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Harmonic Analysis T Knowing the Basics Is Essential
- Summary of Presentation -

Harmonic analysis tools such as ETAP, EasyPower, CYME, SKM, PSCAD, and others are indispensable tools that aid #rgieesistiotn

and mitigation of the negative impact of ndimear loads on industrial and utility power systems. However, when these toofgesented with

bad input data or the program output is interpreted improperly, they lead to incorrect system design. Starting at Ohmsl tizevcaeation of
equivalent circuits, this presentation demystifies the topic of harmonics, harmonic resonance, and harmonic filteringdéspiee

Fdzy RFYSYdlt {y26tSR3IS GKIG Aad ySOS5aal NE-ofthesS Bd FSDUIS O If deptetzsS ING 2 Ny
harmonic reports, and evaluate mitigation strategies.

After completion, the attendees will understand how harmonic studies are conducted, what harmonic are, where they comehfiom,
harmonic resonance is, their impact on the power system, harmonic filtering, harmonic current amplification, and muchhmatentees
acquire the necessary knowhow to verify and evaluate vendor recommendations, harmonic analysis reports, and filter Heqpgeserier
encourages discussion and questions on such topics as input data, extent of modelling, impedance data, harmonic load mumtigingy of
stray capacitance, 519 compliance, harmonic measurement procedures, interharmonics, atltanacteristic harmonics, data \a@ition,
model validation, filter design, resonance, and interpretation of program outputs an more.

If you are involved with the application of ndinear loads (rectifiers, LCI drives, ASD/VFD drives, dotiveend drives, lgh-LJdzft 4 S RNX @ &
pMdp /2YLEAFIY(Gés /280t 202y@SNISNAROY KIFNXY2YAO TFAf (SNAZiorchyNa ldaiting SNI F
industry expert.
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Harmonic Analysis T Presentation Outline

Corporate Introduction (5 Minutes to 10 Minutes) Please consider having Procurement attend the portion of the presentation.
Abot{LQa tNRBRdzOGa FyR {SNWAOSa
A Mediumvoltage metalenclosed reactive compensation products
A Services
A Studies
A Maintenance / startup and commissioning services
A Breaking the package
Harmonic Analysig Knowing the Basics is Essential
A Why perform harmonic analysis
A Steps to conducting harmonic analysis
A Harmonic current sources
A Analysidasics
A Simplesystem(sourceimpedancet transformer)
A EquivalenCircuit
A Calculatiorof harmonicvoltageand current distortion (ohmslaw)
A Impedancescanandinterpretation
A SimpleSystenmwith additionof capacitance
A Equivalentircuit
A Impacton ImpedanceScan
A Resonancandimpactto voltagedistortion
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Harmonic Analysis i Presentation Outline (Continued)

Harmonic Analysig, Knowing the Basics is Essential (continued)
A Tuning around resonanagcan it be done?
A Interpretation of impedance scan
A Sensitivity analysis (short circuit level, component tolerances, etc.)
A Harmonic current amplification
A Adding capacitors as harmonic filters
A Equivalentircuit
A Impactonimpedancescan
A Impacton voltageand current distortion
A Tuned versusde-tuned capacitorbanks
A Multi-tuned harmonic filter banks
A Resonance concerns
A Sequence of operation
A Other types of filters (€IP, HP)
NEPSI Resources
A Webpage (spreadsheet tools, calculators, product literature, giod® specifications, hovio-videos, and more)
A Reactive power working sessions
Questions/Answers
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Background of Presenter

Paul B. Steciuk is president and co-founder of Northeast Power Systems, Inc. (NEPSI), the leading
global supplier of medium-voltage metal-enclosed power capacitor banks and harmonic filter
systems. Mr. Steciuk has grown the company and provided engineering and product support to owners
and operators of small and large industrial, commercial, renewable, and utility power systems through
NEPSI for over 20 years.

With over 30 technical articles and white papers to his credit, Mr. Steciuk is an expert in harmonic
analysis, filter design and application, power system analysis, and manufacturing design.

Mr. Steciuk has previous experience as a power system engineer at Power Technologies, Inc. (PTI),
located in Schenectady, NY where he was responsible for various power system studies including
system-wide voltage sag studies, harmonic analysis and filter design studies, load-flow, short-circuit,
protective coordination, and transient analysis studies.

He also worked as an application and design engineer at Commonwealth Sprague Capacitor, Inc. (CSCI), located in North Adams,
MA. designing and developing low voltage automatic power factor correction equipment and harmonic filters.

Born in Troy, NY, Mr. Steciuk received his B.S. and M.E. degrees in Electric Power Engineering from Rensselaer Polytechnic
Institute (RPI), Troy, NY.
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NEPSI - Background

A Established in 1995
A Based in Queensbury, NY
A Key products designed and manufactured by NEPSI
A Mediumvoltagemetatenclosedproducts (2.4kM 38kV) 200 kV BIL Max

Shunt PoweCapacitor Banks (capacitive vars)
Harmonic Filter Banks
Shunt Reactor Banks (inductive vars)
Hybrid Shunt Capacitor & Shunt Reactor Banks
a ct i ViAHRdE Switching Capacitor Banks/Harmonic Filter Banks (2.41\8.8kV) for motor
starti an alternate to large VFD drives and RVSS
Medium Voltage Surge Protection Products

A RC Snubbers

A Motor Surge Protection

A MediumVoltage Transient Voltage Surge Protection

o I

o To o Io

A Service
A Startup | Commissioning | Maintenance
A Power System Studies
A Harmonic Analysis, Power Factor, Motor Start
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Large Harmonic Filter Systems Designed & Manufactured by NEPSI

Rep CHris MINE - BriTisH CoLumMBIA

C-High Pass, High Pass, and Notch Filter Branches
23 MVAR, 24.9 kv, 5-Stage, All-Inclusive Harmonic Filter System

Large Harmonic Filter System 1 of 2lfne to follow)




Large Harmonic Filter One-Line Diagram
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NEPSI Sells Into All Major Markets

A Mining (copper, gold, diamond, oil sands, limestone, lithium, rare earth metals)
A Renewable energy (wind & solar power )
A Oil/Gas, PetreChemical

AEl ectric Util

ities (large |1 OUbs, electriec
A steel

A Pulp & Paper

A Institutions (hospitals, universities, military bases, data centers, financial institutions)
A Private Label Supplier of product to nearlgll oft h e fimaj or s o

A Others

A semiconductor, scrap recycling, pharmaste water

i o) o T oW

Solar Wind Petro  Chemical Utility

Mining

cooperati ve

>

Pulp/Paper
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Largest Installed Based On The Globe

North & Central America South America Africa, Asia, Europe, Australia

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
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Configuration Options i Metal-Enclosed / Open-Air

I-Enclosed

When all costs are considered, including engineering & procurement, integration, site preparation, installation, cogymissic
maintenance, and liabilityhe Metal-Enclosed configuration provides the lowest cost of ownership
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Configuration Options T Metal-Enclosed / E-House

| 1

MetalEnclosed Configuratigg E-House Configuration L

Metalenclosed laser focused, elegant solution that avoids the complex, ancillary
requirements (and associated costs) of local and national building codes inherent with th
e-house configuration.

The streamlined approach to poweifactor correction and harmonic filtering.
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Why Perform Harmonic Analysis?

A Determine compliance with harmonic standards (IEEE 519)

A Existing systems under expansion or change

A New facilities

Calculation of: Voltage Distortion | Current Distortion

Evaluate resonance concerns

A Due to the addition of shunt power capacitors

A Due to cable capacitance (windfarm collector system resonance)
A Evaluate filter design & performance

To I
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Steps in Performing Harmonic Analysis & Filter Design Studies

Create Syste
Model

=4 |mpedance Data

= Load Flow Analysis

Harmonic Injection
Data

(by measurement)
(by calculation)

Capacitor Banks /
— Line | Cable
Capacitance

Short Circuit
Analysis

Basic Calculation
Methods

Comparison with
Measurement Data

Impedance Sca
Analysis

_| Determine Resonan(
Frequencies

_J Determine Sensitivit
of System to Chang

Confirm Filter Desig

Calculate g g
; ; Filter Design
Distortion
Current Distortion a Type of Filter,
PCC =1 Rating, # of Steps, &
(IEEE 519) Performance
|l Voltage Distortion Determine Filter
Throughout Facility Parameters
) N
Equipment

Requirements

—| Switching Protectio

Disconnecting

Control

Spec Development

—

Harmonic

Analysis Repor|

Report Findings

L] Report Input Data
Assumptions

== Filter Design/Spec
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What are Harmonics? - Background

Linear loads 1 Linear load Waveform

A Impedance is constant with the applied voltage o=t
U Resistive heaters 1
U Incandescent lights

Current waveform looks like t 1 TN
voltage waveform AN

Non-Linear Loads
A Impedance changes with applied voltage
0 Variable frequency drives
U Cycloconverters
LCI drives
Rectifiers
Arc furnace and arc welding equipment

Resultant
“Square” wave

a
a
a
a

Current does not look |j
the voltage waveform

7
Odd Harmonics
{3rd to 15th)
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Equivalent Circuit T What the Program Does

SOURCEEQUIVALENT
Gy mm=
10 (X/R).
7.5kA
13 (XR)
- ‘SOURCEBUS = -
.. PCC
Ao TR
10/16.67 MVA
i 138- 138KV
7.5%
A
o2
SECMAIN ( h

1 | 1
L M1 (L M3

1000 HP 1000 HP
Induction Induction
% %
16.7% 16.7% MONIC
3IMW
3 MVAR

Harmonic Current Injection —/

To o To To

PRIMARY BUS SECONDARY BUS
/ /

z, / z,
| ' N2 ' |//

SOURCE Y TRANSFORMER

< HARMONIC
IMPEDANCE IMPEDANCE it

INJECTION
I,=83A
1,=6.0A
I,= 3.8A

L= 0.72A

Above equivalent circuit shows ohmsl&.8kV and 60Hz
Can also be done using Per Unit System
There is one impedance network for each harmonic

Remember®d Q¢ Q& & ——
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IEEE 519-2014, Voltage Distortion Limits at Point-of-Common

Coupling (PCC)

5.1 Recommended harmonic voltage limits

At the PCC, system owners or operators should limit line-to-neutral voltage harmonics as follows:

Daily 99" percentile very short time (3 s) values should be less than 1.5 times the values given in

Table 1.

Weekly 95" percentile short time (10 min) values should be less than the values given in Table 1.

Table 1—Voltage distortion limits

All values should be in percent of the rated power frequency voltage at the PCC. Table 1 applies to voltage
harmonics whose frequencies are integer multiples of the power frequency.

Individual Total harmonic
Bus voltage V" at PCC harmonic (%) distortion THD (%)
V<1.0kV 5.0 8.0
1kV<FV<69kV 3.0 5.0
69 kV <V <161kV 1.5 2.5
161 kV <V 1.0 L5

EEETE)
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IEEE 519-2014, Current Distortion Limits at Point-of-Common
\ Coupling (PCC)

5.2 Recommended current distortion limits for systems nominally rated 120 V
through 69 kV

The limits in this subclause apply to users connected to systems where the rated voltage at the PCC is
120 V to 69 kV. At the PCC, users should limit their harmonic currents as follows:

Daily o9 percentile very short time (3 s) harmonic currents should be less than 2.0 times the
values given in Table 2.

Weekly 99" percentile short time (10 min) harmonic currents should be less than 1.5 times the
values given in Table 2.

Weekly 95" percentile short time (10 min) harmonic currents should be less than the values given
in Table 2.

All values should be in percent of the maximum demand current, /; . This current value is established at the
PCC and should be taken as the sum of the currents corresponding to the maximum demand during each of

the twelve previous months divided by 12. Table 2 applies to harmonic currents whose frequencies are
integer multiples of the power frequency.
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IEEE 519-2014, Current Distortion Limits at Point-of-Common
Coupling (PCC) - Continued

"
L]
\“‘w"‘ ——

P
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