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Introduction
Background

• World’s Electricity demand grows almost twice as fast as its total energy 

consumption.

• Assuming the recent rapid expansion of wind, solar and hydro power, by 

2035, renewable industries can account for almost one-third of total 

electricity output.

• According to British petroleum statistical review of world energy 

June, 2012, worldwide wind energy production has increased by more than 

25.8% in 2011.
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IntroductionBackground……

Small wind turbines

 Small wind turbines are generally used to meet small community energy 

demand and remote power generation.

 It is becoming  popular for grid connection & net metering system.

 It is used to power dairy farms, water supplies for small communities, small 

industry, irrigation and greenhouses.
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Background……

Research  Objectives & Related works

Investigation of small wind turbine’s power performance under variable 
electric load condition. 

Research on small wind turbine’s power performance has a very shadowy 
existence.

Derived a MPPT table for a vertical axis wind turbine for maximum power 
extraction . 

Various type of techniques are available for maximum power extraction-TSR 
control method, hill climbing method, PSF method but no methodology to derive a 
MPPT table

A control system design for active and reactive power control of a grid 
connected small wind turbine. 

Fuzzy logic control method, predictive control method and nonlinear sliding mode 
control method are available but they are simulated or experimented with only 
inverter and DC source.
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Power performance of two grid connected small wind 

Turbines

Experimental Objectives/Motivation

Wind Energy Institute of Canada (WEICan) is a small wind turbine testing 

organization. It collects data for a long period and provide a power curve.

During data collection wind turbine is directly connected to grid.

The experimental objective is to investigation the small wind turbine behavior 

when they are connected to variable electrical load.

Collect data for active power , reactive power and power factor.

6



Power performance……..

Block diagram of small wind turbine and experimental setup 
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Power performance……..

Data Analysis Procedure

Data was analyzed according IEC-61400-12-1 Standard

Procedure:

 Collect one second raw data.

 Convert one second raw data to 10 min average data.

 10 min average data is normalized to reference air density.

 Normalized data is analyzed according to bins method.

 Data from bin table is used to plot power curve.
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Power performance……..

Normalized data 

Bins method
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Introduction
Power performance……..

Experimental Turbine

Turbine A 

• Rated Power: 1.1 KW

• Rated wind speed: 12.5 m/s

• Maximum Power: 4 kW

• Permanent magnet generator 

• Over Speed Control/Protection: Stall Regulation

• Inverter output Voltage: 120V/208V,

• Frequency: 60 HZ

• Grid connected
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Introduction
Power performance……..

Experiment with Heater
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Power performance……..

Experiment with inductive & capacitive load
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Power performance……..

Experimental results comparison
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Power performance……..

Experimental Turbine

Turbine B

• Rated Power: 1.3 kW

• Rated wind speed: 12 m/s

• Maximum continuous output power: 1.4 kW

• Grid Voltage: Single phase, 208V

• Voltage Tolerance: ± 5%

• Grid frequency: 60 HZ

• Frequency Tolerance: ± 0.00083%

• Control mechanism: Furling control system
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Power performance……..

Experiment with inductive & capacitive load
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Power performance……..

Experimental results comparison
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Power optimization of a novel vertical axis wind turbine

VAWT Specifications

• Diameter : 4m

• Height: 1.5m

• Cut-in wind speed : 2 m/s

• Maximum  wind speed: 60 m/s

• Power at 15m/s: 1.3 kW

• Power at 25 m/s: 4.4 kW

• Power at 40 m/s: 10 kW

• Rotation speed: From 0 to 120 turns/min

• Power control: Electronic Direct Torque Control
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Power optimization…..
VAWT

Stator is fixed and guides wind into rotating blades

The rotor blades are distributed symmetrically about the 

vertical axis

It is independent of wind direction

This novel type of stator also provides a rigid structure to the 

turbine to withstand with wind speed exceeding 60m/s
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Power optimization….. 

Block Diagram
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Power optimization….. 

TSR & MPPT table

 Tip speed ratio (TSR) is a ratio between the rotational speed of wind 

turbine blade and the wind speed.

 Wind turbine can extract maximum power from wind if the rotor blades run 

in such a speed that it can maintain an optimum tip speed ratio (TSR). 

 To maintain an optimum TSR, this particular wind turbine’s inverter 

depends on a look up table and it is called maximum power point tracking 

(MPPT) table.

 The MPPT table consist of optimum DC voltage input and corresponding 

maximum power output of the inverter
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Power optimization…..

Power of MPPT 

Losses
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Power optimization…..

Output DC voltage at MPPT 

22



Power optimization…..

Derived MPPT table

Inverter start voltage 55 volt, 

Total 16 points
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Power optimization…..

Simulation model of the VAWT to verify MPPT
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Power optimization…..

Derived MPPT verified in Simulink
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Power optimization…..

MPPT table programmed in inverter

26



Power optimization…..

Other MPPT tables tested
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Power optimization…..

Power performance with various MPPT tables
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Control System Design for Active and Reactive Power 
Control of a Grid Connected Small Wind Turbine

Objectives:

 Extract maximum power

 Provide required reactive power to local load

Design for:

 1.1 KW small wind turbine

 Grid connected small WT

 The wind turbine has PMG

 Power coefficient is 0.5

 Tip Speed ratio is 6

 Load is connected between wind turbine and grid
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Control System Design……

Small Wind Turbine Configuration for this Research
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Control System Design……

System Modeling: Wind turbine
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Control System Design……

Permanent magnet generator

• The generator is 1.4 kW, 2 pole machine.

•Simulation block parameters are changed to  match 

with a practical generator.
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Control System Design……
Power electronics

Rectifier, Inverter            Simulink power system block-set

Active power control circuit             PI Control block, saw tooth wave 

generator block, comparator and DC-DC boost converter.

Reactive power control circuit              Proportional control block, Memory 

block, Plush width modulation generator 

Transformer             1.5kVA (208V to 600V, 3 phase)

Grid              AC voltage source

33



Control System Design……

Active power control system

 Objective : Maintain a TSR equal to 6.

 From instantaneous TSR and optimal TSR, error is calculated.

 PI controller is used to correct the error in TSR.

 Output signal of the PI controller is compared with a triangular wave and a 

gate signal is generated for the DC-DC boost converter switch .

 DC current from the generator to load is controlled             Generator rpm 

is controlled           Turbine speed is control .   
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Control System Design……

Flow chart for active power control
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Control System Design……

Reactive power control system

Objective: Produce required reactive power for local load and exchange zero 

reactive power with grid.

Reactive power error is the difference between the reactive power required 

by the local load and the reactive power supplied by the inverter.

A proportional controller creates signal to minimize the error .

By using previous time step output from memory block and controller 

signal, a new phase angle is generated for PWM generator input.
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Control System Design……

Simulink modeling Active power control

Reactive power control
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Control System Design……

Case study 1: Condition: Wind speed=12.5m/s, Load=purely resistive load, 

Simulation run time = one second TSR=6
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Control System Design……

Case study 2: Condition: Wind speed=10m/s, Load=resistive and reactive 

load,  Simulation run time = one second

Grid exchanged reactive 
power is equal to zero

TSR=6
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Control System Design……

Case study 3: Conditions: Wind speed= variable,  Load=resistive and  reactive 

load,  Simulation run time=3.5 second

Grid exchanged reactive 
power is equal to zero

WS change TSR=6
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Conclusion

The conclusions of the experiments are:

 Commercially available small wind turbine power performance is not 

affected by the local loads.

 Small wind turbine inverters need to be configured to maintain power 

factor of the whole system close to one.

 Small wind turbine inverters are unable to provide reactive power to load.
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Conclusion……

The research contributions are as below:

 Determine grid-connected small wind turbine’s behavior under variable 

local loads and proposed improvements.

 Development of a methodology to find an optimum MPPT table for small 

vertical axis wind turbine and field trials of MPPT table.

 Design and simulate a control system for active and reactive power control 

for a grid-connected small wind turbine.
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Future work

 The MPPT table for the VAWT was derived by using the manufacturer 

provided data. In future, wind turbine system’s experimental data (at least 

one year log) should be used to determine the MPPT table.

 Data collection for a long time is highly recommended.

 For future work a control system using only the PWM generator to control 

both the active and the reactive power is highly recommended. 

 Full details of a real power system should be included in the Simulink 

model.
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Thank You!

Question?
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