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PRATYA KAEWPHANNA : ANALYSIS AND AIRCRAFT DESIGN FOR
PROTOTYPE OF BICOPTER TILTROTOR VERTICAL TAKE-OFF AND
LANDING UNMANNED AERIAL VEHICLE WITH 2 KILOGRAM OF
PAYLOAD. THESIS ADVISOR : ASSOC. PROF. JIRAPHON SRISERTPOL,

Ph.D., 94 PP.

FLIGHT DYNAMIC/AIRCRAFT DESIGN/UAV AIRCRAFT/VTOL/TILTROTOR

The Unmanned Arrival Vehicle (UAV) Aircraft is many kind. Each model has
good and bad property by Aircraft configuration is difference and Mission design. For
example : In same thrust. Fixed wing aircraft is long flight and more speed than Rotor
wing aircraft but rotor wing aircraft is Vertical Take-off and Landing (VTOL)
Aircraft and Hovering in flight. Nowadays Applications of UAV in Any mission :
Survey and Camera capture in jungle and over sea, Military mission or Carry
necessity object into dangerous zone. We can reduce the risk of person resources loss.
Thailand needs to import foreign technology. This Research present an Analysis of
Flight Dynamic and Aircraft Design for Prototype of Bicopter Tiltrotor VTOL UAV
with 2 kilogram of Payload using good property in many kind of Aircraft stay in one
Aircraft. This Aircraft will have all property for many kind of Aircraft. Aircraft can
fly for long length and more speed than Rotor wing aircraft and Vertical Take-off and

Landing and Hovering in flight.
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] v Y ] Y v A o o s A X
DUIANINUINLIIATUIZUIN DUIALUAUVLUIIATUHISUDY LN@%WU]ULQ"UL?EJIHEI@]LW?J"UH
1 6 =~ a J 2 1 9 Ay 9 A 1 13
yINNI 10 ﬂzmmll‘wamJuammsmmmuuaﬂmmwm mmzwmi"lwamu“lwm!,ﬂumﬁ

P o A Y Y v o q ¥
"lwmmumasgmuw ms"l,‘waLwﬂmﬂzmauﬂa@ﬂ"lﬂmmmwamﬂm’smmum

RN < 30

RN < 103

RN > 100

/ Separation

Turbulent boundary layer
Transition

Laminar boundary layer
A o I A ' 1 A A
317 2.1 usdTuaaniinaaens Inauuuaia q (Wuan BRI, 2546)

'
2.1.1.2 ussoImanamans
s A a
H5IIMANAFNAAT TTNAD BSIAIY (Drag) NAIINNTZUADINIAN
Uznzginsean q Feezuanannuldawginge Tasilsznoulddreussdruainanu

({@8ANIU (Skin Friction Drag) HAZUTIAIUIINANNAY (Pressure Drag)

Drag = Skin Friction Drag + Pressure Drag (2-5)
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Scpzlrntitylw—\ o e Rl ; Relative
B point X e ——
R = 10° e S S | Drag torce

> ‘_) Flat plate
4 ‘) (Broadside)

— RN EAT

Rl(\\_/ ‘J length - d

Separation point
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sdiameter
= d

IS4
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I\\— Stream-
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__\—l/’——— thick- <
v ness -

d \ Same total
R = 104 Separation point g

- FRCRCREC & P - Cylinder

diameter
- . —— TS
=14

Separation point 10

R =107

(chc) » Cylinder Largcré—'
L/ diameter = d

— W oY |

NN

Skir:l-ri;éction

Pressure
drag

317 2.12 usadunnaNUEEANIU HaZUTIAIUNINANUALVBIFUNTIA1 9

(WHAN 1DINIVI DY, 2546)
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aulsang 1 NITUHNANANIETNUABDLUIIDINIANAAITAT "”INET?’]J]I@’NLLi\‘]’ﬂ”IﬂTﬁWﬁﬂ”lﬁ@i
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aananvzilasunilasauainilanis ] AU AIULII ANUUUILUE YUIAUDINTD guﬂzm
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5U5149 gﬂ‘l/liﬂ Fuds2ansANUKLA LaZANNOARIVDIDINA Gmmwmu"lﬂums‘l%mﬂuﬂ

U
ax =

A J a Jaa . . . v o Y Yo 2
AFNITYNIINITAUATIZHUA (Dimension Analy51s) mmmmau‘wuﬁ‘lamu
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F = qSC; (2-6)
Tagh  F = usaomanasmans

q = ANVAUNAIN

S= ﬁ fdura

C; = duszAndussemawamans
Tuitlusedmez 1d4 D = qsc, = 1/, pvisc, (2-7)
Tagh D = useadu

9 1

P = ANUHIMUUYDIDINIA

v = AU IV0INTLUAD NS

Cp, = dutlszansus i
A1519% 2.1 Temperature and density of air

Temp °C 5 10 15 20 25 30 35
kg'm_3 1.2690 1.2466 1.2250 1.2041 1.1839 1.1644 1.1455

usean (Lift) awrsnrldinaldlagnisilniinig lvaruseudag

U MIVIGNIUAUDA

—
I 2

Lift

e

/___,..-"'F T

—

N

R
ﬁ_\_\_\_x_\"‘\_

'ﬂﬁ 2.13 LLNEJﬂil"IﬂS']J‘VIiQﬂﬂ?J (wuam L@EJiJli]iiU 2546)
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dmsvilnuesonmaeu aansosiliinalda Taeviilduns Ivaiu

souiln aremsidlayuilzny

/\(;emcny

about sharp
trailing edge

Flow leaves trailing
edge smoothly
(Kutta-Joukowsky
condition)

/\

517 2.14 nszuaeimei Tnarniln (wuan denasey, 2546)

FUREINUANMTHTIAIY TagaunTusenaz 1ain
L=gsc, = |/, pvisc, (2-8)

Tas D = usgen

'
C, = duilszansusaen

2.1.1.3 UNH9IMA

A @ = 1 1 = 1 < AHA A
UWUDINA ﬂﬂﬂ1ﬂ§]ﬂﬂl@\1ﬂﬂ%ﬁﬂ§ﬂi1ﬁ@1ﬁ ] HAUAASHUUNISUTDLTYN

@ 1

HanANNY uazdilaaauianyiilfinaussenuazusadiunaany Iago1denannisii

q

[

A A 1T v A 1 % 2K A <3 1 % 1 o YA v AAa
DINIFAAADUNIAUNINUUAITNYITIIANNU IAUAITULTIANNUY mwawﬂwummwuwm

1 =1 o Y A A a
ANy wem unwuemansedn nauseen
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317 2.15 anwiEvesnszuaemaiie lnaruiln (wua1n Beuasey, 2546)

P < P,
— 1 . P
Jfl JL‘J - HI\\\\::_'_

s

= v A a o A . = a
gﬂﬂ 2.16 ﬂ'ﬂilﬂu‘lfllﬂﬂ‘ﬂu‘ﬂﬂlilﬂﬂﬂizllﬁ’fﬂﬂ"lﬁllﬂﬂN"IL! (unﬁ"lﬂ 1DINIATTY, 2546)

dauszneuvesunueIMea

CEADIS LOCATION OF [ MAXIMUM THICKNESS

o= LOCATION OF waei
MAXIMUM CAMBER

< . 4 a
3191 2.17 euilszneuve WU INA (YHAIN BEUIIITY, 2546)
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1. 1@ U¥e1 (Chordline) A tduaTINAIMFONTE 9T nrThazetlnrdeves
UWUDINA
2. %€ (Chord) D AWV IUFUWEN
Y ' . A 9y A ] = 1 Aa 1
3.1dUnNa19AL 19 (Mean camberline) A9 L@UNAINUUIATITEHINAIVULAZ AN
4.a2u1n9g9gA (Maximum camber) 19 5202 N19FIFATLHIUFUNA19A1IN TN
waziduyen
5. AUNUIFIFA (Maximum thickness) A9 3202 HINGIFATLHINAINAUVUN DAY
Ynmuarg
6. San w81 n1 (Leading edge radius) Ao M13iAANNANYRIeT A ud N
(knife edge supersonic airfoil) U 89 2 % chord (blunt leading edge airfoil) Tagv1eY nrin
. A 9 ~ (% e A o
(Leading edge) ADUBUNUIVDIUNUDINIA 1AL B181 NH A (Trailing edge) AOUO UK AIVD
UWUDINA
o v d o o w
MANN - MNAANN
. . = < a @ ~ A A
1. Fligt path velocity A9 AN @S NANIVDIIA)NIARDUNHIUDINA
< a { [ { 4 {
2. Relative wind (RW) A9 AGMAz AN 19090 IMaAnNIlznzinguazitndoud
FUDIMATI9L HYUIAN DA IfN19ATI9 14N Flight path velocity
3. Angle of attack (AOA 'H%E] ) ﬁf] ymzwdw relative wind N1 chordline
[ 4 a o a [
4. Aerodynamic force (AF) Ao LINANTANTVOIANUAUTADANUNY planeform area
v J a g’/ [
5. Lift (L) Ao LliNaWﬁfj]ﬂ‘ﬁslullu’aﬁdﬂ1ﬂﬂ°URW
v 7 a o
6. Drag (D) A9 USIANT NG IULUIVUIUAURW
7. Center of pressure (CP.) Ao 9A1UChord line 159 AF nszm
. A =~ A 1 v A < 9 1
8. Laminar Flow fie M3 lwanyusuideuninisate Tou Tuuuduiisauaniiosseyiing
Y
FUAVUIY

v
a

v Y Y
9. Turbulent flow ADAT IMANIETULANDOALALHATHAUAUVINVUTLHINIFUY
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Cho,
\.2 Ung
ANGLE OF

ATTACK

RELATIVE WIND

4' 1 = o =~ = A
517 2.18 159019 il nnszauuiln (uuam IDYNIITTY, 2546)

M3 lvasenduuunwuema wounuomatayuilzng wzEumnans
v & 9 A a = o 4 A ) 9y A 4 4 X
Tnausndnandesnuinaunellnnds tazaznaoun ludwniiGes q Weynlsnzimuiy

o = A 2 A 2
yuilznzd ussondalioguazazinniuioyuilz ne gain

Maximum lift
T':Il with re?plect 16° \\\\\ Separation point jumps
to horizontal plane S i ; — >~ =—__forward
eparation points Il angl . =
el p po (stall angle) \\\\l?‘\\ e
r L____.f_:—a&?m\.; ol
Turbulent wake Separated flow region expands

= ————_and reduces lift
¢ \\\) s

Separation point moves 20° < ey, S
~ oe—
— / slightly forward T \\\v% > SVA
5° ¢ e
Large turbulent wake b\\> 3

(reduced lift and larae oressure draa)

3191 2.19 ms TnauenaieunuoIMAiyuAIN 9 (WUan BEUTI Y, 2546)
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C, vs. Angle of Altack
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Angle of Attack
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U

(WHAN 1DINIVI DY, 2546)

spvveannueIma druunlusruunall inldvesanigowsn
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9
y A

1 1 1 a3 wa A 1 o ¥ oo a £
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Wright 1908 &= —— — == Giitfingen 387 1919 £ i

Bleript 1909 = Clark Y 1922 -

R.ALG 1912 = ——— M-6 1926 €=

R.AL 15 1915 am——————— R.A.F 34 1926
) ) (‘_,_.-_-——.__‘__‘__-‘_
U.S.A. 27 1919 NACA 2412 1933 € — o

Joukowsky 1912 ¢ = ACA 23012 L
Gottingen 308 1919 €S osn oo

JUN 221 UNUDIMALDVAI 9] (WHAN DENITI DY, 2546)

sUndaudonunaie q B31s1ednvaznsadrauananiuesn il

g‘/ 9 1 d'

4 A 2 a 14
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udauusn CADNIANNUY mmﬂmmmnugﬂuﬂauﬂﬂﬂeu

o

N
=
a
. = X A o A : o
Wing area (S) #inedanunudauilninsinaivvosardivaznsziihe

4 g [
IATDIEUAA d| ' 13denu (S=bxC,)
Wing span (b) Ainszezandareilndaareiln
Average chord (C,) Ao¥LUNAYNINTVINAA
Root chord (C,) Avse1iIAaT e IAUTnveteInaeIuL

. A d' % =
Tip chord (C) AeseINInasatlareilnveseinidey
Taper ratio (A) AooNIIAIU Tip chord @® Root chord (A =C/C)
Aspect ratio (AR) Ao span RISIGE) Average chord (AR =b/C,)

v 2 v

Mean Aerodynamic chord (MAC) i9%817a1n/119AgHENa 1N LA (Centroid) ¥041ln

k2
g v

Ao NUNNNogAL Az AUYDITILTYUIAVINY
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root chord (cr)

———
A tip chord (et
!
wing area (8) [\

span (b) H

319 2.22 aulsenevveditn (Wuain PouaTw, 2546)

~ [ 9 9 1 [ 1 = A 9
aunnanlutieau g‘ﬂiNﬁﬂ‘HﬂlZ@N g vodUnenmAeIuNg3 1

1 o 4 2 1 { a 4 :
Lmﬂmﬁﬂum%ﬂmﬁmwu ﬁ%@aﬂwaﬂizﬂ‘umﬁ 9 ﬁLﬂﬂﬁ]']ﬂllﬁ\if]']ﬂWﬂWﬁﬁ']ﬁ@]illﬁ} ‘%\W#’Jﬂ

Y o

Y
mﬁ]Naﬂ\‘]ﬂaTJﬁ"IiJTii]fJﬂﬂ’J@EJNLL‘IJﬁut‘TJﬂUlﬂﬂQﬁ

71 2.23 Ungaluuvaa o (wuain eIy, 2546)
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— 1 1

319 2.24 ngUuuvana o) (Wuan eIy, 2546)
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dszansmunain (Wingspan Efficiency Factor, e) NANT IV

= 1 = A 1 % 3’; dy =1 = d’d
sdudaudlauuuais o Bguaniihuand19ny NIUTINDINITNTEIBNIIENUUNNA

@ I~ [ 1 a 1 (Y] 1 [
wilanvuziiuaGuatlnuaazaiialiussenlunaazniadaaisnueenl Ingiulau
~ A I = Y A o 1 A A SR A Aa a ~ ~

HUD29NMInseeusenuds Indmesnuanaengaslianlscansamuesinganga
A = a ~ I3 o Y] Yo A o Y a 3 9
v e = 1 Famniimsnsznreimuzannazi linans 1§ Taqmeinldinannuuiaseld

=2 g ¥ Y @ [ a2 9
Fudlumsanivin taglsendaninensanaie

o
o

o
-

T10. (A)

RATIO OF LOCAL SECTION LIFT COEFFICIENT TO
WING LIFT COEFFICIENT, C-E*"'CL
o

0.2 FEHE TAPER RA
© _ TIP CHORD
STTD T ROOT CHORD |5
o b e e
0 2 4 ) )
ROOT FRACTIONAL SEM!-SPAN DISTANCE TIP

RGOT TO TIP

{ Y] [ v J [ ] a a ~ Y
3109 2.25 anvazANUFNRUTIEH9A 52 aNTAINN9TAAY Taper ratio

(WHAN 1DENII DY, 2546)
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NIZAIUNITININAY A0 ToMANNILUADINIAILIAANIT I aLENA

Fafimarh ldgadensson’ld Feezldounlasldawgihnlauvedlmgun

d’ = 1 (%] =) 1 1
51U 2.26 Jmlavdlnuvuag o nulemamsnanszaIUNIINKaY

U

(WD 1BBNIVIDY, 2546)

1 . A o a = Y =
A1 Aspect ratio L‘L!?N‘ﬂ”IﬂLLiQﬂ'i$V]WUiL’JmUuﬂﬂLLﬁzi@]ﬂﬂNﬂ’Nu
J v [ 3’, a S KX A é o Yy a 9 dy
LUANAINNU @QUUU‘EL’JTM’]JZ‘HEJ“]Jﬂ%ﬁlﬂ@ﬂi$tlﬁ61ﬂ1ﬁﬁuu3u (Vertex) mmslmﬂmmmumum

A 24 o Y a E Y ¥ o Aa
1@185383%818\‘1813 ﬂfJ\‘]‘VHGLWLﬂﬂﬂizllﬁﬂwﬂ"lﬂﬁi;‘lulull"l“uu muuﬂﬂ%ummﬂnum 9

. = 9 = &‘ A [ = 1
(Aspect ratio (Gp] 1) ﬂQLL?J%%ZJ‘WH“V]‘IJﬂm"Iﬂuﬂ%zu&tiﬂﬂﬂgﬂﬂﬂ
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Low Aspect Ratio Wing

High

Gt

High High

Low Low
e
High High
High Aspect Ratio Wing

< a a ~ = a
g‘ﬂ‘ﬂ 2.27 ﬂ”l'i!,ﬂﬂﬂi%klﬁﬂ”lﬂ?ﬁﬁiglﬂl!ﬂﬂﬁ?ﬂﬂﬂ (mumn 1RNITTY, 2546)

A a Yy A . ¥ A A '
p1mAsIuNHen sl nniiad Aspect Ratio 4 €] UUNADIATOITOU

Y Yy =

A 1 (= A < o Y Aa 9
L‘Wiwmimi’auhl‘u‘nmimﬂummﬂUW@ %GIEN’E]’E]ﬂl,muﬂlmﬂmﬁwnuu’E)EJ‘I/]E;(@ FINTT

e

v A

PONULUBINANTUANNTOULNYTLANYDIDINMAGTUAINAT Aspect Ratio 1ARIT
- 01 A UYL la (Fighter Aircraft) Aspect Ratio 3A152H314 3 D4 6
- 21mAe N2 11 (Other Aircraft) Aspect Ratio 1A1551319 6 94 10

- 1139939U (Glider) Aspect Ratio UA1110A1 10

2.1.1.4 1@983mNMITIAVAILANDINIALNY
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Rq

AU
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&
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wazuny y wenniude lamvuanianiamsindeuin 6 uuuveseiniaeu13aail
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o o A . . A A A

LAUBIAINTOUAUAINELD (Longitudinal) ABLAY x N15tAAOUN 11

1 a3 o 1 a3 ]
damihdiantiuuan ludhardsisuiluay vyuseuunuamuen Roll) lundeliauiluuan
A d ~ A A A A
uaz ldnevnsiauivay unulusuitnnseunuluiuiving (Lateral) Avunu y Mspasun

1 I 1 I [
Tdnrsgrmaniiauiluuan lumedudretianiuay nyusouunuvang (Picch) anvuse

E N £y A g A 2 o A
wevuinuuan vaznuasianduay tazunuluiuIf@ININALLNY x 1AL y ADUNY z
. A A = L] 2 L] ' ¥

(Normal axis) M3AadUNAI@NIANIULIN YuuuTANTUaY HyUd 1T ULNUAIRIN (Yaw)

y 9 v
are'lumevniinniiuuan vaglumedrelisuiiuay sisii 1duaaslugai 2.28

Pitch (+) Y(+)

H Y H
31U 2.28 MIAWAUYBIDINABI (WHAN 1BENIIITY, 2546)

d a
2.1.1.5 Wf:lﬂ1ﬁﬂﬁﬂ]iﬂumﬂﬁﬂ]ﬂ1ﬂﬂ]uﬂﬂﬂ%ﬁ
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. 2 o \ X o 1A Yy
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A N =R = a
qﬁlﬂﬂ 2.29 ﬁllﬂﬁ"U’fNLﬁ\ﬂu’E)'lﬂWﬁEﬂu‘]JﬂﬁiQ ('Iﬁljuﬁ'lﬂ LOYNLATTY, 2546)
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Tagh O = Bending Stress
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I = Moment of Inertia
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gﬂﬁ 2.37 M540A Shear Stress (Beer, Johnston, Eisenberg and Cornwell, 2010)
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M15199 2.2 8A1V00AITT Ziegler-Nichols
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P-Control 0.5K

PI-Control 0.45K K, /0.83T
PID-Control 0.6K I% / 0.5T I% x 0.125T
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U4 Christos Papachristos, Kostas Alexis (i8¢ Anthony Tzes
Y
ﬁuﬁuamiaammmmzmi‘vmaaaﬁqﬁ’ummummqwmmmﬁmueﬁum
2 Y @ Yy o Yo KR K 4
TIT\?@QL!‘]J‘]JTLIW@‘]JTULE]uellu1@]15ﬂusllﬂ Iﬂﬁli'ﬂﬂ1uﬂﬂﬂWﬁﬁ1ﬁﬁiiuﬂ1ﬁﬂ’)ﬂﬂMﬂ’JHJQ'\‘lSU'OQ
YR~ [ 9 [ o [ (-] [} N o o
ormaeude luwaluvian LLﬁZi%ﬂWiﬂ?UﬂN&LUUﬂﬂuﬂa‘U dmsumdadIu UsWus uag

AOYWUT (PID Control) lumssnuuadesnimnmsiu

2.2.2 Towards a high-end unmanned tri-TiltRotor design modeling and hover

control Y94 Christos Papachristos, Kostas Alexis {182 Anthony Tzes

a

o o a 4 v o
HAUDNTODNLULTIAVINNANAMAAT HAZAITNAADIIIAUAIVANNITIY
[ Y] d‘ ds! Q’ @ @ 9 % 9 Q‘ =
uuvapeegnun veseimAsuIuasnawuluwaliueuliaudy Tagldmamulowasn
é 9 [ o Y I ds@’ A [ [ [} & [} d' A
niggaauras Mlmiluermeasuyuaanieaauuluwaliveuanluwe daluwanmy

Y 9 Y
Yuan i 1Flumsaaugy yudu-e 1azMIHYUTODUNUAIRINADNY (Pitch and Yaw)



35

2.2.3 Back-stepping Control Strategy for Stabilization of a Tilt-rotor UAV 494
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2.2.10 Modelling and vibration of a non-classical tilt-rotor wing system U84 O. Song
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3.1.1 NACA 4415

317 3.1 NACA 4415 Airfoil (Airfoil Investigation Database, 2010)

A1519% 3.1 ﬂmﬁi]ﬂlaﬁhﬁ S VBILUWUDINAUVY NACA 4415

Thickness 15.0% Max C, angle 14.0°
Camber 4.0% Max L/D 55.43
Trailing edge angle 25.6° Max L/D angle 6.0°
Lower flatness 58.9% Max L/D C, 1.172
Leading edge radius 2.6% Stall angle 14.0°
Max C, 1.643 Zero-lift angle -4.0°
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M| Re: 25000
| Re: 50000
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M| Re: 100000
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(Airfoil Investigation Database, 2010)
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3.1.3 GOE 675
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gﬂﬁ 3.4 GOE 675 Airfoil (Airfoil Investigation Database, 2010)
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Thickness 14.9% Max C, angle 15.0°
Camber 5.9% Max L/D 48.204
Trailing edge angle 19.5° Max L/D angle 45°
Lower flatness 89.0% Max L/D C, 1.195
Leading edge radius 4.5% Stall angle 8.0°
Max C, 1.773 Zero-lift angle -6.0°

Lift (Clj
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Drag (Cd)
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(Airfoil Investigation Database, 2010)
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(Airfoil Investigation Database, 2010)

3.1.4 Clark YM15
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qﬁlﬂﬁ 3.7 Clark YM-15 Airfoil (Airfoil Investigation Database, 2010)
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Thickness 15.0% Max C, angle 14.0°
Camber 3.6% Max L/D 60.013
Trailing edge angle 20.0° Max L/D angle 45°

Lower flatness 77.4% Max L/D C; 1.007
Leading edge radius 4.2% Stall angle 14.0°
Max C; 1.597 Zero-lift angle -3.5°
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M3190 3.4 MInfFeunsunaauIlAa1a 9 YBIWURIMALAAZATZNA NUAINNINNIN

Q’Q?q(ﬂﬁ%ﬁ’]l'lx‘] 14-16 % VDINNNYIVY

Airfoil Type NACA 4415 GOE 675 Clark YM15
Thickness 15.0% 14.9% 15.0%
Camber 4.0% 5.9% 3.6%
Trailing edge angle 25.6° 19.5° 20.0°
Lower flatness 58.9% 89.0% 77.4%
Leading edge radius 2.6% 4.5% 4.2%
Max C, 1.643 1.773 1.597
Max C, angle 14.0° 15.0° 14.0°
Max L/D 55.430 48.204 60.013
Max L/D angle 6.0° 4.5° 4.5°
Max L/D C, 1.172 1.195 1.007
Stall angle 14.0° 8.0° 14.0°
Zero-lift angle -4.0° -6.0° -3.5°
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3.1.5 Clark K
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gﬂﬁ 3.10 Clark K (Airfoil Investigation Database, 2010)

M13197 3.5 QUAVUAAI ] VOUWUDINALDY Clark K

Thickness 11.7% Max C, angle 11.5°
Camber 3.3% Max L/D 66.917
Trailing edge angle 14.6° Max L/D angle 6.0°
Lower flatness 90.4% Max L/D C, 1.105
Leading edge radius 4.2% Stall angle 7.5°
Max C, 1.409 Zero-lift angle -3.5°

Drag (Cd)

{ v o ' [ a £ o
gﬂﬁ 3.11 LLW‘L!ﬂW‘ILlﬁﬂQﬂﬂllﬁﬂwu‘ﬁigﬂ’ﬂﬁﬁilﬂi%ﬁﬂﬁLLiQElﬂﬂ’]JLLNSg]}WHGUEN Clark K

(Airfoil Investigation Database, 2010)



Lift (cl)

{ o o J 1 o a £ o
gﬂﬁ 3.12 LLW‘HﬂTINLlﬁﬂﬂﬂ’NiJﬁll‘W‘Ll‘ﬁi8514'JN’ﬁiJﬂigﬁﬂ‘ﬁlliﬂﬂﬂﬂﬂyuﬂzﬂzﬂlﬂﬂ Clark K

(Airfoil Investigation Database, 2010)

3.1.6 ClarkV
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gﬂﬁ 3.13 Clark V (Airfoil Investigation Database, 2010)

A15197 3.6 @mauﬂ’a@hq ) VBIUWUDINMALDY Clark V
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Thickness 11.6% Max C, angle 10.0°
Camber 3.4% Max L/D 62.075
Trailing edge angle 19.0° Max L/D angle 5.0°
Lower flatness 89.8% Max L/D C, 1.084
Leading edge radius 3.2% Stall angle 7.5°
Max C; 1.483 Zero-lift angle -4.0°
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{ v o 1 o a £ @
31]17{] 3.14 LLWHﬂ’lWLlﬁﬂ\1ﬂ’]']3Jﬁllwu‘ﬁ53’”']’]\1?[3Jﬂi$ﬁﬂ‘ﬁll5ﬂﬂﬂﬂﬁ!ﬁ\1@?’lum@\i Clark V

(Airfoil Investigation Database, 2010)

Lift (cl)

Angle of Attack (degrees)

{ v o 1 o a £ o
g‘ﬂ‘ﬁ 3.15 LLW“L!ﬂTINLl’c’fﬂ\3ﬂ’ﬂilﬁll‘l/\lu‘ﬁi%W’JN?fil‘]J§'$ﬁﬂﬁuidﬂﬂﬂﬂl‘gilﬂ$ﬂ$"lj’0\1 Clark V

(Airfoil Investigation Database, 2010)
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3.1.7 Clark W
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3 171 3.16 Clark W (Airfoil Investigation Database, 2010)

A1519N 3.7 ﬂmﬁllﬂﬁ@hﬂ ) UDNUNUDINIALLUY Clark W

Thickness 11.2% Max C, angle 15.0°
Camber 3.8% Max L/D 58.886
Trailing edge angle 17.3° Max L/D angle 3.0°
Lower flatness 91.3% Max L/D C, 0.783
Leading edge radius 3.4% Stall angle 9.0°
Max C, 1.371 Zero-lift angle -3.5°

Drag (Cd)

{ v v ' @ a £ [
qﬁlﬂﬁ 3.17 llwuﬂTWLlﬁﬂ\‘lﬂ’JﬁJﬁllWll‘ﬁimﬁ’JNﬁiJﬂi%ﬁ‘Vl“ﬁLlﬂElﬂﬂ‘ljlliﬂgﬁusllf]\i Clark W

(Airfoil Investigation Database, 2010)
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Lift (L)

Angle of Attack (degrees

{ o @ J 1 o a £ o
gﬂﬁ 3.18 LLW‘HﬂTINLlﬁﬂiﬂ’NiJ’s‘TlI‘W‘Ll‘ﬁig'ﬂ’]N’ﬁiJﬂﬁgﬁﬂ‘ﬁlliﬂﬂﬂﬂﬂyuﬂzﬂzﬂlﬂﬂ Clark W

(Airfoil Investigation Database, 2010)
3.1.8 Clark X
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gﬂﬁ 3.19 Clark X (Airfoil Investigation Database, 2010)

A15199 3.8 @mﬁuﬂ'ﬁ@hq ) UDUNUDINIALLUY Clark X

Thickness 11.7% Max C, angle 15.0°
Camber 3.3% Max L/D 56.969
Trailing edge angle 15.8° Max L/D angle 5.0°
Lower flatness 88.5% Max L/D C, 0.999
Leading edge radius 3.4% Stall angle 8.0°
Max C, 1.308 Zero-lift angle -3.0°
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Drag (Cd)

{ v o 1 o a £ [
gﬂ‘ﬁ 3.20 LLN“L!ﬂW‘ILL’dﬂQﬂ’N3JﬁllWU‘ﬁi$TT’JNﬁJJﬂﬁzﬁﬂ‘ﬁlliﬂﬂﬂﬂﬂuﬂﬁl’m%@ﬂ Clark X

(Airfoil Investigation Database, 2010)

Lift (cly

-18 -12 2 % -3 o ¥ & k- 12z 15

Angle of Attack (degrees)

{ v o 1 o a £ o
:.]‘]J‘ﬁ 3.21 LLW“L!ﬂTINLl’c’fﬂ\3ﬂ’ﬂilﬁll‘l/\lu‘ﬁi%W’JNﬁilﬂi$ﬁﬂﬁllidﬂﬂﬂﬂ1§1]ﬂ$‘ﬂ$"ﬂ’0\1 Clark X

(Airfoil Investigation Database, 2010)
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3.1.9 ClarkY
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b 1171 3.22 Clark Y (Airfoil Investigation Database, 2010)

A1519% 3.9 ﬂmﬁllﬂﬁ@hﬁ ) UDNUNUDINIALUY Clark Y
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Thickness 11.7% Max C, angle 8.5°
Camber 3.4% Max L/D 56.51
Trailing edge angle 18.6° Max L/D angle 4.0°
Lower flatness 71.8% Max L/D C, 0.879
Leading edge radius 1.2% Stall angle 8.5°
Max C, 1.294 Zero-lift angle -3.5

Life (cly

{ o v 1 o a £ Y]
iﬂ‘ﬁ 3.23 LLNuﬂ”IWlL’cTﬂQﬂ’JﬁJﬁNW“L!‘Iii8‘Vi’JN’diJﬂiz’dﬂ‘ﬁlliﬁﬂﬂﬂmliﬂﬁﬁu‘uﬂﬂ Clark Y

G

(Airfoil Investigation Database, 2010)




Lift (cly

{ o v ' [ a £ [
g‘ﬂﬁ 3.24 LLN‘LlﬂTWLLﬁﬂ\iﬂ’NﬂJﬁNWH‘ﬁiSﬁﬁ’JNﬁiJ‘iJﬁgﬁﬂﬁlliﬁﬂﬂﬂﬂuhﬂ%“ﬂ%‘u@ﬂ Clark Y

(Airfoil Investigation Database, 2010)
3.1.10Clark Y 11.7% Smoothed
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311 3.25 Clark Y 11.7% Smoothed (Airfoil Investigation Database, 2010)

A1519% 3.10 f’;lmﬁil‘]j/a@hﬁ 1 VBALWUBINIALUD Clark Y 11.7% Smoothed

Thickness 11.7% Max C, angle 11.0°
Camber 3.6% Max L/D 56.524
Trailing edge angle 17.9° Max L/D angle 6.5°
Lower flatness 81.4% Max L/D C, 1.149
Leading edge radius 1.8% Stall angle 11.0°
Max C, 1.418 Zero-lift angle -3.5°
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Drag (Cd)

{ v o 1 o a £ [
gﬂﬁ 3.26 LLN“L!ﬂW‘ILL’dﬂQﬂ’N3JﬁllW'L!‘ﬁi$‘WJN?ﬁJﬂﬁzﬁﬂ‘ﬁlliﬂﬂﬂﬂﬂuﬂﬁl’mﬂl@ﬂ Clark Y 11.7%

Smoothed (Airfoil Investigation Database, 2010)

Lift [l

Angle of Attack [degrees)

{ v o 1 o a £ v
g‘ﬂ‘ﬁ 3.27 LLW“L!ﬂTINLl’c’fﬂ\3ﬂ’ﬂilﬁll‘l/\lu‘ﬁi%W’JNﬁil’]Ji$ﬁ‘1/]‘ﬁll§dilﬂﬂﬂlgilﬂ$ﬂ$"lj’0\1 Clark Y

11.7% Smoothed (Airfoil Investigation Database, 2010)



3.1.11 Clark YM18
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3 1/ 3.28 Clark YM18 Airfoil (Airfoil Investigation Database, 2010)

A1519% 3.11 ﬂmﬁuﬂ'ﬁ@hq 1 VBILWUBINIALUD Clark YM18

Thickness 18.0% Max C, angle 15.0°
Camber 3.6% Max L/D 52.144
Trailing edge angle 23.9° Max L/D angle 3.5°
Lower flatness 61.6% Max L/D C, 0.909
Leading edge radius 5.2% Stall angle 35°
Max C, 1.702 Zero-lift angle -3.5°

Drag (Cd)

0.09

{ 1 v a Qd o
517 3.29 LlW‘L!ﬂTWLlﬁﬂﬂﬂ’J"Ill’s’fﬂJWuﬁigﬁﬁiﬁﬁﬂﬂigﬁﬂmﬁﬂﬂﬂﬂﬂlli\‘lgl}"lusllﬂ\‘l Clark YM18

RY

(Airfoil Investigation Database, 2010)
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ﬂﬁ 3.30 LLNHﬂTWLLﬁﬂQﬂ’NNﬁNWH‘Ei nidauilse ﬁ“l/l‘ﬁLLi\‘]fJﬂﬂ‘UJJJJ‘]JwVIJUENCIark YMI18

(Airfoil Investigation Database, 2010)

3.1.12 Clark Z
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‘ﬂ‘ﬁ 3.31 Clark Z (Airfoil Investigation Database, 2010)

A15190 3.12 ﬂmﬁuﬂasha ) VBILUWUDINFLUU Clark Z

Thickness 11.7% Max C, angle 12.0°
Camber 4.1% Max L/D 62.266
Trailing edge angle 15.7° Max L/D angle 3.0°

Lower flatness 94.1% Max L/D C, 0.843
Leading edge radius 3.6% Stall angle 12.0°
Max C, 1.517 Zero-lift angle -4.0°
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Drag (Cd)

‘]Jﬁ 3.32 LLN‘HﬂTWLLET@Nﬂ’ﬂllﬁuwuﬁiuﬁ’ﬂx‘]ﬁﬂﬂiwﬁﬂ‘ﬁuiﬂﬂﬂﬂﬂlliﬂ@ﬂuﬂlﬂx‘] Clark Z

(Airfoil Investigation Database, 2010)

Lift (cl)

Angle of Attack (degrees)

‘]J‘ﬁ 3.33 I,LN‘LlﬂTWLlﬁﬂ\1‘ﬂ’J13Jﬁ11‘W‘Ll‘ﬁiu‘YT’JNﬁll‘]Jiwﬁ‘l’l‘ﬁlli\‘lﬂﬂﬂﬂllllﬂu‘ﬂuﬂlﬂﬂ Clark Z

(Airfoil Investigation Database, 2010)
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M13197 3.13 1WTeuMeunu A1 9 YouNUIMAIAaZATENa Clark
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Clark Airfoil Type K v W X Y
Thickness 11.7% 11.6% 11.2% 11.7% 11.7%
Camber 3.3% 3.4% 3.8% 3.3% 3.4%
Trailing edge angle 14.6° 19.0° 17.3° 15.8° 18.6°
Lower flatness 90.4% 89.8% 91.3% 88.5% 71.8%
Leading edge radius 4.2% 3.2% 3.0% 3.4% 1.2%
Max C, 1.409 1.483 1.371 1.308 1.294
Max C, angle 11.5° 10.0° 15.0° 15.0° 8.5°
Max L/D 66.917 62.075 58.886 56.969 56.510
Max L/D angle 6.0° 5.0° 3.0° 5.0° 4.0°
Max L/D C, 1.105 1.084 0.783 0.999 0.879
Stall angle 7.5° 7.5° 9.0° 8.0° 8.5°
Zero-lift angle -3.5° -4.0° -3.5° -3.0° -3.5°

a131971 3.14 Wisuifeuam auaa1e o vewmueMAlAazAsna Clark

Clark Airfoil Type Y 11.7% Smoothed YM-15 YM-18 V4
Thickness 11.7% 15.0% 18.0% 11.7%
Camber 3.6% 3.6% 3.6% 4.1%
Trailing edge angle 17.9° 20.0° 23.9° 15.7°
Lower flatness 81.4% 77.4% 61.6% 94.1%
Leading edge radius 1.8% 4.2% 5.2% 3.6%
Max C, 1.418 1.597 1.702 1.517
Max C, angle 11.0° 14.0° 15.0° 12.0°
Max L/D 56.524 60.013 52.144 62.266
Max L/D angle 6.5° 4.5° 3.5° 3.0°
Max L/D C, 1.149 1.007 0.909 0.843
Stall angle 11.0° 14.0° 3.5° 12.0°
Zero-lift angle -3.5° -3.5° -3.5° -4.0°
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Weight = 80 N ,
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Abstract

The Unmanned Arrival Vehicle (UAV) Aircraft is many kind. Each model has good and bad
property by Aircraft configuration is difference and Mission design. For example: In same thrust. Fixed wing
aircraft is long flight and more speed than Rotor wing aircraft but rotor wing aircraft is Vertical Takeoff and
Landing (VTOL) Aircraft and Howvering in flight. Nowadays Applications of UAV in Any mission: Survey and
Camera capture in jungle and over sea, Military mission or Carry necessity object into dangerous zone.
We can reduce the risk of person resources loss. Thailand needs to import foreign technology. This Research
present an Analysis of Flight Dynamic and Aircraft Design for Prototype of Bicopter Tiltrotor VTOL UAV
with 2 kilogram of Payload using good property in many kind of Aircraft stay in one Aircraft. This Aircraft will have
all property for many kind of Aircraft. Aircraft can fly for long length and more speed than Rotor wing aircraft and
Vertical Takeoff and Landing and Hovering in flight.
Keywords: Flight Dynamic, Aircraft Design, UAV Aircraft, VTOL, Tiltrotor
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Airfoil Type
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Thickness 15.0% | 14.9% | 15.0%
Max CL 1643 | 1.773 | 1.597
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Stall angle 14.0° | 8.0° 14.0°
Zero-lift angle: -4.0° | -6.0° | -3.5°
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W a'lvi’munmﬁanfaqﬁl'n"aﬁq MU
uazasflsznaudng g Nunsswavaswainaield
Yrnumaimsinessmasnudorandalsznay
e dminvasamenn 3 Alandu TUUAILAY
n13iiu gavawmad uazuyainald 2 Alandy
mf‘mﬁ'nmmn 2 Alandy dminrudszum 7
Alansy dalumsenuuuezlddmin 10 Alansuld
mMsaanuuy

msidenlduaimadszidanlidayanamadn
vishindaes lavlddenluamafiidaiuiionlu
muhinaemamuiisiawnaidn ik 0.5 Motor

pmasmiaanuuyasdrilifanisduamisis
Wunan lasudazdudasmmnsoadrousaonls 5
ilanfudaluwaildnuaniasunarnluna
(Multi Rotor) a:ﬁa’num:mmqumumaﬁu Taoiis
vuwialndidvsnuluqmaui@vas 0.5Motor A
18¢5 12 Fsmwrsnafsusnonldlnddseiulua
wuaa 178 #2 wia 5 AlanTurinias doiudale
Avsidanltuamefuuy OMA-5025-375 Aauans
ﬁua:tﬁua'luzﬂﬂ 16 191iuuyaAe3 Lithium Polymer
2399 6 cell (26.2 Voi) uazlusavwia 18 x 5 92

OMA-5025-375

18 e v a7 1382W  askg 9570
14x10 s 2V 54A 1580W 6ok 9300
15x8E s mav 524 1520W  G8kg 9,300
1a0E 78 294V GAA TmeIW  Gokg 9700
T6BE = 204V 64A 188N 67vg 9,000
ok 78 294V TIA 200W TN 0500
W S B3IV 7AW 63k 7200
BE 65 252V 624 1S6IW  S2g 7800

71 16 0.5 Motor Specification"”

3.3 mssanuuuinuazlasian
& -
NNENAINIIARDUNIVBIBMIALM Lift = Weight
uaz Thrust = Drag MWsoWANNEURUEId

S = LSOduer-Othor
i -
0 (TCy—irtoit) — (LCa-airtoir)

(20)
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F - 5
swnrasiufidnfianih laanuuuldldusaen
> N [ |
mMuaaans Jasdmnlasmmamadusidud
-
Wlyldinniian

- wow X d - !
M 3 hassl Auiin uazenaTisames

Weight = 100 N
Area (m?) | V(m/s) | V(km/h)
Thrust = 100 N
10% 3.02 10.51 | 37.83
20% 0.86 19.66 | 70.78
30% 0.50 25.74 | 9267
40% 0.36 30.64 | 110.30

Taul# &6 (Fuselage) \dunsanszuan
Amfpuiiuh U983 20 em. N7 20 em. 671 100
em. #1Cy = 1.2

Elevator lunssnszuandinasufiud pILER
0.5 cm. 7313 100 em. 611 15 cm. A1 C, =2

Rudder n3antzuandimizuflud 2 7a mmga
20 em. 1M 0.5 em. 877 15 cm. C, = 1.18

lunisaanuunlfunuainie Clark Y 11.7%
Smoothed Yiutlznz 2° 1 C; = 0.55 Uaz Cy = 0.03

g 3 alfarmatudawalilnainn
uazldamudilunrsdulinn vadaldmasluneiu
uawmaflas Jufenlflnuwie 0.86 mMauAT

#1597 4 61 AR AuaTundsyastinuaseen
AR | Span (m) | Chord (m)
7 2.454 0.351

8 2,623 0.328

9 2.782 0.309

a0 4 drwrfisrswraanuuuin
Taslwdanundsvadin 26 was uazamueiivag
111 035 was = ldAuAdndu 091 Aawas
uazilin AR = 7.43 uazdwnmanuiiimaulng
Taidu 1914 mis w3a 68.9 kmvh Tnoldusady
19.27% vasrhaauainaigege

34 MmyaTuaIMAEMAI T

aanuuuinuazninidanltyaafansaty
sneanuuuafiolsunsusanuuuiunuauda
ﬁauam'lugﬂﬁ; 17
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Eﬂﬁ 17 Tiltrotor UAV fiaanuins

- & -~
mollsuntusanuuudvenamuda

3.4.1 lanafandntasmaey Usznauldéd
#1@1 uazgadivyuuamad Taefudunanaziy
agdiifle Waldmmearmwmusodudmineslea

3.4.2 dwszuunauauntiiudaludd -fa'l.-h;n
ATUANTL APM 26 '[au§4ﬁ1n11ﬁ141u1ﬁn1uqun1s
fuunuaimanuilnads niaufufindayamain
uazdstayanfiuwuszunlimaindinaufanad
m-mmqum:ﬁuuumfuaamﬁa wldgamuaunas
MultiWii SE 2.5 Tagasammiaiuy Bicopter

3.4.3 ulasafailn unsmeseAl unungis
wazd@isauimansiudmiuvamasuineda
(Alleron, Elevator waz Rudder) 1ol laitadnatuiy
viaagfflaunan uasfudanliisdwunng wlali

WeaTuuazudus

3.5 midmninadudintanmamn
lunsaanuuuamiasiu iNaaminninas
gaguita szeanuuulidudrouazanidnyos
auganiu uazezfinrsmgagudduanmiilingg
winiu Tasaimagminamais ﬁmﬁna:atju.m
Wweanuyawmad uazameasminats ﬁ'mﬁ'm:ag;
szwinailn uazdasluwinEnitaeanuseanyasiln
iauaaalu;ﬂ'ﬂ 18-19 UATAITIA § UAAINANT
duanmdumissasgaqudiog

Air Foll Lift

11 18 mylieseiduminianamdig
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3.6 mAenzianauiusivaclasiain

& a o
Tuunanuil azdimsiensdlanizduisy

dminusmnidunan sudadrussningaaiious
< . 4 .

UNAIABIFIN UAIANINE WA

5

- s ' :
1 19 madunnmdumiiassagudiog

- o -
d o i 1t 22 ussfinsiuuamsasiivaslanadrein
i 5 midwumduniliesaamding .

& 7 -

Tuunanuil a:qamummmmﬂ:s(mﬁ'u-aa
neasidunan dsznaununisaanuuuaIniasIun
inads Taslumsafudunuamzamlasiadrman
uazdmszuumugunIiudaluid a"auamluzﬂﬂ

4 - & -y &
20-21 iNayhmsduuuutuamuaaringi

- o > -
311 20 Tiltrotor UAV firlsznaushulassadauman
uazdmszuumILauMsTudalui@

31t 21 Tasaaroflnuuy Clark Y 11.7% Smoothed
ﬁ‘mﬁdaaammqauamaf

P -

NERE 4 s |6 |7 e mawiIMIiudnaImeas ussenan

e, £ - a4 a - -
Wheel | Frame | Frame Wing | Batiery [Whee! luvia Fp uaz F svhmhilallouussfivada dauans

weight (g) | s0 600 | 1500 | 800 | 1000 | s0 F o -
Tusufi 22-23 Tasawmsasiusimin Idamaadiiloy

X-Length (em)| 25 80 100 110 120 125 v v

TR o P [ N UM L upyaunasinom 2 du lasudaziduom

0.9 1197 Huw1A 0.025 LUAT URTAKY 0.002 LUAT UAZ
“d e Y w  dd
Hmin 0.3 nn. uasiMHNAINNINENAIM 2.7 NN,

Wihdunsgunsnd]
RN Q N0 Wmu
‘# V2——L2 1{
i 3

- - -
i 23 usfinizvhusamsasiuvaslanaioin

165N

135N,
t L=09m.
“13.5N,

7.425 Nm.

165N

L

31]11 24 WHUNWUERY Shear Force

uazr Bending Moment

nfilaenTue Bending Moment waz Maximum
Shear Force azmunsniumitanzianuuiusivas
Tnsaaflasduamna Moment of Inertia 18904
nanasldiviany 1.1576 x 10® m* Taniifufimida
i1ny 1.9x10" m% %1 Bending Stress ld1vi1ny
2 .567x10° N/m? (241 MPa) WL & ¢ Shear Stress
8.594x10* N/m? (85.94 kPa) d’auamlugﬂﬁ 24 Tan
agﬁtﬁuuﬁﬂmﬂiﬁwﬁamﬁ Maximum Bending
Stress 83 MPal' W 8 = Maximum Shear Stress 76
MPald Fafianuudausanamurziumseanuyy
IMALT

236




90

maysgudmimy

AME-04

37 MIBINUULTTUUAILANNTTLIR
uuiwaimang

Sigeal ot

Dozt
THE

Areraly
DLt

l—t- Servo,

MU Feedback
Gwmm’: Magnat
Accaleromwner || Compass

Eﬂ'n 25 WHUMIWMITATUR Bi-copter mode

Data Log

dnumznnadauiivasamasudu-amieda
armummbunaanuuuszuumuaun sl ddsuaag
lugui 25 Taulunasaaugy Rol uaz Pich aslddn
fAawaaaunduan Gyroscope Wiz Accelerometer
daun1snaugy Yaw ezl dsuulasldann
Magnetic Compass

3.8 MIDANUUUTEUUAILAN mMiliw

=
uwpuaimagwilinade
Signal Input Pladt
THE {‘:.D / utgut
¢ I Aircraft
@ Fip L, Grientation
v
Baromear

[
IMU Feadback

¥
Gyrascope Magnetic ¥
Acielerometer Compais

A
E:Jﬂ 26 WHUMWMIAILUAY Airplane mode

Data Log

FnsmeniTiAdaufizesainiaein
fina$s szrunsnthinaanuuszuumugumyiuled
a‘auaaa'luaﬂ'ﬂ 26 laulunsAiuay Roll uaz Pitch
arlfd1fianwarndaunduarn Gyroscope
uaz Accelerometer §IUNITAILAY Yaw azlddin
iwdswudaslyann Magnetic Compass Ua
Accelerometer WiauTuNIIN®IANGILEIINA
114 919 Barometer lumsdssndanamataundui
gazuy aitlwsnhaAouuluiaideyfuuwuns
fu usstvamluwaezdnenszeus uazesifions
anandnaugivly sntuitaWaansnldhaay
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GETIZ0N

wnzildsuutlasyulua szdasinmussanlined
a - a =
wwa ussanfildanlurauasin duanlugld 27
a e ome we T |
uaz g 28 waashasiuiiyunamaiiaoull

Lift

Angle
(Degree),

Argle
|Degree]
e

zﬂﬁ 28 ununmusashaLndaaly
F -
daldowyuuaiaad

4. HAMIANHRNS
e g
muflananlludidu tnanuil sxaniums
- & < w
mylinnzimsi-amanadunin

4.1 HAMIMARBUYAAILANM TN

lumsaanuuuszuyaanqunisiu it ld
idanldizuuaruauilad (PID controller) Tanldnas
A§uuda PID #217F Ziegler-Nichols :Zsfiarsmilfya
augu§uan 2 1a Wakufoundsungad
Wiz

411 yu Rol naamlasmimuszuudioms
nquaa'lﬂmamuﬂuqu 8 amn laarhmuad K=
100 uAzAILIARD 6 Emmmﬂnmmqamuﬁ‘uﬁ'
1 fUAMULLY P-Control fiflén P = 40 ua:-qamuﬂu'ﬁ'
2 ALy PID-Control fiflen P = 60, 1=20 usz
D=50 WaMImAUAUBILAINTINEIATIIINMAY ol
ﬁamnﬁ'namm‘mamwauqamaaei’amuqun“fiaaa
uny Fauaaslugl 29-30
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fioll Angle (Degree)

! 1 poo |\ «Time

- o
311 29 mauriyu Roll vasgan g 1

Roll Angle (degree)

Motot Theust (kg.)

- -
zﬂﬂ 30 msun’a{u Roll maaqamuquw 2

4.1.2 yu Pitch naaaslaumysunauszuudIEmMs
unﬁ"mn‘mmwﬁmﬂm‘m 19 a9 lauhwuad K=
100 wazAUAIAE 7 iammmﬂnmmqamuquﬁ
1 MuguLLY P-Control fifidr P =20 na:qamuquﬁ'
2 ALY PID-Control i1 P = 60, 1=10 uaz
D=50HANIADLAUIYBINMITNWUSTHININGY pitch
damuiisauamnanin auAaY am"'m'mquaaaa
uy Aduseslugyl 31-32
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Pitch Angle (degree)

Sarvo Angle (degree)

- w o -
ZIJYI 31 MmNy Pitch UNTANLAUN 1

Pitch Angle (dagree)

- -, A
Ui 32 msuriyy Pitch ¥a3gARILAY 2

4.1.3 yu Yaw naaalasniiniuszuudaoms
wyuiramasmlineuduys 20 asen las
famuadl K. = 330 uazauaanfa 15 Famwasn
ﬂs:mmqamuquﬂ 1 A2uAuUYY P-Control
fiflér P = 100 ua:qamuquﬁ' 2 MuQuULY Pl-
Control il P = 150 uaz 1=10

4.2 HamsNAARUMSLN
a4 N - - -
(WaliiusaTuaningfi RC Pulse = 1550
(Min.1050 Waz Max.1950) 81N 1A EIUIINRDL A2
4 5 o - -
uazidatisusatuaning il RC Pulse = 1600
P A cd 440
M mazEnnnaasiuldaduauysol Sudaly
- - y N
@nuRNTail 2 mMsdinauazmssmdrilann
mstufindayamsunyhaunsonaaiosnwlea
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Yaw Angle (Degres) uussvayiag nuﬁemsaanuvmzuumuqum\ao
- . 4 - dea ve a
famumanzaunurwe Safanvinlate Aaluwud
o da ™ -
L vauntundvwaudsiuldmuenuntivain
4. MIBANULLAINIALIUUATTZUUAIUAN A
e i iaﬁmuwaai’aqﬂt:aeffua"z MIFTITUIURY
v - o = a &
waavdaNnuulnuazutIusy mmamqﬂnmfms
. Y | > -
e uamaﬂuﬁmnumgnaaa Mz iang
" flanamainszuunanauazay sl szdinade

g e msnugule

il 6. im@nssulszma
- o o - 1
vovounn 5.0 353anl szl nanvudanms

o Alimuunihlumsnageumistiv

-

- I -
35U 33 MIUnuy Yaw 1831a02uauf :
] : L L VaUBUAT naslsam nsvruEIMnITaIMA

b nasinene Alsdalesnuituazniasdatag
1 lumsafuamanu
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G ‘ £ ilidunshuasdaiosnmilummasaumstin

Serva Angle (Degree)
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8. Auls
RN = Reynolds Number
P < apumwudurasama
v = AT
L = maugmidsiiomelnaciin (awissum i 1)
p = AMULFEANIUYBIINIA
F = ussamiemasrians
D = useeu
L = usdn
q = AUAUKAIR
S = Wufiin
Spial = Aufiiatdn
Sope = AMTRIEMAWMANIMTER NN
C; = sanlsEAnuT e ANamaRT

e

- Ar
Cp = AutlszinBusidn

».

s - af
Counisa = St szimBussamin
s P N F -
Coote = Autlszintusidmaauuanmilasniln
e -y
C, = audszimTusen

= ATIURWIUHRY B8R

™
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AR = Aspect Ratio

MAC = aTemiadzuaddugm

b = amuniseasin

T = w59

T, = usetunawwaf 1

T, = usstLyaimadf 2

@ = Yy Roll

£ = uu Pitch

Y= N Yaw

@ = amuislumnydougy Roll

§ = amnudslunsulAnugy Pich

¥ = arandslunisiAowm Yaw

|, = suzswisssnuluiaiineguddusmeanm
= 1:u:1:n‘haa‘r'maam'nqnﬁuqmguﬁﬁummﬁmu
o = uulumsdavasvaimad

B = yumwihuruvanawmainuduainaf

g = emudaitasanusabiudasvaslan

W = Total Weight

X = Y-axel to Center of mass length

Y = X-axel to Center of mass length

w, = Each Weight

x, = Y-axel to Each mass

Y. = X-axel to Each mass

M = Bending Moment

F = usansziiuumu

L= mnugmuaiiznnyagulldusnih
o= Bending Stress

¥ = ATaniuainu

| = Moment of Inertia

T = Shear Stress

V = Shear Force

A= fufimiwnuase

C, = $=HzNUNYK X 1addumild Moment of Inertia
C, = TEHETMULN Y 13971unike Moment of Inertia
a = vevase gl L uaianes

t = emumiiyasn gl L uuumiinas

y = dmAnTEwiRe: a iz C, wia C,
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