Real-time noise reduction for operational wind turbines relies on automated software integrated
directly into the turbine’s Supervisory Control and Data Acquisition (SCADA) architecture. Because
you cannot put a physical "muffler" on moving blades, software mitigates noise in real time using two
core approaches: Active Flow/Blade Control (reducing aerodynamic swoosh) and Operational Noise
Curtailment Modes (NRO) (slowing down dynamically when noise thresholds are breached). [1, 2, 3]

1. Dynamic NRO & Pitch Control Software

Most major wind turbine OEMs embed proprietary Smart Noise Control Systems into their
controllers to reduce noise on the fly by dynamically adjusting the blade pitch angle and rotor speed:
(1,2]

e Vestas OptiTip / NRO: SCADA-integrated software that optimizes the balance between
energy yield and noise emission. It continuously calculates the optimal blade pitch angle
based on real-time wind speed, wind direction, and time of day, ensuring compliance with
local residential noise limits.

e Siemens Gamesa Dynamic NRO: Automatically curtails turbine performance only when
specific meteorological conditions (like low background noise or high wind shear) are
detected, preventing unnecessary energy loss.

e GE WindSCADA NRO Modules: Programmable intelligent logic that alters the RPM of the
turbine blades during critical hours or specific wind directions to keep decibel levels below
strict thresholds.

2. Active Flow Control (Aerodynamic Damping)
Aerodynamic blade noise is the hardest to regulate. Advanced systems use software paired with
physical blade sensors to stabilize airflow in real time: [4]
e Active Flow Control Systems: Software controls micro-compressed air jets along the blade's
trailing edge to dynamically stabilize turbulence and suppress the "swishing" aeroacoustic
noise as wind speed changes. [3]
o  Windworks Al: Offers smart, closed-loop control software for blade management, utilizing
sensor data to adjust turbine aerodynamics and mitigate environmental impact. [6]

3. Edge-Al & Drivetrain Active Noise Cancellation (ANC)
For the low-frequency mechanical hum coming from the gearbox and generator, specialized software
uses active structural damping: [1, 4]

e Wolfel ADD.Sound: Uses structural sensors placed inside the nacelle to track real-time
vibrations. The software computes an immediate counterforce and drives electro-dynamic
actuators to neutralize the tonal gearbox frequencies before they can radiate down the steel
tower. [4]

4. Real-Time Acoustic Monitoring & Compliance Links
To trigger real-time curtailment automatically, software requires field data:

e Aercoustics Aura: A specialized remote field system that monitors environmental sound
levels, wind speeds, and direction in real time. It pushes data to a web dashboard, allowing
operators to hook up automated API alerts that trigger turbine curtailment software when
noise boundaries are crossed. [5]
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