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Review
• Sources of harmonic current
• Case studies:  Plastic Plant, GE Imaging 

Systems
• Effects of harmonics on equipment
• Capacitors, resonance
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Correction for Power Quality Problems

• 12-pulse converters
• Power-harmonic filters
• Uninterruptible power supplies (UPS)
• Special transformers
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12-Pulse Converters
• Apply to AC to DC converters
• DC motor drives (Examples:  elevators, 

extruders)
• AC motor drives (Examples:  ASDs)
• Eliminate 5th, 7th harmonics from line 

current
• Eliminate 360 Hz ripple in DC voltage
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Separate 6-Pulse Converters 
Phase Shifted AC Inputs

Reference: D. A. Paice, Power Electronics Converter Harmonics, IEEE Press, 1995, pp. 27
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Combined 6-Pulse Converters 
Phase Shifted AC Inputs

Reference: D. A. Paice, Power Electronics Converter Harmonics, IEEE Press, 1995, pp. 27
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Basic 6-Pulse Converter 
DC Motor Drive

Reference: A. Kusko, Solid-State DC Motor Drives, MIT Press, 1969, pp. 63

• DC motor under regeneration (braking)
• Energy returned to line
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Control Characteristic for 6-Pulse
DC Motor Drive

Reference: A. Kusko, Solid-State DC Motor Drives, MIT Press, 1969, pp. 63
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Waveform of Line Current and Line 
Voltage, 6-Pulse DC Motor Drive

Reference: A. Kusko and S. M. Peeran, “Application of 12-Pulse Converters,”  Elevator World, February 1992, pp. 33-43
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Fundamental and Harmonic Components 
of Line Current, 6-Pulse Converter

Reference: A. Kusko and S. M. Peeran, “Application of 12-Pulse Converters,”  Elevator World, February 1992, pp. 33-43

• Note: increase in source (line) reactance 
reduces harmonic amplitude
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Case Study: 12-
Pulse DC motor 
Elevator Drive 

(Schindler)

Reference: A. Kusko and S. M. Peeran, “Application of 12-Pulse Converters,”  Elevator World, February 1992, pp. 33-43
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Case Study: Equipment for 
12-Pulse DC Motor 

Elevator Drive

Reference: A. Kusko and S. M. Peeran, “Application of 12-Pulse Converters,”  Elevator 
World, February 1992, pp. 33-43
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Reference: A. Kusko and S. M. Peeran, “Application of 12-Pulse Converters,”  Elevator World, February 1992, pp. 33-43

Case Study: Equipment 
for 12-Pulse DC Motor 

Elevator Drive
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Reference: A. Kusko and S. M. Peeran, “Application of 12-Pulse Converters,”  Elevator World, February 1992, pp. 33-43

Case Study: Equipment for 12-Pulse 
DC Motor Elevator Drive

- Double zig-zag transformer
- DC elevator motor
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Case Study: Waveforms of Line Voltage 
and Line Current for 12-Pulse DC Motor 

Elevator Drive

Reference: A. Kusko and S. M. Peeran, “Application of 12-Pulse Converters,”  Elevator World, February 1992, pp. 33-43
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Case Study: 1750 
HP Boiler Feed 

Pump ASD 

Reference: J. A. Oliver and B. B. Banerjee, “Power Measurement and Harmonic Analysis of Large Adjustable Speed Drives,”  
IEEE Transactions on Energy Conversion, vol. 3, no. 2, June 1988, pp. 384-390

• 12-pulse input, 12-
pulse output to 1750 
HP induction motor
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1750 HP 12-Pulse Input and Output ASD, 
Current and Voltage Waveforms 

Reference: J. A. Oliver and B. B. Banerjee, “Power Measurement and Harmonic Analysis of Large Adjustable Speed Drives,”  
IEEE Transactions on Energy Conversion, vol. 3, no. 2, June 1988, pp. 384-390
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1750 HP 12-Pulse Input and Output ASD, 
Current and Voltage Harmonic Spectra 

Reference: J. A. Oliver and B. B. Banerjee, “Power Measurement and Harmonic Analysis of Large Adjustable Speed Drives,”  
IEEE Transactions on Energy Conversion, vol. 3, no. 2, June 1988, pp. 384-390
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Power Harmonic Filters --- Purpose

• Divert harmonic currents produced by 
converters and other non-linear loads from 
power factor capacitors

• Divert harmonic currents from feeding back 
to utility supply system

• Minimize harmonic voltages at site
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Power Harmonic Filter: Model of Power 
System

Reference:  T. J. E. Miller, Reactive Power Control in Electric Systems, John Wiley, pp. 339
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Power Harmonic Filters:  Possible 
Locations in System

Reference:  D. A. Paice, Power Electronic Converter Harmonics, IEEE Press, 1995
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Power Harmonic Filter: Tuned to Five 
Harmonic Frequencies

Reference:  D. A. Paice, Power Electronic Converter Harmonics, IEEE Press, 1995
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Power Harmonic Filter:  Impedance Seen 
by Harmonic Currents

Reference:  D. A. Paice, Power Electronic Converter Harmonics, IEEE Press, 1995
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Reference:  EC&M, March 2005, pp. 10
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Uninterruptible Power Supplies (UPS)
Purpose

• Provide continuous power to the load in the 
face of line voltage disturbances and outages

• Present high power factor to the the supply 
line

• Isolate non-linear loads from the line
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Types of UPS

• Static (semiconductor) inverter
• Rotary (generator)
• Alternate feeder (transfer switch)
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Three Types of UPS Packages

Reference:  A. Katz, “Selecting the Right UPS for the Job,”  Electronic Products, Marcy 2005, pp. 48-49
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UPS:  Engine Generator Alone

Reference:  A. Kusko, Emergency Standby Power Systems, McGraw Hill, 1989
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UPS:  Static Inverter

Reference:  A. Kusko, Emergency Standby Power Systems, McGraw Hill, 1989
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UPS:  Alternate Feeder

Reference:  A. Kusko, Emergency Standby Power Systems, McGraw Hill, 1989
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UPS:  Rotary (Pillar) Circuit

Reference:  D. C. Griffith, Uninterruptible Power Supplies, Marcel Dekker, 1989
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UPS:  Rotary (Pillar) Machine

Reference:  D. C. Griffith, Uninterruptible Power Supplies, Marcel Dekker, 1989
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Transformers for Correction of Voltage 
Deviation and Harmonic Currents

• Tap changing --- automatic, slow
• Buck/boost --- fixed ratio (example ± 10%)
• Constant voltage (Sola) --- continuous, range 

75-115 percent line voltage
• Phase shifting --- eliminate 5th and 7th 

harmonic currents from line
• Neutral grounding --- eliminate 3rd harmonic 

from neutral
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