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Jitnapa Soontrajarn 2012: Input Shaping to Reduce Vibration in Human-Operated
Very-Flexible-Link Robot Manipulator. Master of Engineering (Mechanical
Engineering), Major Field: Mechanical Engineering, Department of Mechanical

Engineering. Thesis Advisor: Mr. Withit Chatlatanagulchai, Ph.D. 60 pages.

Robot manipulator that is made from flexible material has natural frequencies in the low
range. It must be moved slowly to avoid exciting the natural frequencies causing violent
vibration that can damage the payload and the flexible structure of the manipulator. However,
slow movement of the manipulator results in productivity reduction. Currently, there are many
methods in reducing the vibration of the robot manipulator. Increasing mass, using smart
materials, and reference input shaping to avoid exciting the natural frequencies can reduce
vibration. However, increasing mass and using smart materials add more weight to the

manipulator, are costly, and require longer installation time.

This research reduces vibration by shaping the reference input to the manipulator
system. To design the input shaper, the natural frequencies and damping ratios are obtained from
experiments. The manipulator movement, using the input shaper and a proportional-integral (PI)
controller, is compared to that using the PI controller alone. The experimental manipulator is
made from a sixty-centimeter steel ruler. The deflection of the tip under vibration is measured by
strain gauges. The natural frequencies are obtained from an accelerometer. The robot
manipulator moves in the horizontal plane about a fixed rotating point. The manipulator is
moved by torque from a motor. An encoder measures the angular position. By comparing the
manipulator movements with and without the input shaper, there is significantly less manipulator
vibration when the input shaper is used comparing to when the PI controller is used alone without

the input shaper. Less vibration also results in less settling time to the final position.

Student’s signature Thesis Advisor’s signature
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gamdanlglullsunsy Matlab

1. yamdwedTUsunsy Matlab lumsvnyaduwadued ZVD Input Shaper

E]

% %

clear

close all

%Time
ts=0.01;
tend = 30;

t = 0:ts:tend-ts;

%Reference Trajectory
r = 1*square(2*pi*0.1%t);
%r2 = 1sim(tf(572,[ 1 2*1*5 5°2]),1,t);

2=r;

%Impulse Sequences
w=[7.056,9.357,13.04];%manual sweep(207)

7=[0.05 0.04 0.023];%damping from Bandwidth Method

K = exp(-z*pi./sqrt(1-z.72));

delT = pi./w./sqrt(1-z.°2); %impulse interval
al = 1./(1+2*K+K."2); %impulse amplitude
a2 = 2*K /(1+2*K+K."2);

a3 = KA A2/(1+2*K+K " 2);

delTi = round(delT/ts);



%Convolution among impulse sequences

impl = [al(1),zeros(1,delTi(1)-1),a2(1),zeros(1,delTi(1)-1),a3(1)];
imp2 = [al(2),zeros(1,delTi(2)-1),a2(2),zeros(1,delTi(2)-1),a3(2)];
imp3 = [al(3),zeros(1,delTi(3)-1),a2(3),zeros(1,delTi(3)-1),a3(3)];
imp = conv(imp1,imp2);

imp = conv(imp,imp3);

figure(1),plot(imp)%plot impulse sequences

title('Impulses of Input Shaper’)

%Convolution of the final impulse sequence and the reference input
for i = 1:length(r2)
if i<=length(imp)
rs(i) = sum(fliplr(r2(1:1)).*imp(1:i));
else
rs(i) = sum(fliplr(r2(i-length(imp)+1:i)).*imp);
end
end

figure(2),plot(rs), hold on, plot(r2,":r"),hold off %plot shaped ref. with unshaped ref.
figure(3),MyFFT(t,rs,[],'plot")%plot FFT of shaped ref.
figure(4),MyFFT(t,r2,[],'plot')%plot FFT of unshaped ref.

%write to files

fid=fopen('C:\Aon\Exp. Data\Theta FB+Alpha Check\NatFreq from manual
sweep_complete\SVD Shaper manual207.txt','w");

fprintf(fid,'%5.5f\n',imp);

status=fclose(fid);

% %
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2. gamdwedl1)sunsy Matlab SIS UUAAINANITNAGDY

% %

clear
close all

cle

%load raw data

ref=pi/180*load('C:\Documents and Settings\kwang\Desktop\IS207 complete\Step
response\Ref.txt');

ref2=pi/180*load('C:\Documents and Settings\kwang\Desktop\[S207 complete\Step
response\Ref2.txt');

acc=load('C:\Documents and Settings\kwang\Desktop\[S207 complete\Step response\Acc.txt');
v=load('C:\Documents and Settings\kwang\Desktop\IS207 complete\Step response\V.txt");
theta=pi/180*load('C:\Documents and Settings\kwang\Desktop\IS207 complete\Step
response\Theta.txt');% Tip Acc

alpha=pi/180*load('C:\Documents and Settings\kwang\Desktop\[S207 complete\Step
response\Alpha.txt');

%SG calibrated in radian

SG1=pi/180*load('C:\Documents and Settings\kwang\Desktop\[S207 complete\Step
response\SG1.txt');

SG2=pi/180*load('C:\Documents and Settings\kwang\Desktop\[S207 complete\Step
response\SG2.txt');

SG3=pi/180*load('C:\Documents and Settings\kwang\Desktop\[S207 complete\Step

response\SG3.txt');

ts=0.01;
t1=0.1;

t2=40;
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ref=ref(t1/ts:t2/ts);
ref2=ref2(tl/ts:t2/ts);
acc=acc(tl/ts:t2/ts);
v=v(tl/ts:t2/ts);
theta=theta(tl/ts:t2/ts);
alpha=alpha(t1/ts:t2/ts);
SG1=SG1(tl/ts:t2/ts);
SG2=SG2(tl/ts:t2/ts);
SG3=SG3(tl/ts:t2/ts);

t=0:ts:(length(ref)-1)*ts;%time

figure(1),%compare referrence of unshape(ref)& shaped(ref2)
plot(t,ref,":r")

hold on

plot(t,ref2,'d")

hold off

xlabel("Time(sec)")

ylabel('Rotate Angle(rad)')

ylim([0 1.8])

figure(2),%compare reference of unshape(ref)& alpha
plot(t,ref,":r")

hold on

plot(t,alpha,'b")

hold off

xlabel("Time(sec)")

ylabel('Rotate Angle(rad)')

ylim([0 1.8])

figure(3),%compare reference of shaped(ref2)& alpha
plot(t,ref2,":r')
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hold on
plot(t,alpha,'b")

hold off
xlabel("Time(sec)")
ylabel('Rotate Angle(rad)')
ylim([0 1.8])
figure(4),

plot(t,v)
xlabel("Time(sec)")
ylabel('Drive Voltage')
ylim([-0.5 3])
figure(5),

plot(t,acc)
xlabel("Time(sec)")
ylabel('Acceleration')

ylim([1 4])

%

%
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