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The fabricatior
This membrane is th=
actuator. In this stuav
membrane and me;
into two main parts
assembly. Firstly, ti
technique on a stair
until the desired thick;
mold, and placed onto 7 gfo 2l

J il i
acrylic substrate. After % al

e s

polymerized to form the miczi-_is A /d
coil embedded njekpk

2dded membrane is developed.
=0 electromagnetic membrane
) and copper are used as the
M orication process is divided
“wmembrane forming with coil
is"created by photolithography
M\ electroplated into the mold
\ \Wopper coil is removed from the
I %r that is previously coated on an
FOMS is poured over, spun, and
gembrane. Finally, the resulting micro
A \iL ) bstrate. In this study, we
~ found that the ccl™j RY"Jd with the applied current
density. Moreover, t7 rove Yohate should be less than 0.112
um as the copper % detached from the substrate n .Jrally. The prototype actuator
was assembled by iy 300-um-thick@hembrane with embedded 40-pum-thick,
i34 £ BRI R FHEF 3 Y rerrses won 2
and 4-cm didfdeter were tested. The static response test reveals that the deflection of
2-crpagdi i 4 i i tﬁﬁrane is 73 ym,
sinus&dal current, the deflection of both actuators is decreased when the frequency
of applied current is increased. At the driving frequency of 2 Hz and peak-to-peak

e
N

current of 1.9 A, the amplitude of deflection is 15 pm for 2-cm diameter membrane,
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2.1.1 qmﬁ']fi'e Power Spectrum Density

function [tx,txF,F1,F2,h,y] = FFTandPSDSpectrum_Structure(x,fs,varargin)
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[WindowName,SpectrumEstimator] =
Get_DefaultsAndinputs_FFTandPSDSpectrum_Structure(varargin{:});
if (size(x,1)==1), X=x"; end

N = max(size(x));

ts = 1/fs;

t=0:1:(N-1); t=t;
t=t'ts;

tx(,1) = t;

figure; plot(t s

NF = 2" nextoow2(N\:
Fz = zeros(NF-N,1):
tF = (0:1:(NF-1))*ts; 4
xF = [x;Fz]; |
IxF = [tF xF];
N1Side = NF/2+1;
N2Side = NF;
f1Side = (0-1-(/\/» =

v

f2Side = (-(NF/2):1: 72

v

77

X2Side = fft(x,NF);

X1Side = Xzs/ﬁfuﬂca)ﬂ El VI s w E.l ﬁ' ﬂ ‘5

X1S/dePhyS/ca/ X2Side(1:1:N1Sideg:)*(2/N);
@Wﬁ%ﬁ\‘lﬂ‘imum’mmﬂ d
m Kk+NF/2;
TEMPX2Side(m,1) = X2Side(k,1);
end
for k=(NF/2+1):NF
m = k-NF/2;

TEMPX2Side(m,1) = X2Side(k,1);



end

clear X2Side,

X2Side = TEMPX2Side,

X2SidePhysical = X2Side*(1/N);
Xm1SidePhysical = abs(X1SidePhysical);

Xp1SidePhysical = phase(X1SidePhysical)*180/pi;

XmZ2SidePhysical = abs(X2SidePh:xs
Xp2SidePhysical = phase(X
figure;  plot(f1Side,Xm
title("1-Side FFT of x(t), ¥
xlabel('Physical freque
ylabel('Physical ampliti
figure;  plot(f1Side X
title("1-Side FFT of x(t), X(
xlabel('Physical frequency 1,
ylabel('Phase of X(f) (deg)’);
figure; p/ot(fZS/\ !f
title('2-Side FFT of x(t), . “ .

xlabel('Physical frequencg g—lz) ),

y/abe/('Physwﬁwu‘cﬂ ’ax?ﬂnﬂ %] [ﬁ )w El' ﬁl ﬂ ﬁ

figure;  plot(f2Side, Xp2SidePhysic#);

e QR NANTFSEU HWT ANYAY

xlabel( ’PhySIca/ frequency f (Hz)');

ylabel('Phase of X(f) (deg)’);

F1(.1) = f1Side;  F1(.2) = Xm1SidePhysical;  F1(:3) = Xp1SidePhysical;

F1(:4) = X1SidePhysical;

F2(;1) = f2Side;  F2(:2) = Xm2SidePhysical:  F2(:,3) = Xp2SidePhysical;

F2(:4) = X2SidePhysical;
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s = strcat('h='",'spectrum.',SpectrumEstimator,';);

eval(s); % h = spectrum.SpectrumEstimator

h.WindowName = WindowName;
y = psd(h,xF,'FS'fs);

figure;  plot(y.Frequencies,y.Data);

title('1-Side Power Spectral Density');

xlabel('Physical frequeg
ylabel('Power s

figure;  plot(y.FreqUiees
title('1-Side 2
xlabel('Phy
ylabel('Pow:

function [WindowName
Get_DefaultsAndInputs_F
WindowName = 'Hammi ##
SpectrumEstimator = 'periQude
niv = nargin;

for i=0:niv, T

M

if (i== W/ndo“/ me = vararg/n

W varargin)

end

(=2, FI b EW YHe %%QWEJ M7 e

if (i>2), error( The optionalgnput argumegls must be WinggwName and

e NPOINRBE WA TIVNETR E

2.1.2 TARAINFIUNUNTIAAFIFA

function [fmax] = PNNfindPeak(data,fs)
t=data(:,1);

x=data(:,3);

106
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[tx,txF,F1,F2,h,y] = FFTandPSDSpectrum_Structure(x,fs);

[fmax,Xmax] = findpeak(y.Frequencies,y.Data);

2.2 FAAIAILLSUNTHNITMITTENTEANGIFA

b4 a o

nImszaznIvAngagaaztindinyanuniinnisaantaanis1435 Moving Average
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function [Amp,y] = PN«®
t=data(:,1);
x=data(:,3);
N = max(size(x));
for i = 1+r:N-r;
m = x(i-ri+r);
y(i,1) = mean(m):
end y

T AusIneninenns
AN IUNRINGAY

PMaxzml?

PMin=min(y);

Amp = (PMax-PMin)/2;
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