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Hard disk actuator is required to move from one track to another with high-level
accuracy and with fast move time. However, the actuator cannot move as fast as it should because
of the residual vibration at the target track. The cause of this vibration is partly from the fact that
the reference signals, which are acceleration, velocity, and position, have high power spectrum
energy over wide frequency range including over the actuator’s natural frequency. This induces
resonance. The command shaping technique re-constructs the reference signals such that its
energy content is lower around the natural frequencies of the system to reduce the effect of
resonance. In this paper, we use a ramped sinusoidal basis function to reconstruct the reference
signals. From the simulation and experimental results, it is clear that the residual vibration of the
actuator in the command shaping technique is significantly reduced, enabling the actuator to

move faster.
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MNN 8 Power Supply
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MINBNANHAIVBITZUY (System Identification)
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o (Y] a d o
T5un33 Matlab §1%15UMsHIAINTNAB5U0332 U HNI591 System Identification

clear

close all

%load raw data
V = load('D:\thesis\AOOK\SID2\V_5.txt');

thetal = load('D:\thesis\AOOK\SID2\THETA_5.txt');

Ytime
ts = 0.001; %sampling time

t = 0:ts:ts*(length(V)-1);

figure(1),
subplot(311),plot(t,thetal)

subplot(312),plot(t,V)
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Tﬂi!!ﬂiu Matlab & 111%J1Jmial‘lsfl Fast Fourier Transform

. = a
11m1mmmﬁwmﬁ‘lumsmamma

function [w,X] = MyFFT(t,x,N,showplot)
if ~exist('N'") | isempty(N) | N<length(x)
p = ceil(log(length(x))/log(2))+2;
N =2%p;
end
X = fft(x,N)/sqrt(N);
X =X(1:N/2);
dt = t(2)-t(1);
df = 1/(dt*N);
f=(0:N/2-1)*df;
w = 2*pi*f;
if exist('showplot') & lower(showplot)=="plot'
mag = 20*log10(abs(X));

ph = unwrap(angle(X))*180/pi;

subplot(211)

semilogx(w,mag)

axis([min(w) max(w) min(mag) max(mag)])
grid on

xlabel('Frequency (rad/sec)')
ylabel('Magnitude (dB)")

subplot(212)
semilogx(w,ph)

axis([min(w) max(w) min(ph) max(ph)])
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grid on
xlabel('Frequency (rad/sec)")
ylabel('Phase (deg)")
end
clear

close all

%Iload raw data

x = load('D:\thesis\AOOK\SID2\FFT _5.txt');
%time

%ts = 0.0005; %sampling time

ts = 1000/1000000;

t = 0:ts:ts*(length(x)-1);

MyFFT(t,x,[],'plot")
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T1l51n35u Matlab dmsumaiianeuuuadtalumsdiulaeulaseadng

ﬂlﬂﬂﬁﬂluﬂlﬂmgﬁaﬂ (Reference Signals)
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T1lsunsy Matlab @nsumatinneaunuawifiladumsdsunlasulassads

Gll’t’)iiﬁiyﬂlﬂmgnad (Reference Signals)

clear
close all
cle
%Ramped sine desired trajectories.........covvererreeriererereenieneenn
load alpha
ts = 0.001; %sampling time (s)
T = 1; %end time (s)
tt = 0:ts:2*T-ts; %time (s)
J =1; %inertia
wn = [90]; %natural frequencies (rad/s)
Yf=0.2; %final position (rad)
Fmax = 1200; %max torque (Nm)
rho = 0.08; %weight in the cost function
L=10; %number of sine terms
[B,Tfl]=rs_coefs(wn,rho,L, Yf, Fmax, J);
t=0:ts/Tf:1; %dimensionless time (at sample rate)
F=forcfunc(t,B,a); %dimensionless force (torque)
tdim=0:ts:Tf; %dimensional time (s)
%SF = max(F);
SF = 1; % Modified by prof. Meckl at 13th of August, 2004
Fdim=F*Fmax/SF; % dimensional torque (N-m)
ndif=length(tdim)-length(Fdim);
Fdim=[Fdim zeros(1,ndif)];
alphard(1)=0; alphar(1)=0;

for i=1:length(Fdim)

alphar2d(i) = Fdim(i);

end
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for i=1:length(Fdim)-1
alphard(i+1)= alphard(i) + ts*alphar2d(i);
alphar(i+1) = alphar(i) + ts*alphard(i);
end
for i=length(Fdim)-+1:T/ts
alphar2d(i)=0;
alphard(i)=0;
alphar(i)=alphar(length(Fdim));

end

%Square-wave desired trajectories........ccvveerreereerreereereeneenne
alphas2d _max = Fmax;
Tfs = sqrt(4*Yf/alphas2d_max); %End time for square wave
for i=1:round(Tfs/ts/2)
alphas2d(i)=alphas2d max;
alphasd(i)=alphas2d max*i*ts;
alphas(i)=0.5*alphas2d max*(i*ts)"2;
end
for i=round(Tfs/ts/2)+1:round(Tfs/ts)
alphas2d(i)=-alphas2d max;
alphasd(i)=alphas2d max*(Tfs-i*ts);
alphas(i)=alphas2d max*(Tfs*i*ts-0.25*Tfs"2-0.5*(i*ts)"2);
end
for i=round(Tfs/ts)+1:T/ts
alphas2d(i)=0;
alphasd(i)=0;
alphas(i)=alphas(round(Tfs/ts));

end

%Continuous desired trajectories.......eovrrverrierrrerseeenierreeeeens
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%Square-wave
alphas2d = [alphas2d, -alphas2d];
alphasd = [alphasd, -alphasd];
for i=1:length(alphasd)-1
alphas(i+1) = alphas(i)+ts*alphasd(i);
end
%Ramped sine
alphar2d = [alphar2d, -alphar2d];
alphard = [alphard, -alphard];
for i=1:length(alphard)-1
alphar(i+1) = alphar(i)+ts*alphard(i);
end
QPO .t
figure(1)
subplot(221),plot(tt,alphar2d)
subplot(222),plot(tt,alphard)
subplot(223),plot(tt,alphar)
figure(2)
subplot(221),plot(tt,alphas2d)
subplot(222),plot(tt,alphasd)
subplot(223),plot(tt,alphas)
figure(3)
%MyFFT(tdim,Fdim,[],'plot");
MyFFT(tt,alphar2d,[],'plot');
figure(4)
MyFFT(tt,alphard,[],'plot');
figure(5)
MyFFT(tt,alphar,[],'plot');
figure(6)
MyFFT(tt,alphas2d,[],'plot");
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figure(7)
MyFFT(tt,alphasd,[],'plot");
figure(8)
MyFFT(tt,alphas,[],'plot');
%write to files
fid=fopen('re-alphar2d_v2.txt','w");
fprintf(fid,'%5.5f\n',alphar2d);
status=fclose(fid);
fid=fopen('re-alphard v2.txt','w");
fprintf(fid,'%5.5f\n',alphard);
status=fclose(fid);
fid=fopen('re-alphar_v2.txt','w");
fprintf(fid,'%5.5f\n',alphar);
status=fclose(fid);
fid=fopen('re-alphas2d_v2.txt','w");
fprintf(fid,'%5.5f\n',alphas2d);
status=fclose(fid);
fid=fopen('re-alphasd v2.txt','w");
fprintf(fid,'%5.5f\n',alphasd);
status=fclose(fid);
fid=fopen('re-alphas_v2.txt','w");
fprintf(fid,'%5.5f\n',alphas);

status=fclose(fid);
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d v
waInmInaasalsauigumslymaiianeuanuamifile

dulaldimadinnessnuawilile

clear
close all
cle
ts=0.001;
T=2;

t=0:ts:T;

%load raw data

vr = load('D:\thesis\AOOK \goback\vr _2.txt');

vs = load('D:\thesis\AOOK\goback\vs_2.txt'),

alphar = load('D:\thesis\AOOK\goback\thetar 2.txt'),
alphas = load('D:\thesis\AOOK \goback\thetas _2.txt");
accr = load('D:\thesis\AOOK\goback\accer 2.txt');

accs = load('D:\thesis\AOOK\goback\acces_2.txt');

%reference

ref = 0.5*ones(1,length(t));

figure(1),

plot(t,vr(1:length(t))),hold on, plot(t,vs(1:length(t)),'r:"),hold off

figure(2),

plot(t,alphar(1:length(t))),hold on, plot(t,alphas(1:length(t)),'r:"),hold on, plot(t,ref),hold off
figure(3),

plot(t,accr(1:length(t))),hold on, plot(t,accs(1:length(t)),'r:"),hold off

67



Fo-UINEAND

w A =} d‘ a

U heu 1 Mne
da

anuNNA

15z3amsansn

=2 ~ P
NUMIANYIN IATY

68

52 3amM3fanE HazmMInau

aa J J a
HIWUATIA WIRHNTUY

JUN 28 AUeeU 2527

TanTamyaui)s
v
szoufinm TaE U nsAnsN
4
WseudnsN Tsa5suasaninneas

gAUANEILTYRNAT UMIINOSUNEATMEAT INOUVARWNILLEY

nuanuayuaunnIuINeszauuRaany dsediliulszun

% a a v a @ 4
2551 YUNAINYIAY UH1INYIQYNHATAITAT





