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ABSTRACT

In this study, a hardware-in-the-loop simulation (HILS) environment was established using MATLAB/
Simulink to simulate and verify the power performance of a wind turbine. The target wind turbine was selected
as the NREL 5 MW model, and modeling was performed based on the disclosed specifications. The HILS
environment consists of a PC equipped with a MATLAB/Simulink program, a programmable logic controller
(PLC) for uploading and linking control algorithms, and data acquisition (DAQ) equipment to manage wind
turbine data input and output. The operation of the HILS environment was carried out as a procedure of
operation (PC) of the target wind turbine modeled based on MATLAB/Simulink, data acquisition (PLC) of
control algorithms, control command calculation (PLC), and control command input (PC). The simulation was
performed using the HILS environment under turbulent wind conditions and compared with the simulation results
performed under the same conditions in the HILS environment using the commercial program Bladed for
performance verification. From the comparison, it was found that the dynamic simulation results of the Bladed
HILS and the MATLAB HILS were close in power performances and the errors in the average values of rotor
rotation speed and power generation between the two simulations were about 0.44 % and 3.3 %, respectively.
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Fig. 1 NREL 5 MW wind turbine drawing from Bladed [16]
Table 1 NREL 5 MW Property

Property Value
Rotor Diameter 126 m
Hub Height 90m
Rated Rotor Speed 12.1 rpm
Rated Generator Speed 1173.7 rpm
Rated Power 5 MW
Rated Wind Speed 114 m/s
Rated Torque 4309355 Nm
SEHUXNME - 153, M=, 2024
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Table 3 Comparison of Matlab/Simulink Simulation and Bladed

Simulation
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Simulation Rotor Speed [rpm] [MW]
Model
ode Mean Std Mean Std
Simulink
Simulation 11.95 0.374 455 0.750
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HILS 11.97 0.375 456 0.753
Error 0129 % | 0.375 % | 0.110 % | 0.750 %
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