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Modeled Aero-Vehicle Control

by
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Advisor

Asst. Prof. Taworn Benjanarasuth

ABSTRACT

This thesis presents the study on design, implementation and control of aero-vehicle
including the application of sensors, namely ultrasonic sensor and tilt sensor, as well as the
application of microcontroller and computer in control system. The objective of the control
system is to control the height and tilt of the implemented acro-vehicle by applying the
knowledges in control engineering

The procedures of the study include reviewing all relevant knowledges and applying
them in the implementation. Specifically, PID controllers are utilized to control the aero-vehicle.

Finally, the experiments are conducted and results are recorded.
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ey

draudoyn y X xy 2 3
1 15 1.08 16.2 1.1664 225
2 20 1.28 25.6 1.6384 400
3 25 1.56 39 2.4336 625
4 30 1.84 55.2 3.3856 900
5 35 2.16 75.6 4.6656 1225
6 40 2.44 97.6 5.9536 1600
7 45 2.76 1242 7.6176 2025
8 50 3.04 152 9.2416 2500
9 55 3.32 182.6 11.0224 3025
10 60 3.6 216 12.96 3600
11 65 3.92 254.8 15.3664 4225
12 70 4.4 296.8 17.9776 4900
13 75 4.64 348 21.5296 5625
14 80 4.88 390.4 23.8144 6400
15 85 5.2 442 27.04 7225
16 90 5.44 489.6 29.5936 8100
17 95 5.68 539.6 32.2624 9025
18 100 5.92 592 35.0464 10000
19 105 6.2 651 38.44 11025
20 110 6.52 717.2 42.5104 12100
21 115 6.84 786.6 46.7856 13225
22 120 7.12 854.4 50.6944 14400
23 125 7.56 945 57.1536 15625
24 130 7.76 1008.8 60.2176 16900

HR5 2 1740 103 9300.2 558.5168 154900
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Command Signal to Motor 3
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MANUIN A

Tusunsalulasanu

A1 Tilsunsidvrawdn (Visual Basic) ¥89mIniugaszuuila
Start:
Forn=1To4
Do
DoEvents
Loop Until MSComm1.InBufferCount > 0
Data(n) = Asc(MSComm1.Input)
Debug Print Data(n)
If Data(1) <253 Then GoTo Start
Nextn
If Data(4) <> 10 Then GoTo Start
If Data(1) = 255 Then
all =256 * Data(2) + Data(3)
Qx=(-1/11.15) * (all - 2490)
Text1.Text = Round(Qx)
End If
If Data(1) =254 Then
a22 = 256 * Data(2) + Data(3)
Qy = (-1/11.15) * (a22 - 2490)
Text2.Text = Round(Qy)
End If
If Data(1) = 253 Then
a33 = 256 * Data(2) + Data(3)
If Abs(a33 - a33i) > 600 Then
a33 = a33i
End If
a331=a33

Ifa331 < 538 Then

71



a33i =538
End If

Ul=(a33i-538)/23.28
Text3.Text = Round(Ul)
Text13.Text = a33

End If

M1 =24 * Sin(Qx * d2r) + Ul

M2 = (-12) * Sin(Qx * d2r) * Cos(Qy * d2r) +20.785 * Sin(Qy * d2r) + Ul

M3 = (-12) * Sin(Qx * d2r) * Cos(Qy * d2r) - 20.785 * Sin(Qy * d2r) + Ul

'caculate errror

erM1 = (20 - M1) "x

erM2 = (20 - M2) "y

erM3 = (20 - M3)

'caculate pid

'l control

uMil = uMil + 0.05 * (erM1 + erMM1)
uMi2 = uMi2 + 0.05 * (erM2 + etMM2)
uMi3 = uMi3 + 0.05 * (erM3 + erMM3)
'D control

uMd!l = (erM1 - erMM1) /0.1

uMd2 = (erM2 - ertMM?2) /0.1

uMd3 = (erM3 - ertMM3) /0.1

'PID controller

uM1 = (10 * erM1 + 1 * uMil + 8 * uMdl)

uM2 = (10 * erM2 + 1 * uMi2 + 8 * uMd2)

uM3 = (12 * erM3 + 1 * uMi3 + 8 * uMd3)

IfuMl <0 ThenuM1 =0
If uM1 > 255 Then uM1 = 230

IfuM2 <0 Then uM2 =0
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If uM2 > 255 Then uM2 =230

If uM3 <0 Then uM3 =0

If uM3 > 255 Then uM3 = 255

uM1 =255 - uMl

uM2 =255 - uM2

uM3 =255 -uM3

If Optionl.Value = True Then

MSComm1.Output = Chr$(255) & Chr$(uM3) & Chr$(uM1) & Chr$(3)
MSComm1.0Output = Chr$(254) & Chr$(uM2) & Chr$(3)

End If

If Option2.Value = True Then

MSComm]1.Output = Chr$(255) & Chr$(255) & Chr$(255) & Chr$(3)
MSComm1.Output = Chr$(254) & Chr$(255) & Chr$(3)

End If

erMM]1 = erM1

erMM2 = erM2

erMM3 = erM3

End Sub

d Jdos dos
A2 Tsunsululnsnealnsames veuwuwed annuguazwuves inyade

include"modedefs.bas"

defineosc 20 1¥ATan00 20 MHz

trisc.6=0 < Uszmerl¥ porte.6 1fluiednm
trisb.0=1 < J5zel 1 portb.0 1 udunA

trisb.1=1 < szmel¥ portb. 1 Huduma

pin var portb.0 <Ysemaaauils pin fovn portb.0
PINI VAR PORTB.1

PIN2 VAR PORTB.2

H var byte “dszmedauls B dudeyanuylus
TX var word

UL var word



TY var word
sm var word
sum var word
sml var word
sum! var word
smX var word
smY var word
n var byte

m var byte

i var word[10]
j var word[10]
smX=0
smY=0
forn=0to9

LY

pulsin pin,0,TX < fudoyarnindues Sayudoanu X
pulsin PIN1LO,TY < fudeyanndumes sayuboaunu Y
i[n]=TX

in}=TY

nextn

sum=(i[0}+i[ 1 H[2H [B1+H[4]H[S]+H[61+H [ 7]+HI[8]+i[9D)

sum1=([0]+j[11+j[21+[3]+[41+i[51+j[61+ 71+ [8]+5 9D

o I
scan:pulsin PIN2,1,UL * SUdeyanineueres innugs
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SEROUT2 PORTC.6,84,[253,UL.Highbyte,UL.Lowbyte,10] ¢ da%’agammwmmaﬁﬂmmqa

form= 0to6

pulsin pin,0,TX

pulsin PIN1,0,TY
sum=(sum+TX-i[0])
sum1=(sum1+TY-j[0])
sm=sum/10

sml=suml1/10



if0]=i[1]
jl0l=[1]
i[1]=i[2]
jl1=t2]
i[21=i[3]
j[21=il3]
i[3]=i[4]
i31=il4]
i[4]=i[5]
jl4l=ils]
i[5]=i[6]
jI51=jtel
i[6]=i[7]
jl6l=il71
i[71=il8]
j[7=5(8]
i{8]=i[9]
jI81=5091
i{91=TX
j91=TY
smX=sm+smX
smY=sml+smY
next m
smX=smX/7
smY=smY/7
SEROUT2 PORTC.6,84,[255 smX Highbyte,smX.Lowbyte,10] ¢ d4doyavaaisuisns jnyu

1BYNU X

SEROUT2 PORTC.6,84,[254,smY.Highbyte,smY.Lowbyte,10] dﬁay’ammwuwa{%ﬂgu
PN Y
smX=0

smY=0
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goto scan

end
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MANHIN B

a3 TIP 3055

NPN
Complementary Silicon Power “%?,955
Transistors TIP2955

. . . gesigneg {or general-purpase switching and ampiifier app@icaiions_
» DC Cumend Gain—hyE = 20-T0 @ i = 4.0 Adc |

» Colteclor-Emitter Saturation Voltage — VCE¢saty= 1.3 Vdc (Max} @ ic = 4.0 Ade 15 AMPERE
« Excellent Sale Operating Afes ’ ?OWER_ TRANSISTORS
‘ : COMPLEMENTARY
-SILICON
| MAXIMUM RATINGS S0 VOLTS
Rating Symbol Valus Unit 0 WATTS
Collector-Emitter \oltage VCED [ % yde.
Cotlector-Emitter Voltage VCER 72 Ve
Collactor-Base Voltags Yes: 0 vde:
Envittér Baze Voltsge - ¥Eg: 70 Yde.
Callector Current — Confinuotis ie 15 Ade:
Base Curent Ig ’ 70 :Ade
Total Power Dissipation @ T 2 25°C P 50 Walts
Derate above 23:C 072 WG
Qperating abd Storage Juncion TETaig ~55 104153 b oS
Tempersiure Range
THERMAL CHARACTERISTICS CASE3400-02
Characteristic Symbod Rax Unit
Thermal Resistance, Junclion to Case Reyc 1.39 Lo
Thermal Resistance. sunchion 1o Ambient RalA 357 g o
10C0
VeE=43Y°
A 1)=25C
5 |
[ o 1
&£ 160 ] — THPIB55 L
3 = oo TiP2955 11
8 =3
N
NN

10
0.1 02 43 0% 07 1 26 30 50 70
I, COLLECTOR CURRENT (AP}

Figure 1. DC Current Gain

REV 1

@ MOTOROLA

© Motorota, inc. 1995
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TIP3055 TIP2955
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted}
| Characteristic | Symbot | Min Max | Unit |
OFF CHARACTERISTICS
“Collector—Emitter Sustaining Voltage (1}. VCEO{sus} 60 — Vde
{lc=30mAdc, Ig=0} D
Coltector Cutoff Cumrent ICER — 1.0 mAde
(VCE =70 Vde, Rge = 100 Ohms}
Collector Cutoff Cument Iceo —_ 07 mAde
(VcE=30Vde,ig=0}
Coltector Cutoff Current iCEV — 50 mAdc
{VCE = 108 Vde, VE(off) = 1.5 Vdc)
Emitter Cutoff Cumrent IEBO — 5.9 mAdc
(Ve =7.0Vdc, 1o =0)
ON CHARACTERISTICS {1}
DC Current Gain ) brE —_
(lc=4.0 Adc, Ve =4.0 Vde} 20 70
{ic = 10 Adc, Vo =4.0 Vde) 50 —_
Coliector—Emitter Saturation Voltage YCE(sat) Vdc
(g =4.0 Adc, Ig = 400 mAdc) — 1.1
(lg =10 Ade, Ig =3.3 Adc) — 30
SECOND BREAKDOWN )
Second Breakdown Collector Cumrént with Base Forward Biased Ists 30 — Ade
Vop =30 Vde, t= 1.0 5, Nonrepetitive}
DYNAMIC CHARACTERISTICS
Current Gain — Bandwidth Product T 25 — MHz
{ig = 0.5 Ade, VOE = 10 Vde, = 1.0 MHz)
Snriall-Signal Current Gain hfe 15 — kHz
(VCE=4.0Vdc, Ic=1.0Adc, f=1.0 kHz}
{1} Pulse Test: Pulse Width =300 ps, Duty Cycle < 2.0%.
NOTE: For additional design curves, referio slectrical charactesistics curves of 2N3055.
106
o 56
é 30 There are two limitations on the power handling abiiity of a
§ 2 306 ps T transistor: average junction temperature and second break-
Z 1B =D 1.0ms AN down. Safe operaling area curves indicate Ic — VCE limits of
% 50 de e NG the transistor that must be observed for reliable operation;
g 10 1 TR0 me N i.e., the transistor must not be subjected to greater dissipa-
261 MY ARY BT AT £ 13 tion than the curves indicate.
g ok —— gg%ﬁ%‘ﬁggﬁ;? OWN LT NI The data of Figure 2 is based on Tg = 25°C: Ty(px) i
a ‘:% o THERMAL LMIT @ Tp=25°C b variable depending on power level. Second breakdown pulse
% 451 o fimits are valid for duty cycies to 10% but must be derated for
<43 Ty=150°C temperature.
- i kS 1
9.1 [

Motorola Bipolar Power Transistor Device Data



TIP3055 TIP2955

PACKAGE DIMENSIONS
C e
E e—
s L
K ; k4 —J
| A
-
Hewi e
CASE 340D-02
ISSUEB
Rotorela reserves the right to make changes without further notice teo any products herein, M ta makes no , Fep ion o guarartee regarding
the suitability of itz products for any particular purpose, nor does Motoroia assume any abiity arising cut of ihe a;;p.rcabon of usg ofany pm&uc: oF cireutt, and
specifically disclaims any and ail fiability, including without hm'ta’;on covsequenixal sr m:dental o “Typical p. wmr.h be I idedin mtumla
data sheets andfor specifications canand ¢ varyr differe 2 nsand mayvaryovertime. Aliop Juding ™)
raust be vafidated for each appli »a by custonser’s technical experis. Moioroia does not convey any Ircense uncter its patent nghts nor the rights of

others. Eotorola products are not designed, intendad, or authorized for use as components in gystems insended for surgics imptant info the body, or cther
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