoided if the curing time had been incorporated in 

the schedule.  

3) Expect components to need redesigning.   
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The design plans laid out in the first semester were followed only half the time during the 

construction process.  For example, toward the end of the semester, the team was getting into a 

time crunch.  To save time and make the deadline, the team elected to make the cockpit sides 

straight, rather than curved.  This minimally affected aesthetics but deviated from the initial 

design, causing subsequent plans to need redesigning. 

4) Always leave extra room when cutting.   

Excess material can be sanded and formed to perfection later.  The team learned this lesson the 

hard way the very first day when the foam core of the hull was cut exactly to the line.  After 

sanding the roughness of the cut away, the hull did not have enough material in one spot and was 

no longer the correct curve or shape.  This problem was rectified later, but caused the team to 

spend extra time fixing a mistake that could have been easily avoided.   

 

7.2 Possible Improvements 

7.2.1 Trim Wing 

The team’s ACV did not incorporate a trim wing due to time constraints and lack of extra 

materials.  The benefit of a trim wing is added pitch control and additional balance control.  By adding a 

trim wing, the nose of the hovercraft could be raised or lowered.  By raising the nose of the hovercraft, 

more air flow could go under the hovercraft, aiding its hovering capabilities and lifting the hovercraft 

slightly higher above ground.  By lowering the nose of the hovercraft, the operator gains better steering 

control over the hovercraft.  Depending on the operating conditions, the pitch could be adjusted to 

facilitate better control over the ACV.   

 

7.2.2 Steering Wheel 

Initially, the team designed the hovercraft to include a steering wheel.  Unfortunately, after 

rummaging around the Engineering Building, the team was unable to locate the necessary components to 

construct a working steering wheel.  Because the components necessary for a properly working steering 

wheel were quite expensive, the team elected to forego a steering wheel in favor of a simple joystick.  If 

the budget had allowed, the team would have built a steering wheel because a wheel is much more 

intuitive to use than a joystick.  A steering wheel allows for a greater degree of rotation than a joystick, 

meaning more refined steering control.  As discussed in Section 3.16, the joystick had about a 60 degree 

range of motion which could move the rudders about 120 total degrees.  With a steering wheel, a belt 

reduction system could be used so that when the wheel turned 1 degree, the rudders would turn 1 degree.  

The joystick’s movement was too amplified in the rudders, making control of the ACV difficult.   
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7.2.3 Segmented Skirt 

A segmented skirt, also known as a finger skirt, is the most versatile of skirt types for hovercrafts.  

This type of skirt is also the most complicated to design, which is why the team chose not to use a 

segmented skirt due to time constraints.  A segmented skirt allows the hovercraft to better “flow” or ride 

over ground undulations, keeping the hovercraft hull level while the rest of the skirt ripples.  A segmented 

skirt is very good for keeping a hovercraft balanced.  The finger skirt also is more forgiving when 

clearing obstacles due to its higher flexibility compared to a bag skirt.   

 

7.2.4 Fan and Propeller Reinforcement 

Tip and blade erosion on the lift fan was one problem encountered in the final design.  All erosion 

on the four blades was equal, verifying the fact that the lift fan was well-balanced.  However, after only 1 

hour of operation with the 12 HP engine, the paint had worn off on the edges of the blade.  The fiberglass 

reinforcement on the lift fan blades assisted in mitigating blade erosion; however, in the future, the team 

would make slight modifications to the fan by designing sheet metal to fit around the edges of the blade.  

The sheet metal would significantly decrease the speed and amount of blade erosion over time.  

 

7.2.5 Thrust Propeller Pitch 

The thrust propeller pitch could have been increased for this project.  The team had no experience 

fabricating propellers, so they opted to play it safe and have a low propeller pitch.  The low pitch was 

great for keeping the hovercraft’s speed low and for maintaining tight steering control over the hovercraft.  

However, the hovercraft had difficulty in travelling over sloped surfaces (mainly uphill) as it did not have 

enough thrust power to propel it over hills.  Since the thrust engine boasted 16 HP, the engine had more 

than sufficient power to handle higher pitch propeller blades.  Higher pitch would allow the hovercraft to 

attain increased acceleration.  Since the throttle control was well-designed and very responsive, the driver 

would still maintain fairly tight control over the hovercraft’s direction, even at higher speeds.  Especially 

in tight places, the hovercraft would be able to make tighter, quicker turns with more thrust power derived 

from a higher pitch propeller.  

 

7.2.6 Thrust Engine Mount 

If the shop had more square aluminum tubing in stock, the team would have used aluminum for 

the thrust engine mount.  The current thrust engine stand is constructed out of steel, and weighs about 50 

pounds.  This weight could be more than halved if aluminum was used, and the structure would still 

remain rigid enough to handle any engine vibration.   
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8 Conclusions 

The team’s design for a prototype hovercraft was successfully implemented.  Once built, the 

hovercraft carried two people, attained speeds over five miles per hour, and operated on land and water.  

The ACV incorporated different safety measures, such as wire guards over the thrust propeller, which 

prevented operators and bystanders from harm.  Given more time, the team would have integrated some 

design refinements into the craft, such as reinforcing the propeller blades or constructing the thrust engine 

stand from aluminum, to improve its functionality and durability.  Overall, this project was wholly 

successful in meeting its objectives.   
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Appendix A: Horsepower Requirements and Lift Fan Calculations 

A.1 Lift Fan and Engine Calculations 

Length = 12 [ft] 

 

 

 

 

 
 ñlose small amount of length to lifting by cushion pressure, 90%ò 

 

 
 ñfront slope, 90%ò 

 

 
 ñmore realistic estimate of air escaping underneath ACV" 

 

 
 ñ60% efficient lift ductò 

 

 

 

 

 ñhorsepower matched to fanò 
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A.2 Lift Calculation Results 

INPUT  

Length 12 [ft] 

Width 6 [ft] 

Weight 800 [lbf] 

AirGap 0.5 [in] 

FanDiameter 24 [in] 

Revolutions 3000 [rpm] 

OUTPUT  

ActualVelocity 68.21 [ft/s] 

AirVelocity 113.7 [ft/s] 

Area 58.5 [ft2] 

FanArea 3.142 [ft2] 

FanCircum 6.283 [ft] 

HorsepowerActual 3.924 [hp] 

HorsepowerTheoretical 2.355 [hp] 

HoverGap 1.249 [ft2] 

HullPerimeter 33.32 [ft] 

LengthBow, sides 7.159 [ft] 

LiftAirVolume 85.23 [ft3/s] 

LiftArea 52.65 [ft2] 

LiftPerimeter 29.99 [ft] 

T 47.74 

TBL 8.979 

RESULTS  

LiftPressure 0.1055 [psi] 

HP 5.316 [hp] 

TipSpeed 314.2 [ft/s] 
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Appendix B: Lift Fan and Horsepower Case Studies 

B.1 Jerry Shoverôs Hovercraft Case Study 

The team came across this hovercraft design and made comparisons.  His hovercraft utilized a 3.5 

HP engine and carried a total weight of about 400 pounds.  The craft was somewhat similar in size to the 

team’s hovercraft (10 by 5 feet compared with 12 by 6 feet). 

 

B.2 UH-13P Sportsman Case Study 

This hovercraft was designed by Universal Hovercraft.  It only used one 20 HP engine with a belt 

and pulley system for lift and thrust, and had dimensions of 13.5 feet by 6.25 feet.  The craft was rated to 

carry a total weight of about 900 pounds and used a 26 inch diameter fan with 28 degree pitch.   

 

B.3 UH-13PT Trainer Case Study 

This hovercraft was designed by Universal Hovercraft and most closely resembled the team’s 

hovercraft design.  This ACV used a 5 HP engine for lift with craft dimensions of 13.5 feet by 6.25 feet.  

It was able to carry a total weight of 800 pounds and used a 24 inch diameter fan with 14 degree pitch. 
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Appendix C: Thrust and Drag Calculations 

C.1 Thrust Propeller Calculations 
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C.2 Thrust and Drag Results 

INPUT  

acccraft 0 [ft/s2] 

Cd 0.7 

dprop 4 [ft] 

mcraft 800 [lbm] 

nprop,act 3000 [rpm] 

Tair 65 [F] 

Pair 14.7 [psia] 

Pitch 12 [in/rev] 

Torque 28 [ft-lbf] 

OUTPUT  

Acraft 32.15 [ft2] 

Afrontal 32.15 [ft2] 

Aprop 12.57 [ft2] 

Fd 36.32 [lbf] 

FN 161.6 [N] 

Fthrust,act 36.32 [lbf] 

Fthrust,min 36.32 [lbf] 

nprop 2977 [rpm] 

Powerprop 15.87 [hp] 

rhoair 0.07561 [lbm /ft3] 

Torqueact 27.79 [ft-lbf] 

Vair 49.62 [ft/s] 

Vair,act 50 [ft/s] 

Vair,mph 33.83 [mph] 

Vair,mph,act 34.09 [mph] 

vcraft 37.07 [ft/s] 

RESULTS  

vcraft,req 25.28 [mph] 
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Appendix D: Team Work Hours 

Date Person Hours Description 
4-Jan PB 2 Bought materials 

 EC 2 Bought materials 
 JE 2 Bought materials 
 CL 2 Bought materials 

28-Jan JE 2 Bought materials, cut bow of hovercraft 
 CL 2 Bought materials, cut bow of hovercraft 

29-Jan PB 4 Epoxied foam, vacuum-bagged (2 hr shift) 
 EC 4 Epoxied foam, vacuum-bagged (2 hr shift) 
 JE 4 Epoxied foam, vacuum-bagged (2 hr shift) 
 CL 4 Epoxied foam, vacuum-bagged (2 hr shift) 

30-Jan PB 2 Filled cracks with lots of epoxy 
 EC 3 Filled cracks with lots of epoxy 
 JE 3.5 Filled cracks with lots of epoxy 
 CL 3 Filled cracks with lots of epoxy 

31-Jan PB 6.5 Put rear attach strips in place 
 EC 6.5 Put rear attach strips in place 
 JE 6.5 Put rear attach strips in place 
 CL 6.5 Put rear attach strips in place 

1-Feb PB 3 Front attach strips, epoxied cracks, sanded side bevels 
 EC 4 Front attach strips, epoxied cracks, sanded side bevels 
 JE 3 Front attach strips, epoxied cracks, sanded side bevels 
 CL 4 Front attach strips, epoxied cracks, sanded side bevels 

2-Feb PB 2.5 Sanded down rear and sides, epoxied cracks 
 EC 2 Sanded down rear and sides, epoxied cracks 
 CL 3 Sanded down rear and sides, epoxied cracks 

4-Feb PB 1 Epoxied cracks 
 EC 1 Epoxied cracks 
 JE 2 Sprayed foam over cracks, epoxied cracks 
 CL 4 Sprayed foam over cracks, epoxied cracks, website work 

5-Feb PB 1 Epoxied cracks 
 EC 1 Epoxied cracks 
 JE 1 Epoxied cracks 
 CL 1 Epoxied cracks 

6-Feb JE 1 Filled last attach strip cracks with epoxy 
7-Feb PB 3 Epoxied Top wood 

 EC 3 Epoxied Top wood 
 CL 3 Epoxied Top wood 
 JE 3 Epoxied Top wood 

8-Feb PB 1 Epoxied remaining hull wood to top 
 EC 1 Epoxied remaining hull wood to top 
 JE 1 Epoxied remaining hull wood to top 
 CL 1 Epoxied remaining hull wood to top 

9-Feb PB 1.5 Weighted down sides and epoxied bevel 
 EC 1.5 Weighted down sides and epoxied bevel 
 CL 3 Weighted down sides and epoxied bevel, website work 

11-Feb PB 3 Epoxied skid risers in place 
 EC 4 Sanded hull plywood, epoxied skid risers in place 
 JE 5 Cut excess hull plywood, sanded, epoxied skid risers 
 CL 3 Epoxied skid risers in place 

12-Feb PB 2 Attached plywood to skid risers 
 EC 2 Attached plywood to skid risers 
 JE 2 Attached plywood to skid risers 
 CL 2 Attached plywood to skid risers 

13-Feb PB 5 Cut lift duct circles, cut attach strips, sanded bottom 
 EC 5 Measured lift duct, attach strips, and sanded bottom 
 JE 5 Cut lift duct circles, cut attach strips, sanded bottom 
 CL 5 Measured lift duct, attach strips, and sanded bottom 

15-Feb PB 1.5 Sanded bottom 
 EC 1.5 Sanded bottom 
 JE 1.5 Sanded bottom 
 CL 1.5 Sanded bottom 

18-Feb PB 2 Lift duct work 
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 EC 2 Lift duct work 
 JE 2 Lift duct work 
 CL 4 Lift duct work, website work 

20-Feb PB 3.5 Steamed lift duct wood 
 EC 2.5 Steamed lift duct wood 
 JE 3.5 Steamed lift duct wood 
 CL 3.5 Steamed lift duct wood 

25-Feb PB 1.5 Steamed lift duct, ratcheted down 
 EC 1.5 Steamed lift duct, ratcheted down 
 JE 1.5 Steamed lift duct, ratcheted down 
 CL 1.5 Steamed lift duct, ratcheted down 

26-Feb PB 3 Fiberglassed lift duct seams, prepared presentation 
 EC 3 Fiberglassed lift duct seams, prepared presentation 
 JE 1.5 Fiberglassed lift duct seams 

27-Feb PB 3 Cut lift duct hole in hull 
 EC 3 Cut lift duct hole in hull 
 JE 3 Cut lift duct hole in hull 
 CL 3 Cut lift duct hole in hull 

28-Feb PB 2.5 Fiberglassed lift duct 
 EC 2.5 Fiberglassed lift duct 
 JE 4 Machined hubs, cut lift duct jig out 
 CL 3 Fiberglassed lift duct, website work 

29-Feb PB 1 Spray can foamed the duct in place 
 EC 1 Spray can foamed the duct in place 
 JE 1 Machined hubs 
 CL 1 Spray can foamed the duct in place 

1-Mar PB 2 Epoxied duct in place 
 EC 1.5 Epoxied duct in place 
 CL 2 Epoxied duct in place 

3-Mar PB 1.5 Laminated fan, started duct taper 
 EC 1.5 Laminated fan, started duct taper 
 CL 1.5 Laminated fan, started duct taper 

5-Mar PB 2 Finished duct taper 
 EC 2 Finished duct taper 
 JE 2 Hubs and backing plate 
 CL 2 Finished duct taper, cut propeller wood 

6-Mar EC 3 Propeller work, clamping stuff 
 JE 3 Hubs, backing plates, guards, all sorts of crazy stuff 
 CL 3 Propeller work, clamping stuff 

17-Mar PB 3 Fan measurements, spray foamed duct cracks 
 EC 3 Fan measurements, spray foamed duct cracks 
 CL 3 Fan measurements, spray foamed duct cracks 

18-Mar EC 6 Sanded foam, fiberglassed duct bottom, LIFT FAN 
 CL 9 Fiberglassed duct bottom, LIFT FAN, Website work 

19-Mar PB 2 Lift duct work 
 EC 2 Lift fan work 
 JE 2 Lift duct work 
 CL 2 Lift fan work 

20-Mar EC 5 Finished lift fan 
 CL 5 Finished lift fan 

24-Mar PB 3 Epoxied skid wood in place 
 EC 3 Epoxied skid wood in place 
 JE 3 Installed rear attach strip, cut skid wood to size 
 CL 3 Epoxied skid wood in place 

25-Mar PB 6 Started thrust duct, fiberglassed skids, screwed skid plates 
 EC 6 Started thrust duct, fiberglassed skids, screwed skid plates 
 JE 4 Started thrust duct, fiberglassed skids, cut skid plates 
 CL 6 Started thrust duct, fiberglassed skids, screwed skid plates 

26-Mar PB 4 Cut thrust duct jig, laminated prop, fiberglassed left skid 
 EC 4 Cut thrust duct jig, laminated prop, fiberglassed left skid 
 CL 4 Cut thrust duct jig, laminated prop, fiberglassed left skid 

27-Mar PB 4 Thrust duct 
 EC 4 Thrust duct 
 CL 7 Thrust duct jig, fan caps, sanded fiberglass, thrust duct 
 JE 4 Welding work 

28-Mar PB 2 Cockpit design, cockpit rail gluing, thrust duct 
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 EC 2 Cockpit design, cockpit rail gluing, thrust duct 
 JE 2 Cockpit design, cockpit rail gluing, lift engine mounts 
 CL 2 Cockpit design, cockpit rail gluing, thrust duct 

29-Mar PB 2 Cockpit vertical supports, corner braces 
 JE 1.5 Cockpit vertical supports, corner braces 
 CL 4.5 Cockpit vertical supports, corner braces 

31-Mar PB 3 Thrust duct gluing, fiberglassed lift fan 
 EC 3 Thrust duct gluing, fiberglassed lift fan 
 JE 6 Bench for cockpit 
 CL 5.5 Thrust duct gluing, cockpit top supports, fiberglass fan 

1-Apr PB 4.5 Hot wire duct, form thrust duct 
 EC 7.5 Hot wire duct, form thrust duct 
 JE 5 Cross bracing for cockpit 
 CL 8.5 Hot wire duct, form thrust duct, THRUST PROP 

2-Apr PB 6 Cockpit paneling, bench back 
 EC 6 Cockpit paneling, bench back, questing 
 JE 5.5 Bench back, questing 
 CL 6 Cockpit paneling, THRUST PROP 

3-Apr PB 2.5 Cockpit paneling, cockpit rails 
 EC 2.5 Sanding cockpit panels 
 JE 2.5 FEA, thrust engine mount modeling 
 CL 5 Cockpit paneling, cockpit rails 

4-Apr PB 3.5 Steering design, gluing duct to plywood 
 EC 3.5 Steering design, gluing duct to plywood 
 JE 2.5 FEA, steering design 
 CL 4.5 Rudders, gluing duct to plywood 

5-Apr PB 3 Fiberglassed thrust duct 
 EC 3 Fiberglassed thrust duct 
 CL 3 Fiberglassed thrust duct 

7-Apr EC 4.5 Sanded thrust duct, fiberglassed cracks in thrust duct 
 JE 3 Started thrust engine mounts 
 CL 5 Epoxied rudders, spray foamed half of lift duct 

8-Apr PB 4 Welding work for thrust mounts, painting 
 EC 7.5 Painting, cutting and fiberglassing rudders 
 JE 8.5 Welding work, sandblasting, painting 
 CL 10 Painting, cut skirt, cut and fiberglassed rudders 

9-Apr PB 6 Sanded rudders, painted rudders, sanded cockpit 
 EC 7 Sanded rudders, painted rudders, sanded cockpit 
 JE 7 Sandblasted, welding work 
 CL 5 Painted rudders, skirt design 

10-Apr PB 4.5 Skirt 
 EC 4.5 Skirt 
 JE 4.5 Lift engine mounts 
 CL 6 Skirt 

11-Apr PB 2.5 Thrust duct mounts, cockpit aesthetics 
 EC 2.5 Thrust duct mounts, cockpit aesthetics 
 JE 2.5 Thrust duct mounts, cockpit aesthetics 
 CL 5 Thrust duct mounts, cockpit aesthetics 

14-Apr PB 3 Cockpit door, thrust duct mounts 
 EC 3 Cockpit door, thrust duct mounts 
 JE 1.5 Cockpit door, thrust duct mounts 
 CL 5 Final report 

15-Apr PB 4.5 Cockpit door, thrust duct mounts 
 EC 4.5 Cockpit door, thrust duct mounts 
 CL 3.5 Final report 

16-Apr PB 5.5 Foamed thrust duct, fiberglass prop, interior seams 
 EC 5.5 Foamed thrust duct, fiberglass prop, interior seams 
 JE 5.5 Foamed thrust duct, fiberglass prop, interior seams 
 CL 5.5 Final report 

17-Apr PB 5.5 Thrust duct mounts, sanding, rudder mounts 
 EC 5.5 Rudder mounts, throttle, balancing and painting fan 
 JE 5.5 Rudder mounts, throttle, balancing and painting fan 
 CL 5.5 Thrust duct mounts, sanding, rudder mounts 

18-Apr PB 5.5 Engine mounts, rudders, steering 
 EC 6.5 Engine mounts, rudders, steering 
 JE 5.5 Engine mounts, rudders, steering 
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 CL 5 Final report, website work, budget stuff 
19-Apr CL 6 Final report, website work 
21-Apr PB 6 Rudders, steering, engine work 

 EC 7 Rudders, steering, engine work 
 JE 7 Rudders, steering, engine work 
 CL 7.5 Final report, air splitters 

22-Apr PB 6 Rudders, steering, engine work, air splitters 
 EC 7.5 Rudders, steering, engine work, air splitters 
 JE 8 Rudders, steering, engine work, air splitters 
 CL 10.5 Final report, website work, poster, rudders, steering 

23-Apr PB 4.5 IT HOVERS!!! Lift engine mounting, rudders 
 EC 8 IT HOVERS!!! Lift engine mounting, rudders 
 JE 8.5 IT HOVERS!!! Lift engine mounting, mount stuff 
 CL 8.5 IT HOVERS!!! Lift engine mounting, rudders 

24-Apr PB 8 Welded thrust engine stands, sandblasted, painting 
 EC 6.5 Welded thrust engine stands, sandblasted, painting 
 JE 8 Welded thrust engine stands, sandblasted, painting 
 CL 8 Painting 

25-Apr PB 7 FAILURE!!! (lift not working enough), mounted thrust 
 EC 7 FAILURE!!! (lift not working enough), mounted thrust 
 JE 7 FAILURE!!! (lift not working enough), mounted thrust 
 CL 6 FAILURE!!! (lift not working enough), mounted thrust 

26-Apr CL 6 Website work 
27-Apr CL 3 Final report 
28-Apr PB 6 Throttle, lift engine 

 EC 6 Throttle, lift engine 
 JE 6 Throttle, lift engine 
 CL 9 Throttle, lift engine, final report 

29-Apr PB 6.5 SUCCESS!!! Installed new 12 HP engine, WORKS ON WATER 
 EC 8 SUCCESS!!! Installed new 12 HP engine, WORKS ON WATER 
 JE 8 SUCCESS!!! Installed new 12 HP engine, WORKS ON WATER 
 CL 11 SUCCESS!!! Installed new 12 HP engine, WORKS ON WATER, final report 

30-Apr PB 6 Steering, cleaning, pizza 
 EC 8 Steering, cleaning, pizza 
 JE 8 Steering, cleaning, final presentation, pizza 
 CL 14 Back of bench, final presentation,  budget, cleaning, pizza, final report 

1-May PB 7 Throttle 
 EC 7 Throttle 
 JE 7 Throttle 
 CL 10 Throttle, sanded and fiberglassed lift duct inlet, website work 

2-May PB 4 Clean-up 
 EC 4 Clean-up 
 JE 4 Clean-up, final presentation 
 CL 5 Painting, clean-up, final presentation 

3-May PB 3 Video, PROJECT PRESENTATION 
 EC 3 Video, PROJECT PRESENTATION 
 JE 4 Video, PROJECT PRESENTATION 
 CL 2.5 Final presentation, PROJECT PRESENTATION 

4-May CL 8 Final report 
  ========  
  1005  

 

Total Hours Worked by Each Team Member 

Phil Baah-Sackey Eu Sung Chung Joe Englin Chris Lowell 

214.5 [hr] 248.5 [hr] 221 [hr] 321 [hr] 

21.3% 24.7% 22.0% 31.9% 
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Appendix E: Original Construction Schedule (Scrapped on 7 February, 2008) 

  
De
c January February March April May 

    1 2 3 4 5 1 2 3 4 1 2 3 4 1 2 3 4 5   

Obtain lift engine                                         

Ensure engine functions                                         

Obtain thrust engine                                         

Ensure engine functions                                         

Purchase materials                                         

Construct hull and skids                                         

Construct lift fan                                         

Cut hole for lift duct                                         

Build and install lift duct                                         

Install air splitters                                         

Construct lift mount                                         

Build cockpit frame                                         

Fabricate metal 
components                                         

Balance lift fan                                         

Finish front of cockpit                                         

Cut and sew skirt                                         

Attach skirt                                         

Install lift engine and fan                                         

Test to see if it hovers                                         

Construct thrust duct                                         

Construct thrust propeller                                         

Balance thrust propeller                                         

Construct thrust mount                                         

Finish back of cockpit                                         

Install thrust duct                                         

Install thrust engine and 
prop                                        

Test thrust propeller                                         

Construct rudders                                                          

Install rudders                                         

Install steering                                         

Test completed 
hovercraft                                         

Compose final report                                         

Deliver final results                                         

 


