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APHILAK LONKLANG : A DEVELOPMENT OF 3-DOF FLIGHT
SIMULATOR. THESIS ADVISOR : CHALOTHORN THUMTHAE, Ph.D.,

86 PP.

FLIGHT SIMULATOR PLATFORM/MOTION 3-DOF/SERVO MOTOR CONTROL

The goal of this research is to build a flight simulator prototype for using in
aeronautical engineering class of Suranaree University of Technology (SUT). The
flight simulator prototype including cockpit of training aircraft, image by on-the-shelf
program is connected to the computer with control stick for sense the real feeling of
flight. The flight instruments are also included. For getting the real feeling of flight,
this prototype can move in 3 axes including roll, pitch and shock by using three servo
motors for controlling the platform. Cockpit image will show in 3 multiple screens,
two of which will show the look forward view, two others show the left and right
views, and the last one show the instruments panel which also touch screen monitor
for adjust the flight instruments. X-Plane v9 has an appropriate properties, because it
can connect to the motion signal generator to control the servo motors for platform

moving following the maneuver of the real flight.
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A ) 2 7 < o A Y A
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3.3.1  STUUMAUDINDA (Reference system)
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Y-Pitch
Servo 2 Servo 1
\ . |
Reference = (0,0,0)
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gﬂ‘ﬂ 3.4 UANTZUULNUDINDY (L = 5292 INUDN Servo)
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Pp=|—4%=+d ——+d —-—+d (3.4)
123 2\/3—, 2\/3—‘ \/3—,
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HAIAARUNIZIIINIHYUTOVUNUNIHUAT DI TUMIIATOUNHIIATI FIMIIAaOUN
g i a 3 v o A
inannsagnivenliedlugiues Lincar Transformations Tael4iuas nailudadutiums'la
3.3.2  Matrix Transformation
- m3nduNINNe (Pitch Motion)
A A Y 3 y < v 3 o
manaeunneuuilumswyusounny x aalug i 3.5 unu x Weasmmd i
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Tunszamdudasdiegn mavyguanga B Ny 6, lldsga p, ey hhilugn o,

(0,0,0) ¥, »
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P

I N Sy

X; = X, (Axis of rotation)
» =hcosd,

x; = hysind,
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[T

g = & vo &
ﬂ'lﬁ‘ﬂigul!uﬁ"liJ'lﬁﬂléllt’JuLﬂuﬁiJﬂﬁllﬂ JU
Yy, = mcos(ap +up) = hlcos(ep)cos(up)—msin(ep)sin(op) (3.5)
z, = hlsin(ep +up): msin(ep)cos(up)ercos(Hp)sin(up) (3.6)

a [ v J 1 o [} a o [] [
wmsmmmauwu‘ﬁizmN@mmmmmgazmgmuﬂwmﬂﬁ’

X, =X (3.7)
Yo =¥ cos(up)—zlsin(up) (3.8)
zZ, = ylsin(up)+z1 COS(Up) (3.9)

[

¥ . . 2
K U], f transformation matrix AU

1 0 0
T,=|0 cos(v,) =sin(v,)
P P P (3.10)
0 sin(up) cos(up)
a dyy a o o v A 9 Y o v v o v A 9 g’/
ﬂﬂ!m“lfl NUAIYLUATOBA LN UNILTUAU ﬁ]z"lmmmuﬂwmamnmmu,imumam
Po =TpPs :[A][B] (3.11)

' 1 0 0
= .
119 [A]=|0 cos(v,) -sin(v,)

0 sin(up) cos(up)



30

L L 0
2 2

L L L

[B]— ﬁ_‘—d ﬁ—i_d _ﬁ+d
0 0 0
ald
L L 0
2
P, = (ﬂ Jos(up) (f+djcos(up) (—\/?'erJcos(up) (3.12)
( )sm (f+d]5|n( ) (—\/?'+dJsm(up)

- MIAADUNTOVUAY Y (Roll motion)
S ? Y44
MIAABUNLVY Roll umﬂumimguiammu y MIAADUNGTUAUINTUMNS
~ o g’/ I = [ [ d’ d' [ 4
7 3.12 Tagnsarwravdwdu T lunaderdudunisindeunilne nagnivea

Transformation Matrix ﬁ 3]

cos(v,) 0 —sin(y,)
T = 0 1 0 (3.13)
sin(v;) 0 cos(v;)

o ! } A ' k) o A A Y A ~
@nllﬁuqclﬁusll@\jﬂﬂl%@u@@ﬁf‘lﬂﬁnﬂﬂ151“Lf‘)ﬁllutﬂiﬂlﬂ]lﬂinﬂﬂqﬁlﬂa@utﬂﬂﬂ

Y 9
wendaee'ld

Por=I%1 Y2 VY3 (.14)
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e X =—[@+d}sin(up)sin(ur)+%cos(ur)

5 =

_(%+dJsin(up)sm(uy)-gcos(uy)

X; = {—% + dJsin(up)sin(uy)

Y. =Y, :[%er]cos(up)

. :(%+djsm(up)cos(uy)_gsin(uy)
. {_%m}mup)cos(uy)

- MIAABUNMNLAY Z (Heave motion)
A A Y Y a A ~ A a4 2
ﬂWimaaummmjﬂmfmummﬁma’ouﬂ‘ummu z Tﬂﬂm’imaau‘ﬂuu

A 1 A Ay ¥ ~ Y . . FY
ﬁ]u]ﬁﬂlWﬂJﬂ"lﬂ”Iﬁlﬂa@u‘VIllﬂIﬂﬂ@]ﬁ\?‘ﬂuﬂu z YINNYA Tﬂﬂﬁ]x“lﬂ Transformation Matrix gany

[

I:)prz: Vi Y2 Y3 (3.15)
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o %= [‘FL Jsm( )sin(ur)+%cos(ur)

_ {% " dJsin(up)Sin(uy)—%COS(Uy)

333 mahaudeyariedsdayanaliiaginsaldumas (Actuator signals)
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uwumaﬂu"lm G]N‘Vi”I"lﬂﬁ]”lﬂllﬂlfjﬂ‘l/l"lfﬂlﬂﬂmwjﬂ IDprz bhlﬁllﬂ"li‘ﬂ 3.15 “]Ni]‘é’ﬁlﬂﬂ’s‘ﬂiJ"IiﬂWW
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V, = sinl( :
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- Lo 0 o <
Motor 719 Motor  #rtianiledagneenuuuudmiuldluszuunsniugunienuisg
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9 ] o @ 1 A % A 9 1 @ a ¢ A
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(M3 ITA 11aE 32V Feedback Encoder d1M51IAMIIMUIYNDIAINITHIU NITAIVAN Servo
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Fa
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Aq Y
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- mmaw%“lumsmmu : Smllﬂ’ﬂllLS’Jﬂﬁ@]ﬂUﬁHﬂQ‘U@QN@M@%

Do

o v Jda

- AYUNATNANIINITHYU (Direction Sign) : 5 Volt

[ A

9
- AYAMWATIIUIUTUNITHYY (Pulse Speed) : 5 Volt
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1ormally coi
puters below
192.168.25.158

IP for Data Output
Hook this machine up to another with an ethemet cable. If you have any data selected to go to
the Intemet in the SET DATA OUTPUT creen, it will 50 to this address, Use this UDP data to drive
anything you can think of! i

1127.0.0.1 6666 | [ IP of data recelver (from data output screen)

IP of Master Machine

Hook this machine up to amﬁherwlm an ethemnet cable. This is an extra cockpit, visual, map,
viewpoint, or anything else! It must be connected to a master machine, which has one of the
options from the previous page checked.
192.168.25.19 49000 | [ IP of master machine (this Is extra visual)

) 1P of master mechine (ths s extra cockpif

H 9
519 3.8 uamamsaamimadatoyasin llsunsusiaesmsiv

2. weullsunsuiesua navan llsunsudraosmsiu lums@euTdsunsy
v 1 1 tﬂ' d‘ [ 1 =S v \ dy
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A 3’, 1 J v A~ [ ] ~ U o a

Funnasmilansuielasvdyyiunazgndanan llsunsudiassnmsiy

9 d o k.
TaalsWanay UDP.read (Package Buffer, Maximum Buffer) ;
~

d v 1 9 1 o a v
WeN¥U UDP.read 1uﬂ1ia1umEma‘m]ﬂmmmﬂiﬂmﬂ‘immmmiuu G‘I:);\ifl

U U

[

a &
J1YASIDYAANU

'
= o

o 1 4 ]
- Maximum Buffer : 1nuaa lua (Bytes) gagafiaziiinmseiy minmsany,
1 4
TuTdsupsuaseonuuiies 77 lued
A [ d'cu 9 @
- Package Buffer : ﬂ@ﬁ”lﬂ’f)ﬂﬁlligﬂiﬂllﬂi]”lﬂﬁﬂgﬂlﬂm UDP
21ANIPDAUVUANHULVDIUAUIAADY 1M INVZ1N191809N1TIAADUNVD
d' a 9 @ I 9 o w Y d' ) d' A
10130901 1981 Servo Motor 3 1 Hludumaslumsiumasy a1u1samuIvNsAaouNvUed
' oY A Y1 A A ¥
Servo Motor LAAZAY 1AM INENNT 3.15 ag 3.16 e laA1n151AaeUNUDI Servo Motor a2
o o o J o . 1 @
1390 1AvmsenTasunsud s Servo Motor Tagld Wand veeT11/51n53 ArduinoIDE 5911
14 . Sy . = = @ dy
UDTA Microcontroller %9 Arduino Taeliseazideanail
WeuTdsunsullszurananisnaounued Sevo  Motor  Taald Talsunsw

. A v J . = = v 2
ArduinoIDE #0@157UV03A Arduino Iaslisivaziduanene 111l
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Controller K, T, T,

P 05K, Infinity 0
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Abstract

The goal of this research is to build a flight simulator prototype for using in aeronautical engineering
class of Suranaree University of Technology (SUT). The flight simulator prototype including cockpit of training
aircraft, image by on-the-shelf program is connected to the computer with control stick for sense the real feeling
of flight. The flight instruments are also included. For getting the real feeling of flight, this prototype can move in 3
axes including roll, pitch and shock by using three servo motors for controlling the platform. Cockpit image will
show in 3 multiple screens, two of which will show the look forward view, two others show the left and right views,
and the last one show the instruments panel which also touch screen monitor for adjust the flight instruments.
X-Plane v9 has an appropriate properties, because it can connect to the motion signal generator to control the
servo motors for platform moving following the maneuver of the real flight.

Keywords: flight simulator, 3-DOF
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