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Limit Cycle Maneuver Simulation of the Hovering Autonomous
Underwater Vehicle with a Nonlinear Thruster Model

Bong Jun Kim

The Depertment of Mechanical Design Engineering

The Graduate School, Pukyong National University

Abstract

Most nonlinear dynamic systems show limit cycle behaviors. limit
cycle behavior is a permanent output oscillation in the amplitude
and frequency that are independent from input signals. Therefore,
the limit cycle behavior causes detrimental effects on marine
vehicle maneuver fir the underwater vehicle maneuver in the
observation and docking motions, which require accarute position
controls.

In this paper, 'Describing Function method' was used to analyze
the limit cycle behavior. This Method is a convenient tool to derive
a quasi—transfer function of a nonlinear system. A limit cycle
behavior of HAUV with a nonlinear thruster model was simulated to
figsure out the effect of nonlinear thruster dynamic on the HAUV
motion control. Traditional P-, PD- and PID-controller were applied
to observe the effects of the limit cycle behavior on each
controller.

Simulation using MATLAB/SIMULINK showed the nonlinear
thruster systemdominated the response of HAUV motion control and
cause a limit cycle behavior. In controller simulations, the PD

controller showed better performance the the PID controller.
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1. RK4XE A&t

=

=]
T ]

%717] AEo|4e] Matlab ==

%42} Runge-kutta WS o]&3 F317]9]

s [

h =20.001; $sampling frequency

t =0:h:5; time

X = zeros(size(t)):;

x2 = zeros(size(t));

O ________§ R J _ __ N =R =]

° =

iy T2 o

beta = 42; $thruster parameter

alpha = 0.037; %thruster parameter

thrust = 2; %input torque N/m

thrustl = 1; $input torque N/m

thrust2 = 1/3; %$input torque N/m
il B
x(1l) = 0; %initial value

func = @(tval, omega) beta*thrust - alpha*omega”2; Sthruster
equation
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for n = 1:(length(t)-1)
k1l = func( t(n), x(n) );
k2 = func( t(n) + 0.5*h, x(n) + 0.5*h*kl);
k3

func( t(n) + 0.5*h, x(n) + 0.5*h*k2);
k4

func( t(n) + h, x(n) + h*k3);

x(n+l) = x(n) + h*(kl + 2*k2 + 2*k3 + k4)/6;
end

x1 = x / max(x); % Hat 1= A3+

x2 (1) = 0; %initial

func = @(tval, omega) beta*thrustl - alpha*omega”2;

for n = 1:(length(t)-1)
k1l = func( t(n), x2(n) );
k2

func( t(n) + 0.5*h, x2(n) + 0.5*h*kl);
k3

func( t(n) + 0.5*h, x2(n) + 0.5*h*k2);
k4 = func( t(n) + h, x2(n) + h*k3);

x2(n+l) = x2(n) + h*(kl + 2*k2 + 2*k3 + k4)/6;
end
x3 = x2 / max(x2); % HUzk 1= A3t
x4 (1) = 0; Sinitial

func = @(tval, omega) beta*thrust2 - alpha*omega”2;

for n = 1:(length(t)-1)
k1l

func( t(n), x4(n) );

k2 func( t(n) + 0.5*%h, x4(n) + 0.5*h*kl);
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k3 func( t(n) + 0.5*%h, x4 (n) + 0.5*h*k2);

k4 = func( t(n) + h, x4(n) + h*k3);

x4 (n+l) = x4 (n) + h*(k1l + 2*k2 + 2*k3 + k4)/6;
end

x5 = x4 / max(x4); % Hugk 1= A4g)

figure

plot(t,x1,'r:")

hold on

plot(t,x3,'k-.")

hold on

plot (t, x5)

grid on

title (" Aitste F2719 MAF A
xlabel ('time (sec) ')

ylabel ('thrust (newton) ')
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