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Abstract— In this paper a small 5 kW rated power Vertical Axis Wind Turbine (VAWT) equipped 
with a novel design for pitch control and actuation system was introduced. This novel design allows 
the pitch control system to rely on wind speed measurement only and to perform independently from 
the blades azimuthal position. A combined feedback – feed forward controller, for pitch control of 
this VAWT was synthesized. The variation of wind speed as well as other main operating 
performance parameters of the VAWT necessitates the derivation of multi linear models for rotor 
dynamics in the neighborhood of nominal operating conditions. These linear models were derived 
from the torque-angular speed characteristics of the VAWT and result in several first order transfer 
functions. These transfer functions express rotor speed with respect to both blade pitch angle and 
wind speed (ω/θ & ω/Vw). Gains and time constants of these transfer functions were determined in 
terms of rotor moment of inertia, rotor aerodynamic characteristics and generator torque 
characteristics. The control loop of the DC servo motor that actuates the pitch angle was incorporated 
in the control scheme. The Internal Model Control (IMC) method was adopted to synthesize PID 
controllers for the DC servo motor as well as the VAWT’s angular speed rotor. The associated 
proportional gains, integral and derivative time constants were determined for set point tracking 
conditions. To improve load rejection performance of VAWT’s angular speed rotor controller a feed-
forward controller is added to compensate for wind speed fluctuations. 
The above synthesized control scheme was adopted for controlling the pitch angle of the VAWT such 
that the rotor’s angular speed is kept at its rated value. Simulation results at different nominal wind 
speeds over the rated value have shown considerably improved load rejection characteristics of the 
combined PID feed forward control scheme. 
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