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Detailed Explanation

Annex D of IEEE Std 1547.1-2020 establishes a rigorous, stepwise validation methodology tailored to
Type IV wind turbines, which use full-power electronic converters to decouple rotor dynamics from the
grid and enable advanced grid-support functions (e.g., reactive power control, frequency response,
LVRT/HVRT). The protocol mandates hierarchical validation: first verifying steady-state operating points
(e.g., active/reactive power, voltage, current phasors), then assessing small-signal response via
eigenvalue analysis or frequency-domain impedance matching, and finally evaluating large-signal
dynamic behavior under defined fault scenarios (e.g., symmetrical three-phase faults, voltage
sags/swells) and grid events (e.g., step changes in reference signals). Validation is performed using both
manufacturer-supplied model parameters and traceable field or factory test data—including hardware-in-
the-loop (HIL) or real-time digital simulator (RTDS) results—ensuring models replicate actual device
behavior within quantifiable tolerances (e.g., £5% error in active power recovery time, +£0.02 pu in
reactive current injection during faults). Crucially, Annex D requires documentation of validation scope,
assumptions, boundary conditions, and pass/fail criteria, promoting transparency and auditability for
interconnection studies and grid code compliance. This protocol directly enables reliable integration of
high-penetration wind resources into transmission and distribution systems by closing the gap between
simplified generic models and high-fidelity, certified device-specific models.



Key Components

1 Steady-State Operating Point Validation

2 Small-Signal Dynamic Response Validation

3 Large-Signal Transient and Fault-Ride-Through Validation
Applications

Application

1 Interconnection impact studies for wind farms
2  Transmission system stability assessment (small-signal and transient)

Regulatory compliance verification for grid codes (e.g., FERC Order 2222, NERC MOD
standards)

Related Concepts

1 Type IV Wind Turbine

2 Grid-Forming Inverter Control

3 Hardware-in-the-Loop (HIL) Simulation
4 Model Validation and Verification (V&V)
5 Fault Ride-Through (FRT)
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