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Abstract: A new sliding surface has been proposed to handle
cross-coupling affects in a twin rotor system. This cross-
coupling leads to degraded performance during precise
maneuvering and it can be suppressed implicitly either by
declaring it as disturbance or explicitly by introducing
decoupling techniques. Sliding mode control offers
robustness against cross-coupling as well as performance
along with the freedom to operate the system in nonlinear
range. However, the standard linear H
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the reduced dynamics of the rotors, including integral
terms on the tracking error to cope with persistent
disturbances. The resulting controller exhibited attributes
of non-linear PID with time varying constants according
to system dynamics. The experimental results
demonstrated that system maneuvers with reduced
coupling. Koudela et al [11] have designed sliding mode
control for the regulation control of helicopter angular
positions in vertical and horizontal planes. The sliding
mode controller was implemented by taking sign function
of sum of error dynamics, its integral and its derivatives.
Gwo R. Yu et al [12] considered sliding mode control of
helicopter model via LQR. LQR was first applied to
control the elevation and azimuth dynamics and then
sliding mode controller was employed to guarantee the
robustness against external disturbances. J.P. Su et al [13]
have designed procedure that involved first finding an
ideal inverse complementary sliding mode control law for
the mechanical subsystem with good tracking
performance. Then, a terminal sliding mode control law
was derived for the electrical subsystem to diminish the
error introduced by the deviation of the practical inverse
control from the idea inverse control for the mechanical
subsystem. The above discussed attempts to design
control algorithm for the twin rotor system dealt with
tracking control for maneuvering in vertical and
horizontal planes without the consideration of cross-
coupling except in [10].

There are number of decoupling techniques, one of
the approaches is to declare coupling as disturbance and
design such a robust controller that will itself handle the
coupling as discussed in [10] and [14]. The other
approach is to integrate a decoupling procedure and
handle the coupling explicitly, like Hadamard weights
have been introduced in Loop shaping design for H
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Uy = 2L () 0% + (- (8%,
CA T2 I2

+ bzx4 - Bzxe))]

The control input vector ‘U’ that will make the system to

converge at S =0 can be written as in (16), this control

law will ensure the system convergence to sliding

manifold along with robustness against the cross-
couplings.

(15)
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the output states of twin rotor system

1 System specifications

System Outputs

50° in elevation
+40° in Azimuth

Main Motor ‘1’

DC motor with permanent magnet
Max Voltage 12V
Max Speed 9000 RPM

Side Motor ‘2’

DC motor with permanent magnet
Max Voltage 6V
Max Speed 12000 RPM

System Parameters T, = 0.3s
a =0.105 N.m/MU
by =0.00936 N.m/MU?
I, =4.37e-3 Kg.m?
B: =1.84e-3 Kg.m?/s
Ty =3.83e-2N.m
T, =0.25s
a =0.033 N.m/MU
b, =0.0294 N.m/MU?;
Tor =27s
Tor =0.75s
K, =0.00162 N.m/MU
I, =4.14e-3 Kg.m?
B, =8.69e-3 Kg.m%/s
Kgyro =0.015 Kg.m/s
Controller Parameters Ky =12 [ =0.9
Ky =1.15 C3 =10
C1 = Cq =

B. Controller Implementation

The implementation of the sliding mode controller
designed in (16) delivered the output states response as
shown in Fig.8 along with respective efforts. It can be
observed that the equilibrium state in vertical plane is
achieved in 7 sec. The coupling in horizontal plane is
introduced at 22 sec. It can be seen that equilibrium
position in horizontal plane is maintained by the
controller with the divergence of 1 degree for about 5 sec
has been introduced. However,

after the coupling
Hadamard weighted
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Fig.8 Actual system response (SMC)
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Fig.9 Actual system response (Hadamard Weighted H
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