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Modeling and Simulation of Sky Surfer Small UAV Flight Dynamic Characteristics
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ABSTRACT

Dynamic modeling, which capable of simulating the aircraft dynamic behavior and performance at
any time, is the heart of studying and analysis of UAV (which have been designed since conceptual phase before
being fabricated) flight dynamic characteristics after the flight condition is designated. However, to enhance
performance of the interested UAV which have been designed and fabricated by others, hence the reverse
engineering process is required in order to obtain its parameters like geometric properties e.g. wing, fuselage,
horizontal tail, vertical tail, flight conditions, mass, moment and product of inertia, aerodynamic property, engine
property etc. . Once all these parameters are obtained, the study and analysis of its flight dynamic characteristics

are possible. This paper addressses the step in mathematical modeling and simulation of Sky Surfer small UAV
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flight dynamic characteristics by using reverse engineering process to study stability and control and the UAV

response to the primary control surface input which will be utilized in automatic flight control system design

phase later on.

Keywords: Modeling and Simulation; Flight Dynamic Characteristics; Small UAV
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Use this Model for Longitudinal Dynamics
Aircraft Longitudinal State Outputs
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Longitudinal Roots

JUN 8 AIIINAMIABLVBITTVUMINIUILNUYT

wad ldoinmssiaesnadalumsiivvesernmseiy
1Fandumunuiunueidie Tusunsy Scilab/Xcos
1 { 3 a
Taelug 9 uamsmsulasumlasvesnnuisusudu
{ A 3 A
Tunwaunuerunlsulasuaiunar Tagliainuwian
1 Y 1
INUTULAZAAAIGIGAMAY 4.5 m/s azlinunarlums
Ysudrganzmsuauga@usiiny 140 s damlu
= a S a
71U 10 vaasmsnlasuuasvesnnuiz urauTe
= a 3 A
suaunuylsnlasuaiunar Taglininaumsm
4 X B y
MNTULAZAAAIGIGAIRTE 22 deg/s uaz 19 Tuns
Ysudhganzmsbuniuay 140 s vazlugdd 11
waaamstlasuuilasyninenlsulasuaiuaad
A g 44 X A
TAglAIANUET VNN UIAZAAAIZIGAINAY 24 deg
uaz InalumsdsudiganizmsDu nsway 140 s

awaaalugd 9 - 11 awday

t t + + + t t + +
1) 20 40 60 80 100 120 140 160 180 200
Time(s)

o 1

3UN 9 MANNAIUTIZNIN Au vs t veIBIMNAEIY

A

Sauduiioasdyaas (Input)

Y
AMINTTANHIAUADVUAUY Doublet

a d = A
315ms:mmﬂ1amuaxmﬂiuiaﬂmmﬁammﬂ

o J 1

51U 10 MpnudLIUSIZHIN Ag US t ved

U

Y o A o
mmﬂﬂm”lsﬂumumamaagﬂunm (Input)

Re

@gI)’JElﬂﬁﬂi%ﬂﬂﬁﬂlﬁﬂ‘uuaﬁlmﬂ Doublet

1ANANTII91a0INata luNT DU NIUILN U
w15 auTUTEd s MWeUHUIN U
TaslimMsnaouNuUVFUNNTLEZIAIUIUN I AR

Yy a Y & =< !
L"ll1ijﬁﬂ1WﬁiJﬁlmﬂinlﬂ %Q!Lﬁﬂﬂﬂﬂﬂﬁﬂﬂmﬂ??ﬂuﬂﬁ

9
[

A o 2K o & Y = o ~
AWANNM AU ude NS T U guatesnwn
@M Io0nuVVITTUUIAS uades NI uLuILA L)

yx X o A g ya 29
Inavuae liie Idligaunmlumsmuguanidoans

t t t t t t
0 20 40 B0 80 100 120 140 160 180 200
Time(s)

H ' v o & '
Eﬂﬁ 11 MANNTUNUTIENNY A vs t v

o e 13auduiiedloudayg s (Input)

Y
M INITLANNINT VLA Doublet

4.2 NAIAUUIAUVILASNANG
o Y 9 v A a
mvualiormeaenu 15auvul angmsdu
AR UNatau AU 1T 4.1 utANITAN
MWIEMITUNUNNANNIT QI (Input) NAAIN
U g a ] &’, Aa N ¥
mslalaandeanniy wandnsie 1a 91nTdsunsu

XFLR5 92 Jaf1 fiail



19 14 29907 1 w5 1A% - SUNAN 2561

ALat
—0.5556 —0.2486 —16.4283 9.81
—6.2459 —52.1793 5.5339 0
2.3152 —0.9676 —1.2445 0
0 1 1 0
1.0569 0
i 0 o w
Blo = 635133%983 o| ey
0 0

A 3 A o= ' a P
19 A ¢ WUNATNEFITINATMITINNDT AN 9
v 1M 1§ AuYY Sky Surfer TiuILAUUNLAY
A 3 a I '
namaag By g Wi ngasauaasniainnsnluns
Ea
AruaueIMIeIU 13audy aaiu nsandadesnn
wadtauaznatavedo1maeu 1S auTuanuuILAY
vaaznan1aTasld1asunsy Scilab/XcosAataad
Tuzin 12 mssaeanaiamstiuilooinmaeiugn
[ 9
suRIUMINMIAIFy QI (Input) MAAINNTS 1F Y
v o A <3 = ' A =
179U nant9e9tuY Doublet NA1IAB UN1TNTEAN
= é’ I = ]
ua (Flap) N9UNU NI UMY UIAHHINU IR
[ ~ I
aou1 nszanunal (Flap) n3tlnvnauiuyuayuia

& . o a o o
NUINUIYDIA ﬂil!ﬁﬂﬂiugﬂ‘ﬂ 13 /a1y

Use this Model for Lateral-Directional Dynamics

—
*D@' ﬂ@' » N ﬂ@
—
—
- —
Doublet del_a input

Sky Surfer UAV CG Designed Aircraft Lat/Dir State Outputs to del_a

517 12 MsTaeanaiamstuluuuinauyNLay

u

Aen1adaeTasunsy Scilab/Xcos

da(t)

B e e

. . : : : : . . .
0 5 10 15 20 25 30 35 40 45 50
Time(s)

317 13 dryayas (Input) 1111 Doublet

NNMINTZANINANDE

95

TAsA15INYDIAUNITAMANY ULIANIZ VD

mmﬂﬂm'l%’ﬂmTuﬁluumuﬂmnNuaxﬁﬂmaﬁmﬁm

Lateral — Directional Roots

t t : t : :
-60 -50 -40 -30 -20 -10 o] 10
Real

sUN 14 M51nv0952un TuILANY AT AANIG

b1}

= Y I 1o ' ! [
%1ﬂ§ﬂﬂ 14 ueaa IF AU NIA LU U1 INNIHUA

l FY ] a 9
aqmqmuﬂwwmamﬂuﬁ)ummwuﬂamm%m

= @

Y
Ay 1 auauil Tiadesnimwataluuuunuvig

T
° a

A J 1A d Y 2
UAgNANI IﬂEJﬂ'li'lﬂﬂ‘ﬂlflj‘lﬁ]'lu’)umfﬁ“]f@ui]giﬂ“ﬁﬂ'lﬂ

A A v & - A A 3
m’a‘maaummuwmﬂma myﬂumimaaummuﬁu

v 1w v oAA = = a
AYATDATINITHUINNUAT 0.18 LASHUANNUDDTITTUYIN

'
a A

UM sFUNINY 0.658 rad/s @IUAITINTIUIUITIN

Do

' Yy v oA & a = A
og Inaeon Tnedudelionnazesinetamsmaoui

o A g
wpulsad FUFaus (Roll  Subsidence) Fuiluns
A A = < a = ] A
wasunuuuluinsdunuuiiiadesnin naiife
msnemagIuaznavtuluninemsivilnszau
wasngnsunuliesnsinanzmsiuiaugalag

l

UAMIANAINNIAY 0.019 s 4ATAIIINTIUIUITINOY
a o 3 a 4 A
VULAUIUANIN DT uAIToTUIENITIAR ALY
2
a'l1/s0ad laiesioud (Spiral Divergence) Ha1iluns
A A = d Ayy a A A
waounuuy luimsdun 13iadesmmlasiianiainan
WNU 1.75 s
wan ldannssiaeanaialumsivvesoimeasu
T auvuaiuuuinnue1ads 1Usunsy Scilab/Xcos
awaaaluzii 15 - 17 mudav Taggda 15 ueaanis
= 3 a Y
nlasuutlasvesnnus aredu luuuuauuneaunm
A d 44 2 a
TagliAANUE NV UIAZAAAIZIGAIRAY 0.15 m/s

uazldarlumsdSuhganzmsduauga 6 s dau

~ = < a
319 16 uaasmsnasunasvesnnuE wFaTOY



96

' ' Y
uwamnuemunm Taelisnnusimuiutazanas
gagamao 0.22 deg's az e lumsdsudganie
Mmaduauga2 s waggil 17 vaasmslasuunlaayn
2 A A~ ~ 3 A o U 9 Y
Pes1ln etimynszantlmdnideazildilndude

v A <3 '
yoso1maeiu l¥aududouiuyy 24 deg naz'li
awnsanduingnmumsiuaugadn1a vagiiu Ty

A = A a Y A E
W@Wﬂ?ﬁﬂ’]uﬁ]$3J3\Q|3JL@ﬂ@ﬂﬂ%?ﬂLWﬂJN’]ﬂ"Uuﬁ@ﬂ 9

018

0.14---H

005 3---fiF

013
0,154

-024-H1{--

-0.25

+ + t t t t + + t
1) 3 10 13 20 25 30 35 40 45 50
Time(s)

3 ' v o J '
31U 15 AnudNRusIEIN Av s t veq

oA ISauduiiotloudyana (nput)

Freminszaniln@nideaul Doublet

Time(s)

1 ' v o '
i‘].lﬁ 16 AMANVUTUNUTIEHIN Ap vs t v93010H

) = o v
ﬂm'liﬂwuumaﬂauamuﬂunm (Input) A28

~ 3 A
MINTLANYNIANIDYILLLL Doublet

a d = A
'ﬂiini';l“ﬂfﬂﬁ1ﬁﬂi!!ﬂx!‘nﬂiuiﬁﬂu1m§6i’)ﬁﬂﬂ

o(t)

0 5 10 15 20 25 30 35 40 45 50
Time(s)

Y ' v o '
31U 17 menuduiusszrng Ag vs t ves

omeeu 13auduiiedloudyg s (Inpub

Y = 3 A
AeNINTZANYNIANDYILILY Doublet

NHAMIIABINAIA TUMITTUMVLLILAUY AL
Aanananadieinaeu I¥auduiliadesninaiy

HUANUYIAZ AN 1M BITAID NI Hgun Iy

" Ed
o v @

~ =K o & Y = @
MIAIUANNAT AT uudalnisdivilge
EDITNINAINTEBALV VT UIE S Mades 1wy
uuanuyazianeae e Itiguainluns

Ay
AIUANATNNADINIT

5. agluazdoavenuy

vinmsi Idinsdszand1gnssuaumsdaanssy
dounduiieniAmisfimeiara 4 vese a1y
1¥audn Sky Surfer i3 1enuusiananie
adlasnansuazsiaeamainmty Tuvaziivaseseay
ez 143 Un135UAIUIINATNTZANITIR YA 9
iefnyIMsiiadosnmnaiauaznisaiugunu
oMoy 13auty Sky Surfer Niadesmmnaiauuy

[

Wneedaoudiam Falimsasimsmisefiduiiiy
2017 1AZTAE 5T TN TUAT dU 0.68rad/s BT
AR ITAMINNATALIUANT T5ada0uT 1967 Taoiia
F31015HUIURITY 0.18 nazinuATITUIIA
TumsduiIiy 0.658 radis 061315 Ra 1 1iien1

P Y A 2 ~ ~ ]

ﬁuuﬂ‘a‘muazgn@mﬂwummmﬁﬁaumaum
A s A o s A

WITTWEADINLNYIN Ii]liJu@]ﬂ'J']llLﬂﬂfJLLﬁxNﬁﬂmﬂJﬂ\i

A

14 Y : [
TuuAANUABEAITMIOU  BNAT



19 14 29907 1 w5 1A% - SUNAN 2561

6. naanssudszma
YOURUAMNIAIWIIAINTINOINIAYIY  UAZND
malulagnisiu NeIIWIIAINTTUDINIALIULAL
a = = A a
150U NDINITANE 15U IUUIUTOINIAUINUN
v Aa a o [ d’l j’ Y a oA
NHAI531% dmiumspeileviesllianisnaaes

HAY IAT9INTIANNANTA

7. 1ONA1591909

[1] POIIWEIMA. (2560). gNEAAASNDIINBINIA 20
3 W.61.2560-2579 (MITUIHEUNT). AUAU 24
ﬁqmﬂu 2560, 310 http://www.rtaf.mi.th/th/Pages/-
Publication.aspx

[2] NOINWINIA. (2560). uTam&é’ TywIMINKIg
217 Usziilwnsdngy 2560-2561. Funu 24
1QUIBU 2560, 91N
http://www.rtaf.mi.th/th/Pages/Publication.aspx

[3] N3zNINNAT TN, (2558). uToU0TFUUATI N3
N3ENTNNA MY WA.2558. FUAU 24 Tguiou
2560, 910
http://www.mod.go.th/Policy/Policy/policy-of
mod_ 58 th.aspx

[4] Raja,V., & Fernandes, K. Jr. (2008). Reverse
Engineering An Industrial Perspective. Springer.

[5] Sky Surfer RC Airplane Manual. Retrieved on April
18,2018, from
http://www.bananahobby.com/images_templ/-
manual/sky-surfer-trainer-manual-english.pdf

[6] @3wa 39asnIne. nusay auneduas Ay 509
aula. (2560). 91 TA59M3 390 09 Myad1e
HUDTIA0AZ 1A MANHAULHAIANT UV
o1meenu 13auay Sky Surfer. MAIMIAINTTU
2IMAIIU NOIIFIIAINTTUOINASIULAY
maluladmstiu nesmsanen TseSouneise

DIMAUINUNABAST NTIY

97

[7] Flavio, L.S. B., Carlos, M. M. V., & Julio, C. S.
(2009). Experimental Determination of Unmanned
Aircraft Inertial Properties: Proceedings of the 3¢
CTA-DLR Workshop on Data Analysis and Flight
Control Symposium, Brazil.

[8] Matt, R. J., & Eric, R. M. (2007). Optimized
Measurements of UAV Mass Moment of Inertia
with a Bifilar Pendulum: Proceedings of the AIAA
Guidance, Navigation and Control Conference and
Exhibit. Hilton Head, South Carolina.

[9] Shakoori, A., Betin, A.V., & Betin, D.A. (2016).
Comparison of Three Methods to Determine The
Inertial Properties of Free - Flying Dynamically
Similar Models. Journal of Engineering Science
and Technology. 11(10): 1360 — 1372,

[10] Jane-wit Kampoon. (2017). Aerodynamics Stability
and Control Analysis of Sky Surfer X UAV.
NKRAFA Journal of Science and Technology.
13(13): 25-33(in Thai)

[11] Stability Analysis with XFLRS, page 01. Retrieved
on April 03, 2018, from
www.xflrS.com/docs/XFLRS5 _and_Stability analysi
s.pdf

[12] Rein, I. Hoff, Guy, B. Gratton & Anthony, E. Gee.
(2010). Estimating Sailplane Mass Properties.
Technical Soaring. 34(4): 118-125.

[13] Robert, C. Nelson. (1998). Flight Stability and
Automatic Control 2" Edition. McGraw-Hill

College.


http://www.bananahobby.com/images_templ/-%20manual/sky-surfer-trainer-manual-english.pdf
http://www.bananahobby.com/images_templ/-%20manual/sky-surfer-trainer-manual-english.pdf
http://www.xflr5.com/docs/XFLR5_and_Stability_analysis.pdf
http://www.xflr5.com/docs/XFLR5_and_Stability_analysis.pdf

