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ABSTRACT

This senior project contains the design, fabrication, and assembly of a lightweight aircraft
dolly used to move aircraft to and from its storage site. The report discusses the cost and
feasibility of the electric aircraft dolly built. The dolly was built for my father to ease the
moving process of his lightweight aircraft.
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INTRODUCTION

Background
Aircraft dollies are required in the aid of moving aircraft in and out of hangers to prepare the

aircraft for flight. Current manufactured dolly’s use small gasoline powered engines or small
electric motors powered by alternate or direct current. The dolly moves the aircraft by either
attaching to the wheel frame or lifting the single tire up in the air and moving. Current produced
machines have external components that create dangerous pinch points and are subsequently not
weather proof.

Justification

The goal is to design and fabricate a weather proof dolly that incases all components within the
structural frame, reducing the number of pinch points. Also, there is no current aircraft dolly
available that loads the tire of the aircraft in the dolly’s center of gravity, which will make
steering a fixed axle drive much easier and lead to a much more maneuverable dolly.

Objectives

There are several objectives for the design and fabrication of this dolly. The first objective is to
successfully incase all the components within the structural frame of the projected aircraft dolly.
Powering the dolly with a drill that runs off a lithium ion battery to reduce weight significantly
will also be a goal. Another objective will involve constructing a frame that can be bolted
together and taken apart to reduce shipping costs if manufactured. Lastly, designing the overall
look of the aircraft dolly to match the high standards that are held to the aesthetics of the aircraft
it will be moving.















The most common use for gas motors in the current aircraft dolly market is for larger commute
aircraft weighing over 5000lbs, and capable of carrying more than 10 persons per flight. The
motive to use gas powered dollies in the large aircraft field is the power to price ratio. The
relatively low costs per horsepower ratio make it a very economical choice for the application.
The disadvantage of internal combustion motor use in the aircraft dolly market is the amount of
moving parts located internally within the motor. With a large number of moving parts in or on
any machine there is added risk of breakdowns, as well as added maintenance. The oil will have
to be consistently changed within manufactures recommended use time. Gasoline will also have
to be consistently run through the system to keep the proper functionality of the motor, or the use
of a fuel treatment will have to be incorporated. Aged fuel will cause the motor to run incorrectly
and disassembly of the carburetor and perhaps the top end will have to be conducted.

This may pose a problem for those users not wanting to deal with the common maintenance, or
the possible problems encountered with an internal combustion motor. Users that may only start
and operate their gas powered dollies intermittently throughout the year may encounter the above
problems. The figures below display the usage of gas these motors in current aircraft dolly units.

Figure 7. Honda Gas Engine
(Priceless, 2013).

Figure 8. Briggs & Stratton Gas Engine
(Priceless, 2013).
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Left and right drive '~~s. For these left and right drive leg members, the material used will be
aluminum, rather than steel. This allows for a lighter overall product weight and these members
will not have to endure high temperatures in the way the main frame member will since these
members will not endure welding.

Another parameter will be the desired shape of the material. A common 6061 aluminum square
tube will have rolled or slightly curved edges. This material was avoided because the inside
diameter of the tube does not allow for full usage of the space that is needed when trying to bolt
all components within the structure.

It was found that a four-inch square 6063 architectural aluminum has the clearance required to
run components internally within the member since the inside diameter is formed by sharp 90
degree angles. This allows the total inside surface of the member to be utilized. The designed
drive leg shown below in Figure 35 will slip over the steel receivers with use of shims, which
can be seen on the following page in Figure 36.

Figure 35. View of the drive tire leg.
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After successfully testing the dolly in loading, moving, and the turning of an aircraft, the next
function of the dolly was to then test the unloading an aircraft from the receptacle. The method
for unloading the dolly required stopping and apply a large amount of throttle in the reverse
direction. Due to the aircraft’s inertia, this movement forced the rear tire to rise up over the pivot
axle and flip the ramp downward, allowing the plane to roll down to the ground smoothly. Once
the aircraft was unloaded, it only rolled a foot past the rear tire’s initial ground contact location.
Figure 80 below shows the aircraft being unloaded from the dolly.

Figure 80. Aircraft position after unloading.

The 28 volt lithium ion battery served as the power source for the drill motor and had proved to
meet the required standards. When towing an aircraft out of a hanger and retrieving it once, a

100 feet was measured to be the minimum distance required. On one battery charge, the dolly
successfully powered the aircraft over 500 feet. This demonstrated that the dolly can successfully
tow and retrieve the aircraft five times without the need to recharge the battery. The factory
Milwaukee charging system allows an individual to fully recharge a battery within one hour.

Cost. The total cost of the finalized aircraft dolly design was in a reasonable price range despite
the circumstances of using high quality components that are capable of lasting many years. The
components making up the most cost of the dolly were the drill and gear reduction unit followed
by the frame members. The drivetrain components, such as bearings, also quickly accumulated
into major costs. Although donated components helped to reduce the price, it would most likely
be possible to find these parts at a reasonable price making it viable to produce another dolly
designed the same way at a similar price. The cost of each component as well as the total cost
can be found in the table on the following page.
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DISCUSSION

Design. The choice to incorporate as many components internally as possible into the structural
frame of the aircraft dolly led to a significant increase in the amount of time both fabricating and
assembling the electric aircraft dolly. With components placed internally within the frame a
simple task, such as routing the chain, became a challenge. Another challenge was finding
components that would fit inside the structure, however, these challenges needing to be
overcome really added to the overall quality of the final product in the end. The sleeker more
desirable looks, the reduction of pinch points, as well as the weatherproofing of the dolly without
the use of a fiberglass or aluminum shell could possibly make the dolly unique enough to be
marketable in the future.

T~brication. Fabricating with the lack of certain tools for welding the mainframe, such as a jig,
added to the time to the overall process. Also, some fabrication steps were taken before others
and can now be avoided in the future due to knowledge obtained during this build process.
Fabrication of all legs and members were done manually on a mill for accuracy. The actual
operations being conducted on the mill was often a mere portion of the time when compared to
the amount of time it took to setup for fabrication. Now that a prototype electric aircraft mover is
built, the locations and sizes of all operations are readily available. For example, the use of a
CNC machine instead of manually performing all labor could be used to cut the fabrication
process down. With all parts required to be drilled and programmed into a CNC machine, the
dolly could then only require the manual welds to be conducted for the main frame as well as its
assembly.

Assembly. The assembly of the electric aircraft dolly was very labor intensive due to the
components being contained within the structure as well as its multi-piece frame. Every facet of
the machine can be taken apart, which allows possible changes and altercations to occur at any
time, however, piecing it all together would still take a fair amount of time. As mentioned above,
the simple task of routing a chain proved to be problematic due to it being run inside of the
structural frame. Things learned during assembly ranged from only using only certain types of
nuts to searching for creative ways to pull the chain through the frame legs. There was a very
specific order of operations for both the motor and the gear reduction assembly. The right angle
head of the drill had to be bolted at the same time as the reduction box, followed by slipping the
drill motor into the frame. The order of operations were learned as the process unfolded. Now
that the design for this type of dolly has been completed, a new dolly could be assembled within
a fraction of the time.
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Cost. The cost was slightly higher than predicted, however, high quality components were used,
such as billet go kart wheels and hubs. If more dollies were needed to be manufactured, parts
such as these could be replaced with cheaper industrial-type components such as wheels and
tires, resulting in a reduction of cost. Although some parts were donated, it is very likely that a
reduction in overall cost would be viable due to the present knowledge of the price ranges of
comparable systems.

Saf~+. The dolly was calculated to have a structural safety factor of over four to one where the
highest loading point occurs in the motor and steering beam. An incident that is not likely, but
possible is if the switch or throttle were to become jammed while backing the aircraft into the
hanger. If this were to occur the operator could have a chance of being seriously injured or killed
by being pinned between a hard surface and front of the dolly. There is also the possibility of the
aircraft being ran into objects that could either inflict damage to the aircraft or to an individual.
Another possibility is if the dolly’s wheels were to run over a part of an individual’s body
creating a serious injury. No lock is currently used and with the battery being near to the operator
it is currently removable within seconds. A solution for these two possibilities would be to tie a
safety tether onto the face of the battery and placing a lever for this action onto the handle bars,
creating an emergency shut system. This could help to prevent any unwanted movement of the
dolly in an emergency situation.

Overview. Despite using the small components of a hand drill, the battery life and available
power was impressive. Not only did the overall performance of the machine meet the objectives
of its design, it far surpassed them. Based on the machine’s performance during testing, it is
highly likely that if the electric aircraft dolly were to be produced in an economically feasible
way it could therefore, be developed into an extremely desirable product in the near future.
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RECOMMENDATIONS

In hindsight, the programming of all parts into a computer numerical control machine would be
beneficial for the fabrication process due to the amount of time that would be saved. The
addition of a steering mount support would also be beneficial for the structural soundness of the
machine. Those building this product should use a jig if possible for the main frame member in
order to aid in the time frame and accuracy of the final product. The added use of 6061
aluminum in the future would also greatly increase the needed strength if it were to ever carry a
larger capacity of weight. It is suggested that those building this product should strive to use a
larger amount of industrial type components such as replacing any carbon fiber and chromoly
materials with steel, greatly reducing the overall cost of the final product.
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ASM Project Requirements

The ASM senior project must include a problem solving experience that incorporate the
application of technology and the organizational skills of business and management, and
quantitative, analytical problem solving. This project addresses these issues as follows.

Applicatior ~f Agricultural Technology. The project will involve fabrication technologies, DC
electric motor, and powertrain technologies.

Anplication of Business and/or Manageme=+ Skills. The project will include business/
management skills in the areas of cost and productivity analyses, labor considerations, as well as
fabrication management.

Quantitati~ Analytical Problem Solving. Quantitative problem solving will include speed
and power calculations as well as a material cost analysis.

Capstone Project Experic=~~ .The ASM senior project must incorporate knowledge and skills
acquired in earlier coursework (Major, Support and/or GE courses).

BRAE 129 Lab Skills/Safety,

BRAE 133 Engineering Graphics

BRAE 151 CAD for Agricultural Engineering
BRAE 203 Agricultural Systems Analysis
BRAE 321 Agricultural Safety

BRAE 342 Agricultural Materials

BRAE 343 Mechanical Systems Analysis
BRAE 418 Agricultural Systems Management [
BRAE 419 Agricultural Systems Management I

ASM Ap~+~ach. Agricultural Systems Management involves the development of solutions to
technological, business or management problems associated with agricultural or related
industries. A systems approach, interdisciplinary experience, and agricultural training in
specialized areas are common features of this type of problem solving.

Systems Approach. The project involves multiple systems including analysis and fabrication of
frame, integrating motor into frame, and building drive and steering system to provide pilots with
an efficient system to transport aircraft in and out of hangar.

Interdiscipli=~~ Features. This project involves the fields of mechanical systems, agricultural
safety, lab skills and safety, and agriculture materials.

Specialized Agricultur~' “—owledge. The project will involve and require special knowledge in
the fabrication n of mechanical systems, lab skills and safety.
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Snaad/Gear Reduction Calculations

Given: Drill output RPM—"700

Drive tire size=11.5"

Required: Design a gear reduction system to propel the electric aircraft dolly at 3 feet/ second
while only have two stages of sprocket reduction.

Solution: Size of sprockets needed to reach required reduction in two stages doesn’t fit within
size constraints of main frame. Therefore, gear reduction box is required.

Tire diameter= 11.5" (11.5” x 3.14= 36.11") circumference or 3.009 feet/second

Need to rotate this size tire once per second to achieve 3 feet per second
Decided upon an 8.3:1 reduction box
Drill RPM/ Gear Reduction Box Ratio = Output RPM on Reduction Box Shaft

100¢ ™ rill RPM)/ 8.3= 120.48RPM of Red ~*~~ B~v Mntput Shaft

Twice the desired RPM of drive tire, therefore need to reduce further at 2:1 ratio

26T 1™ sprocket is the largest that fits within 4” aluminum drive tire leg.

13T sprocket used on output shaft and main frame axle will achieve 60RPM

11T sprocket available for output shaft and main frame axle sprockets, therefore chosen
to leave more clearance within frame for chain. 22T now needed for drive tire axle.

Gear Reduction Box ratio * Further gear reduction ratio= Final gear reduction

Further gear reduction ratio= 22T/11T= """ Pedvr~*~n Ratio

Final Gear Redv~ti~~—2 2 *#9 n— 16,41 = Final Gear Reduction

Test Calculations for desired 60RPM of drive tire.
Drill RPM/ Final Gear Reduction= Drive Tire RPM
1000/ 16.6= 60.24RPM

Rotation per second= RPM/60 seconds
60.24RPM/ 60 seconds= 1.004 Rotati-~~ -~~~ ~~cond

Feet per second of drive tire= (Rotations per second)*(Tire Circumference)
Therefore 1.004(Rotations/Second) * 3.009” (Tire Circumference) = 3.02’/second

e
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Torqu~ “alculations
Given: Drill motor output torque 1000in/lbs @ 1000RPM
Required: Find final torque that dolly produces at drive tires after reduction.
Solution: Output Torque= Input Torque x Ratio of Gear Reduction
Torque for this situation is measure in inch pounds

Output Speed= Input Speed/ Ratio of Gear Reduction

Calculations: Oufnnf T’)LCLUC — 1000 inch DC....A,; (input tor,..m\ v 1L £ ADatin af(lanr Dmhmﬁon)

Output Speed = 1000RPM (Input Speed)/ 16.6 (Ratio of Gear Reduction)



Frame 7" ~lculations

Given: 128 pound load placed on dolly.
Required: Find highest bending moment
Solution:

128lbs

35"

I 15"

"w_

m_ . 23!!_

M=Px¢

M =128 lbs * 15"




S- Value required Calculations:

Actual S-Value Calculations:
Hollow Rectangular

Axis of moments through center
SCM 17-37

Sreq

M
Sreq = %{
1920 in — lbs

- vo(ﬁpm * uo'_Uuu:._fa)“ =

_6d°—6.°
B od

. (4 x43) —(3.75x 3.75%)

bX 4

¢ = 256 —197.753

VA4
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Simple beam calculation load at any point:

— 35—

P=128lbs

P=128lbs

A

v,
D
&
LT_O

| —12" 23"
R~ 13.91bs

128 x 12
35

P,
R, =%
27y

 128x 23

27 55

Pb
Mmax:'%

128x 12 x 23
max — ~ be—-

R2=84lbs
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