Discretization: (Galerkin’s Method)

Assume

W) = Y @0, 0 (2)

where ¢ (x) satisfies all B.C.s

Sub. eq. (22) into eq. (20),

pbAb Zi: Q(x)ql )+ E, 1, Zi: @(4) (x)qi (?)
. {pp 4, 00+ E,1,3 ¢ (o, (r)}[H(x —x) - Hx-,)]

+2E,1,Y 0 g O[H (c=x) = H' e =) + £,1,Y 0 (g, OH"(x = x) = H'(x = )]

+E,dabv()[H"(x —x) =~ H"(x = x,)] - f(x,0) = € (23)

Min € by(e.¢,)=0

= (e.p)= j: ExOP(x)dx=0  j=12...n (24)

= {m{i J, a0 (x)dxj +, A[Z J, @0 lH =) - Hx -, )]dxﬂq; 0

+| E,l, [Z [a"we (x)dxj +YE,I, (Z [ 8" @@, lH(x-x) - Hx=x, )]dxﬂq,- )

+ ZEPIP (Zn: J‘OL (01_(3>(x)¢j(x)[H'(x -x,)—H'(x—x, )]dxﬂqi (3

+ EI(Z [ @ 0eH c=x) = 1" x, )]a’xﬂqi (0

+E d, aby (t)(LL @, ()[H"(x = x,)~ H"(x - xz)]dxj - [ S g, (ode =0 (25)



e 0e @i = [ ¢ (g, (dx (26)

+ [ e @ WH-x) - Hx-x,))dx (27)
¢ 2 gV (g [ (x = x) = H'(x = x,)]dx
=2 ()¢, ([H (=) = Hex =), =2[ @ g olH (= x) = H (e =]
-2 9”9, (O[H (x - x,) = H(x ~ x,)}dx (28)
[[ @ @ @H" (- x) = H'(x=x,)dx

=g (O@OH (x=x) = H'(x~x,)]

L
0

- jOL 9 ()@, (H'(x=x,) = H'(x = x,)]dx

- @ ()@, (OH'(x—x,) = H'(x —x,)|dx (29)
= [ 0 e WH (- x) = Hax=x)ldc+ [ " (0, ([H (x =) = H(x = x,)Jd

+H[ "o HG-x) - Ha=x)ldc+ [ @ (09, [H(x=x) = Hx-x,)]dx

¢ nHRH29) = [ g ()@, (O[H(x-x)~ H(x - x,)]dx (30)

[ ol -x)~H"(x - x,)]dx
=g [H - x) - H' =), - [ @ @[H (= x) - H'(x ~x,)]dx

=—g W[HGE-x)-Ha-x)]| +[ ¢ @HE-x)-Hx-x,)d

L
0

=['g WHE=x) - Hx=x)lr=0, ()~ @, (x) (1)



Substituting (26), (30), (31) into (25),
[pbAb[i J, o0 (x)dxj + 0,4, (2 J; 9@ @lH - x) ~ Hx-x, )]dxﬂezi 0
+ {El[Z @ we (x)dx] + Ez(z J, @ g, @lHE=x)~Hx-x, >]dxﬂq,. 0

+E,dyabv(t) ¢, ()=, () )= [ £k (0 (32)

S im0+ Sk 0= O @), =12

where m; = 0,4, @U@ (v + p,4, [ @)@ (N
K =EL[ 9 08 0+ [" g (99 (dx
/= Epdnabv(t)[((pj' ) - (x, )H

fu, = [} 0@ ()
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% Si nply supported beamwi th a PZT el enent
cl ear
%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;
| b=b*t b"3/12; |c=b*tc"3/12;
a=(tb+tc)/ 2;

% stiffness and nass natrices
N=5; % no. of expansion terns

K=zeros(N);
Mezer os(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*I b*L/2+Ec*| c*(x2-x1)/2+. ..
Ec*lc*L/ (4*pi *r)*(sin(2*pi *r*x1/L)-sin(2*pi *r*x2/L)));
M, 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));
el se
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)));

Mr,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 vol tage 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*si n(r*pi *xd/ L) ;
end;

% add i nternal danping
C=0. 64* M+1. 2e- 6* K;
% st at e- space nodel

AL=-inv(M *K;
AR=-inv(M *C,
A=[ zeros(N) eye(N);...
AL AR];
BL1=inv(M *Fc; BL2=inv(M *Fd;
Bl=[ zeros(N, 1); BL1];
B2=[ zeros(N, 1); BL2];

for r=1. N
COM 1, r)=sin(r*pi/2); %displacenment w at m dpoint (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;

% i npul se response

t =0: 0. 0005: 0. 25;

| U=1;

[y, x,t]=inpul se(A B2,CC, D, 1Ut); %uncontrolled response
[yc, x,t] =i npul se(Ac,B2,CC,D, U, t); %controlled response
u=-Kc*x'; %controlled voltage

% plot results

figure(l), plot(t,yc*1000,t,y*1000,':") %unit (nm
title(' I npul se response of transverse di splacenent at x
xl abel ("tinme (sec)')

yl abel (' di spl acenment (mm) ")

figure(2),plot(t,u)

title(' Controlled voltage')
x|l abel ("tinme (sec)')

yl abel (' voltage (V)')

L/2")



Impulse response of transverse displacement at x = L/2
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ACE 3220/5120, CUHK

Smart Materials and Structures

o Overview
e Smart materials
e Smart structures

o Characteristicsof Smart Materials
e Piezoelectric materials
o Constitutive equations
o Polarization field, coercive field, Y oung’s modulus, Curie temperature
o0 PZT vs PVDF
e Electrostrictive materials
e Magnetostrictive materials
e Shape memory aloys
o Nitinol
0 Martensite, austenite
0 Pseudoelastic, shape memory effect
e Electro-rheological (ER) fluids
0 Bingham plastic
e Magneto-rheological (MR) fluids
0 Three basic modes of operation
e Opticfibers

o Vibration
e SDOF system
o Damping

Natural frequency
Harmonic excitation
Resonance
Quality factor
Transient, steady-state responses
Energy dissipated
Impul se responses, convolution integral
Base excitation

o Transfer function, FRF
e MDOF system

0 Equations of motion

o Natural frequencies

0 Mode shapes

OO0OO0O0O0OO0O0O0

o Structural Control
e Passive, active, active-passive, semi-active
e State space model



Transducers
e Sensors, actuators
e Smart sensors & actuators
0 Solid-state
0 Smart fluids
e Piezodectric actuators/sensors
0 Motor, generator
o Performance (blocked force, free deflection)
o0 Design (stack, unimorph, bimorph, Moonie)
0 Piezodlectric accelerometer
e MR damper
o Accumulator, offset
Model
On-off control
Applications (suspension systems, buildings)

O OO

Structural Dynamics
Hamilton’s principle
Lagrange’ s equation
Generalized coordinates
Constraints

Equation of motion

I ntegrated Systems
e Suspension systems with MR dampers
e Beam with piezoelectric elements
e Gaderkin's method

0 Discretization

0 Comparison functions
Discrete forces
Rayleigh damping

ACE 3220/5120 Final Exam:

e December 9, 2006 (Saturday), 3:00 —5:00 pm
e ERB 407

e Closed-books/closed-notes

e One A4 hand-written sheet (double-sided)

e Calculator

e Cover concepts, theory, and applications

ACE 3220/5120, CUHK

e Review lecture & tutorial notes, handouts, examples, and homework problems
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