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2.8.3 381U Spread Spectrum
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® Frequency Hopping Spread Spectrum (FHSS)

a3 { & 3 1 ] Y]
Wuszuvusninnatiulu Spread Spectrum Modulation N5 & 9HIUE R0

a9

Yy ax dy Y ] A ] ~ = ] < A 1 ]
manmm%mamﬂm (hop) NIIUANUDLA 9 GI)'ENﬁuﬂqﬂﬂﬂ%ﬂﬂﬁuﬂﬂﬁ)gﬂwﬁlu%’lﬂ

d‘l 9 dy Y g}J 1T A A o w [ =
ANUDYTIUNINUNAIYIDIATIADIUIN a"lﬂ'Usll’ENﬂTiﬂﬁgiﬂﬂLLﬁ%’ﬂﬁi1ﬂ1iﬂi$Tﬂﬂ‘ﬂ$11§‘]JL!,‘]J‘1J

[

d‘ (% dyd 9 d' d'tél YR [ [ 9
RN LﬂifN3‘]J11!3Si‘lJ‘Uuﬂ\‘]@@Qﬁﬂggﬂ!L‘]J‘Uﬂ1§!‘]Jﬁﬂullﬂﬁﬂﬂ%WHﬂuqﬂﬂ\iﬂzi‘]J?ffllufllﬂm]lﬂ

Y
A a @ a v W

9 v
szuvil@wnsonaunanmssuniuld lasmsananuanuainsimua'ld usEnnaaingiedy
i 9
nl4s5zuuiifAe Futaba

® Direct Sequence Spread Spectrum (DSSS)

v
Y

I A A 9 o Y £ g a a A
WuszvundenlgnuuinlaguSen  Spektrum  FuTuusinanan

7

v 9 Y
INgIAUONNINATUAINU TUAA 2-3 channel T1/9UD9 12 channel Tusz UV Ty 0
U

D]

Gab
2
Haany

929NNIZNPAIVUFNANNDEIUN I Tasasedred1au TRAIMIIZINZ94 521

L.

9 v 3 ' vy A A o A ' Ty A
m@ﬂg,ﬁulﬂi’lﬂliﬁﬂ’ﬂlmgUlﬁJaT‘]ﬂLLlﬂflﬁ]]ﬂ!ﬂﬁﬂ\iﬁﬂuﬁgmi@Qﬁ\‘lllwﬁ’t’)\‘l!,ﬁﬂl,ﬁﬁfluﬂﬁlﬂﬁEJL!GI)"EN
A [ @ "9y A A @ o @ v 9 a a dy dyd
ﬂ’J”IﬂJﬂﬂaiJ]l‘]JﬂﬁiJﬂﬂ uﬁmamﬂiuiaﬂmmﬂﬂwsmmcﬁ@ﬂuﬂﬂ@uu AN TINNAV U U
[~ 1 [l :;’ ] 9 a S o Y
”lmﬂuﬂtywmmmﬂﬂ ‘izﬂﬂu“lﬂflﬁlfﬂﬂ'li@ﬂﬂﬁuﬂﬂﬂlﬂﬁlﬁﬁﬂﬂﬂm@iﬁﬂﬂ1ﬁIﬂﬂﬂu‘ﬂﬂﬂ‘ﬂ

= . S 2 o9y . A 3 o A2 2 a
Lﬂul‘lﬂ@fnﬁijﬂli'ﬁlﬁ‘Vl'lﬁh/iﬂ’lilau@ﬁuﬂiﬁllﬁzﬁﬂﬂﬁﬂﬂuﬁlﬂﬂ']ﬂﬂﬂmu FEUUUFANITDLAYINIG

i
= v

Y & o Y v A o A ¥ A o 1 [ g
iﬂﬂ:]ullﬂI@EJ@]\Tﬂ']ﬁ\iﬂ“]fualﬁﬂUlﬂi@\jjclJLW@GlWLﬂﬁ@Qﬁﬂﬁuqﬂllﬁlﬂw1$ﬁiyiy1m TINUNIUN

a v I @
vazluvmz@edrnunnsznodynusuniuesn i

=
29 Tdsunpsumaugamsiiv
1 ] dy Y a 1 =) d‘ v
Tuge il ldnanszuamsmweunsa1mnsduvesenaeuud lusiaa iy
a 7 & ' v Aa vy 7a A o &
dumesilinadaunue emaeuvaiiiulaarenisaiugulasgilnsaisnansetad ¥
I Aawv v { o a a 4 o
WuransiteaInioanaanian 9 ganuaN WAL IFNAYS tazInMIRALIYARIUAY
a 4 Y A Aa U ] 4 A o " A 9Y v
unudamesesaldanioNGonan Towwusesa (Open Source) MR ITIINUNNG AU
ci [ ci c‘S 1 Y o | g’/
szuunIUaNoIMAnUUUUT luWanuA15199 2.1 Fauaazsie Idiaundiuve Tdsunsuas
1 Y o v a o = a\ 4 P
mliianvazaInlunsdSuuasemeeuuuualusia nazunelinsiameyesalna
A Y o o ' P2 9 JE 9 Y "y
ol luwannaelddie demalitehldnszuamsiauyaniuqueiniae1ued 1917
aszlan 590110809 358619 q Nde Tdsunsudenan lianndesealiiaeandoinonis

1¥uunniiga Taes1eaziBonu0aanILANLEAIAIATT 1T 2.2



519N 2.1 uaaagann Idsunsunagyaniuquoimaeunuyud luia

49

Folnsams Au'lyd

Arducopter http://code.google.com/p/arducopter
Openpilot http://www.openpilot.org
Paparazzi http://paparazzi.enac.fr
Pixhawk http://pixhawk.ethz.ch

Mikrokopter http://www.mikrokopter.de

KKmulticopter http://www.kkmulticopter.com

Multiwii http://www.multiwii.com
Aeroquad http://www.aeroquad.com
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all data without guarantee - Accuracy: +-10% xcopterCale - Multicopter Calculator News | Help| Language: | english v
General Motor Cooling: # of Rotors: Model Weight Field Elevation Air Temperature ~ Pressure (QNH):
medium ¥ 4 1500 g incl. Drive ¢ S00 mASL D5 C 1013 hPa
flat v 52.9 oz 1640 ftASL 77 *F 29.91 inHg
Battery Cell Type (Cont. / max. C) - charge state: Configuration: Cell Capacity: Total Capacity Resistance: Voltage: C-Rate: Weight
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50 Cmax 32 oz
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/W Efficiency @ max. 758 %
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5. Frame : Aluminum and Carbon Fiber
6. Multi-Rotor Control Board : APM 2.5

7. GPS : GTPA 010
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8. Telemetry : RCTimer Radio Telemetry Kit 915 MHz
9. Receiver : FlySky FS-R8B 2.4 GHz 8CH Receiver

10. Remote Control : FlySky FS-TH9X
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DESIGN AND PROTOTYPING OF MULTI-ROTOR AIRCRAFT
WITH AUTOMATE MOTION CONTROL

PatthamaChooklin, KontornChamniprasart, and ChalothornThumthae
School of Mechanical Engineering, Suranaree University of Technology

ABSTRACT

As a big area administration buildings in Suranaree
University of Technology (SUT) were located far
apart. Transferring document between buildings is
quite difficult. This research will create a prototype of
automatic unmanned quad-rotor aircraft for document
transfer between buildings. There are defined stations
for transferring document between buildings.The
routes of the multi-rotor aircraft can be controlled
without human. The quad-rotor aircraft uses GPS to
determine its route with auto pilot electronic system.
The quad-rotor aircraft is required to carry 200 g.
payloads at 10 m. altitude.

This research is expected to help document transfer
within SUT, saving time and providing higher
performance.

1. INTRODUCTION

The first experiment used multi-rotor aircraft

designs found in the 1920s by the United States Army.
The first concept employed hexa-rotor aircraft and the
next evolution was 4 rotors and 8 rotors. The purpose is
to use in a military mission.
For the last few decades, small scale Unmanned Aerial
Vehicles (UAVs) have become more commonly used
in many applications. The need for aircraft with greater
maneuverability and hovering ability has led to current
rise in quad-rotor research. The four-rotor design
allows quad-rotor to be relatively simple in design yet
highly reliable and maneuverable. Cutting-edge
research is continuing to increase the viability of quad-
rotor by making advances in  multi-craft
communication,  environment  exploration, and
maneuverability. If all of these developing qualities can
be combined together, quad-rotor would be capable of
doing several autonomous missions that are currently
not possible with any other vehicle. [1]

2. BASIC CONCEPTS OF QUAD-
ROTORAIRCRAFT

All the propeller axes of rotation are fixed and
parallel, they have fixed-pitch blades and their air flow
points downwards, only propeller speed can be varied.

The front and the rear propellers rotate
counter-clockwise, while the left and the right ones
turn clockwise.

2.1 Hovering: All the propellers rotate at the same
speed (omega). Thus, the quad-rotor performs
stationary flight and no forces or torques moves it from
its position.

2.2 Throttle: This command is provided by increasing
(or decreasing) the entire propeller speeds by the same
amount.

2.3 Roll: This command is provided by increasing (or
decreasing) the left propeller speed and by decreasing
(or increasing) the right one. It leads to a torquewith
respect to the xB axis which makes the quad-rotor turn.

2.4 Pitch: This command is very similar to the roll
and is provided by increasing (or decreasing) the rear
propeller speed and by decreasing (or increasing) the
front one.

2.5 Yaw: This command is provided by increasing (or
decreasing) the front-rear propeller's speed and by
decreasing (or increasing) that of the left-right couple.
It leads to a torque with respect to the zB axis which
makes the quad-rotor turn. The yaw movement is
generated thanks to the fact that the left-right propellers
rotate clockwise while the front-rear ones rotate
counterclockwise. Hence, when the overall torque is
unbalanced. the helicopter turns on itself around zB.
The total vertical thrust is the same as in hovering. [2]
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Fig. 1 Position and direction of quad-rotor

3. DESIGN
3.1 DESIGN SPECIFICATIONS

3.1.1 Payload: The payload consists of a box of A4
size papers and documents to be carried. The total
weight (W jay10s4) must not exceed 200 g.

3.1.2 Flight time: The departure and arrival stations
arestationA located in the equipment building 6 and
station B located in the equipment building F5. The
distance is 100 m. The quad-rotor can flight for 7 min
at 20 m. altitude.

3.2 Design

The quad- rotor aircraft design is divided into
3 parts: power system, structure, and control systems.
The principles of design are.

3.2.1 System power

System power is a device used for lifting and
moving the quad-rotor aircraft, including motor,
electronic speed control, propeller, and batteries.

The design of the power system can be
summarized briefly as follows:

1) Calculating the total weight (W roa) of the aircraft.
2) Calculating the maximum thrust (T ma.)

3) Applying maximum thrust to calculate the size of
motor and propeller that meet the requirement.

4) Calculating the consumption rate for selecting a
battery with suitable capacity. This involves the
consumption of the motor and the flight duration.

To calculate the total weight (W tow) of the
aircraft, the maximum weight of the structure (W grame)
power system weight (W peice) is 1.900 g. while
payload (W payiead) is 200 g.

< Wt =W Frame + W Device + W Payload (n
= 1,900 + 200
=2,100 g.

The system power efficiency of the thrust is 80%, so
the total weight (W roa) accounted for 80% of the
thrust (T yse).

S 080T yse = W ol (2)
Tu - 2100
S 0.80
- 2,625 ¢.

The motor in the range of 40 - 70% of the maximum
thrust (T wmax). To find the maximumthrust, the imposed
motor is 70%.

£:.0.70.T max = T Use 3)
T = 2625
M = 0.70
- 3,750 g.

The calculated maximum thrust (T m.) is for 4 motors,
thus, the maximum thrust for one motor (T piece) iS
937.5 g. The T pice is the criterion of selecting
appropriate motor and propeller.

Thrust and Current

.u
\

6 100 00 600 0 100 100 1400
Thrumgrams

Fig. 2Test results of thrust and current of motor

The selected motors were tested for thrust
wages and rates of consumption. As a result the motor
serial MT2814 810KV propeller type APC 11%4.7 was
selected

After that, the consumption of motor per
minute was calculated in order to find the capacity of
the battery. To calculate the total current (A o) of the
aircraft, we first calculated the current that is used
fortaking off (A Tukeorr) Obtained from the take-off
thrust (T Take-orr). The take-off is set as 30% of T piece [3]

053 Tlae @
28125 ¢.

T Take-oft

From the chart test motor it is found that T
Take-orf (281.25 g.) corresponds to A Takeofr Of 4.31 A.
Then a current of 71.83 mA/min per motor is
converted. When the speed of aircraft was 120 m/min,
it took 0.16 min for climbing up to 20 m. Thus, the A
Take-ort fOr one motor is modified as.

71.83%0.16 (5
11.50 mA/motor

oA Take-off

The current for hovering (A Hovering) is calculated from
hovering thrust (T Hoering) Which is equal to T piece as
follows:

T Piece (6)
9375¢.

T Hovering

nn

From chart test motor T Howering corresponds to the
current 12.71 A. The current is converted into 211.83
mA/min per motor. The time it takes is 8 minutes
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211.83x8 7
1,482.81 mA/motor

'+ A Hovering

nn

The current used forlanding (A Landing) is assigned at the
speed 36 m/min, then it use 0.55 min. From the
manual, the current of motor during idle is 0.65 A.
which is converted into 10.83 mA/min per motor.
Thus,

10.83x0.55 (8)
5.95 mA/motor

oA Landing

Therefore, the calculation of the total current (A o) at
8 minutes is

" A Toal =A Takeoft+ A Hovering + A Landing )
=11.50 + 1,482.81 + 5.95
=1,500.26 mA

The above calculation of A 1w considers only one
motor, the current of all motors is 1.500.26x4 =
6,001.04 mA at 7 min, therefore; the capacity of the
battery type Li-Po is approximately 7000 mA.

3.2 Structures

Structural design will use a device that is
strong and lightweight. The structures are made of
carbon fiber materials. The main structure and the
sleeves that hold the motor mount are the carbon fiber
sheet with the thickness of 1.6 mm. The arm of aircraft
is carbon fiber pipe with 16 mm in diameter. The size
of the propeller is 11 inch in length to the spacing
between the propeller and the main structure should not
be less than 4 inches or 10.16 cm. The lower part of the
main structure is installed with the document box size
30x22 cm. The arm size measured between the motor
shafts must be 68 cm in width.

4

Fig. 3 Analysis of the buckling using ANSYS program

The strength of the aircraft structure is
analyzed through buckling using ANSYS program. The
normal force of 40 N. was applied to the main
structure, neglecting the weight of motor and propeller.
[4]

The result showed that the failure caused at
the maximum value of 0.1147 mm. In fact, the aircraft

does not carry load as much as 40 N, thus this structure
is acceptable in the real condition.

3.3 Control

Flight control system and the aircraft is
airborne with both normal and automatic modes. Flight
control system consists of active CPU (ATMEGA2560
and ATMEGA32U-2), sensor status stable or flight
posture (MPUG6000, with a rate gyro. 3-axis and 3-axis
accelerometer), three-axis magnetic sensor
(HMC5883L-TR), barometer (MS5611-01BA03), GPS
(uBlox LEA-6H) and power levels. The Arduino
software was chosen for installation because it is easy
to develop.

4. RESULTS

Structural design and installation of the flight
controls without payload is shown in Fig.4

Fig. 4 Quad-rotor without payload

In the flight test, the quad-rotor aircraft with
remote control can fly at the specified altitude. The
aircraft rolled during floating. Thus, it needs to refine
the balance and fine-tune the PID. For the hovering
time, the aircraft can flight 10 min, which is greater
than the calculated value. This is due to the constant
floating rate consumption, making it fly longer.
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