
Discretization: (Galerkin’s Method) 
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Substituting (26), (30), (31) into (25), 
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% Simply supported beam with a PZT element

clear

% initialize

b=1.27e-2;
L=0.3;
x1=0.1; x2=0.16;
xd=0.18;

Eb=7.1e10;
pb=2700; tb=2.286e-3;

Ec=6.49e10;
pc=7600; tc=0.762e-3;
d31=-175e-12;

Ac=b*tc; Ab=b*tb;
Ib=b*tb^3/12; Ic=b*tc^3/12;
a=(tb+tc)/2;

% stiffness and mass matrices

N=5; % no. of expansion terms

K=zeros(N);
M=zeros(N);
C=zeros(N);
Fc=zeros(N,1); Fd=zeros(N,1);

for r=1:N;
for s=1:N;

if r == s
K(r,s)=(pi*r/L)^4*(Eb*Ib*L/2+Ec*Ic*(x2-x1)/2+...

Ec*Ic*L/(4*pi*r)*(sin(2*pi*r*x1/L)-sin(2*pi*r*x2/L)));
M(r,s)=pb*Ab*L/2+pc*Ac*(x2-x1)/2+...

pc*Ac*L/(4*pi*r)*(sin(2*pi*r*x1/L)-sin(2*pi*r*x2/L));
else

K(r,s)=Ec*Ic*L/pi*(pi^2*r*s/L^2)^2*...
((r*sin(s*pi*x2/L)*cos(r*pi*x2/L))/(s^2-r^2)+...
(s*sin(r*pi*x2/L)*cos(s*pi*x2/L))/(r^2-s^2)-...
((r*sin(s*pi*x1/L)*cos(r*pi*x1/L))/(s^2-r^2)+...
(s*sin(r*pi*x1/L)*cos(s*pi*x1/L))/(r^2-s^2)));

M(r,s)=pc*Ac*L/pi*((r*sin(s*pi*x2/L)*cos(r*pi*x2/L))/(s^2-r^2)+...
(s*sin(r*pi*x2/L)*cos(s*pi*x2/L))/(r^2-s^2)-...
((r*sin(s*pi*x1/L)*cos(r*pi*x1/L))/(s^2-r^2)+...
(s*sin(r*pi*x1/L)*cos(s*pi*x1/L))/(r^2-s^2)));
end;

end;



% due to voltage input
Fc(r)=-a*Ec*d31*b*(pi*r/L)*(cos(r*pi*x2/L)-cos(r*pi*x1/L));
% due to discrete force with magnitude 1/100
Fd(r)=1/100*sin(r*pi*xd/L);

end;

% add internal damping

C=0.64*M+1.2e-6*K;

% state-space model

AL=-inv(M)*K;
AR=-inv(M)*C;
A=[zeros(N) eye(N);...

AL AR];
BL1=inv(M)*Fc; BL2=inv(M)*Fd;
B1=[zeros(N,1);BL1];
B2=[zeros(N,1);BL2];
for r=1:N;

CCw(1,r)=sin(r*pi/2); % displacement w at midpoint (x=L/2)
end;
CC=[CCw zeros(1,N)];
D=[0];

% control gain
Kc=1.0e+004*[-1.4035 -0.1594 0.5005 0.2457 -0.1712...

-0.0289 -0.0033 0.0076 0.0045 -0.0030];
Ac=A-B1*Kc;

% impulse response

t=0:0.0005:0.25;
IU=1;
[y,x,t]=impulse(A,B2,CC,D,IU,t); % uncontrolled response
[yc,x,t]=impulse(Ac,B2,CC,D,IU,t); % controlled response
u=-Kc*x'; % controlled voltage

% plot results

figure(1),plot(t,yc*1000,t,y*1000,':') % unit (mm)
title('Impulse response of transverse displacement at x = L/2')
xlabel('time (sec)')
ylabel('displacement (mm)')

figure(2),plot(t,u)
title('Controlled voltage')
xlabel('time (sec)')
ylabel('voltage (V)')
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