
 

© Nexbe Limited 2025                                       nexbe.us                                        1-628-800-7124 

Solar PV Farm Output Quality – Compliance Monitoring 

 

 

 

Enhancing Grid Stability with High-Resolution Waveform Sampling in Solar Farms 

As photovoltaic (PV) solar farms become integral to the energy grid, their variable output and 
reliance on power inverters can introduce complex power quality challenges. High-resolution 
waveform sampling provides a powerful diagnostic tool, moving beyond simple average 
measurements to ensure the clean and stable integration of solar power. 

Unlike traditional monitoring that captures averaged RMS values, high-resolution sampling records 
thousands of data points per electrical cycle (typically 40,000 samples/cycle). This creates a 
precise digital picture of the actual AC voltage and current waveforms. This detailed view allows 
grid operators to instantly detect subtle, fast-acting disturbances that would otherwise be missed. 
These include harmonic distortions generated by inverters, rapid voltage sags or swells caused by 
cloud cover, and high-frequency transient events. By analyzing the precise shape of the waveform, 
engineers can differentiate between an issue originating from the solar farm’s equipment and a 
disturbance on the wider grid, enabling rapid and accurate root cause analysis. 

For the utility, this granular data translates into tangible benefits: 

• Improved Grid Code Compliance: Precisely verifies that the solar farm’s output meets 
strict standards for harmonics, flicker, and voltage stability, preventing penalties and 
ensuring safe interconnection. 



 

© Nexbe Limited 2025                                       nexbe.us                                        1-628-800-7124 

• Enhanced Stability and Reliability: Early detection of power quality degradation allows for 
proactive adjustments before issues can cascade and impact grid stability or other 
customers. 

• Rapid Fault Diagnosis: The detailed waveform data acts like a “flight recorder” during a 
fault, pinpointing the exact cause and timing, which significantly reduces troubleshooting 
time and system downtime. 

• Proactive Asset Management: Helps identify signatures of failing equipment, such as 
inverters or transformers, enabling predictive maintenance and preventing catastrophic 
failures. 

How can this help in grid-forming inverter installations? 

While traditional grid-following (GFL) inverters simply inject current into an existing, stable 
grid, grid-forming (GFM) inverters act as voltage sources, creating and actively managing the 
grid’s voltage and frequency. They are designed to mimic the stabilizing behavior of traditional 
synchronous generators. This proactive role makes high-resolution waveform sampling not just 
beneficial, but indispensable for commissioning, operation, and diagnostics. 

Here’s how it assists in GFM installations: 

1. Validating Core Grid-Forming Functions: 
A GFM inverter’s primary job is to create a perfect, stable AC sine wave. High-resolution sampling 
provides the only way to verify this at a fundamental level. It allows engineers to: 

• Confirm Waveform Purity: Instantly see if the GFM is producing a clean sinusoidal voltage 
waveform under both no-load and full-load conditions, free from distortion, notching, or 
flattening. 

• Verify Voltage and Frequency Regulation: Monitor the inverter’s ability to maintain precise 
voltage (e.g., 1.0 per unit) and frequency (e.g., 60.00 Hz) on a sub-cycle basis, which is its 
core responsibility. 

2. Analyzing Dynamic and Transient Response: 
GFM inverters must react instantaneously to changes on the grid. High-resolution waveform 
capture is like an EKG for the grid’s heart, revealing how the GFM responds to events in 
milliseconds: 

• Load Rejection/Acceptance: When a large load is connected or disconnected, waveform 
sampling can precisely measure the voltage sag/swell and the speed of recovery, ensuring 
the GFM response is fast and stable without excessive overshoot or oscillation. 

• Fault Current Contribution: A key feature of GFM is its ability to provide fault current to 
help protective devices operate. Waveform data precisely captures the magnitude, phase, 
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and duration of this current injection during the first few critical cycles of a fault, validating 
that it meets design specifications. 

3. Black-Start and Islanding Verification: 
For black-start capable GFM systems, high-resolution monitoring is crucial to ensure a safe and 
stable energization sequence. Operators can watch the voltage and frequency build from zero, 
ensuring a smooth ramp-up and stable operation as the first loads are connected in an isolated 
microgrid. 

4. Detecting Control System Instabilities: 
GFM control algorithms are highly complex. In weak grids or when interacting with other inverters, 
there’s a risk of control loop instabilities or sub-synchronous oscillations. High-resolution data can 
reveal these subtle, high-frequency oscillations in the waveform that would be completely invisible 
to traditional RMS monitoring, providing an early warning of potential system-wide instability. 

In essence, for a GFL inverter, you monitor its output to ensure it’s a “good citizen” on the grid. For 
a GFM inverter, you monitor its output because it is the grid. High-resolution waveform sampling 
provides the ground-truth data needed to de-risk its commissioning, validate its performance, and 
ensure it can reliably anchor the stable grid of the future. 

 

 

 

Please email us at:   sales@nexbe.us     for further information or to organise a trial. 
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