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Harmonic Filter Design - Summary of Presentation

Medium voltage harmonic filters are used on all power systems at all voltage levels, but they are primarily used on industrial power systems at 
the medium-voltage level where large non-linear loads are in use, to improve power factor, prevent harmonic resonance, and mitigate harmonic 
distortion.  Their design is not widely known or understood, and because of this, the task of design and specification is often left in the hands of 
the drive/rectifier supplier or electrification equipment packager.  Because of this approach, due to margin stacking, the limited number of 
drive/rectifier suppliers, and the captive nature of the procurement process, the customer/EPC pays more and gets less.  There is a better 
approach, and that is to break the filter package from the drive/rectifier supplier or electrification packager, create your own filter design and 
specification, and bid it out to vendors who specialize in harmonic filter design and manufacturing.

In this presentation, NEPSI demystifies harmonic filter design, paving the way for the EPC to break the filter package from the electrification 
packager and/or drive/rectifier supplier.  NEPSI discusses the basics of filter design, filter topology, most prevalent filter types, their 
advantages/disadvantages,  component selection and rating, vendor review, typical protection and control schemes, and more. Thisis an 
interactive and technical L&L where engineers can ask questions and receive answers from a NEPSI engineer who specializes in filter design, 
specification, and manufacturing. 
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Harmonic Filter Design ïPresentation Outline

Corporate Introduction (5 Minutes)
Å b9t{LΩǎ YŜȅ tǊƻŘǳŎǘ ƻŦŦŜǊƛƴƎ
Å Breaking the package

Filter Design Presentation
Å Basics of Harmonic Filters, what they are, what they do
Å Configuration Options

Å Metal-Enclosed
Å Open Air
Å E-House

Å KeyFilterRatings(V,I, Ih, Qeff, TuningPoint,etc.)
Å Howisharmoniccurrent rating isdetermined

Å FilterTypes,Topologyof each,advantages/disadvantagesof each
Å Notch
Å HP(Dampingfactor)
Å C-HP(Dampingfactor)
Å Single/Multi-stage

Å Tuningcalculation(calculatingXeff, L,C,R)
Å NEPSISpreadsheettool (amusthavetool)
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Harmonic Filter Design ïPresentation Outline (Continued)

Filter Design Presentation (Continued)
Å Component selection

Å CapacitorRating Procedure, applicable standards
Å Heavy Duty Vs. Standard Duty (beware of claims), Specification, Vendor Review

Å TuningReactor Rating Procedure, applicable standards
Å Types: Air-Core | Iron-Core (Advantages/Disadvantages, Specification, Vendor Review)

Å Damping Resistor Rating Procedure, applicable standards, types, # of series elements, specification, vendor review
Å Switching Device (Breaker/Switches)
Å Typical Protection

Å Capacitor protection (internally fused vs. externally fused)
Å Blown Fuse Detection

Å Reactor Protection
Å Overload protection / thermal protection

Å Resistor Protection
Å Short Circuit Protection (50/51 phase/ground), arc flash
Å Over-voltage, Vthd/I thd, Over-Temperature, Fan failure

Å Typical Control
NEPSI Resources
Questions/Answers
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Å Established in 1995

Å Based in Queensbury, NY

Å Key products designed and manufactured by NEPSI

Å Medium-voltage metal-enclosedproducts (2.4kV ï38kV) 200 kV BIL Max

Å Shunt Power Capacitor Banks (capacitive vars)

Å Harmonic Filter Banks

Å Shunt Reactor Banks (inductive vars)

Å Hybrid Shunt Capacitor & Shunt Reactor Banks

Å actiVARÊïFast Switching Capacitor Banks/Harmonic Filter Banks (2.4kV ï13.8kV) for motor 

start ïan alternate to large VFD drives and RVSS

Å Medium Voltage Surge Protection Products

Å RC Snubbers

Å Motor Surge Protection

Å Medium-Voltage Transient Voltage Surge Protection

Å Service

Å Startup | Commissioning | Maintenance 

Å Power System Studies

Å Harmonic Analysis, Power Factor, Motor Start 

NEPSI - Background
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Background

Large Harmonic Filter System 1 of 2 (1-line to follow)
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Large Harmonic Filter Systems Designed & Manufactured by NEPSI
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Solar Wind Petro MiningUtilityChemical

ÅMining (copper, gold, diamond, oil sands, limestone, lithium, rare earth metals)

ÅRenewable energy (wind & solar power )

ÅOil/Gas, Petro-Chemical

ÅElectric Utilities (large IOUôs, electric cooperatives, municipalities)

ÅSteel

ÅPulp & Paper

ÅInstitutions (hospitals, universities, military bases, data centers, financial institutions)

ÅPrivate LabelïSupplier of product to nearly all ofthe  ñmajorsò

ÅOthers 

Åsemiconductor, scrap recycling, pharma, waste water

NEPSI Sells Into All Major Markets
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With an installed base of over 2000 systems over the last 24 years (more than 140 in mining and 800 in Oil/Gas) 

NEPSIis the leading world supplier of medium -voltage metal -enclosed capacitor banks and harmonic filter banks

NEPSI also brand labels for ABB, GE, Schneider, Eaton and other large electrical brands

Largest Installed Based On The Globe

North & Central America South America Africa, Asia, Europe, Australia
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Harmonic Filters ïWhat Are They and What Do They Do?

Å Correct Power Factor (Reactive Compensation)

Å Usually to avoid power factor penalties or 

comply with interconnect agreement

Å Reduce Harmonic Current / Voltage Distortion

Å By providing a low impedance path for 

harmonic currents

Å To Become compliant with harmonic 

standards

Å IEEE 519

Å IEC 61000-3-2 (EN 61000-3-2)

Å Many others

Å Prevent Harmonic Resonance

Å Harmonic filters installed for the 

prevention of resonance are often 

called ñde-tunedò capacitor banks.

Å Applied when high-pulse drives 

are used.

What They Do -
Å Most Simply Stated ï

Å A capacitor bank with a tuning reactor

Å The inductive reactance is a fraction of the 

capacitive reactance of the capacitor bank. 

As a result, they are, in many ways, a 

capacitor bank.

What They Are -
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When all costs are considered, including engineering & procurement, integration, site 

preparation, installation, commissioning, maintenance, and liability, 

the Metal-Enclosed configuration

provides the lowest cost of ownership

Open-Air

Harmonic Filter Configuration Options

Metal-Enclosed
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When all costs are considered, including engineering & procurement, integration, site 

preparation, installation, commissioning, maintenance, and liability, 

the Metal-Enclosed configuration

provides the lowest cost of ownership

Harmonic Filter Configuration Options

E-HouseMetal-Enclosed

Not Widely Used In

South/North America
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Key Filter Ratings

Å Reactive Power Rating (KVAR / MVAR, 3-Phase Value)

Å Usually based on reactive power requirement of load

Å May be determined by harmonic duty requirements

Å Voltage, based on system voltage (KVLL)

Å Insulation Level (KV)

Å BIL / 1 Minute Withstand

Å Based on standard rating for voltage class of equipment 

+pollution level, + elevation, + consideration for increased 

reliability and arc flash mitigation

Å Tuning Point (Hertz or Harmonic Number, i.e. 282 Hertz or 4.7th

Harmonic for 60 Hertz System

Å Filter Type (Notch, C-HP, HP)

Å For C-HP, HP

Å Damping Factor (R/Xinductor at tuning frequency)

Å Resistor Rating (Ohms, KW)

Å Fundamental Current Rating, I1, (Amps), at 10% Over-voltage

Å Harmonic Current Ratings (Amps), Include all significant 

harmonics Under worst case conditions

Å I5, I7, I11, I13é. etc. (be very conservative)

This presentationcontains confidential and privileged information for the sole use of the intended
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How Are Harmonic Filter Ratings Determined?

This presentationcontains confidential and privileged information for the sole use of the intended

recipient. Distribution,disclosureto otherthirdpartiesis prohibitedwithoutprior consent.

Å Power System Studies

Å Load Flow Analysis 

Å Determines reactive power rating of filter (MVAR)

Å Harmonic Analysis

Å Determines filter tuning

Å Determines expected harmonic current flow into filter branch(s)

Å Filter type (Notch, C-HP, HP)

Å Based on above studies, L, R, C Filter Parameters, and reactive power ratings are determined. The 

equipment specification is not normally developed from the study.

Filter Ratings

Filter Component Ratings (Capacitors | Reactors | Resistors)

Å Harmonic Analysis Programs

Å Spreadsheet Tools (NEPSI offers such a tool at: http://nepsi.com/resources/spreadsheet-tools/)

http://nepsi.com/resources/spreadsheet-tools/


Harmonic Filter ïBasic Concepts
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Harmonic Filter ïBasic Concepts
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Most Common Filter Types Used at Medium Voltage Level

Notch High-Pass

HP

C-High-Pass

C-HP

Å Notch Filters are preferred due to low cost, low 

losses, and simplicity

Å Most common on industrial power systems

Å HP and C-HP Filters are common in projects 

where non-characteristic harmonics might be 

present, on systems with large drives, and where 

there is stray capacitance concerns

Å Most common in mine applications and 

where large drive applications (LCI / 

Cycloconverter)

Å Projects with significant amounts of cable 

capacitance (wind farms)

Å Filter types, tuning point, reactive power rating, and 

quantity can be grouped together to create multi-

staged harmonic filter systems

Application Considerations
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ÅLow impedance at tuning point

ÅLow fundamental losses

ÅLess filtering at side-band 

harmonics

ÅMore susceptible to inter-

harmonic resonance

ÅLowest cost filter
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Notch Tuned  Filter
Key Characteristics
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ÅAttenuates higher order 

harmonics

ÅDampens resonance

ÅProvides less filtering than notch 

filters at tuning point (as Q or 

Damping Factor (R/X) decreases)

ÅHas higher fundamental losses 

than notch filters

ÅHas higher cost when compared 

to Notch filters

ÅCommonly used in large drive 

projects and where inter-

harmonic resonance is of 

concern.
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Filter Impedance Vs. Harmonic Number

Q=0.5, 27KW/PHASE LOSSES

Q=1.0, 15 KW/PHASE LOSSES

Q=3, 5KW/PHASE LOSSES

Q=5, 3.2KW/PHASE LOSSES

Q=10, 1.6KW/PHASE LOSSES

High-Pass (HP) Tuned  Filter (Damped Harmonic Filter)

Key Characteristics

This presentationcontains confidential and privileged information for the sole use of the intended

recipient. Distribution,disclosureto otherthirdpartiesis prohibitedwithoutprior consent.



ÅSame benefits as standard high-pass-filter

Å Impedance profile is the same as standard high-

pass filter

ÅResistor has near 0 losses at fundamental 

frequency

ÅHigher dampening capability due to lower losses

ÅHarmonic losses are nearly the same as standard 

high-pass filters

ÅHigher Cost than C-HP and Notch Filters

ÅCommonly used in large drive projects and where 

inter-harmonic resonance is of concern. 

ÅMost often applied only at tuned frequencies below 

the 5th harmonic (i.e. 2nd, 3rd, 4th, harmonics)

}{Tuned to

Desired 

Frequency

Tuned to

Fundamental 

Frequency

C-High-Pass (C-HP) Tuned  Filter (Damped Harmonic Filter)

Key Characteristics

This presentationcontains confidential and privileged information for the sole use of the intended

recipient. Distribution,disclosureto otherthirdpartiesis prohibitedwithoutprior consent.



Notch Filter

Application

High-Pass Filter

Application

High-Pass Vs. Notch Filter Impedance Scan Comparison
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Å High-Pass filters dampen resonant 

peaks between tuning points on 

multi-tuned harmonic filters

Å Important in cycloconverter 

and large drive applications or 

where interharmonics exist

Å High-Pass filter tuning tolerance is 

less critical

Å High-Pass filters help dampen 

unwanted resonance form remote 

capacitor banks or stray capacitance

Å High-pass filters are better for 

attenuating higher frequencies 

harmonics

High-Pass Vs. Notch Filter Impedance Scan Comparison

This presentationcontains confidential and privileged information for the sole use of the intended

recipient. Distribution,disclosureto otherthirdpartiesis prohibitedwithoutprior consent.



High-Pass filters also help to dampen 

resonance from stray cable capacitance 

and other remotely located power 

capacitor banks 

High-Pass Filters (C-HP & HP) Dampen Resonance Conditions
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Tuning Calculation (XL, XC, L, C) ïNotch Filter Design
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Spreadsheet Tools Speed Up & Confirm Design

How filters are really designed:

Å Spreadsheet tools are most often used to confirm ratings and 

do design work.

Å Required values: System voltage, reactive power 

rating, tuning point, system frequency, expected 

harmonic current duty (donôt forget to add margin)

Å Harmonic analysis programs calculate expected performance 

(IEEE 519 compliance, Vthd, Ithd, etc..).  

Å Expected harmonic current flow into filter is used as input to 

spreadsheet tools for validating component duty rating 

against standards.

Å NEPSI Spreadsheet tool available at: 

http://nepsi.com/resources/spreadsheet-tools/

Å Spreadsheet tool provides calculation for all major 

filter types: Notch, High Pass (HP), and C-High-Pass 

(C-HP)

../../../Website/resource/Filter-Design-Calculation-C-High-Pass-Notch-High-Pass-Filters.xlsx

