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Abstract

The objective of this project is to demonstrate the movement control and study on the
oscillation of pendulum attached to the mover, It is aimed to reduce the oscillation of the
pendulum. Three kinds of control modes are studied. They are 1. Constant speed control, 2, two-

speed control and 3. gradually-reduced speed control.

Experimental resuits show that the two-speed control with suitable controf pattern give
minimum oscillating amplitude. State equation of this system has been formulated. By numerical
solving this equation within MATLAB program, we can show that the experimental resuit is

consistent with the numerical calculation.
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2.3 llﬂ‘gﬂ ET-OPTO DC MOTOR
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2.8 MATLAB

Huseriviing (Software) dmTumadns1eHiTaR1ay (Numerical Analysis) @ovuiulag Dr.
Cleve Moler dstist a1, 1982 TumetsnidiuntssausanTilsunsumssnnaunoifuygedeya
#1314 (Matrices) Fiivutulavldnimefunsu (FORTRAN) ud a3 vudouiumidede
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SUBROUTINES) #3911 Eigen Values 11ag Eigen Vectors 811131 Matrices digtnnene a9
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uﬂﬁnmﬁ'uﬁa‘lﬂ‘luﬂﬂi"gam?m werlviuanSuauAnT U The MathWorks, Inc., 21 Eliot St.,

South Natick MA01760
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11849 il"lﬂll‘i\‘lﬂu‘lﬂﬁ']llﬂ‘iﬂuﬂiﬂﬂ‘].lﬂ']'llll‘)' IYOINST

dmuald u(®) =k-v, @.1)
o
A =vowes
B =QnAu

L} ar Q‘
{ = Damping Coefficient (AF1 5 ANT)
A o - ]
0y = ANNOIPIYUETIUFIRVBINTTUN N ﬁ

VINAUNIINITUNIVOIAG UV Damping

iBA + qunkBA + (I.)zanA =0 (2.2)

Xga A0 AWMU B AOURY A = X5 — X,
1 [} » d ar
Xpa =Xp—Xp =Vp—V4 = ANUTIW0I B Hvuiu A
Xpa = Vg — Va = ATIIFIV0Y B foudy A

windmualf usesdundhdlusuumneh (a(e) = v, = 0) 92189 2.2) W@l
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Vg — Va + 2w, (Vg — va) + 0% xpa = 0 (2.3)

90 (2.1) uag (2.3) fmuaduilsanusho

Xa

\j:]
02143 Xp = Vo= %-u(t) (2.4)
) 1
Xga = Vg —Vp = V— E : U(t) 2.5)
Vp = —2{w, (Vg — Va) + 0¥4.Xp4
. 2
Vp = =W n.Xpa — 2{0,Vp + ::)" “u(t) (2.6)

10 (2.4)-(2.6) Moudluaumsaomz14 fie

d XA 0 0 0 Xa 1
E[XBAl = [0 0 1 ] [XBA] + [ -1 ] u(t) 2.7
Vs 0 —w?, —2lwp]lvs 20wy
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3.3 Woulalsuns
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MANUIN A



1.1 I8allsunsn Arduino

int Right=2;

int EN=3;

int Left=4;

int i=1,k=0;

int SW_Right=6;
int SW_Left=7;
int SW_01=8;

int SW_02=9;
int SW_03=10;

float §=255,jj=0;

float time speed=0,time_speed2=0;

void setup()

Serial.begin(9600);
pinMode(Right,OUTPUT),
pinMode(EN,OUTPUT);
pinMode(Left, ODUTPUT);
pinMode(SW_Right,INPUT);

pinMode(SW_Left,INPUT);

58



void Stop ()

digitalWrite(Right, HIGH);

digitalWrite(EN, HIGH);

digitalWrite(Left, HIGH);

Delay_Time();

void Stop 1 ()

digital Write(Right, HIGH);

digital Write(EN, HIGH);

digital Write(Left, HIGH);

void Right Motor ()

digital Write(Right, HIGH);

digitalWrite(EN,HIGH),

digitalWrite(Left, LOW);

void Right Motor_1 ()

digitalWrite(Right,HIGH);
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analogWrite(EN, 150);

digitalWrite(Left, LOW );

void Right Motor 2 ()

for(i=0;i<7;i++)

digitalWrite(Right, HIGH),
analogWrite(EN, 150);
digital Write(Left, LOW);
delay(215);
digitalWrite(Right, HIGH);
analogWrite(EN,50);
digitalWrite(Left, LOW);

delay(315);

while(digitaiRead(SW_Right)}=HIGH)

digitalWrite(Right, HIGH);

analogWrite(EN,50);

digitalWrite(Left, LOW);
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void Right_Motor_3 ()

while(digitalRead(SW_Right)==HIGH)

1j=j-0.49;

J=iis

digital Write(Right, HIGH);
analogWrite(EN jj);

digitalWrite(Left, LOW);

delay(8);

Stop();

void Left Motor ()

digitalWrite(Right, LOW);

analogWrite(EN,100);

digitalWrite(Left, HIGH);

void Startt()



if(digitalRead(SW_Left)==1)

Left_Motor ();

while(digitalRead(SW_Left)=1);

Stop (;

void Delay Time()

for(j=0;j<30:j++)

delay(1000);

void loop()

Startt();

while(1)

if(digitalRead(SW_01)=—=LOW)

while(digitalRead(SW_01)==LOW);



delay(1),
Right Motor_ 1 ();

while(digitalRead(SW_Right)==HIGH)

delay(1};

time_speed=time_speed+1;

Stop ();
Left Motor ();
delay(1);
while(digitalRead(SW_Left)—HIGH);
delay(1);
Stop 1 (;

if(!(time_speed==0))

time_speed=(time_speed/1000+2;
Serial.printin(time speed);

time speed=0;

SR T AT

if(digitalRead(SW_02)—LOW)
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while(digitalRead(SW_02)=—LOW);
delay(1);
Right Motor_2 (;
Stop (;
Left Motor (;
delay(1);
while(digitalRead(SW_Left)}=—HIGH);
delay(1);

Stop_1Q;

L i

ifldigitalRead(SW_03)=LOW)

while(digitalRead(SW_03)==LOW);
delay(1);
Right Motor 3 ();
Stop ();
Left_Motor ();
delay(1);

while(digitalRead(SW_Left)=HIGH);

64



65

delay(1);

Stop 10;
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2.1 Ifaldsunsy MATLAB nisnaneuuui 1

clear; clc;

close all;

% Parameters
w = sqrt(9.81/0.3); % Natural angular frequency

zeta = 0,05; % damping coef

xmax = 0,6; % maximum distance
di=0,001;
tmax = 10; % maximum time

u = [0.15%ones(4000,1); zeros(6000,1)];

A=[0 0 0
0 0 1;
0 -w"2 -2*zeta*w];

B=[1-12*zcta*w];

9 Initial condition
xA=0;
xBA =10,

X =[xA xBA vB],
t=0,

tsav = [];

xAsav ={};
xBAsav =[]

vBsav=[];

for i=1:10000
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t = tdt;
Xnew = X + dir*(A*X+B*u(i));

tsav = [tsav t];
xAsav = [xAsav Xnew(1)];
xBAsav = [xBAsav Xnew(2)];

vBsav = [vBsav Xnew{(3)]:

X =Xnew;
end

figure; plot(tsav,u); ylabel('u'); xlabel("t(sec)');

figure;

subplot(3,1,1); plot(tsav,x Asav); ylabel('xA");

subplot(3,1,2); plot(tsav,xBAsav); ylabel(xBA");
subplot(3,1,3); plot(tsav,vBsav); ylabel('vB'); xlabel('t (sec)');

figure; plot(tsav,xBAsav); ylabel('x_{BA} (m)); xlabel('t (sec));
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2.2 Ina N33 MATLAB UM5NAaouun 2

clear; clc;

close all;

% Parameters
w = sqrt{9.81/0.3); % Natural angular frequency

zeta = 0.05; % damping coef

xmax = 0.6; % maximum distance
dt=0.001;
tmax = 10; % maximum time

umax = (1,20;

umin=0.12;

u = zeros(10000,1);
u(1:215) = umax;
u(216:530)= umin;
(531:745)= umax;
u(746:1060)= umin;
u(1061:1275)= umax;
uf1276:1590)= umin;
u(1591:1805)= umax;
u(1806:2120) umin;
w(2121:2335)= umax;
u(2336:2650)= umin;
uw(2651:2865)= umax;
u(2866:3180)= umin,
u(3181:3395)= umax;
u(3376:3710)= umin;
u(3711:4000)=umin;
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A=[0 0 O
0 0 1;

0 -wh2 -2%*zeta¥w|;

B=[1-12%zeta*w]’;

% Initial condition
xA=0;

xBA = 0;

vB=0;

X =[xA xBA vB];
t=0;

tsav =[];

xAsav = [[;
xBAsav =[];

vBsav=[];

for i=1:10000

t = t+di;

Xnew = X + dt*(A*X+B*u(i));

tsav = [tsav t];

xAsav = [xAsav Xnew(1)];
xBAsav = [xBAsav Xnew(2)];
vBsav = [vBsav Xnew(3)];

X =Xnew,

end

figure; plot(tsav,u); ytabel('u"); xlabel('t(sec)');

figure;
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subplot(3,1,1); plot(tsav,xAsav); ylabel('xA");
subplot(3,1,2); plot(tsav,xBAsav); ylabel('xBA");
subplot(3,1,3); plot(tsav,vBsav); ylabel('vB"); xlabel('t (sec)');

figure; plot(tsav,xBAsav); ylabel(x_{BA} (m)); xlabel('t (sec)');
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2.3 18nlusunsu MATLAB msnaneauuun 3

clear; clc;

close all;

% Parameters
w = sqrt(9.81/0.3); % Natural angular frequency

zeta = 0.05; % damping coef

xmax = 0.6; % maximum distance
dt =0.001;

tmax = 10; % maximum time
umax = 0.20;

umin = (,12;

u = zeros(10000,1);

for i=1:500

u( (8*i+1):(8*i+8) ) = 0.00122*(245 - 0.49%i);
end
A=[0 0 0

0 0 1

0 -w"2 2*zeta*w];

B =[1-12*zeta*w];

9% Initial condition
xA=0;
xBA =0;

X =[xAxBA vB],

t=0;
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tsav =[];
xAsav = [];
xBAsav = [];

vBsav =[];

for i=1:10000
t = t+dt;

Xnew = X + dt*(A*X+B*u(i));

tsav = [tsav t];
xAsav = [xAsav Xnew(1)];
xBAsav = [xBAsav Xnew(2)];

vBsav = [vBsav Xnew(3)];

X =Xnew;

end

figure; plot(tsav,u); ylabel('n'); xlabel(‘t(sec)");
figure;

subplot(3,1,1); plot(tsav,xAsav); ylabel('xA");
subplot(3,1,2); plot(tsav,xBAsav); ylabel('’xBA');

subpiot(3,1,3); plot(tsav,vBsav); ylabel('vB"), xlabel('t (scc));

figure; plot(tsav,xBAsav); ylabel('x_{BA} (m)'); xlabel('t (sec));
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