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Main objective
Acuracy specifications of PQ instruments (or PMUs)

Accuracy specification of ITs used for PQ Measurements

They should be 
consistent!
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Content
• Basic time frame for the evaluation of Performance Indexes
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𝜺𝜺𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓 =
𝒌𝒌𝒓𝒓𝑽𝑽𝒔𝒔 − 𝑽𝑽𝒑𝒑

𝑽𝑽𝒑𝒑
Ratio Error

IEC 61000-4-30 
IEC 61000-4-7
IEC 61869

∆𝝋𝝋𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓= 𝝋𝝋𝒔𝒔 − 𝝋𝝋𝒑𝒑

Phase Error

FFT over 10 – cycles of 
fundamental

200 ms for 50Hz Power System

𝒔𝒔𝟏𝟏 𝒕𝒕 = 𝑨𝑨𝟏𝟏 𝟐𝟐𝐬𝐬𝐬𝐬𝐬𝐬 𝟐𝟐𝝅𝝅𝒇𝒇𝟏𝟏𝒕𝒕
Sinusoidal waveform

𝜺𝜺𝟏𝟏,𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓
∆𝝋𝝋𝟏𝟏,𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓

𝜺𝜺𝟐𝟐,𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓
∆𝝋𝝋𝟐𝟐,𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓

𝜺𝜺𝟑𝟑,𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓
∆𝝋𝝋𝟑𝟑,𝟓𝟓𝟓𝟓𝟓𝟓𝟓𝟓

Accuracy Class of ITs

Basic test waveforms
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Possible choice of Basic Time Frame
• In the PQ Accuracy Tests of ITs, the basic time frame for the 

evaluation of Performance Indexes can be

200 ms
or

10 cycles of the fundamental component
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Content
• Basic time frame for the evaluation of Performance Indexes
• Selected PQ phenomena and related ranges
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Selected PQ phenomena and related ranges
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Content
• Basic time frame for the evaluation of Performance Indexes
• Selected PQ phenomena and related ranges
• Possible choices of Performance Indices
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IEC 61000-4-7 General guide on 
harmonics and interharmonics 
measurements and 
instrumentation, for power supply 
systems and equipment 
connected thereto

Performance indexes for subharmonic measurements

𝜺𝜺𝒈𝒈 =
𝒌𝒌𝒓𝒓𝒀𝒀𝒔𝒔,𝒈𝒈 − 𝒀𝒀𝒑𝒑,𝒈𝒈

𝒀𝒀𝒑𝒑,𝒈𝒈

Ratio Error 
Of Grouping Frequency

𝒀𝒀𝒈𝒈 the RMS of a grouping 
frequency

𝜺𝜺𝒇𝒇_𝒔𝒔𝒔𝒔𝒔𝒔 =
𝒌𝒌𝒓𝒓𝒀𝒀𝒔𝒔,𝒇𝒇_𝒔𝒔𝒔𝒔𝒔𝒔 − 𝒀𝒀𝒑𝒑,𝒇𝒇_𝒔𝒔𝒔𝒔𝒔𝒔

𝒀𝒀𝒑𝒑,𝒇𝒇_𝒔𝒔𝒔𝒔𝒔𝒔

Ratio Error 
of subharmonic frequency
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PIs for Steady State PQ phenomena
• Accuracy at a specific frequency tone

• Accuracy in a specific frequency range

Accuracy for a specific distortion index
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PIs for Dynamic PQ phenomena
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PIs for Transient PQ phenomena

These parameters can be analyzed in the time domain after 
filtering the 50 Hz component by fitting the damped sinusoid 
waveform
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Summary of possible PIs



IT4PQ – Final Workshop
Mario Luiso

22nd June 2023

Content
• Basic time frame for the evaluation of Performance Indexes
• Selected PQ phenomena and related ranges
• Possible choices of Performance Indices
• Possible waveforms to use in the PQ accuracy tests
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Waveforms for PQ accuracy tests
• Fundamental component

• Harmonic components

• Interharmonic components

• Modulation tests

• Oscillatory transients
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Single Phenomenon or Multiple 
Phenomena?
• In general, ITs can be non linear 
• Waveforms should be realistic, representative of real situations 

that can be encountered in power system
• Fundamental should always be present
• But the presence a specific phenomenon can influence the 

accuracy of the IT in the measurement of another phenomenon
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Time combined waveforms

• 𝑠𝑠1 is the fundamental component
• 𝑟𝑟𝑒𝑒𝑒𝑒𝑒𝑒 is the rectangular function, centered in t = 𝑡𝑡𝑘𝑘 and duration 𝑇𝑇𝑘𝑘
• 𝑠𝑠𝑘𝑘 is the 𝑘𝑘 − 𝑡𝑡𝑡 PQ phenomenon, against which evaluate IT 

accuracy
• 𝑠𝑠𝑑𝑑 is the 𝑑𝑑 − 𝑡𝑡𝑡 disturbance (another PQ phenomenon not

included in the accuracy evaluation or, extending the concept, an 
influence factor)
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Content
• Basic time frame for the evaluation of Performance Indexes
• Selected PQ phenomena and related ranges
• Possible choices of Performance Indices
• Possible waveforms to use in the PQ accuracy tests
• Example of a PQ accuracy test
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Example of a PQ accuracy test
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Example of a PQ accuracy test

 

TABLE I.  NUMERICAL VALUES OF THE TIMES TK 

T1 0.2 s 

T2 0.4 s 

T3 0.6 s 

T4 2.6 s 

T5 4.6 s 

T6 4.8 s 
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Example of a PQ accuracy test
• Commercial VT, 3 kV / 100 V, 50/60 Hz, 0.5 accuracy class
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Example of a PQ accuracy test
• Commercial VT, 3 kV / 100 V, 50/60 Hz, 0.5 accuracy class
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Conclusions
• Accuracy specification of PQ instruments (or PMUs) and ITs should be 

consistent, in order to easily select the best ITs for a PQ instrument
• A selection of PQ phenomena (already standardized) and related

variation ranges to use in PQ accuracy tests for ITs was done
• A proposal of possible Performance Indexes to evaluate the accuracy of 

an IT versus a specific PQ phenomenon was done
• Experimental results show that complex waveforms, with combinations

of different phenomena, should be used in the tests
• In this way, the influence of a specific phenomenon on the accuracy of 

an IT in the measurement of another phenomenon can be evaluated
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