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A Study on Simulation-based Optimization for Wind Turbine Controller Tuning
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ABSTRACT

This paper presents a method of optimizing the blade pitch and generator torque controllers which have been
already designed for an existing wind turbine generator system. Since the highly nonlinear and uncertain
characteristics of the wind turbine generator can not be fully considered in the controller design phase, some
parameters such as control gains must be tuned during the field implementation phase. In this paper, nonlinear
simulation software, which is based high fidelity wind turbine model, and optimization technique are effectively
combined and used to tune a set of gains for the blade pitch and the generator torque controllers. Simulation
results show that the baseline controllers can be effectively optimized to reduce the errors in wind turbine rotor
speed and generator power output controls as well as twisting of the high and low speed shafts.

Key Words : Wind Turbine Generator Control System, Control Gain Tuning, Nonlinear Simulation,
Optimization, Blade Pitch Control, Generator Torque Control
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Fig. 1 Wind Turbine Power Curve
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Fig. 4 Pitch Controller (PID)
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Table 2 Performance Comparison between Baseline and Optimized Controllers

Pitch Rotor Generator | Torsional
Blade Pitch Gain (PID), Angle Speed Power rate
Generator Power Gain () S/D S/D S/D S/D
[deg] [rad/s] [MW] [deg/s]
K;) = -50
Baseline K = -5
Controller K, - 2 1.2241 0.0314 0.0208 0.0271
]\/;] =20
Optimized ?’ = 71037
Controller ;= ~96.24
K, = 15737 1.1090 0.0038 0.0093 0.0037
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Table 1 Wind Turbine characteristic 2 ez S AFSS . PID E#o= 93
Rated Power (P,,,.,) 1 MW A7) 712 A (Baseline Controller)oll 1Al Al

rate
0|57t Routh Stahility Z7& o]&38to] Al~® A
Rated Wind Speed (V) 12 m/s A Ao Z7HPole)o] HATEE = Lo e
Rated Rotor Speed (w, . ) 3 rad/s 2t Aol o5 grel WelE AAsta z%@gi
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Rotor Diameter (R) 303 m o Aasot P mgs) ma Aols] 7 A7
Blade Section NACA63(3)418 A5 VB R )A/AH SRS gk ¢
G max 0.5092 AT 00625 278t en A4 d3ds Soko
Rotor inertia(.J,) 3.25x10° kg.m’ LA FE S LAt b Hasbes ge A
- ettt
Generator inertia(.J,) 344 kg.m” T2 28 7-100] mel AE# oA Ao 7]
Shaft damping coefficient( &, ) 9900 N.my/rad/s o7k A a9E BYeiA A 4 ok
- 2 q H A0

Shaft stiffness coefficient(B,,) 2.691x10° N.m/rad/s ¥ 7_01]A1 AHsk g7 A7k 71E At ?]
gto] &gk A& Ao] o5 Tt wE AAdxY &
Rotor friction coefficient( %) 27.36 N.m/rad/s Aol Baolt 3ALEE (¥ §), WAy 8 1
Generator friction coefficient(%) 0.2 N.m/rad/s 9] (29 9) Alo] Aso] 5 MAENSS Ko
: Fal ;au} 53] 19 10% Zloj] g3E e 2
Gearbox ratio (n,) 30 B 2 wdv]e sAEE Ho|za B8 AgE: uE
# 7&%% Uehl= Holth Aol A vpoted
T Aol A AR At s & oAk ®
g F 112 MRSkl wE Sdol= 2E 3A
&9k yA7ke] WstE ekl A EA 2 =il A
AAFE A7) o] 5 g 24 (Tuning) WHo] &dol=
2 33 &= WEE dAsHA AT As
g g Qv ol nFH B R I adE F
oA 7|AA Fats HisE F deS v

Time (sec)
J8 6 g 2Y ALzl

Fig. 6 Wind Model Scenario
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