10.4 MATLAB - Sulypontathelyezéses modszerhez tartozé szimulaciok

PD szabalyozo6 PFL nélkiil

C:\brachiation\PD\PD main.m 1 of 1

clear all
close all
clc

global param

%$init function
PD init

%$simulation

sol = rk4 (@PD,tf,dt,param.ICs);
t=sol.t;

n=length(t);

gl = sol.y(1,:);

g2 = sol.y(2,:);

gldot = sol.y(3,:);

g2dot = sol.y(4,:);

%$animation
rl = L1*[sin(gl); -cos(gl)l;
r2 = rl + L2*[sin(gl+g2); -cos(gl+g2)];

figure('name', 'Animation window')

pltl = plot([0O,r1(1,1)1,[0,r1(2,1)],"'-ko',"'linewidth',2); %$first segment

hold on

plt2 = plot([rl(l,1),r2(1,1)]1,I[rl(2,1),r2(2,1)],"'-ro',"'linewidth',2); %second segment

axis equal
set (gca, 'xlim', [-1.2,1.2], 'ylim', [-1,1])

%animation controllers

sld = uicontrol('style','slider', 'position', [0 50 100 2OJ,'sliderstep',[l/n¢’
10/n], 'value',1, 'min', 1, 'max',n, 'callback', "animate') ;

tinfo = uicontrol ('style', 'text', 'position', [270 50 100 20],'string', 'time: ');



C:\brachiation\PD\PD init.m

1 of 1

global param flag

$mechanical parameters

ml = 1.129;

m2 = 0.762;

I1 = 0.042857;
I2 = 0.0406244;
L1 = 0.28;

L2 = 0.28;

xGl = 0.140526;
xG2 = 0.198104;
yGl = 0;

yG2 = 0;

g = 9.81;

%$PD controller's parameters
P=2;

D=0.3;

q2d=60*pi/180;

$store values in

param.ml = ml;
param.m2 = m2;
param.Il = Il1;
param.I2 = I2;
param.Ll = L1;
param.L2 = L2;
param.xG1l xG1l;
param.xG2 xG2;
param.yGl yGl;
param.yG2 yG2;
param.g = g;
param.P=P;
param.D=D;
param.gz2d=g2d;

a structure

$simulation paramters

tf = 6; %$final simulation time

dt = 0.002; S%Stimestep

g0 = [70/180*pi 20/180*pi]'; %$initial conditions
gdotO0 = [0 0]1"';

ICs = [g0; gdotO0];

flag = 0; %error flag for integration

param.tf = tf;

param.dt = dt;

param. ICs ICs;



C:\brachiation\PD\PD.m

1 of 1

function ydot = dpend mincoord(t,y)

global param flag

%parameters
ml = param.ml;
m2 = param.m2;

I1 param.Il;
I2 = param.I2;
xGl = param.xGl;
xG2 = param.xG2;
L1l = param.Ll;

g = param.g;
P=param.P;
D=param.D;
g2d=param.qgz2d;

ql =
qz2 =
gldot
gzdot =

~

Yy
Yy

$PD controller

tau=-P* (g2-g2d) -D*g2dot;
param. tau(param.n)=tau;

%equations of motion

mll=T1+I2+L1"2*m24+2*L1*m2*xG2*cos (q2) ;
ml2=I2+L1*m2*xG2*cos (g2) ;

m22=12;

cl=-L1*m2*xG2*sin (g2) *g2dot* (2*gldot+g2dot) ;
c2=L1*m2*xG2*sin (g2) *gqldot”"2;

Ql= -g*((L1*m2 + ml * xG1l)*sin(ql)
Q2=tau - g*m2*xG2*sin (gl + g2);

M= [[mll,...
ml2]; ...
[ml2, ...
m22]1;

c = [cl;...
c2];
Q=1 Q1l;...
Q271;

gddot = M\ (Q - ¢);
gdot = y(3:4);

ydot
end

+ m2*xG2*sin (gl + g2));

[gdot; gddot];



C:\brachiation\PD\rk4.m

1 of 1

function sol = rk4 (fhandle, tf,dt
%Runge Kutta

global flag param

$initial values

t = 0;

y = ICs;

n=1;

N = length(ICs);
sol.t(n) = t;
sol.y(1l:N,n) = y;
$simulation

while t<tf && flag<l

end

param.n=n+1;

k1 dt * feval
k2 = dt * feval
k3 = dt * feval
k4 = dt * feval

fhandle, t,

(
(
(
(

t n*dt;
\% y + (k1 + 2*k2 + 2*k3 +
n = n+l;
sol.t(n) = t;
sol.y(1l:N,n)

= vy;

, ICs)

y) i

fhandle, t + dt/2 , y + k1/2);
fhandle, t + dt/2 , y + k2/2);
fhandle, t + dt, y + k3);

k4)/6;



C:\brachiation\PD\animate.m 1 of 1

sld value = get(sld, 'value');
i = floor(sld value);

set (pltl, 'xdata', [0,r1(1,1)], 'ydata', [0,r1(2,1i)])
set (plt2, 'xdata', [r1(1,1i),r2(1,1)]1, ' 'ydata’', [r1(2,1),r2(2,1)])

set (tinfo, 'string', ['time: ' num2str (i*dt)])

drawnow



PD szabalyoz6 PFL moédszerrel

C:\brachiation\partial PD\partial PD main.m 1 of 1

clear all %comment this out in debug mode
close all
clc

global param
partial PD init

sol = rk4(@partial PD,tf,dt,param.ICs);
t=sol.t;

n=length(t) ;

gl = sol.y(1l,:);

g2 = sol.y(2,:);

gldot = sol.y(3,:);

g2dot = sol.y(4,:);

rl = L1*[sin(gl); -cos(gql)l;

r2 = rl + L2*[sin(gl+g2); -cos(gl+g2)];

%animation window

figure ('name', 'Animation window')

pltl = plot([0,r1(1,1)],[0,xr1(2,1)],"'-ko',"'linewidth',2); %first segment

hold on

plt2 = plot([rl(1l,1),r2(1,1)]1,I[r1(2,1),xr2(2,1)],"'-ro',"'linewidth',2); %second segment
axis equal

set (gca, 'x1lim', [-1.2,1.2],'ylim', [-1,11)

%$animation controllers

sld = uicontrol('style','slider', 'position', [0 50 100 20],'sliderstep‘,[l/n¢’
10/n], 'value',1, 'min',1, 'max',n, 'callback', 'animate') ;

tinfo = uicontrol ('style', 'text', 'position', [270 50 100 20], 'string', 'time: ');



C:\brachiation\partial

PD\partial PD

init.m

1 of 1

global param flag

$mechanical parameters

29;

62;
42857;
406244;
8;

8;
140526;
198104;

PD controller's parameters

ml = 1.1
m2 = 0.7
I1 = 0.0
I2 = 0.0
L1 = 0.2
L2 = 0.2
xGl = 0.
xG2 = 0.
yGl = 0;
yG2 = 0;
g = 9.81;
P = 25;
D = 10;
gzdes =

60/180%*pi;

$store values in a structure

param.
param.
param.
param.
param.
param.
param.
param.
param.
param.
param.

param.
param.
param.

ml = ml;
m2 = m2;
I1 = I1;
12 = 1I2;
L1 = L1;
L2 = L2;
xGl = xG1;
xG2 = xG2;
yGl = yG1l;
yG2 = yG2;
g = g;

P =P;

D = D;
g2des = g2des;

$simulation paramters

tf = 6;
dt = 0.01; Stimestep (in case of explicit Euler method set it to dt
[70/180*pi 20/180*pi]";

g0
gdot0
ICs =
flag =

param.
param.

’

la
0

tf =

dt

$final simulation time

[0 0]"';
0; gdot0];

%$initial conditions

; %error flag for integration

tf;
dt;

param.ICs = ICs;

0.0001)



C:\brachiation\partial PD\partial PD.m

1 of 2

function ydot = dpend mincoord(t,y)
global param flag

ml = param.ml;

m2 param.m2;
I1 param.Il;
I2 = param.I2;

xGl = param.xGl;
xG2 = param.xG2;
L1l = param.Ll;

g = param.g;

P = param.P;
D=param.D;

g2d = param.g2des;

$PD controller with PFL
u =-P* (g2-g2d)-D*g2dot;

tau=I2*u + Ll*m2*gldot”2*xG2*sin(g2) + g*m2*xG2*sin (gl + g2) -

((I2 + L1*m2*xG2*cos(g2))*(I2*u + Ll*m2*u*xG2*cos (g2)
g*ml*xGl*sin(gl) - 2*Ll1*m2*gldot*g2dot*xG2*sin (g2)

+ g*L1*m2*sin (gl)

L1*m2*gq2dot?2*xG2*sin (g2) + g*m2*xG2*sin (gl + g2)))/...

(I1 + I2 + L172*m2 + 2*L1*m2*xG2*cos (q2)) ;

param. tau (param.n)=tau;

mll=TI1+I2+L1"2*m2+2*L1*m2*xG2*cos (g2) ;
ml2=I2+L1*m2*xG2*cos (g2) ;

m22=12;
cl=-L1*m2*xG2*sin (g2) *g2dot* (2*gldot+g2dot) ;
c2=L1*m2*xG2*sin (g2) *gldot"2;

Ql= -g* ((L1*m2 + ml * xG1l)*sin(gl) + m2*xG2*sin(gl + g2));

Q2=tau - g*m2*xG2*sin(gql + g2);

=
Il

[[ml1,...
ml2];...
[ml2, ...
m22]];
[cl;...
c2]1;
Q=1 Ql;...
Q2];

Q
Il

+



C:\brachiation\partial PD\partial PD.m 2 of 2

gddot = M\(Q - c);
gdot = y(3:4);
ydot = [gdot; gddot];

end



C:\brachiation\partial PD\rk4.m

1 of 1

function sol = rk4 (fhandle, tf,dt, ICs)

global flag param

$initial values

t = 0;

y = ICs;

n=1;

N = length(ICs);
sol.t(n) = t;
sol.y(1l:N,n) = y;

while t<tf && flag<l
param.n = n;
k1 dt * feval
k2 = dt * feval
k3 = dt * feval
k4 = dt * feval

fhandle, t, vy);

(
(
(
(

t = n*dt;

y =y + (k1 + 2*k2 + 2*k3 + k4)/6;
param.n=n;

n = n+l;
sol.t(n) = t;
sol.y(1l:N,n) = vy;

end

fhandle, t + dt/2 , yv + k1/2);
fhandle, t + dt/2 , y + k2/2);
fhandle, t + dt, y + k3);



C:\brachiation\partial PD\animate.m 1 of 1

sld value = get(sld, 'value');
i = floor(sld value);

set (pltl, 'xdata', [0,r1(1,1)], 'ydata', [0,r1(2,1i)])
set (plt2, 'xdata', [r1(1,1i),r2(1,1)]1, ' 'ydata’', [r1(2,1),r2(2,1)])

set (tinfo, 'string', ['time: ' num2str (i*dt)])

drawnow



Sulypont athelyezéses modszer

C:\brachiation\sulypont athelyezes\sulypont main.m

1 of 2

clear all %comment this out in debug mode
close all
clc

global param
sulypont init

sol = rk4 (@sulypont,tf,dt,param.ICs);
t=sol.t;

n=length (t);

gl
g2 = sol.y(2,:);

gldot = sol.y(3,:);

g2dot = sol.y(4,:);

rl = L1*[sin(gl); -cos(gql)]l;

r2 = rl + L2*[sin(gl+g2); -cos(gl+g2)];

sol.y(1l,:);

%animation window
figure ('name', 'Animation window')

pltl = plot([0,r1(1,1)],([0,r1(2,1)],"'-ko', "linewidth',2);

hold on

plt2 = plot([rl(l,1),r2(1,1)],[rl(2,1),r2(2,1)],"'-ro"', 'linewidth',2);

axis equal
set (gca, 'xlim', [-1.2,1.2], 'ylim', [-1,1])

%animation controllers

$first segment

sld = uicontrol('style', 'slider', 'position', [0 50 100 20],‘sliderstep',[1/n¢’

10/n], 'value',1, 'min',1, 'max',n, 'callback', "animate"') ;
tinfo = uicontrol ('style', 'text', 'position', [270 50 100 20], 'string', 'time:

%$Total energy
ml=param.ml;
m2=param.m2;
Ll=param.Ll;
L2=param.L2;
xGl=param.xGl;
xG2=param.xG2;
Il=param.Il;
I2=param.I2;

g=param.g;
T(n)=0;
U(n)=0;
W(n)=0;

for i=1:n

E2(i,:) = total energy(ql(i),g2(i),gldot (i),g2dot(i));

end

figure ('name', 'TotalEnergy')
plot (E2(:,3))

')

%second segment



C:\brachiation\sulypont

athelyezes\sulypont init.m

1 of 2

global param flag

$mechanical parameters

ml = 1.129;

m2 = 0.762;

I1 = 0.042857;
I2 = 0.0406244;
L1 = 0.28;

L2 = 0.28;

xGl = 0.140526;
xG2 = 0.198104;
yGl = 0;

yG2 = 0;

g = 9.81;

%Center of mass movement method parameters

P = 100;
D = 10;
g2des0 = 50/180*pi;
g2des=0;

%$store values in a structure
param.ml = ml;

param.m2 = m2;

param.Il = I1;

param.I2 = I2;

param.Ll = L1;

L2;

param.xGl = xG1l;

param.xG2 = xG2;

param.yGl = yGl;

param.L2

param.yG2 = yG2;
param.g = g;
param.P = P;

w]
Il
|w]

param.
param.g2des0 = g2des0;
param.g2des=qg2des;

$simulation paramters

tf 12; %$final simulation time

dt = 0.01; Stimestep (in case of explicit Euler method set it to dt
[160/180*pi 0/180*pi]'; %initial conditions

g0
gdotO0 = [0 0]"';
ICs = [g0; gdotO0];
flag = 0

param.tf = tf;
param.dt = dt;
param.ICs = ICs;

; %error flag for integration

0.0001)



C:\brachiation\sulypont athelyezes\sulypont.m 1 of 2

function ydot = dpend mincoord(t,y)
global param flag

ml = param.ml;

m2 param.m2;
I1 param.Il;
I2 = param.I2;

xGl = param.xGl;
xG2 = param.xG2;
L1l = param.Ll;

g = param.g;

P = param.P;
D=param.D;

g2d = param.g2des;

ql =
qz2 =
gldot
gzdot =

~

Yy
Yy

%$PD controller with PFL

u =-P* (g2-g2d)-D*g2dot;

tau=I2*u + Ll*m2*gldot”2*xG2*sin(g2) + g*m2*xG2*sin (gl + g2) -
((I2 + L1*m2*xG2*cos(g2))*(I2*u + L1*m2*u*xG2*cos(g2) + g*L1*m2*sin(gl) +
g*ml*xGl*sin(gl) - 2*L1*m2*qgldot*g2dot*xG2*sin (g2) -
L1*m2*g2dot”2*xG2*sin (g2) + g*m2*xG2*sin (gl + g2)))/...
(I1 + I2 + L1"2*m2 + 2*L1*m2*xG2*cos (g2));

param. tau (param.n)=tau;

mll=I1+I2+L1"2*m2+2*L1*m2*xG2*cos (g2) ;
ml2=I2+L1*m2*xG2*cos (g2) ;

m22=12;

cl=-L1*m2*xG2*sin (g2) *g2dot* (2*gldot+g2dot) ;
c2=L1*m2*xG2*sin (g2) *gqldot"2;

Ql= -g* ((L1*m2 + ml * xG1l)*sin(gl) + m2*xG2*sin(gl + g2));
Q2=tau - g*m2*xG2*sin(gql + g2);

M= [[mll,...
mlz];...
[ml2, ...
m22]];

c = [cl;...
c2];
Q=1 Q1l;...
Q27;

gddot = M\(Q - c);



C:\brachiation\sulypont athelyezes\sulypont.m 2 of 2

gdot = y(3:4);

ydot [gdot; gddot];

end



C:\brachiation\sulypont athelyezes\rk4.m

1 of 2

function sol = rk4 (fhandle, tf,dt, ICs)

global flag param

$initial values

t = 0;
y = ICs;
n=1;
N = length(ICs);
sol.t(n) = t;
sol.y(1l:N,n) = y;
while t<tf && flag<l
param.n = n;
k1 = dt * feval (fhandle, t, vy);
k2 = dt * feval (fhandle, t + dt/2 , y + k1/2);
k3 = dt * feval (fhandle, t + dt/2 , y + k2/2);
k4 = dt * feval (fhandle, t + dt, y + k3);
t = n*dt;
y =y + (k1 + 2*k2 + 2*k3 + k4)/6;
param.n=n;
n = n+l;
sol.t(n) = t;
sol.y(1l:N,n) = vy;

o0 0 d° A O A0 O O° O A A° d° o

o

center of

if y(3)>0
param

end

if y(3)<0
param

end

if y(3)<0
param

end

if yv(3)>0
param

end

mass movement method, energy increase
&& y(1)>0
.g2des=param.g2des0;

&& y(1)>0
.gq2des=0;

&& y(1)<0
.g2des=-param.g2desO;

&& y(1)<0;
.g2des=0;

enerqgy dissipation
y(3)>0 && y(1)>0
param.g2des=0;

if

en
if

en
if

en
if

d

y(3)<0 && y(1)>0
param.g2des=param.g2desO;

d

v(3)<0 && y(1)<0
param.g2des=0;

d

y(3)>0 && y(1)<0;



C:\brachiation\sulypont athelyezes\rk4.m 2 of 2

param.g2des=-param.qg2des0;
end

end



C:\brachiation\sulypont athelyezes\animate.m 1l of 1

sld value = get(sld, 'value');
i = floor(sld value);

set (pltl, 'xdata', [0,r1(1,1)], 'ydata', [0,r1(2,1i)])
set (plt2, 'xdata', [r1(1,1i),r2(1,1)]1, ' 'ydata’', [r1(2,1),r2(2,1)])

set (tinfo, 'string', ['time: ' num2str (i*dt)])

drawnow





