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The 3 DOF Helicopter plant is depicted in Figure1.1. Two DC motors are mounted at each end of a rectangular
frame and drive two propellers. The motors' axes are parallel and the thrust vector is normal to the frame. The
helicopter frame is suspended from an instrumented joint mounted at the end of a long arm and is free to pitch about
its centre. The arm is installed on an additional 2-DOF instrumented joint which allows the helicopter body to move
in the elevation and yaw directions. The other end of the arm carries a counterweight such that the effective mass
of the helicopter is light enough for it to be lifted using the thrust from the motors. The system is analogous to a
tandem rotor helicopter oriented perpendicular to the support arm, as shown in Figure3.2.

A positive voltage applied to the front motor causes a positive pitch while a positive voltage applied to the back motor
causes a negative pitch. A positive voltage to either motor also causes an elevation of the body. If the body pitches,
the thrust vectors result in a travel of the body (i.e., yaw of the arm) as well. The vertical base is equipped with an
eight-contact slip ring. Electrical signals to and from the arm and helicopter are channelled through the slip ring to
eliminate tangled wires, reduce friction, and allow for unlimited and unhindered travel.

Figure 1.1: 3 DOF Helicopter when running.

The objective of this experiment is to design a control system to track and regulate the elevation and travel angles
of the 3 DOF Helicopter. The system is supplied with a complete mathematical model, the system parameters, and
a sample state-feedback controller.

As shown in Figure1.2, the 3 DOF Helicopter can also be fitted with an Active Mass Disturbance System (ADS).
The ADS is comprised of a lead-screw, a DC motor, an encoder, and a moving mass. The lead-screw is wound
through the mass such that when lead is rotated the mass moves along the helicopter arm linearly. One end of the
lead-screw is connected to a DC motor and the other end has an encoder. As the motor is driven, the lead-screw
rotates and causes the mass to move. Using the encoder measurement and a position controller, the user can move
the mass to a desired position and actively disturb the helicopter.
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