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Abstract

With the increasing number of private cars, traffangestion is getting worse.
Compared to the ground, there is a wider spacehm gky due to its
three-dimensional space. In consideration of thght vehicles would be one of

the best ways to solve the traffic problem on tleugd.

A new concept of the structure for the flight védicas been presented in this thesis.
It has two rotors with folding mechanisms to pravldt. The two rotors could be
folded to reduce the size when it is in the car enddiso because of the twin rotors
design, the structure of the rotor head becomeglsirthan usual helicopter main
rotor head. Moreover, by using some gearboxesakes the flying car just using
one motor to power the two rotors. The use of tigeseboxes can also simplify the
structure of the rotor head. Due to the researthisfconcept is in the initial stage,
thus, the project just made a model, not a realdlgar to verify the feasibility of
the concept. What is more, a method to controhtloeel has been shown in this
thesis by using a normal controller. This thescuB®s on the process of making the
flight vehicle model including calculation, mecheali design, implementation and

control method.
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Chapter one: Introduction

Because of the areasing population and the fast developt in the automotive
industry, traffic congestic turns worse and worsBlumerous cars had bemade
and brought by peor. so that many cities had been packed with «. This situation
seemed todmore and more serioevery yearln 2014, at least 63.52 million ce
had beemegistered around the world (The Econo, 2016).Moreover the traffic
problem is muchworsein the big cities becauseimbers of people want to gcthe
large city in or@r to getconvenient life style andnore opportunitie to find

well-paid jobs.

Car production
Number produced, m, 2014

China

Japan
Germany
United States
South Korea
India

Brazil

Mexico

Spain

Russia

United Kingdom
France

Czech Republic
Indonesia
Slovalaa

Iran

Canada
Thailand
Turkey
Malaysia

Figure 1.1The number of cars made in different coun (The Economist, 2(6).

Traffic congestion leads to a wide range of prold¢'Each year, traffic congestic

1



costs Americans tens of billions of dollar in wakstene and motor fuel"Giment
2015, p.1762). Traffic jam also caused bad emdbtompeople which may bring to
their companies or take home. Delay emergencytassis is another problem that
it will bring. All these problems make people betprthink about the possibility of
using the sky. Although fixed-wing aircrafts let ngve the ability to travel long
distance with more convenient, they need runwayake off and land. That limits
the use of fixed-wing aircrafts in cities. Helicepg are another option to solve the
traffic problem. However, as the helicopter's ragtoo large and cannot fold,
helicopters cannot be as popular as private céwexefore, a demand for a vehicle

which is not only can be as convenient as a privatdut also can fly appeared.

1.1 Motivation

Aircrafts and mass production of cars make our whylife has undergone
enormous changes. Cars allow people to travel rfamteland, while airplanes
greatly reduce the time of the long journey. Sitleecar and the aircraft had been
invented, people never stop to try to combine thiegether. During this period,
many surprising products were invented. Though sofrthese inventions were
even succeefully flight, most of them are basedixed-wing aircraft design. It
means that a runway is required to take off and.l&morder to solve this problem,
it is crucial to develop a flying car which coul@nical take-off and landing

(VTOL). Meanwhile, its size needs to be similaraasormal land vehicle. This



thesis provides a new concept by using two foldabk tiltable rotors structure to
achieve this purpose. The fold of the rotors caluce the overall size of the flight
vehicle; the tilt of the rotors can control theght of the flight vehicle. At the
mean time, the flight vehicle only uses one engvhéch placed in the middle of
the flight vehicle to power the two rotors. Thiggere arrangement can reduce the
rotors size (compared with those aircraft whickcplaenotor directly under rotors),
so that the rotor can fold and store into the Jehii the twin foldable and tiltable
rotors flight vehicle developed successfully, it aoly can be used as a convenient
traffic vehicle but also can be used in many ofiedds like military, agriculture,

photography, Sightseeing and etc.

1.2 Objectives

In general, the main objective of this projectagut forward a concept of a flight
vehicle with twin foldable and tiltable rotors whipowered by only one engine.
Then, according to the concept, design and impléraemodel to investigate the
feasibility of the concept. There are three maisigle objectives of this concept
should be achieved:

1. Design a mechanism which not only can fold ahdlite rotor but also can

transmit power to the rotor.

2. Design a transmission system which can transmior power to two rotors.



3. Design a control method to control the flighhiote.

1.3 Scopes

The scopes of this thesis include the followingefaspects:

1. Viable conceptual design.
This thesis will review some prominent previous apiksent flying cars,
helicopters and multi-copters, analyze their adsges and disadvantages,

integrate their strengths and bring forward a nencept of flying car.

2. Theoretical calculations.
Design and determine the basic parameters of thdehtmsed on the proposed
concepts. The main research in this part will dakeu the lift and power

requirement of the model.

3. Design and implement the mechanical structutbemodel.

The flight vehicle model structure and its mosttpaf the model are designed by
the Solidworks software. These parts are custonmbgetiree-dimensional printer,
laser cutter and factory according to the drawifdere are a variety of materials
to be used in the model to make it as light asiptessawvith sufficient strength and

cost-saving at the same time.



4. Design the flight control system

Because it is a new structure, the conventionalfiwing, helicopter and four rotor
copter control methods cannot be used to conteofflight vehicle model. In this
thesis, it presents a method for controlling theleidlying by using an 8-channel
controller. This method can also control the foidiand tilting of the rotors.

Another 2-channel controller is used to controlltve driving part.

5. Model test

Test if the concept and structure of this twin &t and tiltable rotors flight
vehicle is possible. The test of the flight vehidesimply divided into two steps.
First, test and adjust the pitch, roll, yaw andifobntrol. Secondly, test whether the

transmission system works well.



Chapter Two: Literature Review

The concept of this twin-rotor collapsible flighéhicle arises from the study of
flying vehicles, helicopters and multi-rotor airftrarhis paragraph will mainly
review the literature related to them. The histofythe flight vehicle will be
reviewed in the first section. Meanwhile, this sattwill also introduce and
analyze the flying cars which had been inventederent years. In the second
section, the development of helicopters and theldgwment of multi-copters will
be introduced. Among them, the thesis will mairdgus on normal helicoperts and
dual-rotor copters. In the third section, the thesill review the structure of the
helicopter rotor head. It is one of the most imaottparts for helicopters to flight

steady.

2.1 Flying cars

Flight vehicle is not a new concept for people.eAthe motor car and the airplane
had been invented, mankind never stopped puttieq ttogether. In the history of

human research the flight vehicle, there were mkamgs of flying cars.

2.1.1 The development of flying cars

As early as 1906, Traian Vuia designed, built amztassfully flight his first flying

machine called Traian Vuia 1 by his own hand inR&ie pioneered a four-wheel
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and light-weight frame structure (Historic Wing913). The lift of the machine is
provided by the fixed-wing, a propeller mountedheg front of the flying machine
with an approximately fifteen-degree positive angleattack to the ground. The
propeller powered by an engine installed at thedieitbp of the frame. This flying

machine formed the prototype of the flying car.

10. Boir de BOULOGNE — Pelouse do Bagarelle « L'Aéroplane de M. VIUA 1 Marmaw, Pa

Figure 2.1: The Traian Vuia 1 flying machine (Hrstd/Nings, 2013).

When it goes to 1917, the first flying car calledrtiss Autoplane was designed by
Glenn Curtiss. And in the same year, it was debwedhe Pan-American
Aeronautical Exposition in New York City. It usetiminum automobile body and
equipped with a one hundred horsepower V8 engingIlfG CARS, 2017).
However, his project was shelved and never hadldlight because of World War

[. (Matt, 2015, para. 3).



8, H. CURTISS.
AUTOPLANE,
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Figure 2.2: The patent of the Curtiss Autoplanenfiycar (Matt, 2015).

Although the Curtiss Autoplane did not perform al fight, the realization of the
flying car seems to be in sight. Even Henry Forocfaimed: "A combination of
plane and motorcar is coming. You may smile. Butiitcome" in 1940(Case, K.

2002). Sure enough, in the next 10 years, there eererged three typical flight

vehicles which must be discussed.

The first one is the ConVaircar Model 118. In 1945 flying car was successfully
taken off from the ground and flew. However, thease®l model went through an
emergency landing due to fuel exhaustion durirghtliAlthough the pilot was not
injured, Unfortunately, the flight vehicle was sersly damaged (Huntington, S.

2001).



Figure 2.3: The ConVaircar Model 118 (Matt, 2015).

In the same year, Robert Edison Fulton Jr designedbuilt the Airphibian which
was different from the previous design ideas. Teégigh has not converted a car
into an aircraft but divided the car and the fugelato two parts. Meantime, the
two parts can be assembling into an airplane. Ant950, the Civil Aeronautics
Agency (CAA) - now the Federal Aviation Adminisiat (FAA) was authorized
the Airphibian (Fulton, 2002). Anonymous (2006)adp that the Airphibian could
fly at 180 kilometres per hour when it in the flighodel. Meanwhile, it could reach

the highest speed of 80 kilometres per hour whenttie car model (p. 62).



Figure 24: The Airphibian (Fulton, 2002).

The last of the three typical flying cars in theipé is the Taylor Aeroce The
characteristiof this flying car isthat the wings could manually fold bi along tail
to form towable trailer (FLYING CARS, 201 And as the Airphibian, its re:
airplane part is detachable. The prototype of teeogar successfully flew in 19
(Davisson, 1999)The foldable wins design is an advanced concept, and

today some flying cars still using this id

Figure 25: The Aerocar (Davisson, 1999).
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2.1.2 Flying cars in recent years

After years of development and the demand for coievee from flying cars,
several companies began to research new typeging ftars. The following will

review and analyze some of the flight projectsasésl in recent years.

2.1.2.1 The Transition

The Transition is a two-seat, roadable aircrafthwa folding-wing. The
folding-wing mechanism makes the aircraft capalvleirty on any surface road
and parking it in a normal car park (Cable, 201R)is a star product from
Terrafugia Company which starts in 2006 and fourmefive award-winning MIT
(Massachusetts Institute of Technology) graduafesdfugia, 2017). Up to now,
the company has received over 100 orders for ttansliion (Cable, 2012).
However, it needs a 2500-ft runway to take offand. In other words, it cannot
vertical take-off and landing (VTOL). As a resuhjs reason restricts its use and

development.
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Figure 2.6: The Transition (Jeffrey, 2013).

2.1.2.2 The TF-X

The Terrafugia Company also realized the problenchvinentioned above. To
solve it, Terrafugia published a concept of foustsehybrid vertical take-off and
landing (VTOL) flying car called TF-X. By using twaades foldable and tiltable
rotors, it can be converted into an airplane. T rotors powered by two 600-hp
electrical engines which placed at the tips ofwirey. The blades will unfold when
it need to vertical take-off. During the flight etltwo electrical engines tilt forward
and slowly stop. Meanwhile, a petrol engine willgw another propeller behind
the vehicle which provides thrust and recharged#iteries. After that, the blades
of the two rotors fold. When the vehicle needs aodl vertically, the electrical
engines restart, blades unfold and electrical exgirit upward to provide lift.
According to the plan from the company, the TF-Xl Wwe available after 2020

(Warwick, 2013).
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Figure 2.7: The concept of the TF-X of taking dfe(rafugia, 2017).

Figure 2.8: The concept of the TF-X of flying (T&fugia, 2017).

2.1.2.3 The AeroMobil

In 2010, the AeroMobil Company established to makiging car. After 3 years, a
prototype had unveiled with the same name of thenpamy. Moreover, it
successfully flew in the next year. Different frahe folding mechanism of the

Transition, the AeroMobil uses a folding mechangmilar to scissors over the top
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of the fuselage. A propeller placed at the endhefdircraft which powered by a
300-hp engine. When the AeroMobil on the groundelactrical motor powers its
front wheels to make it drive (Hemmerdinger, 201Jf).to now, the AeroMobil has
been developed to the type 4.0. Simultaneouslyag become more and more

perfect (AeroMobil, 2017).

www.aeromobil.com

T
e ”uq_l!! [y

Figure 2.9: The AeroMobil 2.5 (up), 3.0 (middle)da#0 (down) (AeroMobil,

2017).
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2.1.2.4 The PAL-V (Personal Air and Land Vehicle)

The Transition and the AeroMobil are flying carstttbased on fixed-wing,
however, not only can this kind of structure let ttar take off. A Dutch company
unveiled a one-seat flying car PAL-V which combirmda 3 wheel vehicle and a
gyroplane. The flying car was powered by an envirentally certified car engine
in both flying and driving modes. The engine nolyaran use petrol but also can
use biodiesel or bio-ethanol. Foldable rotor ammpphler are used in the PAL-V,
also a patented technology called tilting systeased in it ("Flying Car Company"
Takes Off, 2007). In 2012, a prototype was pasBedsis and successfully took its
maiden flight. Due to the gyroplane structure, cal§20feet (165 meters) runway
needed (Flying Car Makes Successful Maiden Fligbt,2). It is a quite short

take-off distance compare with the runway requineinoé the Transition (2500-ft).

Figure 2.10: The two different modes of the PALRAYV-L, 2017).
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2.1.2.5 The X-Hawk

The X-Hawk is a VTOL vehicle with two containedoat and now still researching
and developing by the Urban Aeronautics with Bedliebpter. Several vanes are
placed on the top and bottom of the contained sofbinese vanes will control the
movement of the X-Hawk (Egozi, 2006). The compalayneed that the X-Hawk
will save 15% power compare with the analogous t@ngine helicopter (Egozi,
2004). Saeed and Grantton (2010) claim that " Aespeototype of the vehicle is
reported to have been tested in August 2008 inrerve: low-speed forward flight,

and flight of the first Mule prototype is projectéat mid- 2009" (p. 97).

Figure 2.11: The conception of the X-Hawk (Urbarréxeautics, n.d.).

2.1.3 Conclusion.

In this section, it reviewed the history of thegHt vehicle and introduced some

current flying cars and conceptions at the meantiinis easy to find that most
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flying cars which need a runway to take-off anddlalow has been achieved.
However, those VTOL vehicles are still researctang developing. For this reason,
this thesis provides a twin rotors VTOL conceptfon research which based on
helicopter technology and multi-helicopter struetuin the next section, a brief
review of the development of the helicopter, matipter and their structures of the

rotors will be mentioned.

2.2 Helicopters, multi-copters and the represerdati

rotor head structure of typical helicopters.

The helicopter as one of a unique creation of anatechnology in the 20th
century greatly expands the scope of applicatigh@fircraft. In recent years, not
just helicopters, the research of multi-copteralg popular and made a lot of
progress. The first part of this section will blyefeview the history of the
helicopter and the second part, some typical diffetypes of helicopters will be

stated.

2.2.1 The history of helicopters and multi-copters.

Strictly speaking, helicopters are developed frooitimcopters. In 1907, Cornu,
Paul, a French engineer and inventor, built thst fimanned helicopter (Cornu,
2008). But it only achieved vertical flight for feseconds because of the unstable

control system (13 November 1907, 2016). At thiteti the classic single rotor
17



with tail rotor structure has not yet been inventgd he used two rotors to offset

their mutual torque as the bi-copter today.

Figure 2.12: Paul Cornu's helicopter (Helicoptemglizine, 2007).

In the same year, with the physiologist and awapmneer Charles Richet’s help,
the Breguet brothers, Louis and Jacques made thelicopter called

Breguet-Richet Gyroplane No.1. It was powered B% adorsepower engine, which
lifted it about 50 centimeters. It adopted a spuwleb-like frame and got four rotors
(Encyclopedia Britannica Online, 2016, para. 4)e ®xterior of the helicopter

likes the drone that we usually saw. However, i wat stable either.
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Figure 2.13: Th&regue-Richet Gyroplane No.1 (Gordon Leishman J, 2.

After 15years, George De Bothezat arrang quadeopter with fixer-attack angle
blades rotor&nd named Flying Octop. However, it was alsbarc to control and
just can lift itself appraimately 5 meters due to the limitegthnology at that tim

(Radek & Frantisek 201:

Figure 2.:4: The Flying Octopus. (Wikipedia, 2011

In 1936, Germanipuilt the first successful helicopter, Focke Achgelisv@iich sei
many records includig an alitude flight of 11,243-ft and a crossuntry flight of

143 miles in 1938. It had two thi-bladed rotors with a 160 horsepower eng
19



(Encyclopedia Britannica Online, n.d., para. 8).sTls the first controllable

helicopter (Simonsen, 2012).

Figure 2.15: The Focke Achgelis 61 (Kenneth, G. stum 1969).

In 1939, an American Igor Sikorsky built the figgrticular helicopter: VS-300. It
has a single main three-bladed rotor with a taibnorhis particular and classic
arrangement has been used in most helicoptersnawti Encyclopedia Britannica

Online, n.d., para. 9).

Figure 2.16: The VS-300 (Century of Flight, n.d.).
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After the VS-300, the most significant evolution dielicopter was The
Transcendental Model 1-G tilt-rotor aircraft in lgal947. It was made by
Transcendental Aircraft Corporation of New Cadtemost important feature was
that its rotors can change their angle — it mehissaircraft can change from a twin
rotor helicopter to a plane (Martin, Demo, & Dani2000). This new design of
structure affords a new direction for researcholwesthe problem that helicopters

travel distance is short.

PESX s o o o -

Figure 2.17: The Transcendental Model 1-G (Maidiemo, & Daniel, 2000).

2.3 Different types of copter.

There are a variety of types of helicopters. Tleistisn will review some typical

model of them separately, according to the numb#resr main rotors.
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2.3.1 One main rotor helicopters

Most helicopters are using the one rotor structurerder to counteract the torque
of the main rotor, the most common practice isigtall a small rotor perpendicular
to the main rotor at the tail. The Bell UH-1 Iroggics one of the famous helicopters
which been used on a large scale in counterinsaygemrfare in Vietham (Bell,

2011).

Figure 2.18: The Bell UH-1 Iroquois helicopter (TA@ation History Online

Museum, 2013).

Using tail rotor is not the only way to solve tloeque problem. MD500N installed
a fan in the tail boom to provide a jet of compeskair squirting out of one side of

the tail boom (Doug, 2001). This structure makess hblicopter safer than usual

helicopters.
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Figure 2.19: The anti-torque concept of MD500N (Bo2001).

2.3.2 Two main rotors copters

There are two different layouts of two main rotamspters: the twin rotors

non-coaxial and the twin rotors coaxial. By using topposite rotate rotors, their
respective torques will offset each other. The mapresentative models of the
twin rotors non-coaxial are the Mil V-12 (HomemgetBoeing CH-47 (Chinook)

and the Boeing V-22 (Osprey). Their characteristies different. Simultaneously,
the Kamov KA-50 (Black Shark) is the main repreaéwé model of the twin rotors

coaxial.

As the biggest helicopter in the world, Mil V-12ncearry approximately 20 to 25
tons weight. The twin 67 meter-diameter non-coaatdrs support it have enough
lift (Aerotime, 2013). The characteristic of thelMt12 is that the two rotors are

placed at the tips of the wing each side.
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Figure 2.20: The Mil V-12 (Aerotime, 2013).

On the contrary to the Mil V-12, the two rotorstbé Boeing CH-47 are placed at
the front and rear sides of the fuselage. Thisngement makes it smaller than Mil
V-12 meanwhile still powerful to lift the weighta 1961, Boeing CH-47 did its first
flight. And until now, several countries includitfte United States still use it (The

Boeing Company, 2017).

Figure 2.21: The Boeing CH-47 (The Boeing Compa®L7).
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Unlike previous models, the Boeing-22 is a tilt rotor aircraft. Using thi
technology, V22 can gain both advantages of helicopters and-wing airplanes
(Martin, Demoand Daniel, 200(. Because V-2% a VTOL aircraft, so there is r
need to use the runweAlso, it can travel for long distane@éhich usual helicopts
cannot, due tat hasthe ability to change itselis a normal airplan¢All these

advantages let it can be used for multiple neediseoiilitary and security force

Figure 2.22The BoeincV-22 OspreyThe Boeing Compan2017).

Goes to theypical twin rotors oaxial copter, the Kamov KA-58 the famou:one
in this kind of structure. As same as twin rotors -coaxial helicopters, th
rotations of the two rotors of the -50 areopposite to countere torque between
them But the coaxial arrangement makes tFA-50 more compact than othe

twin helicopter.
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Figure 2.23: The Kamov KA-50 Black Shark (SKY Bergp14).

2.3.3 Eight main rotors copters.

A Chinese company, EHang developed an eight rotguter: EHang 184. It has the
same simple structure as a usual quad-copter médtelcomplicated hinges
structure, gear or transmission, the EHang 184 asb eight electrical motors
directly connect with eight propellers. And the Eigd.84 is an AAV (Autonomous

Aerial Vehicle) that means there is no need to rmfiypgontrol it (EHang, 2017).

Figure 2.24: The EHang 184 (EHang, 2017).
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2.3.4 Conclusion.

Compared to the different types of copters from7L&)present, each of them has
its own characteristics. Base on these researtto®s,to choose, combine their
strengths, avoid shortcomings and according torélealt, propose a new VTOL

flying car concept is one of the aims of this tkesi

2.4 The main rotor head structure of typical hglteos

The main rotor head is an intermediate part useiddtall the rotor blades and
connect the rotor to the helicopter drive systechthe steering system. The wildly
used main rotor head is the articulated rotor hEadh blade has a flapping hinge,
a dragging hinge and a feathering hinge. The coatioin of these components
allows the helicopter to take off and run smootflye flapping hinge was designed
to keep the balance of the helicopter when itys§ forward. The reason is that
when the helicopter is flying forward and its rotsrotating clockwise, the wind

speed of the right blade will higher than the spefetie left one due to the forward
speed. It means the right blade will provide maftethan the left one. In this

situation, the helicopter will roll to the left ®dFlapping hinges can solve this
problem; however, the usage of flapping hingesdsrianother problem: vibration

(blades become unstable because the rotate ceilitneowe). So there is needed to

use dragging hinges to fix the problem (Watkinst0(3).
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Figure 2.25Structural simplication diagram of the articulated rotor h

(Watkinson, 2003).

Feathering hinges are part the blade's attaclangle control system whic

controlled by a swashpla The control structure of the rotor hesttbwed in figure

2.22.

28



Scissors
link B

Upper
azimuth star
(rotating)

Feathering axis

Swashplate ~

Lower
azimuth star
(non-rotating)

Spherical bearing

(a) From control system

Pitch of 1§§@?' A, "] Pitch of blades
both blades— rises and falls as
increased a they rotate

constant
amount

Swashplate {—<4D 3

slides up

A Swashplate
—Z=2 ins

Bellcrank

—

Mixing lever

Cyclic
control

Raise
collective

(b)

Figure 2.26: One dhe control structure of the main rotor h (Watkinson, 200:.

According to figure 2.21 and figure 2.22, it isalto seethat the main rotor hee
structure is very complicateBesides, one thg makes it more complicated. he
rotor head is one othe most important parts of theelicopter it needs to be

extremely reliable and strong. However, becausthe highrotate speed of tr
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rotor, these structures have to provide a strongripetal force. That is the reason
why the main rotor head is one of the heaviestspafrthe helicopter (Watkinson,

2003).

Figure 2.27: The Sikorsky CH-53GS Main Rotor Assbn@Burkhard Domke,

2009)

2.4.1 Conclusion

As a result, the structure of the main rotor hemadsery complex and heavy.
However, flying car has to use the rotor head. Tlsusplifying the rotor head

structure is fully significant.
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Chapter Three: The concept of the flight

vehicle.

The previous chapter reviewed some relevant knaydedf flying cars and
helicopters. For existing flying cars, although s$iwe of the vehicle can be reduced
by folding the fixed-wing, the need of runway taKeand landing is an issue.
Because of that, it is necessary to design a atta&e-off and landing flying car.
The combination of cars and normal helicoptershma good solution to solve the
problem. However, due to the several reasons sitheaequirement of tail rotors,
the length of the blade beyond the car size régins and the heavy and complex
normal rotor heads, it is not easy to combine thegether. In this chapter, a twin
foldable and tiltable rotors structure concept Wik presented to solve this

problem. And its theoretical calculation will bepe&ssed in next chapter.

The aim of this thesis is to design a flight veaigthich means that the vehicle
needs to have a similar car size and shape sattbam travel on normal roads.
Considering the normal helicopter has a huge n@or and a tail rotor so that it
is not suitable for designing a flying car. Thiggsls will design a flying car based
on twin rotors structure and truck structure. Tlentrotors structure is similar to
the Boeing V-22 which shows in figure 3.1 and figu.2. And the fuselage

structure is similar to the truck which shows igufie 3.3.
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Figure 3.1: ThdoeingV-22 Osprey in hover flight (Martin, eo and Danie

2000).

Figure3.3: ISUZU truck (Komarjohari, 2013).

The feature of the flying c is that its two rotors cabe folded to the rear of tt
fuselage as a cargo for a trito reduce the overall size whernsiin driving mode.

In order to achievéhis featur, there aréwo problems need to be solv¢The first
32



problem is that the V-22 only has tilt rotor mecisam but not have wing fold

mechanism. The two rotors cannot be folded to rEae. second problem is that
the engines of the V-22 are placed at the tipsaoheside of the fixed-wing, under
its rotors. Compare with the V-22, the flight vdhics quite small, so there is no
small petrol engine can provide enough power td.fitVhat is more, the engine
under rotor arrangement will increase the weiglat size of the rotor head which

makes rotors hard to fold and store.

To solve these problems, the fold and tilt mechanis arranged. Different from
the V-22, the new structure arranged the tilt macdm on the fuselage of the flying
car. Meanwhile, a collapsible mechanism is addeelatth of the tilt structure, so
the rotors can be stored to the rear of the flygagby using tilting and folding
mechanisms. This design also determines that tbesrshould be placed under the
folding mechanism so that the rotors can be storedhe fuselage. The figure 3.4

shows the concept of the flight vehicle.

e 3 o
'
V
A

Figure 3.4: The concept of the flight vehicle
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Due to the size limitation of the flying car, theat rotors were designed to be
driven by only one motor which placed in the middfethe fuselage. The power

transmission direction and shaft rotate directioovgs in the figure below.

Rot ﬂ Tilt and @ Bevel @ Tilt and @ Rot
otor it an eve it an otor
head <:| fold <:| gearbox l:> fold l:> head

bevel mechan mechan bevel

gearbox ism @ﬁ ism gearbox

@ Speed reduce ?

Blades ﬁ§ Blades

Motor

Figure 3.5: The power transmission direction araftsiotate direction of the

flight vehicle.

This arrangement will greatly simplify the rotordaestructure. Figure 3.6 and

figure 3.7 show the complete SolidWorks 3D modehefflight vehicle model.
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Figure 3.7: The 3D model of the flight vehicle iyiig mode
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Chapter Four: Thetheoretical calculation

As this research of the twin foldable and tiltabdors flying car is not only in the
early stages, but also with a limited budget, thlejget only designed and
implemented a model for verifying the feasibilitijtbe concept. This chapter will
introduce the theoretical calculation of the liftdapower required by the model.
Meanwhile, based on the calculation and off-thdfsteenponents, the blades and

motor of the model will be decided.

4.1 The lift calculation of each rotor.

According to the lift equation (NASA, 2015), th& ktan be calculated as equation

(4.1):

PV
2

L=C, A (4.1)

Where,

L is the lift of the flight vehicle model (N).

C_ is the lift coefficient (The Glepends on the shape, Reynolds number and attack
angle of the blade).

pis the density of air 1.205 kg/m (20 C).

Vu is the average velocity of the wing (m/s).

A is the wing area (f
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The lift of the airfoil can be calculated. Howevdiiferent from airfoils, blades
are rotating. So the average velocity of the biadbe tip speed of the blade plus

centre speed of the blade then divided by two whklatws in equasion 4.2.

_ 2mNR + 21INR,
N 2

(4.2)

Where,

V is the average velocity of the blade (m/s).
N is the blade rotate speed per second (rps)
R is the radius of the rotor (m).

R, is the radius of the rotor centre which equal®to

So, equation 4.2 can be written as:

V = INR (4.3)

Meanwhile, the wing area of the blade is equah®lilade area:

A = onR? = nwR (4.4)

Where,

o is the rotor solidity (The ratio of the area oktblades to the area of the blade
rotation area).

w is the width of the blade (m).

n is the number of the blades.
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According to equation (4.3) and (4.4), the lift atjan (4.1) can be written as:

1
L= ECLp0N2n3R4 (4.5)
Or

1 2.2n3
L= ECLanN m“R (4.6)

4.2 The power calculation of each rotor.

The power requirements of the rotor are determimethe drag and speed of the
rotor because of the power formula. The induce dfage blade shows in Figure
4.1. In this figure, 4.1(a) shows the relative ffaw (RAF) changes by blade.
Figure 4.1(b) shows how the direction of reactibblade is found when the air is
assumed to be inviscid (having no viscosity). Thginoal velocity direction of the
RAF changed to the new velocity direction. Due te tnviscid air, the relative
airspeed does not change, only the direction. Teelaration to change original
velocity to new velocity direction must have beerhe direction of the vector,V
so the reaction must be in the opposite directiocan be seen that this is at right
angles to the average airflow direction. And therage airflow direction is the
attack angle of the blade. According to the 4.1ffle)induce drag can be calculate
according to equation (4.7). Figure 4.1(c) shoveg the reaction is increased by
increasing the angle of attack since this has tieeteof increasing the change of

velocity (Watkinson, 2003).
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Figure 4.1 Thelift and induce drag of the blaq@/atkinson, 2003

f; = (tana)L (4.7)

Where,
fi is the induced drag of the ble (N).

a is the attack angle of the bla

Except the induce drachere is another drag affecting the bladweenit is rotating:
the profile drag.The profile drag is determined byyGthe profile coefficient o
the blade) which depends on shape, Reynolds numbardhattack angle of th

blade.
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Figure 4.2 The induced drag and profileag (Watkinson, 200z

The profile dragequatiol shows in equation 4.7. The induced diequation

shows in equation 4.¢

£, = C_LL (4.8)
Where,

fp is the profile dragpf the blad (N).
Cq is the profile coefficiel of the blade. (The {epends on the sha Reynolds

numberand attack angle of the blac.

So,according to equatio(4.6), (4.7) and (4)3 the total drag of tt blade can be

written as:
Fd == fp + fi
1/,C
Fq = > (C_i + tana) CLpnwN2m?R3 (4.9)

40



Fq is the total drag of the blade.

According to the power equation,

P =F4V (4.10)

Where,
P is the power requirement of the rotor (W).

V is the average velocity of the blade (m/s).

And substitute equation (4.3), (4.5), (4.6) and)4into equation (4.10), the

equation (4.10) can be written as:

1/,C
P= > (C—i + tana) CLpoN3m*R® (4.11)
Or

1/,C
P= 2 <C—i + tana) CLpnwN3m3R* (4.12)

4.3 The rotor head, blades and motor of the flight

vehicle model.

Since the rotor head is the most basic part offligket vehicle model, the design
of the model starts from it. According to the cqnigdecause the flight vehicle

have two rotors and using the tilt structure totodrroll and pitch, so there is no
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need to use main rotor heacthe normal helicopter modérhe tail rotor had of

the helicopter model can meet the requirem

Main rotor head

Tail rotor head

Figure 4.3 TheAlign T-REX 700X helicopter modeiign, 2014).

Figure 4.4: Thenain rotor head of the 700X helicopter mc (Align, 2014).

As the figure 4.4 shows, the main rotor head sting is complicate. The use of
tail rotor headwill simplify the structure of the rotor he and i shows in figure

below.
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Figure4.5: Tail rotor head (Heli Freak, 2016).

For the bladeshtre are severshapes andizes for the main blades of the mac
helicopter. Howeveronly a few of them can be connected with tail rdtead.
Moreover,because throtate directions of the twators of the flying car modke
areopposite, so the up arc and down arc of the Is needs to be symme as

figure 4.5 shows.

Downarc” —

Figure4.6 Thearc symmetricablade shape (Airfoil Tools, 201

Taking into account the size of the mc and thereasons abo,, the 380mm
blades was choseas the blades of the moc Its shape shows in figure 4 And

its overall view shows ingure 4.8.

Sl

—~—

Figure4.7: The 380mm blade shape.
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300045 (SAB380)

Figure 4.8: The 380 blades (Ebay, 2017).

According to the actual measurement of the 380nmaddylthe length of the blade
from tip to the centre of the connect hole is 380amd the width of the blade is
33.82m. Meanwhile, according to the actual measergrof the tail rotor head,
the length from the shaft to the blade connectiote hs 35 mm. So the rotor
radius of the 380mm blade is 415mm. In other wortt®® R=0.415m,

w=0.03382m.

The Reynolds number is one of the reason affecCthef the blade. The equation

of Reynolds number shows below:

pwV
Re = T (413)

Where,

pis the density of air 1.205 kg/m (20 C).

V is the average velocity of the blade (m/s).
w is the width of the blade (m)

R is the radius of the rotor (m).
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w is the dynamic viscosity of the = 1.821*10° kg/ms (20C).

Substitute equation (4.3) into the equation (4.13), tequation of Reynold

numbercan be written a

_ pwnNR
1l

e (4.14)

Because the size of the bladedetermined, so equation (4)1ghows that the k

depends on the rotate speed of the bl

According to thedate of the blade, the Cand attack angle chang: of this blade

shows as figure 4.9.

0.00

Attack angle

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.(

Figure 4.9: The Cchanges with thattack anglef blade (Airfoil Tools, 2017

The Cyand attack ang a change of this bladehows as figure 4...
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Cq
0.12

0.10

0.06

Attack angle
0.00

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.(

Figure 4.10: The grhanges with the attack angle of blade (Airfoil l/p@017).

Assume:

Blades attack angke is 9 degree (Because the speed of the rotor idetetmined
now, so take the value of the lowesttGrning to calculate).

The model weights 6.5kg (Estimate).

The payload of the model is 1kg.

So based on the figure 4.9, the & the blades is nearly 0.9 as figure 4.11 shows.
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CL
1.50

1.00 +

Attack angle
-1.50

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 20.(

Figure 4.11: Th&, of the blade when attack angle is 9 dedragoil Tools,

2017).

The lift requirement of the flight vehicle modelnrche calculate according to t

gravity equation:

G=mg (4.15)

Where,
m is the mass of the flight vehicle mcshould lift (kg).

g is the gavitational acceleratio ~ 9.8 m/S.

However, due to there are two rotors, so the egud#i.’5) can beexpressed as
2L = mg

So the lift requiremet of each rotor of the model is

L_(65+Dx98
B 2
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L = 36.75N (4.16)

This means the lift of each rotor of the flight ie& model should be 36.75N.

Choose €=0.9, R=0.415m, w=0.03382m, L=36.75N and the numbfethe
blades are two, so substitute them into equatio®),(4he rotate speed can be

calculated as below:
1
L= ECLanN2n2R3
1
36.75 = > %X 0.9 X 1.205 X 2 X 0.03382 x N? x m? x 0.4153

Where,

7 is the circumference ratm 3.14

Hence,

N = 37.69rps (4.17)
The blade rotate speed per minute (rpm) can béenrs:

N, = 2261.4rpm (4.18)

Where,

Nm is the blade rotate speed per minute (rpm).

Substitute equation (4.17) into equation (4.149,®®e can be written as:
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_ pwnNR
1l

Re

v o 11205+ 0.03382  3.14 + 37.69 + 0415
e 1821+ 10-5

Re ~ 109914.4 (4.19)

Based on the result of Re, th¢ of the blades can be determined 0.063 as

figure 4.12 shows.

Cy
0.12

0.10

0.08

0.06

0.04

Attack Angle
0.00 1

-15.0 -10.0 -5.0 0.0 5.0 10.(

Figure4.12: The gof the blade when attack ae is 9 degreand Re is 1000

(Airfoil Tools, 2017).

According to €=0.9, (=0.063, 0a=9°, n=2, w=0.03382, N=37.69rps,
R=0.415mand equation (42), the power requirement of each rotor can

calculatechs follows

1/,C
P=- (—d + tana) CLpnwN3m3R*
2\C,
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1,0.063
P= E(W + tan9°) 0.9 x 1.205 X 2 X 0.03382 x 37.6931m30.415*  (4.20)
P =~ 412.5W

Because the flight vehicle model has two rotors, so

P, = 2P = 412.5 » 2 = 825W (4.21)

Where,

P, is the power requirement of two rotors.

According to the concept, one spur gear set and bmvel gear sets were
estimated to be used between the motor and thesrdtbe transmission efficiency
of spur gears is higher than 97% and the transomssfficiency of bevel gears is
higher than 95%Jglaska, 2012 The electrical motor minimum nominal efficiency
is approximately 78.8% (The engineering ToolBox1. 20 So the minimum power

requirement of motor is express as below:

Pr

P =
™ 0.954%0.97 * 0.788

P, = 1325W (4.22)

Where,

Pm is the power requirement of the motor.
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According to the result of equation (4.22), the onoshould provide at least
1325W power. But, considering the other power ldssing the transmission
(such as bearings friction loss and universal goefficiency), the power of motor
should be greater than this value. For the sakesafance and easy to modify the
model, the power of the motor should be at lea#fitlaeger than this value (at
least 1325 x 1.5 = 1987W). Meanwhile, it is best that the motor have aahiiy
main reduction gear set due to the high speedeahittor. Through the comparison
of the motor online, the ALIGN HML73M01 730MX motavas chosen. The
reasons for choosing this motor are:

1. Powerful: It can provide 2550W power by usingdls Li-polymer battery
(22.2V). The power of this motor meets the requertrof the model and gives
some spaces for modification.

2. Reduction gear set: This motor has its own speéddction gear set (Gear set
radio is 11:112). According to the voltage andKihevalue (KV: 850) of the motor,
the rotate speed of the motor is 18870 rpm. Thetedpeed after the speed reducer
is 1853.3rpm. Due to the equation (4.18), rotateedpof rotors should be
2261.4rpm. To achieve the 2261.4rpm rotate spdets necessary to design
another transmission to increase the rotate spk#tkaotors. A gear set (radio:
40:32) is designed to raise the rotate speed afotioes. They will be shown in the
next chapter. By using this gear set, the rotoredpeill reach approximately

2307rpm.
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4.4 Conclusion

This chapter calculated the lift and power requiata of the flight vehicle. At the
same time, Blades, motor and speed reducer wasrdeésl. Based upon them,
the next chapter will introduce the mechanical giesind implementation of the

whole structure of the model.
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Chapter Fivee Mechanical design and

| mplementation

This chapter will first design and assemble thend@lel of the flying car model on
computer based on the concepts and data from gwops chapter. During that
process, some parts are procured because the dedigeed on the off-the-shelf
parts. Thereafter, according to the 3D model, émeaining parts will be purchased

and implemented. Finally, the real model will bgplemented.

5.1 Mechanical design

From the initial concept to the final 3D model, sl experimental models were
designed. This thesis only introduces the final ebodihe model can be roughly
divided into three main parts: the flight part, toeelage part and the land driving
part which show in the figure 5.1. And the threeirmaarts will be introduced

separately.
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Figure5.1:The composition of theifiht vehicle mode

5.1.1 The light par

The flight partis use to connect the blades and the fuselage. Wwhelenit allows
the blades to tilt and fold. This pimainly contains the rotor he (which is the
tail rotor head of the helicopter moc, rotor head connectaauxiliary gearbox,
main gearboxservo rotor (which controls the blade attack apgihaft, univers:
joint, shaft supporstructure, blade attack angle control levarpporer and rotor
arm. It shows in figure 5. (blade attack angle contraver is not shown in th

figure because designed based on actual measurer).
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Blades attack angle
control Servo motor

Shaft support structure Rotor head connector

Rotor head

Main gearbox
Rotor arm

Blade attack angle control
lever supporter

Figure5.2: The flight part

5.1.1.1The main gearbc and auxiliary gearbox.

The auxiliary gearbox designed to be small so thatin engaged wi main
gearbox and havepacefor the bearings. The completssemblyof the auxiliary
gearboxshows in figure 5. and its assembly process showfigare 5.4 to figure

5.6.

Output shaft

Figure 53: The completed assembly of auxiliggarbo:
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O3mm Bushmg

®3mm Bushing ®3mm Bearing
& O @ - \;mmm }Kg

(I>3mm Bearing

@

Bevel gear
(16T,0.6Module) ®3mm Shaft ~ @3mm Stop collarf

Figure5.4: The assembly of the input shaft

O3mm Bushing

%@ ' o \:ls h ®3mm B\earing
| s X

CDBmm Bearing

Bevel gear ®3mm Shaft
(16T,0.6Module) ®3mm Stop collar

Figure5.5: The assembly of the output shaft

@

Figure 5.6 The assemblprocess of auxiliary gearbo&@ntinu¢ on next page)
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®30mm Bearing

®30mm Bearing

()

Figure5.6: The assembly process of auxiligearbo:

Figure 5.4 and 5.5 shows the input shaft and owdpattassemblyprocess. Figure
5.6 (a)shows the shaftarrangement in the designed parts agdre 5.6 (b) nd
(c) showthe assemblyprocess of the designed parts witrews anc®30mm

bearings.

The auxiliary gearbox is engaged with the main lgear The main gearbc

complete assemblyith the auxiliary gearboshows in figure 5.7a) and (b). And

their assemlyl proces shows in figure 5.8.
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Main gearbox

Main gearbox 4 vitiary gearbox

Auxiliary gearbox output shaft Main gearbox input shaft

(a) (

Figure 5.7: Theompleted assembly the main gearbowith the auxiliary

gearbox

Auxiliary gearbox
input shaft

/ Auxiliary gearbox

Auxiliary gearbox
output shaft

(a)
Figure 5.8: The assembly process of the main geaabhc the auxiliary gearbo

(Continue on next page)

58



Auxiliary gearbox
output shaft

Main gearbox
input shaft

(®3mm)
L,
Auxiliary gearbox
input shaft
Bevel gear
(40T,2M0du1€) — g -4
®3mm Bearing
®3mm Stop collar
(b)
Main gearbox Bevel gear
input shaft Auxiliary gearbox
pu (40T,2Module) B e Bevel gear

(32T,2Module)

®3mm Bearing

®3mm Bushing

®3mm Stop collar D5 Bearing

(©)

Figure 5.8 The assembly processthe main gearbox arttle auxiliary gearbc

The figure 5.8 (a) shows thengagement of the main gearbox and auxil
gearbox. Figure 5.8 (b) shows the process of insgabevel gear (4C, 2Module)
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into the main gearbox. The bevel gear (, 2Module) ispluggecin the gearbox.
The figure 5.8 (c) shows the other bevel gear (ZModule) isassembled with
the main gearbox. The bevel gear is installed erathxiliary gearbox input sha

The figurealso shows how the main gearksealed.

The figure 5.9 shows the cross sec of thecomplete assembly of main geart
and auxiliary gearbox. Figure 5.10 shows the asBeoflihe two gearboxes wil

the fuselage and rotarm (exterior) and figure 5.khows their interiodetails.

Main gearbox

Auxiliary gearbox .
input shaft "‘ input shaft
I L |

N Bevel gear
(40T,2Module)

E Bevel gear
(16T,0.6Module)

Bevel gear
(32T,2Module)

— Auxiliary gearbox

E| Auxiliary gearbox
Main gearboxi"_)

output shaft

Figure 5.9:Cross sectic of the complete assembly of ma@earbo: and auxiliary

gearbox
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b

Main
gearbox

b

4
Main gearbox
gear set

g Auxiliary gearbox
gear set

Figure 511: The interior of the gearboxes
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In the actual installation, the auxily gearbox musfirst be installed with th
rotor arm and then engage with the main gearlHere they are combine
together for thentroductior of convenience The connection of the auxilia

gearbox and rotor arm shows in 5.1.1.3 section.

5.1.1.2 he desigrand assembly of the rotor heeahnectc.

The rotor headonnectc is used to connect the rotor atorthe rotor hee (which is
the tail rotor head of the helicopter mo. The complete assembly of the ro

head connector wh the rotor headhows in figure 5.12.

Figure 5.12The complete assembly of the rotor head connedtarthe rotor

head
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o Pin (component with the rotor head)
b 4

®6mm Bearing

( .
Rotor head ®6mm Shaft / k

Rotor head connector

Figure 513: The assembly process of the tail rotor conni

Figure 5.13 shows how the rotor heconnector connectsith the rotor hea

5.1.1.3The desigrand assembly of the rotor arm.

The rotor head connector is connected with thelianxigearbox by a rotor arr
The complete assembly of the rotor arm with therrbead and auxiliary gearb

shows in the figure belo

\ Rotor head Auxiliary gearbox

Figure 5.14: The caplete assemb of the rotor head, thauxiliary gear box and

the rotor arm
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®4mm Bearing

®4mm Bushing
Shaft support structure ®4mm Stop collar
\p\ /
g v

O3mm ‘ \
Aluminum tube ‘

Rotor arm frame

@

Auxiliary gear box

«— D3mm to ® 4mm
Universal joint

d6mm
Stop collar

d4mm to P6mm Rotor head

connector

o

&
NS

N % 8
Rotor head

(b)

Figure 5.15The assembly process of the rotor arm (Contimueext page
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Rotor head connector

Shaft support structure

Auxiliary gearbox

Blade attack angle
control lever supporter

Figure5.15 The assembly process of the rotor

Figure 5.15 (a) shows the shiand servo motor are installed on the rotor
frame.Figure 5.15 (b) shows the installation of the aaxyl gearbox, rotor arr
and rotor head connector. Two universal joints @ed to connect tt ®4mm
shaft with theoutput shaft of the auxilia and tle rotor head connector she
Figure 5.15 (c) shows the blade attack angel cblgver supporter is installed ¢

the rotor arm.

65



Bevel gears

Main gearbox

Auxiliary gearbox

Figure 5.16The assembly process of the main gearbox and anxdearbo»

with rotor arm.

Figure 516 shows theassemblyof the main gearbox and auxiliary gearbox v

rotor arm. The connect process can refer to thedi$.8

The completassembly of the main gearbox and auxiliary geasitkx rotor arn

shows in the figure 5.17 and 5.
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Figure 5.17: Flight part (Open)

Figure 5.18: Flight part (Fold)
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5.12 The fuselage pa

The fuselagepart coisists of the speed reducer, the fuselégene, the rotor
container and théeve gearbox which show as the figure be. The speed
reducer contains the motor, speed reon gear sef{the motor gear and ma
gear which reducéhe motor speed from 18870rpm to 1853.3rpm) andon
bracket(fix the motor and speed reduction gear. The Bevel gearbox is used
divide and transmit the power from the motor to tiwe rotor ams. The rotor

container is used tstore and support the blades in fuselage.

Rotor
container

Speed reducer

Figure5.19: The fuselage paof the flight vehicle mode
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5.1.2.1The desigrand assembly of the speestiuce

The speed reducer is used to place the motor aamain gear of the fligh
vehicle modeland reduce the rotate speed of the mcFor theposition of the
motor, it should be as low as possible to k the gravityof center ow. However,
considering the stability of the main shaft, iplaced in the middle (the model.
The radio of themotor geaiand the speed reduce gear is 11. The complete

assembly of the speed reducer shows in figure

Main shaft
(®P5mm)

Motor gear
(11T,1Module)

I\/Iotor/ | Main gear
(112T,1Module)

Figure 5.20: The speed reducer

The main gear complete assembly shows in figurg.
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Figure 5.21: The main gear

a

Main gear
(112T,1Module)

(@ (b)

Figure5.22: The assembly process of the ngea

Figure 5.22 showkow the mairgear connectwith two flanges (which is used



link the main gear to the main she

(11T, 1Module)

Motor gear T ? i

Motor bracket

Bearing seat
(®Smm Bearing)

Main shaft
(O5Smm)

®5mm Stop collar \$‘€Tﬁ F

Bearing seat ——
(®5mm Bearing) I ‘

Main gear
(112T,1Module)

Bearing seat
(d5Smm Bearing)

(b) ()

Figure5.23: The assembly process of the speetlice
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Figure 5.23 (a) shows the motor and bearing seastalled on the motcbracket.
Figure 5.23b) shows the main gear and main slis placed on the motor brack

Figure5.23 (c) shows another frame and bearing seatgedaon the main she

5.1.2.2The desigrand assembly of theevel gearbc.

The bevel gearbois used t transmit motor power to each rattiris placed on th

main shaft as figure 5.24 sho

Bevel gearbox
®5Smm to P4mm
Universal joint

Main shaft
(O5mm) — >

Figure5.24: The bevel gearbox with the speaeduce
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Bevel gear
®5mm Bushing \’4’ (20T,0.8Module)

®d5mm Bearing \)q>

®d5mm Bearing

Bearing seat
(®5Smm Bearing)

O5Smm
Stop collar

Main shaft =

(@)

Bevel gear

(20T, 0.8Module) ®5Smm Stop collar

®5Smm shaft

Figure 5.25The assemblprocess othe bevel gearbox with the speed redt

(Continue on next page)
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Support frame

y
L

O5Smm to D4mm
Universal joint

O5Smm to ®4mm
Universal joint

(©)

Figure 5.25The assemblprocess othe bevel gearbox with the speed red

Figure5.25 (a) shows how the bevel gearbox is placechenrtain shaft. Figur
5.25 (b) shows the bevel gear (20T, 0.8Module)itest into the gearbox. Figu
5.25 (c) shows the suppdrames (which areised to locate the bevel gearbox

the fuselage) and wrersal joint is installed on the gearb

5.1.2.3The desigrand assembly of the fuselafyjame.

The main fuselagirame is divided into twelve pieces each sideedo laser cuttin
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machine sizdts complete assembly shows in figure6 and its assemy process

shows in figure 5.27.

Figure5.27: The assembly of the Fuselage 1
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Meanwhile,the rotor containtis also designed to store the rot The complete
assembly shows in figure '8. The assembly process of tte¢or containe shows

in the figures 5.29.

Figure5.28: The complete assemblyroftor containe

Figure5.29: The assemblgrocess of the rotor contaii

5.1.2.4 Theassemblof the fuselage patrt.

The fuselage part is insted by fuselage frame, the speed reducer, bevellyee
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and rotor containemhe figure 5.30 shows the complete assembly ofukelage

part. And itsinstall proces:sshows in figure 5.31.

\ d6mm Aluminum tube

@)

Figure 5.31 The assemblprocess of the fuselage patiantinu¢ on next page)
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Figure5.31: The assemblgrocess of the fuselage
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Figure 5.31 (a) showthe fuselage frame is connect with aluminum tubguie
5.31 p) shows the bevel arbox, speed reducer, motor support structure atod
container installed on the fuselage frame. FiguBd %b) shows the two fusela

frame combination.

5.1.3 The desigand assemblgf the land driving pa

The land driving part of this model is dgned based on the truck axle structi
because the structwref the truck front axle and rear axle are simpld aasy tc
install. Two small motors were arranged in the rade for driving the mode
While a servo motor is mounted on the front axle steering.The complete

assembly of the front axle shows in figure 5

Figure 5.32: The front axle
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®4mm Bearing

®4mm Bearing

@

Servo motor

D

) )
©
o) @

N

= )
>

T

b

w

&
NI T

(b)

-
)
D
J

Figure5.33: The assembly processtloé front axl

Figure 5.33 (a) shows t ®4mm bearings and screws are installed in the dedi

parts. Figure 5.33 (b) shows the servo motor astyded parts installatic
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Figure 5.34 shows the complete assembly of thearda

Figure5.34:The complete assembly of the rear

Driving motor

\ ?TTT §@@®@ | Driving motor

Driving motor bracket

Driving motor bracket

Figure5.35: The assembly of the front axle
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Figure 5.35 shows trdriving motors, driving motor brackets are instdlen the

designed parts.

5.1.4 Finalassembl.

The final assemblis the assembly che flight part, thedselage pa and the land
driving part.First, the flight part is installed on the fuselgggt. The figure 5.3
and figure 5.37 show the complete assembly of ligatfpart with the fuselag

part.

Figure 5.36The complete assembly of the flight part with theeage part (Rotc

arms open)
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Figure 5.37The complete assembly of the flight part with thedlage part (Rotc

arms fold)

-
/ &

=/ ®70mm Bearing

X
1%,

Figure 5.38 The assemblprocess othe flight part and fuselage part (Continue

@

next page)
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®4mm to ®3m
Universal joint |

®4mm to P3mm
Universal joint

380mm Blades

380mm Blades

(€)

Figure 5.38 The assemblprocess othe flight part and fuselage p
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O4mm to ®3mm
Universal joint

Bevel gearbox

Main gearbox
input shaft

Figure5.39: The assembly detail of figure3B.(c

Figure 5.38 (a) shows ttd70mm bearings are installed on the fuselage pha
®70mmbearings allo\ the rotor arms and blades to tiigure 5.38 (b) shows tt
shafts and universal joints are connected withbinel gearbox. Figure 5.38 |
shows the flight parts connect withe fuselage part and the blades are inst
on the rotor head. Figure 5.39 shows the detaih®fllight parts connect with tf

fuselage part.

Then the land driving peis connected with the fuselagenél figure 5.40 show

the complete assembly of ' flight parts, the fuselage part and the land dg\

part.

85



Figure 5.40The conplete assembly of the flight part, the fuselpget and the land

driving part

Figure 5.41The assembly process of the framte and rear ax
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Figure 5.41 shows how e tires front axle, rear axle installed on the fusel

part.

Two servo motorsire placed on the main gearbox to contrd tbtor arm fol and
other two servo motors are pla on the fuselage frame control tle rotor arms

tilt. The assembly proceshows in figure 5.42

Tilt Servo
motor

Figure 5.42: The assembly of servo motors
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Figure5.43: The assembly detail tife fold servo motc

Figure 5.43 shows the assemble detail of the feldas motor. Figure 5.44 ar

figure 5.45 shows the whole complete 3D model e flight vehicle mode
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Figure 5.44: The whole 3D model of the flight véaimodel (Fold)

Figure 5.45: The whole 3D model of the flight vé@imodel (Open)
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5.2 The implementation

The previous section introduced the design of thal 8D model. The following
sections will introduce what materials the modedusand how the designed parts
are made. Moreover, not all parts are showed irBienodel in the last section.
Some parts like control levers and the links of ribi@r container to the tail rotor
heads are not shown in the 3D model. These patdesmigned according to actual
condition and will be introduced in next sectioritek that, some important install
process and model detail will be shown. The fidwew is the implementation of

the flight vehicle model. The size of the model3381mx 394mmXx 1022mm.

=
&
S
N
S
=

1335mm

Figure 5.46: The implementation of the flight véaimodel (Fold)
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5.2.1 Parts fabrication and purchase

From the 3D model, most parts are procured ansboused. The remaining parts
are purchased or made according to the actuallatsta. All purchased parts have
are listed in the appendix 1. For the customizetispaome methods are used to
make them. Three-dimensional print (3D print) is thethod which been used to
make complex parts. Among these complex parts, suinieem due to the high
accuracy requirement are printed by Selective L&satering (SLS) 3D printer
and their material is nylon. The other of the coemppart are printed by Fused
Deposition Modeling (FDM) 3D printer and their m@é is Acrylonitrile
Butadiene Styrene (ABS). All the frame parts aré¢ tom medium density
fiberboard (MDF) by laser cutting machine. The mgaarbox gear set is made by
factory according to the drawing. And the materddl the gear set is
polyoxymethylene (POM). The drawing shows in thpeamlix 2. Most shafts are

carbon fiber shafts which are used to reduce weight

5.2.2 Model details

This section will show the details of the flighthrele model. Figure 5.47 briefly
shows the components of the model (The ESC is teetranic Speed Control).
All electronic control components will be descriiedhe next chapter. The other

figures show some main parts detail of the model.
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Blade attack angle
control lever

Speed reducer

Driving motors
Motor ESC

: Main gearbox
Batteries -

Front axle Motor

Land driving ESC

Steering control and control reciver

servo motor

Figure 5.47: The composition of the flight vehiak@del (open)

Fold control
servo motor

/Rotor arm

Figure 5.48: The main gearbox and auxiliary gearbox
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Fold control
servo motor

Tilt control
Servo motor

(2)

Figure 5.49: The bevel gearbox exterior (1) andrint (2)
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Rotor head b Blade attack angle

control servo motor

Figure 5.51: The blade attack angle control stmectu
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Tilt control
Servo motor

Tilt control

"

Servo rotor
 arm

Figure 5.53: The main motor and speed reducer

95



The design of the blade attack angle control stirecand the tilt control structure
are based on the actual installation. The followiiggires will show the other

designs which did not show in the 3D model.

Figure 5.54: The customized gears with bushings

Figure 5.54 shows two bushings are mounted in th® gearbox gear set. The
bushing are used because the minimum shaft diaroktle gears can only be
12mm during the customize process in factory. 8shimgs are mounted in these

gears for connecting gears abh@8mm shafts

Rotor head
connector

Baffle

Pin

Figure 5.55: The pin and baffle of the rotor head
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Figure 5.55 shows a pin and a baffle are instadledhe rotor head. Their role is

to prevent the rotor head moving from the rotorcheannector.

.w* ‘
®6mm Magnet

Figure 5.56: The link between the rotor head aeddhor container

Figure 5.56 shows the link of the tail rotor head #e rotor container. The link is
worked by magnets. Thé6mm magnets are glued on the rotor head while the
®12mm magnet is glued on the container. The reasamsing a large magnet is to
increase the contact range by taking the instatatieviation into account so that

the rotor head can be successfully connected Wéhidtor container.
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Fold contr:

Servo-motor
‘ .

Servo moter plate

A

7 Fold control connector

Figure 5.58: The servo motor control plate and twdtrol connector

Figure 5.57 shows the connection between the folutrol servo motor and the
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fold control connector. The fold control connectsrlinked to the auxiliary

gearbox so that the servo motor can fold the rator.

Bevel
gearbox

Figure 5.59: The hose clamps are used on the model

Hose clamps

. —

Frbnt axle

Figure 5.60: The front axle with tire
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Figure 5.59 shows the bevel gearbox is locatedigad on the aluminum tubes by
hose clamps. The hose clamps are lighter and mhezper than collars. And they
also can locate and fix the gearbox. Furthermdme fiont axle and rear axle are
also using this method to install and locate onaflneninum tubes which shows in

figure 5.60.

Figure 5.61: The original connection of the maiarpex and the fuselage

Figure 5.62: The improved connection of the maiargex and the fuselage
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The figure 5.61 shows the original connection of tmain gearbox and the
fuselage by using 4 screws (red circle marked)urféid.62 shows the improved
connection of the main gearbox and the fuselage stiength of using four screws
to connect the main gearbox and fuselage is nohgtenough. To improve it,
several holes were drilled by using the drill prassl many screws were added to

increase the connection strength.

5.2.3 Install of the model

Some key installation procedures and final modets a&so described in the

following figures.

Figure 5.63: The installation of input shaft andpot shaft
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Figure 5.64: The auxiliary gearbox

Figure 5.65: The auxiliary gearbox installed witle rotor arm

Rotor arm

Bevel gear

(40T ,2Module)

Figure 5.66: Main gearbox set installation in th@mygearbox
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Figure 5.67: The flight part with the upper fuseag

)

Figure 5.68: The flight vehicle model (fold) (Canie on next page)
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(b)

Figure 5.69: The flight vehicle model (fold)

Figure 5.70: The flight vehicle model (open)
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Chapter Six: Control system

How to set the control system of the flight vehid@nother main objective of this
project. Due to the tilt flight mechanism, the coomfixed-wing and helicopter

control modes cannot be used on this model. Thasishdesigned a method to
control the model flight by an eight-channel trargen The whole control system
is divided into two parts: flight part and landwdng part, because different motors

have different voltage requirements.

6.1 The land driving part control system

The land driving part is simply controlled by a teleannel remoter. Two motors
are used to drive the model and a five-line sernatomis used to control the
steering of the model. The motors and servo ma@mpowered by a 7.5V battery.
At the same time, an Electronic Speed Control (E&Q) receiver integrated
receiver is used to transmit signals to controbsitg and driving motors speed.
The two motors are connected in parallel to mamnthe same speed. The land

driving part shows in figure 6.1.
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Figure 6.2: The two-channel transmitter

6.2 The flight part control system

A mixed-control method was designed to control flight and rotor fold of the

model by using an eight-channel transmitter whiobvgs in the figure 6.3.
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Figure 6.3: The eight-channel transmitter

The motor and servo motors of the flight part asevg@red by a 22.2V battery. A
120A Electronic Speed Control (ESC) is used torbnihe main motor speed and
power the nine channel receiver. The connectidgh@efeceiver interface is shown
below:

Channel 1: One of the blade attack angle contrebseotor.

Channel 2: One of the tilt control servo motor.

Channel 3: Another blade attack angle control semator.

Channel 4: Another tilt control servo motor.

Channel 5: One of the fold control servo motor.

Channel 6: Electronic Speed Control (ESC).

Channel 7: Empty.

Channel 8: Another fold control servo motor.

Channel 9: The ESC cooling fan.
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Blade attack angle Tilt control Fold control
control servo motor servo motor servo motor

Channel 5
Channel |1

Channel 6
Channel 2

Channel 7
Channel 3

Channel 8
Channel 4

Channel 9

i

AR AR L I i

Blade attack angle Tilt control Fold control
control servo motor servo motor servo motor

il

Battery

Figure 6.4: A schematic diagram of the circuit cectron

By using the mixed control programming programhi@ transmitter, these channels
are mixed controlled by the following methods:

1. Channel 1 is mixed-controlled by Channel 3 wiith same rate but the opposite
direction.

2. Channel 4 is mixed-controlled by Channel 2 it same rate but the opposite
direction.

3. Channel 3 is mixed-controlled by Channel 1 \lith same rate and direction.

4. Channel 2 is mixed-controlled by Channel 4 \tlith same rate and direction.

5. Channel 5 is mixed-controlled by Channel 8 wiitth same rate but the opposite

direction.
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6. Channel 2 is mixed-controlled by Channel 7 lith same rate but the opposite
direction.

7. Channel 2 is mixed-controlled by Channel 7 lith same rate and direction.

Since the transmitter has only seven customize@anoontrol programming, there
iIs no more mixed control programming for the maioton So the main motor
speed is controlled by Channel 6 individually. Byng this mixed-control method,
the flight vehicle model can be controlled as anmarhelicopter. The control way

shows in figure 6.5.

&

Motor speed Rotor fold  Rotor tilt -

Figure 6.5: Transmitter control mode

6.3 Model test.

This section will show the results of actual cohtidowever, due to using
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off-the-shelf tail rotor heads, there is no infotima to explain its material and
strength. With the consideration of the great ¢rgal force which generated by
the high-speed rotate blades may damage the reta dnd shoot the blades to
cause personal damage (If the rotor head is damigetbtor will shoot like a

bullet), the test flight of the model was cancellegt a running test was carried out.

6.3.1 The fold and open of the rotors.

The fold of the rotors is controlled by the folddkm and the tilt of the rotors is
controlled by the tilt knob. The angle of the rodom is based upon the angle of the
knobs twist. The open process of the rotors shovike figure 6.6. And the fold

process is the reverse process of the open process.

(@) (b)

Figure 6.6: The rotors open process (Continue ah pege).
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() (d)

(€) (f)

Figure 6.6: The rotors open process

6.3.2 The pitch control of the model.

The pitch of the model is controlled by the riglbntrol stick. Push forward the
control stick, the rotors tilt backward. Push tbatecol stick backward, the rotors tilt

forwards. The control process shows below.
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Figure 6.7: Fly forward control

Figure 6.8: Hover control

Figure 6.9: Fly backward control
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6.3.3 The roll control of the model.

The roll of the model is controlled by the left ¢ stick. Push the control stick to
the left, the right rotor tilts backward and thét letor tilts forward. Push the
control stick to the right, the right rotor tiltsrivard and the left rotor tilts backward.

The control process shows below.

~ Right ” Left

Figure 6.10: Left roll control

=)
Right ( Left

Figure 6.11: Right roll control
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6.3.4 The Thrust and yaw control of the model.

The thrust of the model is controlled by the lefbtrol stick. Push the control stick
forward, the attack angle of the blades increa®esthe contrary, the attack angle
of the blades reduces. The yaw of the model isrobbed by the right control stick.
Push the stick left and right to make the attadgdeof the two rotors different so
that the yaw of the model can be achieved. Thelattagle changes show in figure

6.12.

Figure 6.12: The change of the attack angle

6.3.5 Flight system running test.

For the safety reason that mentioned before, omlyhaing test was carried out to
verify the feasibility of the system. The screerishaf running videos are as the

following figure.
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Figure 6.13: The running test of the model
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Chapter Seven: Discussion

From the concept, a two foldable and tiltable retlight vehicle model was
designed and made. After calculation, design andermplementation, a running
test shows that the concept is feasible. A viablgrol method was also presented.
Because the research of the concept is in thalistage, the model still has a lot of
room for improvement. This chapter will discuss somain parts and some
problems of the model. Due to the time and budgastraints, some problems

were solved but some of them are still left behind.

7.1 The folding structures.

The main gearbox and the auxiliary gearbox arednes in this model. In order to
simulate a real flight vehicle, the model uses ang motor to drive two rotors.
The gearboxes allow the model to fold its rotorseiuce space occupancy and at
the mean time, transmit power from motor to rotdte foldable gearboxes are not
only can be used in this kind of flight vehicle a$o can be used in other areas.
For instance, it can be used in the field of rabahd manufacturing as a
transmission articulation. The fully enclosed gearbdesign facilitates the
protection and the lubrication of the gears, sd thanproves the efficiency of
transmission and allows the gearbox to be usedeftended periods of time.
Moreover, the folding of the rotor arms is contdllby servo motor due to the

receiver can only provide 6V voltage. In the futusdescopic rods can replace the
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folding servo motors to improve the stability oétimodel.

7.2 The fuselage.

The fuselage of the model is just a simple frams@giteand it was cut into pieces
due to the size of the laser cutting machine. Tfibisonly increased the weight of
the structure, but also reduced the strength diigelage. About the rotor container,
because of the size of the model, there is no ihgckiructure to lock the rotors
when they are folded. Just simply hold the rotershe bracket with the suction of
magnets. The advantage of using magnets is tisagimple in structure and light in
weight. But its shortcoming is also very obviouscause the magnetic force cannot
be eliminated, it is necessary to use strong pdéavepen the rotors. As a result, it
will cause the rotors to produce a violent shalahthe moment they are opening.
How to improve the way of storage the rotors i® @skey problem in the further

research. Furthermore, the damping system alsbeaptimized with a spring.

7.3 The control.

In this thesis, it presented a method for contngllihe model on the basis of an
eight-channel transmitter. By this method, the ma#tic folding, opening and
tilting of the rotors have been achieved. What @enit also can be controlled as
ordinary as a helicopter model. However, due tdithéations of remote control,

there are many functions are not perfect. The trst is that the opening and
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folding of the rotorss not a coherent automatic process. It is achiéyeshanua
twist knobs, and the angle of the opening and fgjd$ determined by the angle
the knob. At the meantime, the motor speed corgnobt a mixed controlled by tf
thrust sick but with a separate knob control, becauseetlseno more mixed contr
program can be used in this controller. The best twaolve these problems is

make a dedicated programmable controller for thid bf structure

7.4 Gears and transmisn.

Since thetransmissio system is operating in strong power ahigh-speed
conditions, high precision gear meshing is requifidte tightening strength of tl
shaft with other parts is also needed to be vegi.Hin the initial test, gears of t
auxiliary gear boxes with no high precision meshing were émaknder high spee
and high-intensityotation. The gears of ttauxiliary gearboxes are damaged
shown in the figure below and there is a new gedhé middle of the figure fc

reference.

Figure 7.1:Gears damage (The middlne is a new gear for referen
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Although the model can run properly by finding #act mashing position after
adjustment and testing, the gears were damageeveral starts and stops and also
the material of gears in the auxiliary gearboxegper. It is necessary to increase
the modulus of the auxiliary gearbox gears andaeplits material. However,
increase the gears modulus means to increasezthefsthe auxiliary gearboxes
which need to be printed by SLS 3D print. The pregery dear. The budget for
this project can support to print only once. So pheblem left for the future

research to solve.

The same damage problem also occurs on the sBafte the part is not fastened
to the shaft, there is a sliding between partssiradts. In the high-speed rotation,
the carbon fiber shafts will be fractured afterytheere worn. Another reason of
wear is the parts were dismantled from shafts évesl times. Figure 6.2 shows

some broken shafts.

Figure 7.2: Broken shafts

In order to solve this problem, tighten each of tbanection and replace shafts
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while change the parts are necessary. Meanwhiteeasing the diameter of the

shafts is also a solution.

7.5 Rotor head

The rotor head of the flight vehicle model are th# rotor head of 700 series
helicopter model. The reason of using this taibrdtead is that most of the main
blades of helicopter uses 3mm hole to connect watbr head, and only 700
series helicopter model tail rotor head uses 3mla twoconnect tail blade. Other
series helicopter model tail rotor head uses 2mia twoconnect tail blade. So the
size of the flight vehicle model depends on the $6fles helicopter model tail
rotor head. But the tail rotor head is designedt&ilr blades, not for the main
blades and there is no data to show its strengthnaaterial. Considering the
safety, a dedicated rotor head for the flight viehis necessary to be designed in

the future research.
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Chapter Eight: Conclusion

In order to solve the problem of traffic jam anddoilitate private flight, this thesis
presented a concept of the flight vehicle whicmgsbne motor to power two
foldable and tiltable rotors. A model has been giesi and implemented to
investigate the feasibility of the concept. Accaglito the model tests, the three
main objectives have been achieved (1. Design dnamesm which not only can
fold and tilt the rotor but also can transmit powterthe rotor. 2. Design a
transmission system which can transmit motor pawemwo rotors. 3. Design a
control method to control the flight vehicle). Thmject was in accordance with
the study of a variety of national flying cars,aiety of helicopters and multi-rotor
aircrafts. At present, the flying car is a hotspbtesearch. Unlike other types of
flying cars, this two rotors flight vehicle is basen the twin rotors vertical aircraft
and truck structure. The advantages of the foldabéetiltable rotors flight vehicle:

it can take off and land vertically and its rotggswered by only one motor.
Moreover, the twin rotors tilt structure simplifi¢ide rotor head (compare with the
main rotor head of helicopter) so that it can bld to the fuselage of the flight
vehicle to reduce the overall size of the vehiEler these reasons, the model has

potential to be developed into a real flight vehicl
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Appendix 1

Purchased componentist

(1). ALIGN HML73M01 730MX motor

Figure A.1: ALIGN HML73MO01 730MX motor

Specifications:

KV value: 850KV

Max electricity: 115A/195A (5S)
Max power: 2550W/4330W (5S)
Input Voltage: 6S (22.2V)

Weight: approximately 380g
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(2). HRB 5200mAh 6S Li-ion battery

Figure A.2: HRB 5200mAh 6S Li-ion battery

Specifications:
Discharge rate: 35C
\oltage: 22.2V

Weight: 800g

(3). HobbyWing - Pentium 120A V4 Electronic speedtcol

Figure A.3: HobbyWing - Pentium 120A V4 Electrosigeed control

Specifications:
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Sustained current/peak current: 120A/150A
Battery: 11.1V — 22.2V Li-ion battery

BEC (Battery Elimination Circuit) output: 5-8V, 10A

(4). WELY WFTO08X 2.4GHz 8 channel transmitter apdeiver.

Figure A 4: WFLY WFT08X 2.4GHz 8 channel transnité@d receiver

(5). Tower Pro MG996R servo motor

C€ RoHS

Figure A 5: Tower Pro MG996R servo motor

Specifications:
Weight: 559

Stall torque: 9.4kg.cm (4.8V) 11kg.cm (6V)
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Operating voltage: 4.8V-6.6V

(6). Tower pro MG958 servo motor

C€ RoHS

Figure A 6: Tower pro MG958 servo motor

Specifications:
Weight 659
Stall torque: 18kg.cm (4.8V) 20kg.cm (6.6v)

Operating voltage: 4.8V-6.6V

(7). 0.6 module bevel gear, bore size (3mm)

Figure A 7: 0.6 module bevel gear bore size (3mm)
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Specifications:
Module: 0.6
Number of teeth: 16

Bore size®3mm

(8). 0.6 module bevel gear, bore size (5mm)

Figure A 8: 8 module bevel gear bore size (5mm)

Specifications:
Module: 08
Number of teeth: 20

Bore size®5mm

135



(9). ALIGN 11T motor gear H55G002XXW

Figure A 9: ALIGN 11T motor gear H55G002XXW

Specifications:

Module: 1

Number of teeth: 11

(10). ALIGN 112T main gear H60GO01XXW

Figure A 10: ALIGN 112T main gear H60GO01XXW

Specifications:
Module: 1

Number of teeth: 112
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(11). GARTT 700 metal tail holder

Figure A 11: GARTT 700 metal tail holder

(12). SAB Goblin FK 380 carbon fiber main blade

300045 (SAB380)

|
1

[ ———

Figure A 12: SAB Goblin FK 380 carbon fiber maimadé

Specifications:

Length: 389.94mm

Width: 33.82mm
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(13). Universal joint

Figure A 13: Universal joint

Size:
d4mm tod6mm
d3mm tod4mm

d4mm tod5mm

(14). 2" 6STARBrand CNC Alu. Alloy Half Servo Arm

Figure A 14: 2" 6STARBrand CNC Alu. Alloy Half SenArm

Specifications:

2" futaba 25T
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(15). KST X20 - 8.4 - 50 Servo motor.

Figure A 15: KST X20 - 8.4 - 50 Servo motor

Specifications:
Weight 78g
Stall torque: 38kg.cm (6V) 42kg.cm (7.4v) 45kg.@r4Y)

Operating voltage: 6V-8.4V

(16). Flange

Figure A 16: Flanges

Specifications:

Bore sized®5mm
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(27). Aluminum tube

=
Figure A 17: Aluminum tube

Specifications:

M3* ®6mm*30mm

(18). Bearing seat

Figure A 18: Bearing seat

Specifications:

Bearing bore sizeab5mm
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(19). Motor bracket

Figure A 19: Motor bracket

Specifications:

370 motor bracket

(20). ASLONG JGA25-37@ear motor

Figure A 20: ASLONG JGA25-370 gear motor
Specifications:
Operating voltage: 6V

Rotate speed: 35rpm
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(21). Electronic Speed Control (ESC) and receintrgrated receiver

Figure A 21: Electronic Speed Control (ESC) anctnezr integrated receiver

(22). 7.4V 1500mAH battery

Figure A 22: 7.4V 1500mAH battery

(23). Five-line servo motor

a-

Figure A 23: five-line servo motor
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(24). 2-channel radio transmitter.

Figure A 24: 2-channel radio transmitter

(25). Ball head

Figure A 25: Ball head

Specifications:

M3* ®3mm
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(26). Tire coupling

Figure A 26: Tire coupling

Specifications:

Bore sized®4mm

(27) Tire

Figure A 27: Tire

Specifications:

Size:®96mm
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(28). Coupling

Figure A 28: Coupling

Specifications:

d3mm tod3mm

(29). Magnet
Size:
d6MmM*3mm

d12mm*3mm

(30). Aluminum tube
Specifications:
M6* ®10mm*190mm

M6* ®10mm*200mm

145



(31). MR63ZZ-2 bearing
Size:

O3mm* d6mm* 2mm

(32). 684ZZ bearing
Size:

d4Amm* dImm*4mm

(33). MR85ZZ bearing
Size:

O5mMm* ®8mm*2.5mm

(34) MR126ZZ bearing
Size:

demm* d12mm*4mm

(35). 6814-2RS bearing
Size:

O30mMm* d42mm*7mm

(36).6806-2RS bearing

Size:

146



O70mm* d®90mm*10mm

(37). Stop collar
Size:

Bore sized3mm
Bore sizedb4mm

Bore sizeb5mm

(38). Screws

M2.5*50mm screws
M3*8mm self-tapping screws
M3*10mm nylon screws
M3*15mm nylon screws
M3*16mm self-tapping screws
M3*22mm screws

M3*45mm screws

M4*10mm screws

M4*10mm nylon screws
M4*15mm screws

M4*20mm nylon screws
M4*30mm screws
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M4*45mm screws
M5*15mm nylon screws

M6*8mm nylon screws

(39).Nuts

M2.5 nuts

M3 nuts

M3 nylon nuts
M4 nuts

M4 nylon nuts

M5 nylon nuts
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Appendix 2

The drawing of thamain gearbox gear set
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