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Impact of facility loads on distribution system power quality

Alternative techniques for mitigating harmonics

Performance expectations for alternative methods

Best practice
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ASSUMPTIONS

1) Utilities generate sine wave power,  not harmonics.

2) Harmonics are caused by customer non-linear loads 
and can cause distortion on the distribution system

3) Non-linear loads are found within commercial and 
industrial facilities.

4) Harmonics should be solved close to their source

5) Harmonics waste energy.

Linear Load (ie: motor) – no rectifiers

6-pulse rectifier (most common)
Uses 6-diodes on three phase source
Most common three phase rectification 

method

12-pulse rectifier
Uses 2 sets of 6-pulse rectifiers

Series or parallel connected
Fed by two phase shifted power sources

18-pulse rectifier
Uses 3 sets of 6-pulse rectifiers

Series or parallel connected
Fed by three phase shifted power sources

Time (s)

Common Types of Loads
(3-phase)

Input Current Waveforms
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Combined Effect of Linear & 
Non-Linear Loads

MVFD

Non-Linear Load current
Linear Load current

Current due to combined loads

A typical facility has a combination of linear & non-linear loads
- Some VFDs, 
- Some across the line started motors

Sourcing Harmonic Current

When harmonics are demanded by non-linear loads, harmonic current must flow 
through the entire power delivery system, incurring losses along the way.

Facility harmonics cause electrical distribution system distortion
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IEEE - 519

Current Distortion

20> 1000

15100 < 1000

1250 < 100

820 < 50

5< 20

TDD %
Limit

Isc / IL

Voltage Distortion

3 %
Special 
Applications

10 %
Dedicated 
Systems

5 %
General 
Systems

Customer Choices

Bulk Mitigation
Centralized Solution

Mitigation at individual Loads
Localized Solution

Harmonics continue to flow between 
loads and mitigation equipment.
Cause distorted voltage source.

Harmonics are localized - between 
load and mitigation equipment.

Harmonic Filter

Harmonic Filter

Distorted 
Voltage source
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Tuned Harmonic Filters
can remove specific harmonics
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Zreact

Zcap

Zfilter

Often applied as centralized solution
Also improve Power Factor
Requires automatic capability to compensate for changing load
Requires analysis of harmonics (frequency, magnitude)
Will attempt to source harmonics for any & all loads

Tuned Harmonic Filters

Harmonic current flow

Event waveform/detail

Timed event occurred at 16/06/2000 15:55:11.000

CHA Amps   CHB Amps   CHC Amps   
15:55:11.000 15:55:11.005 15:55:11.010 15:55:11.015 15:55:11.020
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Event waveform/detail

Timed event occurred at 16/06/2000 15:15:12.000

CHA Amps   CHB Amps   CHC Amps   
15:15:12.000 15:15:12.005 15:15:12.010 15:15:12.015 15:15:12.020
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Tuned Harmonic Filter for Dynamic Loads

Thyristor Switches
Sub-cycle response
Zero Cross
Transient free

1) Signal applied here

2) Phase A switches 
at next Zero Cross
< 5.56milli seconds

Harmonic
Filter

3) Phase C switches 
at next Zero Cross
< 5.56milli seconds

Dynamic Tuned Harmonic Filters 

FUSES

THYRISTOR

FILTER REACTOR

CAPACITOR

INTERPOSING
TRANSFORMER

Medium Voltage applications are simplified by using LV filter 
with interposing transformer
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Low Pass Harmonic Filter
Filters ALL harmonic frequencies

% Harmonic Current Distortion vs. %Zeff
Standard (KS) Version LPF 
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0.10% Zeff
0.25% Zeff
0.5% Zeff
1% Zeff
2% Zeff
3% Zeff
4% Zeff
5% Zeff

Apply at either individual VFD 
or group of drives

Current at Filter input
< 5% THD – I
Always meets IEEE-519 Adjustable Speed Drive

Summary of Alternative Solutions

Efficiency       99.5%       99.5%          99%            98%  92%            95%        
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Best Performance, Cost & Efficiency

• 60hz flows easily thru filter
• Always meets IEEE-519
• ALL harmonic frequencies are filtered
• < 5% THD-I
• Use for single or multiple VFDs
• Lowest THD-I at all load conditions
• Best efficiency vs. performance
• Best cost vs. performance

Low Pass
Harmonic Filters

ARTECHE: 60 years of experience. Offering 
solutions for Power Quality, Distribution Automation 

and Reliability for electricity networks as well as 
for Commercial & Industrial facilities.

Any Questions ???


