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Causes of Harmonic Current and Voltage Distortion



Harmonic Currents Drawn by Non-Linear Loads

Linear Load:  sinusoidal 60 Hz voltage                sinusoidal 60 Hz current only

Non-Linear Load:  sinusoidal 60 Hz voltage              multiple frequencies of current

Electrical systems are 
designed to operate with 

mostly sinusoidal currents

Voltage is delivered in 
sinusoidal form at 60 Hz.  



To Motor

DC Bus InverterDiode rectifier

DC Link 
Choke

IGBTs

Cap

Rectifiers

AC DC AC

3 Phase AC
variable 

frequencies
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6 Pulse VFD Current Harmonics
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Effects of Harmonic Distortion



Common Effects of Harmonics
Higher Losses & Temperature

De-rate transformer to 52% to limit temperature 
with VFD loads

Transformers Fail

Circuit Breakers Trip Fuses BlowSkin effect on cables 

Source:  Using methods in IEEE-C57.110 Recommended Practice 
for Establishing Liquid Filled and Dry Type Power and Distribution 

Transformer Capability When Supplying Nonsinusoidal Load



Common Effects of Harmonics
Voltage Distortion

3% reactor

no reactor

5% reactor



General Equipment Reliability
 PLC I/O can change state
 Loss of lighting ballasts
 SCADA issues
 Welding problems

Common Effects of Harmonics

.

Across The Line 
Motors Fail

Generators Trip

Caps Blow



 Increased maintenance
Excessive heat burdens electrical infrastructure, from transformers, 
cables, bussing, to across the line motors.

 Interruption of production causing downtime 
 Replacement Costs of equipment failing prematurely
 Reduced system capacity

Requires costly equipment upgrades to support expansion

Harmonics Increase Business Costs

Today almost every business is affected by harmonics, but what 
guidelines are there for harmonics – how much is too much?



System Compliance Standards 
and Best Practices



IEEE-519 2014 Standard Overview

IEEE-519 2014
IEEE Std. 519™-2014 is a recommended set of 

guidelines for harmonic control in electric power systems. 

Defines responsibilities of utilities and power users to maintain 
power quality at the Point of Common Coupling (PCC). 

– protects the user and utility equipment from the negative impact of 
harmonics. 

The separate individual responsibilities are:
• User – limit harmonic currents at the PCC to prescribed levels
• Utility – limit voltage distortion at the PCC to prescribed levels 

by maintaining system impedance as necessary



Example Utility Power Quality Policy



Some Industries with Engineering Specifications that Limit Harmonics



IEEE-519 2014 Current Limits for Energy Users

IEEE 519 TDD limits are based  
on loading (Isc/IL)

15%
12%

8%

5%

max % Vthd

typical % Vthd

Allowed
current
% TDD 

available short circuit current (Isc) 
-----------------

demand current (IL)



Existing Harmonic 
Mitigating Technologies



Harmonic Solutions

6 Pulse VFD +

• Line Reactor – 28% to 40% ITHD
• Passive Filter – 5% ITHD
• Active Filter – 5% ITHD

VFD Built in Options

• 12 Pulse – 10%-12% ITHD
• 18 Pulse – 5%-10% ITHD
• Active Front End – 5%-7% ITHD                         



Line Reactors

Impedance % Voltage Drop

3% 0.0%

5% 1.2%

Harmonic Reduction

Minimal Voltage Drop

Reactors 
• First line of defense for 

harmonic mitigation
• transient blocker
Impedance Choices
• 3%, 5%, 10%

Before After



Passive Harmonic Filter

MOTOR

VARIABLE 
FREQUENCY 

DRIVEUTILITY
SOURCE



 Harmonic reduction to 5% ITHD.
 Broadband filter with a 5th tuned harmonic 

circuit
 Use when need to meet IEEE-519 

specification and other harmonic problems
 Use built in contactor to protect against  

leading power factor
 Built in series inductor to protect from 

resonance issues
 Can be used with Standard Six Pulse VFD.
 Filter Caps may need to be managed….

PF / Generator

Passive Harmonic Filter

Without a Filter

With a Filter



Active Harmonic Filter

UTILITY
SOURCE

Active
Filter MOTOR

VARIABLE 
FREQUENCY 

DRIVE

MOTOR

VARIABLE 
FREQUENCY 

DRIVE

MOTOR

VARIABLE 
FREQUENCY 

DRIVE



 Harmonic reduction to 5% TDD
 Shunt active device – not in critical power path
 System applied on standard 6 pulse VFDs at VFD,    

MCC or switchboard
 Very cost effective for multiple or redundant drives
 Monitors bus, injects counter current to cancel out 

harmonic currents
 Provides Power Factor Correction
 Corrective Current / ratings – New 700A Frame

50, 100, 150, 200, 250, 300, 350, 400, 500, 600, 700
Higher ratings via paralleling

 HMI – Modbus; Ethernet; DeviceNet; BACNet

Active Harmonic Filter



The CTs monitor the harmonic distortion on the Bus. The 
active filter injects the appropriate correction based on 
loading at the time to eliminate the distortion.

CTs

Active Harmonic Filter Locations

Typical MCC

With Active Filter Without Active Filter



1

Simple Active Filter Sizing using Amps / VFD HP ratio

For a VFD with 5% AC Line Reactor 
Active Filter =10Amps per 30HP of VFDs



18-Pulse VFD’s
• Older Technology / Legacy
• Inefficient – Watts Losses / PF
• Long Lead times / Custom
• Large Footprint
• More Expensive
• Harder To Install
• 5% ITHD When Balanced

Active Front End VFD’s
• Newer Technology
• 5% ITHD
• Smaller than 18 pulse
• Less efficient and larger than 

active or passive filters
• More parts in series with critical 

power path

VFD Built In Options for Lower Harmonics

http://www.google.com/url?sa=i&rct=j&q=active+front+end+vfd&source=images&cd=&cad=rja&docid=U3fcAhsqsd0kgM&tbnid=wcunN4ifN87YrM:&ved=0CAUQjRw&url=http://npoetalon.ru/148&ei=OUPxUYuYG6n4yAHLlIHADw&bvm=bv.49784469,d.aWc&psig=AFQjCNHmS6xZFpz6rJXRWxA07vG0hSVdyg&ust=1374852272862511


Comparison of 5% THD Filtering Solutions
Cost – Floor Area – Losses

Example: 3 x 200HP VFDs in MCC sections

*The average electricity rate is 13.19 cents per kilowatt hour (kWh).



Meeting Harmonic Limits 
on a Utility or Generator Feed



• Keeping VFD HP to < 25% 
of the transformer kVA 

• Use ac line reactor to 
extend VFD ratings before 
applying harmonic filters 

Best Practices to Limit Voltage Distortion 
without IEEE-519 requirements

3% reactor

no reactor

5% passive filter



Harmonic Calculation Tools Available
• Use IEEE519 or specified limits
• Sizing of reactors, passive filters, active filters for 

6-pulse drives and built-in VFD options to meet 
IEEE or best practice

Performing IEEE-519 Harmonic Calculations

Filter 
Sizing

VFD qty, size, dc 
choke, ac line reactor

IEEE519 
Targets, 
PCC, Isc

Redundancy% Loading

Linear & non-linear load 
ratings



Power Quality Issues with Generators

Engine Generators for 
• back up power for critical loads
• islanding for demand load reduction

higher voltage 
distortion

power factor capability

Main Issues 
• More sensitive to harmonic current losses
• Create more voltage distortion than similar 

sized transformer
• Reduced power factor capability

Harmonics also affect converter based generation
• Micro-turbines
• Renewable energy converters 



Active and Passive Filters meet
Generators Capability

50% Loaded Generator
• 40% VFD with nominal C 

passive filter
• 10% ac motor

75% Loaded Generator
• 65% VFD with lower C 

passive filter
• 10% ac motor

100% Loaded Generator
• 90% VFD load
• 10% ac motor load
• Active Harmonic FilterNominal C Passive Filter

Lower C Passive Filter
Active Harmonic Filter

Passive Filter Contactor Control

Passive filter contactor controlled for power 
factor and filtering performance



HGP & HGL  with PQconnect Technology

The HGP and HGL filter with PQconnect

 First intelligent passive filter to offer industry leading 
harmonic mitigation and allow remote monitoring 
and control 

 Supports your facility power system monitoring 
with electrical data and information alerts

 IEEE-519 2014 compliant
 Serial and Bluetooth communications, Networkable
 Local control eliminates need for VFD field wiring
 Programmable generator compatibility

DATA MEASUREMENTS

 Filter status detection 
 THID (total harmonic current distortion) 
 THVD (total harmonic voltage distortion)

 V (voltage) 
 I (current) 
 PF (power factor) 



Harmonic Filtering Summary

Summary
• Electrical systems are continually compromised by the increase 

in non-linear loads causing harmonic distortion. Non-linear loads 
such as variable frequency drives (VFDs) are great for 
efficiency, but leave power quality polluted with harmonic 
distortion. 

• IEEE-519 regulates the total harmonic current distortion (THID) 
applied to the line.

• The addition of a harmonic filter reduces the total harmonic 
current distortion (THID) to 5% and protects other equipment on 
the bus by reducing voltage distortion. 

• Each type of filtering has different functions, features and 
benefits. There is not a one-size fits all solution to filtering.

• Depending on your system requirements/regulations, motor 
size, generator needs and linear/non-linear load ratings, filtering 
options are available that will fit your needs.



About TCI, LLC



Utility Sinewave Filters

dV/dt Filters

Capacitor Banks

Drive-Applied 
Solutions

Service-Entrance/ 
Facility-Wide Solutions

Engineering Services: Power quality analysis, solution building, and technical product support

VFD

VFD

VFD

Active Filters

Passive 
Filters

Line Reactors Load Reactors

Electric 
Motor

Electric 
Motor

Electric 
Motor

TCI’s Range of Power Quality Solutions
Motor Protection SolutionsHarmonic Mitigation and Power Factor Correction Solutions

Only North American Manufacturer to Offer Both Active and Passive Filters  Allows for Hybrid Solutions



• IEEE519 Compliance Report
• Sizing of Active Filters
• Design Most Cost Effective Harmonic Solution
• Free online tool-open to public use

New On Line Harmonic Calculator



Thank you
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