
Mains Metering Case Study 

The Mains meter measures the electrical energy coming directly from the utility or decentralized substation. Its 
monitoring tasks are extremely important to the functioning of the facility. Mains metering tasks consist of: 

•	 Monitoring of mains power quality 
(PQ) events, including voltage sags, 
swells/surges, and harmonics

•	 Measurement and analysis of sub-
synchronous oscillations

•	 Synchrophasor (PMU) metering for 
time-synchronized grid visibility

•	 Advanced harmonic analysis for mains  
power systems 

This case study shows the analysis of a PQ event’s waveforms, recorded by a Nexus® 1500+ PQ meter that was 
installed at a colocation data center facility in Texas.
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Recorded Voltage Waveform 

Analysis of the waveform: 

The waveform shows amplitude modulation /  
envelope distortion around ~390 ms to ~435 ms,  
when all three phases show clear waveform 
deformation.

•	 The voltage peaks are no longer 
smooth sinusoids.  

•	 There is a visible modulation or “beating” effect 
in the waveform envelopes. 

The peak-to-peak voltage varies noticeably during this 
period, especially on Van and Vbn.

The waveform also shows oscillatory phenomenon at 
a frequency below the fundamental. The distortion 
appears as a slow oscillation superimposed on the 60 
Hz waveform. This manifests as periodic tightening and 
loosening of the waveform envelope. There is repeating 
peak distortion over multiple cycles. This pattern is 
characteristic of sub-synchronous oscillations (SSO), 
or power system oscillations, rather than random 
harmonics.

In this case, phase coherence was maintained despite 
the disturbance.

•	 The phase sequence is preserved (A-B-C).

•	 No phase jump or loss of synchronization is seen. 

All three phases are affected nearly simultaneously, 
though not identically. These findings suggest a grid-
originated event, rather than a single-phase load or 
wiring issue.

The SSO/power system oscillation seen in the waveform 
strongly suggests a low-frequency oscillation between 
grid source impedance and large rotating or power-
electronic resources upstream. Typical contributors to 
this in Texas (ERCOT territory) are:

•	 Series compensated transmission lines

•	 Inverter-based resources (solar, wind)

•	 Large motor loads or HVDC interactions
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Recorded Current Waveform 

Analysis of the waveform: 

This waveform shows strong envelope modulation, aka, 
amplitude oscillation. From roughly 400 ms to 480 ms, 
the currents exhibit pronounced amplitude beating and 
alternating periods of higher and lower RMS current. 
The modulation frequency is clearly much lower than 
the 60 Hz fundamental. This is not simple harmonic 
distortion – it is a low frequency oscillation riding on the 
fundamental current.

It was noted that the modulation is not identical across 
phases.

•	 Ib (green line) shows the largest peak excursion, 
which exceeds ~200 A during the event.

•	 No phase undergoes complete collapse or 
clipping. 

This indicates a system interaction, rather than a single-
phase load fault.

Despite the distortion, the phase sequence is 
preserved and there are no abrupt jumps or loss 
of synchronization. This preservation of the phase 
relationship rules out breaker operation, motor stall, or 
short-circuit conditions as the cause of the event. 
 
The visual assessment of the harmonic content shows 
noticeable waveform roughness and a non-sinusoidal 
shape during the high-amplitude interval. This implies 
that there is elevated harmonic and interharmonic 
current content that is likely an amplification of specific 
frequency components during the oscillation window. 

Thus, harmonics appear to be secondary to the 
oscillatory phenomenon, and not the root cause.

When correlated with the previously shared voltage 
waveform, we see that both the voltage and current 
show:

•	 Envelope modulation

•	 Coherent timing

•	 Multi-cycle oscillatory behavior

This strongly supports a grid-driven oscillatory event, 
rather than a load-initiated problem.

The most likely root cause is SSO/control interaction, 
since the current waveform is consistent with a low-
frequency power system oscillation coupling into the 
load current. Likely contributors to this are:

•	 Inverter-based resources (IBRs) on the grid

•	 Series-compensated transmission

•	 Weak grid conditions with high penetration of 
power electronics.

In the ERCOT territory in Texas, these phenomena 
are well documented. They often appear as voltage 
envelope modulation, corresponding oscillatory 
current response, and phase-dependent amplification. 
The current response confirms that the oscillation is 
energetic, and not just a voltage measurement artifact.
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As seen, the Nexus® 1500+ meter’s waveform recording capability enabled system operators to analyze a PQ event 
and determine that the event was caused by the utility. The meter also supplies real time PQ information through 
its display screens. Two examples are shown below.

Nexus® 1500+ Meter’s Phasor Screen

Nexus® 1500+ Meter’s Trends Screen Showing Current Waveform

 
For more information on the meter:  
https://www.electroind.com/products/nexus-1500-power-quality-meter-with-phasor-measurement-unit/ 

Any questions? Please contact:


