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In this paper, characteristics of a tidal current power generation system are analysis using power
hardware-in-the-loop simulation (PHILS). A 10 kW motor generator set is connected to the real
grid through a fabricated 10 kW back to back converter. A power control scheme is applied to the
back to back converter. A 2 MW class tidal current turbine is modeled in real time digital simulator
(RTDS). Generating voltage and current from the 10 kW PMSG is applied to a 2 MW class tidal
current turbine in the RTDS using PHILS. The PHILS results depict the rotation speed, power
coefficient, pitch angle, tip-speed ratio, and output power of tidal current turbine. The PHILS
results in this paper can contribute to the increasing reliability and stability of the tidal current

turbines connected to the grid using PHILS.
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Pqe = Power of tidal turbine (W)
T, = Mechanical torque (N-m)

B = Pitch angle (degree)
p = Water density (kg/m°)
A = Tip speed ratio

T, = Electrical torque (N-m) 1. M2

Vide = Tidal current velocity (m/s)

® = Angular velocity (rad/s) ZHAAL FHo TEo] WE XL HAAsY
R = Blade length (m) a2 ARG +a wRvE AAsm, 4949 2
A = Sectional area of tidal current turbine (m?) 7o TES o]83Fe] AAH Fx EHIE M=
C, = Power coefficient A A WA= 7 Eo)u)!
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Rotorradius: 13 m

Fig. 1 Schematic diagram of tidal current turbine
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2. Design of a tidal current turbine
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Fig. 2 Characteristics of output power according to
current velocity
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2.1 Basic design of a 2 MW tidal current turbine
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Fig. 3 Characteristics of tidal current turbine
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2.2 Modeling of a 2 MW tidal current turbine
using RTDS
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Table 1 Designed specifications of 2 MW tidal current

turbine
Items Values
Rated power 2 MW
Frequency 2.57 Hz
Number of poles 28
Gear ratio 1
Cp_maximum 0.48
Lamda_optimal 5.93
Length of blade 13 m
Tidal density 1,025 kg/m’
Rated rotation speed 11 rpm

r— Control for high speed train

H RTDS simulator
Real Time Digital Simulator s (Model system)

Transient studies
Hardware test

Fig. 4 Configuration of PHILS system
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3. PHILS system
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Fig. 5 Design diagram of PHILS system

Table 2 Relation with simulation and real system

Items Simulation system | Real system
Rated power 2 MW 10 kW
Base voltage 690 V 220V
Base current 1,043 V 16.36 A
Base impedance 0.6614 Q 13.4474 Q
Base angular 1.152 rad/s 157.08 rad/s
velocity (11 rpm) (1,500 rpm)
Base torque 17.345 MNm 254.65 Nm
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A g oldel Asstis FHE AA T AT

3.1 Configuration of a PHILS system
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3.2 Setting of fabricated back-to-back converter
with MG set
PHILS A]2~®lol A MG set, motor driver, back-to-
back converter, RTDS, controller, sensor 5©°] 121,
RSCAD/RTDS uWlollA] AlEH|HE T3] 2l

Fig. 6 Equipment build up for PHILS

Table 3 Specifications of the back-to-back converter

Items Values
Rated power 10 kW
Rated voltage 380 V
Rated current 15.15A
Switching frequency 10 kHz
DC-link capacity 10,000 uF
DC-link voltage 650 V

Table 4 Specifications of the MG set

Items Values

Motor rated power 10 kW
Motor rated speed 1,500 rpm

Generator rated power 10 kW
Generator rated speed 1,500 rpm

Generator type PMSG
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4. PHILS results
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Fig. 7 Characteristic of tidal current turbine output

power according to changing the tidal current
velocity
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