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Power Quality Measurements

• Motivation for measuring power quality
• Commercial equipment
• Case studies
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IEEE Std. 1159
• Wealth of information on power quality 

terminology and measurement techniques
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Comment on “Harmonics”

• In common usage, “harmonics” has come to 
mean multiples of line frequency

• However, a typical line current or voltage 
could have harmonics at other frequencies as 
well, e.g. from switching power converters, 
drive PWM frequencies, etc.
– Often called “interharmonics”
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Motivation for Monitoring Power Quality
• Diagnose incompatibilities between source and 

load
• Develop power quality baseline needed
• Predict future performance
• Economic - especially if critical loads are 

present
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Possible Effects on Equipment of Power 
Quality Events

• Transients --- dielectric failure, insulation 
breakdown, reduced MTBF

• Sags --- shutdown due to undervoltage
– Can be mitigated by UPS

• Swells --- reduced equipment life
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Power Quality Events

Reference: C. J. Melhorn et. al., “Interpretation and Analysis of Power Quality Measurements,”  IEEE 1995 Annual Textile, 
Fiber and Film Industry Technical Conference, May 3-4, 1995, pp. 1-9
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Power Quality Measurement Instruments
• From voltmeters to spectrum and power 

quality analyzers and dataloggers ... there is a 
wide range of equipment used for measuring 
power quality
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AC Voltage Measurement
• Voltmeter

– Line-neutral and line-line measurements
– Gives no information as to harmonic content, 

waveshape, etc.



11/19/2008 Power Quality Week 3 Hour 2, © 2005, 
Thompson/Kusko

10

Methods of Determining RMS Value
• Peak method: take peak value and divide by 

1.4
– Works for sinusoids but has errors for non-

sinusoidal
• Average method: takes average of rectified 

waveform and multiplies by a constant
• True RMS

– Thermal detectors or digital methods 
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AC Current Measurement
• Resistive shunt

– Simplest, oldest technology
– Requires voltage metering and non-inductive 

resistor 
• Current transformer (CT)

– Low frequency bandwidth limit
• Hall probe

– Works down to DC, but can drift
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200A Current Transformer (CT)

Reference:  http://rocky.digikey.com/WebLib/Amveco-Talema/Web%20Data/AC1200.pdf
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Clamp on AC Current Probe

Reference:  www.fluke.com
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Clamp on Hall Effect Current Probe

Reference:  www.fluke.com
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Power Quality Handheld Analyzer

Reference: www.fluke.com



11/19/2008 Power Quality Week 3 Hour 2, © 2005, 
Thompson/Kusko

16

Power Quality Recorder

Reference: www.fluke.com
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Power Quality Monitor Equipment Specs.

Reference: www.ametekpower.com



11/19/2008 Power Quality Week 3 Hour 2, © 2005, 
Thompson/Kusko

18

DSP-Based Power Quality Monitor

Reference: A. Ferrero et. al., “A Calibration Procedure for a Digital Instrument for Electric Power Quality Measurement,”  
IEEE Transactions on Instrumentation and Measurement, vol. 51, no. 4, August 2002, pp. 716-722
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Case Study 1: 
Wind Power Power Quality Measurements

Reference: T. Thiringer, “Power Quality Measurements Performed on a Low-Voltage Grid Equipped with Two Wind Turbines,”  
IEEE Transactions on Energy Conversion, vol. 11. No. 3, September 1996, pp. 601-606

• Power quality on a 10 kV grid with 2 wind 
power turbines

• Two 225 kW pitch controlled wind turbines
• Pole-changing generators, 6/8 poles rated at 

225 kW at higher speed, 50 kW at lower 
speed
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Measurement Setup

Reference: T. Thiringer, “Power Quality Measurements Performed on a Low-Voltage Grid Equipped with Two Wind Turbines,”  
IEEE Transactions on Energy Conversion, vol. 11. No. 3, September 1996, pp. 601-606
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Power Measurement: Both Turbines 
Operating

Reference: T. Thiringer, “Power Quality Measurements Performed on a Low-Voltage Grid Equipped with Two Wind Turbines,”  
IEEE Transactions on Energy Conversion, vol. 11. No. 3, September 1996, pp. 601-606

• Power measured at a wind speed of 13 m/s
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Voltage Variation on Grid

Reference: T. Thiringer, “Power Quality Measurements Performed on a Low-Voltage Grid Equipped with Two Wind Turbines,”  
IEEE Transactions on Energy Conversion, vol. 11. No. 3, September 1996, pp. 601-606

• Measured and calculated at a wind speed of 
13 m/s
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Wind Power PQ Measurements

Reference: T. Thiringer, “Power Quality Measurements Performed on a Low-Voltage Grid Equipped with Two Wind Turbines,”  
IEEE Transactions on Energy Conversion, vol. 11. No. 3, September 1996, pp. 601-606

• “p” relates to various resonances of wind 
turbine
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Wind Power PQ Measurements

Reference: T. Thiringer, “Power Quality Measurements Performed on a Low-Voltage Grid Equipped with Two Wind Turbines,”  
IEEE Transactions on Energy Conversion, vol. 11. No. 3, September 1996, pp. 601-606

• Solid line is IEC 555-3 voltage fluctuations 
limit
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Phase Current and Voltage

Reference: T. Thiringer, “Power Quality Measurements Performed on a Low-Voltage Grid Equipped with Two Wind Turbines,”  
IEEE Transactions on Energy Conversion, vol. 11. No. 3, September 1996, pp. 601-606
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Case Study 2:
Niagara Mohawk Study

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638

• 2-year study (1989-1991) on power quality in 
17 residences

• Equipment:
– Dranetz 658 disturbance analyzers
– Dranetz 626 remote monitoring
– Telog 800 linecorders
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Niagara Mohawk Study

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638

• 17 residences were monitored
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Voltage Drops due to Air Conditioner 
Cycling

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638

• 3V drop at service entrance to house
• 33V drop at the air conditioner due to house 

wiring
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ANSI C84.1 Voltage Limits

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638

• No time limits associated with these standards
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CBEMA Curve --- One Year Period

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638

• Measured at one home
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Reported Cause of Events

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638

• Factors affecting events
– House wiring
– Stiffness of the utility supply
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Harmonics

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638
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Stereo Operation

Reference: C. Warren and C. Burns, “Home Power Quality - The Niagara Mohawk Study,”  Proceedings of the 1994 IEEE 
Power Engineering Transmission and Distribution Conference, April 10-15, 1994, pp. 634-638

• Slight dip in voltage at the crest of 2nd cycle
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Case Study 3:
Effects of High Efficiency Lighting

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075

• New York Power Authority study (c. 1995) to 
determine effect of retrofitting electronic 
lamp ballasts to replace magnetic ballasts

• Used power quality monitoring equipment 
from BMI

• CTs used for current measurements on 3 
phase power

• Baseline data collected before retrofitting
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THD Study on Phase A Before Retrofit

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075
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THD Study on Phase A After Retrofit

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075
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THD Study on Phase A After Retrofit

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075

• Voltage THD increases after retrofit
– Prior to retrofit: average THD = 0.49%
– After retrofit: average THD = 0.62%
– Within IEEE 519-92 limits in both cases.  IEEE 

recommends voltage distortion at point of common 
coupling (PCC) to be < 5%
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3rd Harmonic Before and After Retrofit

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075

• 3rd harmonic distortion increases after retrofit
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5th Harmonic Before and After Retrofit

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075
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Magnetic Ballast Input Current

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075
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Electronic Ballast Input Current

Reference: C. J. Melhorn et. al., “Effect of High Efficiency Lighting on Power Quality in Public Buildings,”  Conference 
Record of the 1995 Industry Applications Conference, October 8-12 1995, pp. 2069-2075
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Case Study 4:
Effects of Measurement Accuracy on 

Power Quality Measurements

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155

• Study to determine effects of of non-ideal 
measurement components (CTs, voltage 
transformers) on power quality measurements 
on an arc furnace

• Authors added compensation filters to correct 
for nonideal frequency response of 
measurement components
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Power Quality Measurement System

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155
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Accuracy of Instrument Transformers

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155

• Standards (e.g. IEEE Std. C12.1 -1988 
“American National Standard Code for 
Electricity Metering and IEEE Std C57.13-
1993 “Standard Requirements for Instrument 
Transformers”) specify only accuracy of 60 
Hz measurement

• At frequencies higher than 60 Hz, there will 
be gain and phase errors
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Accuracy of Instrument Transformers

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155

• Measured freq. response of a voltage 
instrument transformer shows phase lead
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Other Causes of Error in PQ Measurement 
Systems

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155

• Sampling adds phase shift
• Nonlinear phase response of antialiasing 

filters
• Phase shift doesn’t affect RMS measurements

– Phase shift can significantly affect power 
calculations
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Effects of Nonideal Transformers

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155

• Comparison of results with and without 
compensation filters
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Effects on Power Factor Calculations

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155

• This waveform has 0.47 power factor
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Effects on Power Factor Calculations

Reference: B. Boulet et. al., “The Effect of Measurement System Accuracy on Power Quality Measurements in Electrical Arc 
Furnaces,”  IEEE Industry Applications Society Annual Meeting, October 5-9 1997, pp. 2151-2155

• With and without compensation filters
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