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Abstract-- This paper presents the designing process of an active 

yaw control of small horizontal axis wind turbine, to optimize the 

power generation capacity of wind turbines. In this mechanism 

rotary encoders, stepper motors, microcontrollers are used to 

give steady and accurate yaw. This paper provides significant 

input for programming the system to improve yaw stability and 

accuracy, thus extending the working life of turbine and 

enhancing the power generation capacity. 

 

Index Terms— Active Yaw Control, Encoders, position control, 

wind turbines, PID Control. 

 
I. INTRODUCTION 

ind Energy has gained popularity in power generation 

sector, and is likely to become one of the major source 

of generation of electrical power in the near future.According 

to Global Wind Energy Reports [1], India in Dec 2013 has 
installed capacity of 20,150 MW in wind energy which is 

6.3% of total global wind energy generation. 

 

In country like India where inadequate grid infrastructure is a 

big challenge, small wind turbines provide a good solution in 

rural areas, lakes, islands, pastoral areas and other places 

without electric grid. In recent years, research on small wind 

turbines has increased. However these researches are mainly 

focused on aerodynamics, sensorless systems and structural 

loads such as [2], [3] and [4]. Very little research work is done 

on active yaw control mechanism for small scale wind turbines. 

This research work focuses on development of basic principles 
for an active yaw control mechanism of horizontal axis wind 

turbine. 

II. TRADITIONAL SMALL WIND TURBINE 

 
In general, wind turbines having power generation 

capacity less than 10kW are called small wind turbines. A 

traditional wind turbine generally consists of a generator, rotor 

blades, an axisymmetric body (nacelle), a tail wind device, 

tower and so on. (Fig 1) Modern wind turbines usually feature 

rotors mounted on a nacelle that resemble aircraft propellers 

thus operating on aero dynamic principles. The capture area of 
horizontal axis wind turbines, the area over which the 

sweeping blades can capture the wind, is given by  

 

A= π (D/2)
2
 

Where, D is rotor diameter. 

 
However, this capture area must face directly into the wind, 

to maximize the power generation, so the horizontal axis wind 

turbine requires a means for alignment ao that the entire rotor 

faces the wind direction. 

 
Wind direction is often unstable, so the horizontal axis 

wind turbines need to yaw in order to capture maximum wind 

energy. Horizontal axis wind turbine yaw system could be 

divided into two subtypes 1) Passive Yaw and 2) Active Yaw. 

Passive yaw generally includes tail wind devices which are 

installed behind the rotor blades, using the leeway to produce 

yaw moment and align the turbine in windward position. Tail 

wind mechanism is simple and has lower costs. However they 

are not stable and this unstable yaw makes turbine yaw 

frequently, thus reducing turbine service life and also the 

power generation capacity is affected. The control system 

which is equipped with torque producing device able to rotate 

the nacelle to wind direction against the stationary tower 
based on automatic signal from wind direction sensors or 

manual actuation (system override control) is called active 

yaw control mechanism. 

III. DESIGN OF ACTIVE YAW CONTROL 

MECHANISM 

 
A.  Logic 

 

 Equation of wind turbine power generation according to 

principle of aerodynamics is given by  

  

                         P = 
 

Where ρ is air density, S is wind speed, V is wind wheel area, 

CP is power coefficient and θ is yaw error. 

W 

Figure 1 Traditional Wind Turbine 
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For maximum power generation yaw error must be zero. It 

could be achieved by imparting motion to yaw drive which 

has to be controlled digitally. The logic diagram for control of 

yaw sytem is given as Fig 2. Using which programming is 

needed to be done.  

 

  

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

In this logic diagram yaw error is determined and then 

decision is taken accordingly whether to rotate the nacelle in 

the direction of wind or not. As the wind direction constantly 

keeps on changing the system would rotate at each minor 

movement making it impractical. Hence, a dead band region is 
needed to be included so whenever the yaw error increases 

more than the dead band region then only the system actuates. 

 

The yaw control system is a closed loop system, whose 

control loop could be given as  

 

 

 

 

 

 

 

 

 

 

The position control in the yaw control mechanism needs a 

feedback device (sensors), control system, actuation device 

and so on .  

 

B.  Sensors 

 

A sensor is a device, which responds to an input quantity by 

generating a functionally related output usually in form of 

electrical or optical signals. The sensors are reqired to determine 
the position of nacelle with respect to reference position. The 

sensory device that is used in this system is rotary encoders or 

shaft encoder, which is an electro-mechanical device that 

converts the angular position or motion in digital or analog 

signals. The emcoders can be of two types: absolute and 

incremental encoders. As far as our application is concerned we 

constantly need to determine the position of the shaft at each 

instant along with the motion so absolute rotary encoders are to 

be used.  The basic schematic block diagram of yaw control 
system using encoder system is given in Fig 4 

. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 (Block Diagram of system comprising of encoder) 

 

C.  Control System 

 
A controller is a device which basically moniters and 

manipulates the operating conditions of a dynamic system. It 

is generally in form of microprocessor or computer. 

 
The type of controlling action can depend on various 

paramaters and the types are Proportional Control, Derivative 

Control and Integrative Control. These types could be used 

individually or in combination of two or more systems.  

 

PID (Combination of Proportional, Integrative and 

Derivative Contolling action) is used in this application where, 

P depends on the present error, I depend on the accumulation 

of past errors and D is a prediction of future errors, based on 

current rate of change. The decision by controller to take the 

action is an example of proportional control, while speeding 

up of process depends on integrative control. In order to 
achieve gradual convergence at the desired direction, the 

controller may wish to dampen the anticipated future 

oscillations. So in order to counter those effects controller may 

elect to temper the adjustments. That is derivative control. The 

controlling equation could be given by 

 

  

   
 

 

 

 

 

The controller needs to be programmed in such a way that the 

Figure 2 Logic Diagram 

Figure 3 Control Loop 
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reduction in yaw error is not too fast as it may induce structural 

damage to the system due to gyroscopic forces. According to 

Zhi Wua [5] the recommended yaw values as per power 

generation capacity could be given as Table 1. 

 

Wind Turbine Power (kW) Yaw Speed (rpm) 

100-200 0.3 

250-350 0.18 

500-700 0.1 

800-1000 0.092 

1200-1500 0.085 

Table 1 (Maximum allowable yaw values) 

 

D. Micro- Controller 
 

The basic configuration of micro controller required for this 

system is given in Table 2. 

 

PARAMETERS VALUE 

Flash 32 Kbytes 

RAM 2 Kbytes 

Pin Count 28 

Max. Operating Frequency 20 MHz 

CPU 8-bit AVR 

# of Touch Channels 16 

Hardware QTouch Acquisition No 

Max I/O Pins 26 

Ext Interrupts 24 

USB Interface No 

USB Speed No 

Table 2 (Requirements of microcontroller) 

The arrangement of circuit diagram and pin diagram is given 

in Figure 5. The controller in use here is Atmel ATmega 328 

having specification as per [6]. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 (Circuit Diagram and Pin Configuration of Microcontroller system) 

 
E. Motor 

 
The rotation of nacelle is to be done by motor as per the 

signals received from the controller. The motor used here is 

stepper motor. Servo motors could also be used but they are 
costlier compared to stepper motors. A stepper motor is 

brushless DC electric motor that divides full rotation into 

equal steps and it hold the position regardless of feedback. The 

variable reluctance stepper motor with 1.8 degree or lesser 

steps could be used. Along with it a stepper driver is necessary 

to interpret the signals. Stepper motor is connected to the 

nacelle which is supported on the tower with bearings. 

 

F. Programming 

 

The programming of microcontroller could be done as per 

logic diagram developed with help of C language. The 
changes in input parameters and output parameters could be 

incorporated by changing the values in the native program. 

However, this has to be done by connecting the micro 

controller with a C language compitable compiler. 

 

IV. CONCLUSION 

The designed active yaw control system for small wind 

turbine which is compact, less complicated and of low cost. 

The controller system employed makes the system fast, 

accurate and stable as compared to the conventional yaw 

control systems. 
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