Sig

Lecture 8

a Using Matlab/Simulink for Solving
# Ordinary Differential Equations

Dr.Eng. Basem ElHalawany



Using Matlab for Solving Ordinary
Differential Equations

» The built-in matlab function “ode45” is used t solve first-order
ordinary differential equations

dxr

Z=f(-'l'-t)

Example:

2 = 3e~" with an initial conditions x (0) = 0

» You need to know the syntax of using “ode45”:

[t,x]=0ded5( €rhs, t, initial x);
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Solving 1%t Ordinary Differential Equations

» You need to create a function carrying the

right-hand side (rhs):

function dxdt=rhs(t,6 x)
dxdt = 3*exp(-t):
end

> You need to create a function or m-file to call the ode45 to solve:

v SOLVE dw/dt = -3 exp(-t). il
% initial conditions: x(0) = 0 e e

1 — ———
t=0:0.001:5; % time scalex P e
initial x=0; &

2
[t,x]=oded5( €rhs, t, initial x); o

plot(t,x);

xlabel ('t'); ylabel('x'); oy
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Solving higher Ordinary Differential Equations

» You need to convert the higher-order ODE to a group of 1%t order ODE

Example: Bz
dt?

v' Recall that an n-order ODE can be converted to n first order ODE's.
» Introduce 2 new state variables (x1, x2)and carry the following derivation:

5— —4x (t) = sin(10 ¢)

/ /
I\ =T take dsgvntive Iy =T
I =.l" I'2=.I'H

do ropl_a;‘emom I'l = xI2
r, = —52’ + 4z + sin (10t)

.rl = I 2
xy, = —dxy + 4xy +sin (10¢) 15t order ODEs




Solving higher Ordinary Differential Equations

2 .rg = 9

1t order ODEs xt, = —5xy + 4xy + sin (10¢)

» Now ode45 can be used to solve this in the same way as with the first example.
» The Only difference is that now an array is used instead of a scalar.

» You need to create a function carrying the right-hand side (rhs):

function dxdt=rhs(t,6x)
dedt 1 = x(2);
dxdt 2 = -5+*x(2) + 4*x(1) + sin(1l0*t);

dxdt=[dxdt 1; dxdt 2];

end
> You need to create a function or m-file to call the ode45 to solve:
t=0:0.001:3; % time scale ot
initial_x = 0; ":
initial dxdt = 0;

[t,x]=oded5( Brhs, t, [initial x initial dxdt] ): g |

Q0

plot(t, x(:,1)): e}

xlabel('t'); YICbOl('X); ° pe y £ 2 FX3 3
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Using Simulink for solving
Ordinary Differential Equations

» Example : Simulate the 15t order D.E with an input of one-second pulse

@4-2); =u(t)—u(t—1)
dt

» Write the equation with the 1%t order term in the L.H.S.

The differential equation above can be written as:

% ==2y+u(t)—u(t—1)==2y+ p(t)

where p(t) is the one second pulse.

» The right hand side of this equation can be modeled in Simulink




Using Simulink for solving
Ordinary Differential Equations

» Drag the Pulse Generator from the Source sub-library into the model window.

» The subtraction block and the gain block are found in the Math Operations sub-library.

>

Double click the Pulse Generator and
modify the parameters as shown in figure

_ @ MATLAB -

Pulse Generator ;7
OQutput pulses i
if (t >= PhaseDelay) && Pulse is on !

Y(x) = Amplitude _F. +
else

YER) = 0 Fulse ou oy}
Generat - duidt
Pulse type determines the computational technique used. Enera I:Ir SI_||:|‘[|“ 1
Time-based Is recommended for use with a variable step solver, while Sample-based is
recommended for use with a fixed step solver or within a discrete portion of a model using i
step solver. .
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Using Simulink for solving 8
Ordinary Differential Equations

» Change the simulation time in the configuration parameters to five seconds and

simulate the system.
» Specify fixed-step samples of 0.01 seconds.

P4 untitled * - Simulink w

File Edit View Display Diagram Simulation Analysis Code Tools Help

o NIER R N -
= -8 i @ E - ¢ b N+ o
untitled [ Model Configuration Parameters l
©® |[Pauntitied
E3
= =
&4 Configuration Parameters: untitled/Configuration (Active]
Select: Simulation time
(& S :
olver . .
tart time: 0.0 top time: 5.0
[] Data Import/Export S AP
I Optimization :
> Diagnostics Solver options
Hardware Implementation A 3
Model Referencing Type: [leed-step ] Solver: [ode4 (Runge-Kutta)
I Simulation Target ; . G
l b Coda Canpistion Fixed-step size (fundamental sample time): 0.01

> HDL Code Generation

Tasking and sample time options




Using Simulink for solving
Ordinary Differential Equations

» If the input to the gain block is y, then the output of the subtractor is dy/dt.
» By passing this output through an integrator, the input vy is found.

» Click once on the “Sinks” sub-library in the left part of the Library Browser and
Click and drag the “Scope” icon to the model window
» Open the Continuous sub-library. Drag the Integrator block into the model

i

o+ ]
Pulse _ ot 1 ' ™
Lenerator 5
Subtract Integrator Scope
Y Gain
e |
v" The labels on the wires are inserted by double clicking on the wires and typing
in the text.

o, . ”n

v The initial condition of “y” could be added by double-clicking the integrator

-, BN



Using Simulink for solving
Ordinary Differential Equations

10

» Simulate the circuit for 10 seconds.
» The output shown in figure 18 is obtained on the scope.




Using Simulink for 2"9 order ODE

Example:

d’y dy
) = COS 2t
dt’ dt
» Write the equation with the 2" order term in the L.H.S.
d’y d
,y T —2y+cos2t
dt” a’t

» The right hand side of this equation can be modeled in Simulink

" |norder to get the three input r\\/
subtractor, use the two input Sine Wave
subtractor selected above &
Double click on the block and "
change the “List of Signs” to: 4 — P
b Gain Subtract
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Using Simulink for 2"9 order ODE

12

» |Inorderto get (y, dy/dt) we need to integrate the output of the summer twice.

Sine Wave

N L

+ 1 1
———i> B [ e
Giain Subtract Integrator Integrator |
"k.“-\_
>3
.r”.’f
Gaint
dydt
the initial conditions: y(0) =0 and dy _1

dt .

Scope

v' The second integrator outputs the value of y. Thus, the default initial condition

of zero is correct.

v' The first integrator outputs dy/dt. Double click on the first integrator and

change the initial condition to one.

"




Using Simulink for 2"9 order ODE

v" Simulate for 10 seconds
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