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• Research Motivation

• Research Objectives

• Research Contribution 

RESEARCH OVERVIEW

1) Wake effects in arrays

2) Reduce the levelized cost of energy (LCOE)

1) Propose an axial induction factor (AIF) based control methodology for a tidal current

turbine (TCT) array

2) Mitigate fatigue loads, whilst guaranteeing a high level of power extraction

1) Dynamic response of time-variable flow velocity

2) Trade off between output power and fatigue loads



TIDAL CURRENT TURBINE ARRAY 

MODELLING
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Tidal Current

Figure 1. Tidal Current Conversion System
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Parameter Symbol Value

Rotor radius Rt 11.5m

Maximum power 

coefficient
Cp 0.4778

Rated velocity Vrated 2.5m/s

Rated power Prated 1.5MW

Optimal tip-speed 

ratio
λ 7.95

Gearbox ratio r 66.667
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OVERALL CONTROL SYSTEM
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1) Flow velocity measurement

2) Array Controller

3) Array Model and simulation

4) Outputs measurements

4



OPTIMIZATION METHODOLOGY
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1. Average incoming flow velocity

2. Genetic algorithm (GA) optimization

Vin Average flow 

velocity
βMPPT, λMPPT

Vaveraged

1. Read & Process Flow Velocity

Objective Functions: 

Power, Thrust & Torque

2. GA Optimization

Constraints:

min Power ≥ 95% of MPPT power

Variables’ Bounds:

a, λ & β

…
Optimal β1….n

Optimal λ1…n

Decided by the Cp (λ, β) 

curve 



OPTIMIZATION METHODOLOGY
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3. Evaluation

Vin ≥ 2.5m/s

Large β, different λ 

Vin < 2.5m/s

Small β, large λ 

Selected β1….n

Selected λ1…n

…

𝐶𝑝 𝜆, 𝛽 = 𝑐1(
𝑐2

𝜆𝑖
− 𝑐3 × 𝛽 − 𝑐4)𝑒

𝑐5
𝜆𝑖 + 𝑐6 × 𝜆

1

𝜆𝑖
=

1

𝜆 + 0.08 × 𝛽
−

0.035

𝛽3 + 1

…

Equation (1): Power coefficient 

Equation (3): Torque coefficient

𝐶𝑇 =
𝑇

0.5𝜌𝑉𝑡𝑖𝑑𝑎𝑙
2 𝐴

= 4𝑎(1 − 𝑎)
)2𝑎(1 − 𝑎

𝜆2
+ 1

𝐶𝑄 =
𝑄

0.5𝜌𝜋𝑉𝑡𝑖𝑑𝑎𝑙
3 𝑅𝑡

3 =
4𝑎 1 − 𝑎 2

𝜆

Equation (4): Thrust coefficient

3. Evaluation of GA optimization results

Equation (2): Total array power 

Ptotal =෍

i=1

n

PTTi

Optimization Results 

Evaluation



OPTIMIZATION METHODOLOGY
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4. Prediction & Selection

A1

1st Row Turbine

β(A1) 1….n 

λ(A1) 1….n 

A2

λ(An) 1….n 

β(An) 1….n 

2nd Row Turbine

βoptimal
∗ and λoptimal

∗

for each turbine
B1

λ(An) 1….n 

β(An) 1….n 

4. Selection of most proper optimal results

for each turbine

Figure 3. Generator reference speed of turbine A1 in MPPT and AIF control 

Array  Model
Figure 2. Blade pitch angle of turbine A1 in MPPT and AIF control 
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RESULTS
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1. Incoming flow velocity

2. Output power

Average Total Power MPPT Control AIF Control

2.5279MW 2.5060MW

• Less than 1% power reduction in AIF controlFigure 4. Incoming flow velocity 

Figure 5. Output power for each turbine and total array power 

Table 2. Average total array power in MPPT and AIF control 

Flow Velocity of B1 when A1 

& A2 in MPPT

Flow Velocity of B1 when A1 

& A2 in AIF

Flow Velocity of A1 & A2



RESULTS - Torque

05 9

Turbine A1 MPPT AIF Reduction

Stress Range
(Nm)

[8.2e5,10.7e5] [5.8e5, 7.8e5] 27.1%

Turbine A2 MPPT AIF Reduction

Stress Range 
(Nm)

[8.2e5,10.7e5] [6.2e5, 7.6e5] 29%

Turbine B1 MPPT AIF Reduction

Stress Range 
(Nm)

[5.9e5,8.3e5] [3.9e5,5.2e5] 37.3%

Table 3. Rainflow counting analysis of mechanical torque

(a) A1, (b) A2, (c) B1.

(a)

(b)

(c)
Figure 6. Mechanical torque of turbine A1 in MPPT and AIF



RESULTS - Thrust
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Table 4. Rainflow counting analysis of mechanical thrust

(a) A1, (b) A2, (c) B1.

(a)

(b)

(c) Figure 7. Mechanical thrust of turbine A1 in MPPT and AIF

Turbine A1 MPPT AIF Reduction

Stress Range
(Nm)

[6.2e5,6.7e5] [3.5e5, 5.5e5] 17.9%

Turbine A1 MPPT AIF Reduction

Stress Range
(Nm)

[6.2e5,6.7e5] [3.6e5, 5.8e5] 13.4%

Turbine A1 MPPT AIF Reduction

Stress Range
(Nm)

[3e5,4.65e5] [2e5, 4.35e5] 6.5%



CONCLUSION
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1. Enable to response real-time incoming flow velocity.

2. The proposed control strategy optimizes and assigns the references signals

of β and λ for each turbine controller.

3. The proposed array controller enables the mitigation of fatigue loads, whilst

guaranteeing a high level of power extraction

• 30-40% stress range of torque reduction in AIF control

• 6-18% stress range of thrust reduction in AIF control

• Almost as much power as produced in AIF control, less than 1% power reduction

Thank You!


