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Two Rotor Aerodynamical System
The Multi Input Multi Output (MIMO) strongly cross-coupled control system 

1D Pitch PID Control

Two Rotor Aerodynamical System (TRAS) is a set-up designed 

for control experiments. In certain aspects its behaviour 

resembles that of a helicopter. From the control point of view 

it exemplifies a high order nonlinear system with significant 

cross-couplings. 

TRAS consists of a beam pivoted on its base in such a way that 

the beam can rotate freely both in the horizontal and vertical 

planes. At both ends of the beam there are rotors (the main 

and tail ones) driven by DC motors.

A counterbalance arm with a weight at its end is fixed to 

the beam at the pivot. The state of the beam is described by 

four process variables: horizontal and vertical angles meas-

ured by encoders fitted at the pivot, and two corresponding 

angular velocities. Two additional state variables are the 

angular velocities of the rotors, measured by speed sensors 

coupled with the driving DC motors. In a real helicopter the 

aerodynamic force is controlled by changing the angle of 

attack. In the laboratory set-up the angle of attack is fixed. 

The aerodynamic force is controlled by varying the speed 

of rotor. Significant cross couplings are observed between 

actions of the rotors. Each rotor influences both position 

angles. A design of stabilising controllers for TRAS is based 

on decoupling.

The TRAS system has been designed to operate with an 

external, PC-based controller. The control computer commu-

nicates with the position, speed sensors and motors by  

a dedicated I/O board and power interface. The I/O board  

is controlled by the real-time software which operates in the 

MATLAB/Simulink environment. A preprogramed library of 

controllers and Simulink models supports the TRAS system. 

The diagram below shows the Simulink real-time 1D Pitch PID 

controller.

Hardware:

 -motors: 12V DC, PWM controlled

 -beam position sensors: incremental encoders

 -rotor velocity sensors

 -RT-DAC I/O internal PCIe or external USB board (the PWM 

control and encoder logics are stored in a XILINX chip) or the 

single board RIO or a PLC

Dimensions: 520x520x650 

tail rotor

main rotor

encoder

freely rotated 
beam

counter balance

dc motor 
with tacho


