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Why Is there harmonic in the electrical network?

Linear loads versus Nonlinear loads
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Nonlinear loads:
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Source: IEC 61000-3-6:1996
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How does the harmonic created?

Single phase full-bridge rectifier circuit

DC bus voltage U
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“Evolution” of Power Factors

With linear vs. nonlinear loads

Electrical system with ONLY linear loads

----------------------- Readtive
Q=kVAR Power, (VAr)
(nonwork
producing) Apparant
¢ Pover, (VA)
E
P = kW (work producing) hcke orl_l'e_al
Pover, (W)

SVA) =[P + 0% = 1w + kvar?

P kW
power factor, cos¢ =—=
S kV4
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Electrical system with Nonlinear loads

Q = kVAr (Reactive

Power)

1
1
1

e ' S =kVA
' (Apparent Power
1

D = kVA,

(Distortion Power)
O:pr (True/Total Power Factor)

P = kW (Real Power)

S(kVA):Vrmslrms = VPZ +Q2 + D2

True/Total Power Factor: €08 &rpe =C0S Oyqppr - COS Oigior

Displacement Power Factor o B kw
(Fundamental Components): COS Caisprr = kVA( fundamental)

Distortion Power Factor €0S Opp = !

(Harmonic Components): J1+THD? |1+ THD?
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Effects of Harmonics

Different Perspectives

Engineering Perspective

Nuisance tripping of circuit breaker

Harmonic resonance

Capacitor bank failure

Excessive heating

Transformer overheating

Skin effects on cables for higher harmonic orders
Motor winding burnt (dv/dt) & hunting

Neutral overloading (double neutral)

Causing EMI to sensitive signals

Problems to generators
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Business Perspective

Increased maintenance and replacement cost (OPEX)

Interruptions and downtimes cost

Reduced system capacity and thus increase CAPEX by

unnecessary of expansion.
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Revision Years: 1981, 1992 and 2014

JRr——

IEEE Guide for . ) IEEE Recommended Practices and

Han_'nomc Control and Reactive Compensation of Requirements for Harmonic Control )

Static Power Converters in Electrical Power Systems |IEEE Recommended Practice and
-

Requirements for Harmonic Control in
Electric Power Systems

IEEE Power and Energy Sodiety

Sponsored by the
Transmission and Distribution Committez

E - Industrial Applications
: H
3 4 :
: 5 Appiica s
£ g IEEE Industry Applications Societyl
E -] Power Engineering Society
L‘na.pwl;nn:d!w:lhr )
Traesn s Disritin Eommiio
Q e EEE Std 519%-2014
IEEE 5, w2 mmm"f,: E&“m N 100165857 I&Lsni:g‘\,;};?:;;!
02'?;::“,,,,“”“,r_x..a.dzwm.«lm‘mu Ine 345 Exid 479 Seet, Nm'm.Wmﬂl"ml": h B
Sponsor by Static Power Converter Committee of the Sponsors by Transmission & Distribution Committee of the Sponsor by Transmission & Distribution Committee of the
Industry Applications Society IEEE Power Engineering Society and Static Power IEEE Power Engineering Society
Converter Committee of the IEEE Industry Applications
Society

Schneider

Confidential Property of Schneider Electric | a Electric



Main Focuses

Shifting of main focuses depending on the sponsors.

IEEE STD 519-1981

+ Title: IEEE Guide for Harmonic Control and
Reactive Compensation of Static Power
Converters (54 pages)

« Sponsor : Static Power Converter Committee
(SPCC) of the Industry Applications Society
(IAS)

* Introduce the basic of harmonics.
* Educational in nature

* Introduces quantifying factor for harmonics
such as DF, TIF

* Focus on the recommended practices for:

*  Line notch limits

* Voltage distortion limits

*  Telephone influence limits
*  Flicker limits
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IEEE STD 519-1992

+ Title: IEEE Recommended Practices and
Requirements for Harmonic Control in
Electrical Power System s(101 pages)

+ Sponsors: Transmission & Distribution
Committee of the IEEE PES & SPCC of the
IEEE IAS

 In-depth discussion about harmonics
+ Educational and informative in nature.

* Introduces Total Harmonic Distortion (THD)
and Total Demand Distortion (TDD).

* Focus on:

«  Recommended practices for Individual
consumers

+ Recommended practices for Utilities

*  Recommended methodology for
evaluating new harmonic sources

IEEE STD 519-2014

+ Title: IEEE Recommended Practice and
Requirements for Harmonic Control in
Electrical Power System s(29 pages)

* Sponsor: Transmission & Distribution
Committee of the IEEE Power Engineering
Society (PES)

» No discussion about harmonic fundamentals
+ Clarification and limits setting in nature.

 Introduces statistical evaluation (Very short
and Shot time harmonic measurements)

* Focus on:

* Harmonic measurements
*  Recommended harmonic limits for voltage
and current distortion
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Section 1: Overview

Section 1.1: Scope
Section 1.2: Purpose

IEEE Standard 519 - 2014

Life Is On
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Redefining the Purpose of IEEE 519 in 2014 document

Focusing on Point of Common Coupling (PCC)

IEEE STD 519-1992

» Page 75. Focuses on the PCC with the consumer-utility interface, but
contradicting definition of PCC in latter statement.

* The recommendation described in this document attempts to reduce
the harmonic effects at any point in the entire system by establishing
limits on certain harmonic indices (currents and voltages) at the point of
common coupling (PCC), a point of metering, or any point as long as
both the utility and the consumer can either access the point for direct
measurement of the harmonic indices meaningful to both or can
estimate the harmonic indices at point of interference (POI) through
mutually agreeable methods.

+  Within an industrial plant, the PCC is the point between the nonlinear
load and other loads.

Confidential Property of Schneider Electric | Page 13

IEEE STD 519-2014
» Page 2. Clarify on the PCC.

» The limits in this recommended practice are intended for application at
a point of common coupling (PCC) between the system owner or
operator and a user, where the PCC is usually taken as the point in the
power system closest to the user where the system owner or operator
could offer service to another user.

« Frequently for service to industrial users (i.e., manufacturing plants) via
a dedicated service transformer, the PCC is at the HV side of the
transformer.

» For commercial users (office parks, shopping malls, etc.) supplied
through a common service transformer, the PCC is commonly at the LV
side of the service transformer.

LifelsOn | Schneider
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Point of Common Coupling in Summary
IEEE STD 519-2014

pCC Utility System
Utility System /|L [ :} VWV
@_I\/\/\,_FVW\

Customer Under Study

3§
3

m‘..-/ PCC

Orther Utility l I
Customers

Other LHility
Customers

Customer Under Study |

PCC at HV side for Industrial users PCC at LV side for commercial users
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Who’s Responsibility?

Utility and/or Users?

IEEE STD 519-1992

* Mentioned briefly in the “Foreword” page. Not considered as part of the
standards guidelines.

» This recommended practice recognizes the responsibility that users
have not to degrade the voltage of the utility serving other users by
requiring nonlinear currents from the utility.

It also recognizes the responsibility of the utilities to provide users with
close to a sine wave of voltage.
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IEEE STD 519-2014

Listed clearly in “Section 1.2 - Purpose” (page 2)

The limits in this recommended practice represent a shared

responsibility for harmonic control between system owners or operators
and users.

Maintaining harmonic voltages below these levels necessitates that

All users limit their harmonic current emissions to reasonable values
determined in an equitable manner based on the inherent
ownership stake each user has in the supply system and

Each system owner or operator takes action to decrease voltage
distortion levels by modifying the supply system impedance
characteristics as necessary.

LifelsOn | Schneider
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Section 2: Normative References

IEEE Standard 519 - 2014

Life Is On
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References
IEEE STD 519-2014 reference to IEC61000-4-X

IEEE STD 519-1992 IEEE STD 519-2014

- Pages8 + Page3

» 10 references. » 4 references, but 2 are the same (IEC 61000-4-15 and IEEE STD
1453)

« All references are referenced to IEEE Standards and ANSI (American
National Standard) « All references are referenced to IEC Standards.

« |EC Standard 61000-4-7, General Guide on Harmonics and Interharmonics
Measurement and Instrumentation, for Power Supply Systems and
Equipment Connected Thereto.

» |EC Standard 61000-4-30, Power Quality Measurement Methods.

+ |EC Standard 61000-4-15, Testing and Measurement Techniques—
Flickermeter—Functional and Design Specifications.

« |EEE Std 1453™ IEEE Recommended Practice—Adoption of IEC 61000-
4-15:2010, Electromagnetic compatibility (EMC)—Testing and
Measurement Techniques—Flickermeter—Functional and Design
Specifications

Life Is On Schmleider
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Section 3: Definitions

IEEE Standard 519 - 2014

Life Is On
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New and Redefined Definitions
|[EEE STD 519-2014 — page 3

New Definitions

* maximum demand load current: This current value is established at
the point of common coupling 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.

» notch: A switching (or other) disturbance in the normal power voltage
waveform, lasting less than 0.5 cycles, which is initially of opposite
polarity than the waveform and is thus subtracted from the normal
waveform in terms of the peak value of the disturbance voltage. This
includes complete loss of voltage for up to 0.5 cycles.

+ point of common coupling (PCC): Point on a public power supply
system, electrically nearest to a particular load, at which other loads
are, or could be, connected. The PCC is a point located upstream of
the considered installation.

Confidential Property of Schneider Electric | Page 19

Redefined Definitions

short-circuit ratio: At a particular location, the ratio of the available
short-circuit current, in amperes, to the load current, in amperes.

total demand distortion (TDD): The ratio of the root mean square of the
harmonic content, considering harmonic components up to the 50th
order and specifically excluding interharmonics, expressed as a
percent of the maximum demand current. Harmonic components of
order greater than 50 may be included when necessary.

total harmonic distortion (THD): The ratio of the root mean square of
the harmonic content, considering harmonic components up to the 50th
order and specifically excluding interharmonics, expressed as a
percent of the fundamental. Harmonic components of order greater
than 50 may be included when necessary.

Life Is On Schmleider
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Section 4: Harmonic Measurements
Section 4.1: Measurement window width
Section 4.2: Very short time harmonic measurements
Section 4.3: Short time harmonic measurements
Section 4.4: Statistical evaluation

IEEE Standard 519 - 2014

Lifels On | Sedumpider
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Instrument Compliances
New compliance guidelines (IEC 61000-4-7 & IEC 61000-4-30)

IEEE STD 519-1992 IEEE STD 519-2014
» Page 68-74, Section 9: Measurement + Page4
» Detailing all the requirements for harmonic measurement » Reference directly to IEC Standards. No reproduction of IEEE STD

519-1992 Section 9.
* 9.2 Basic Equipment Used for the Analysis of Nonsinusoidal

Voltages and Currents » For the purposes of assessing harmonic levels for comparison with the
_ recommended limits in this document, any instrument used should
* 9.3 Requirements for Instrument Response comply with the specifications of IEC 61000-4-7 and IEC 61000-4-30.

* 9.4 Presentation of Harmonic Data

* 9.5 Transducers for Harmonic Measurements

Life Is On Schmleider
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New Terminologies for Harmonic Measurements
Newly introduced in IEEE STD 519-2014 page 5, and not in IEEE STD 519-1992.

Very short time harmonic measurements

» Very short time harmonic values are assessed over a 3-second interval
based on an aggregation of 15 consecutive 12 (10) cycle windows for
60 (50) Hz power systems.

+ Individual frequency components are aggregated based on an rms
calculation as shown in Equation (1).

* where
* Frepresents voltage (V) or current (I) in rms value.
* nrepresents the harmonic order,
* iis asimple counter
* Subscript vs = “very short.”
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Short time harmonic measurements

Short time harmonic values are assessed over a 10-minute interval
based on an aggregation of 200 consecutive very short time values for
a specific frequency component.

The 200 values are aggregated based on an rms calculation as shown
in Equation (2).

1 200
E ,=2—Y F>
n,sh 200 Izzll (n,vs),i

where

* Frepresents voltage (V) or current (l), in rms value
* nrepresents the harmonic order

* iis asimple counter

*  Subscript sh is =“short.”

Life Is On Schmleider
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Specify Durations and Statistical Evaluation
IEEE STD 519-2014 Pg 5; & IEEE STD 519-1992 no duration and only has 95 percentile.

Very short time harmonic measurements

* Measurement duration: 24 hours (1 day)

» For very short time harmonic measurements, the 99th percentile value
(i.e., the value that is exceeded for 1% of the measurement period)
should be calculated for each 24-hour period for comparison with the
recommend limits in Clause 5.

+ Applied to both voltage and current harmonics.

50 T o

T 100.00%
Site 1092 THD Histogram .
45 — [June 19 - June 26, 1992 T 90.00%

: i this number | ::ZZ:
1 ___| should be below / I :
* the current limits §0.00%

r 50.00%
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M
t
t
I

20 T T 40.00%

15 T T 30.00%
10 T T 20.00%
5 ”D/)—F D" 10.00%
[a ui} t
1.8 19

o t t t f f t t t I t 0.00%
07 08 09 1 11 1.2 13 14 1.5 16 17
THD Bins (%)
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Short time harmonic measurements

* Measurement duration: 7-day period (1 week)

» For short time harmonic measurements, the 95th and 99th percentile
values (i.e., those values that are exceeded for 5% and 1% of the
measurement period) should be calculated for each 7-day period for
comparison with the recommended limits in Clause 5.

* These statistics should be used for both voltage and current harmonics
with the exception that the 99th percentile short time value is not
recommended for use with voltage harmonics.

* Interpretation:
< Current harmonics evaluate based on 95t and 99t percentile.
- Voltage harmonics evaluate based on 95™ percentile only.

Schneider
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Section 5;: Recommended harmonic limits

Section 5.1: Recommended harmonic voltage limits

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

Section 5.3: Recommended current distortion limits for systems nominally rated above 69 kV
through 161 kV

Section 5.4: Recommended current distortion limits for systems nominally rated above 161 kV
Section 5.5: Recommendations for increasing harmonic current limits

IEEE Standard 519 - 2014

Life Is On
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General Observations

Individual responsibilities

IEEE STD 519-1992

» Separate the recommended practices between individual consumers
and utilities

* Individual consumers:
* Recommended harmonic indices for are:
— (1) Depth of notches, total notch area, and distortion of bus
voltage distorted by commutation notches (low-voltage systems)
— (2) Individual and total voltage distortion
— (3) Individual and total current distortion
*  PCC can be between the nonlinear load and other loads.

- Utilities:

* Recommended harmonic indices is only maximum voltage distortion
at the point of common coupling (PCC) with each consumer.

Confidential Property of Schneider Electric | Page 25

IEEE STD 519-2014

Reiterate the joint responsibility involving both end-users and system
owners or operators, that harmonic limits are recommended for both
voltages and currents.

Both system owners or operators and users must work cooperatively to
keep actual voltage distortion below objectionable levels

« End-users limit the harmonic current injections

» System owners or operators should take action to modify system
characteristics so that voltage distortion levels are acceptable in
case the efforts by end-users are insufficient.

The recommended limits in this clause apply only at the PCC and
should not be applied to either individual pieces of equipment or at
locations within a user’s facility.

Life Is®On Schmleider
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Harmonic Voltage Limits

New limits for Low Voltage (<1kV) & Percentiles in IEEE STD 519-2014

IEEE STD 519-1992

» Consumers’ harmonic voltage limits based on line-to-line voltage:

Table 10.2
Low-Voltage System Classification and Distortion Limits

Special General Dedicated
Applications” System System”
Notch Depth 10% 209 50%
THD (Voltage) 3% 5% 10%
Notch Area (Ay)* 16 400 22 800 36 500

NOTE: The value Ay for other than 480 V systems should be multiplied by
Vidgo

:Special applications include hospitals and airports.
'A dedicated system is exclusively dedicated to the converter load.
#In volt-microseconds at rated voltage and current.

 Utilities: Table 11.1
Voltage Distortion Limits

IEEE STD 519-2014

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

» Daily 99th percentile very short time (3 s) values should be less
than 1.5 times the values given in Table 1.

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

* Notches limits moved to Annex C (Informative).

Table 1—Voltage distortion limits

Individual Voltage Total Voltage
Bus Veltage at PCC Distortion (%) Distortion THD (%)
69 kV and below 3.0 5.0
69.001 kV through 161 kV 1.5 25
161.001 kV and abave 1.0 1.5

Individual Total harmonic
Bus voltage V" at PCC harmonic (%0) distortion THD (%)
1KV=V=69KV 3.0 5.0
69 kV < FV=161kV 1.5 2.5
161 kV=VF 1.0 1.5°

NOTE: High-voltage systems can have up to 2.0% THD where the cause is an HVDC
terminal that will attenuate by the time it is tapped for a user.
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*High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal
whose effects will have attenuated at points in the network where future users may be
connected.




Current Distortion Limits

General observations

IEEE STD 519-1992

The harmonic distortion caused by a single consumer should be limited
to an acceptable level at any point in the system.

TDD: Total demand distortion, harmonic current distortion in % of
maximum demand load current (15 or 30 min demand). No limits on
harmonic orders.

The limits listed in Tables 10.3, 10.4, and 10.5 should be used as
system design values for the “worst case” for normal operation
(conditions lasting longer than one hour).

For shorter periods, during start-ups or unusual conditions, the limits
may be exceeded by 50%. (up to 1 hour per day, which is equivalent to
about 4.1% of the time. Thus, 95" percentile is used.)

Both the recommended current distortion limits for 120V to <69kV and
69KV to <161kV in both standards are the same, except the TDD
calculation is up to 50t harmonic order.
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IEEE STD 519-2014

Newly defined limits based on 3 percentile limits:

+ Daily 99th percentile very short time (3 s) harmonic currents should
be less than 2.0 times the values given in the Tables.

*  Weekly 99th percentile short time (10 min) harmonic currents
should be less than 1.5 times the values given in Tables.

*  Weekly 95th percentile short time (10 min) harmonic currents
should be less than the values given in Tables.

TDD up to 50" order only.

The maximum demand 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.

Life Is On Schmleider
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Current Distortion Limits (120V to <69KkV)

Both the same except TDD calculation up to 50" harmonics order.

IEEE STD 519-1992

Table 10.3

Current Distortion Limits for General Distribution Systems

(120 V Through 69 000 V)

IEEE STD 519-2014

Table 2—Current distortion limits for systems rated 120 V through 69 kV

Maximum Harmonic Current Distortion
in Percent of I},

Maximum harmonic current distortion
in percent of Iy,

Individual Harmonic Order (Odd Harmonics)

Individual harmonic order (odd ]Jslrmonil:s)""b

IJIL, <11 Ilch<l? 172h<23 23<h<35  35<h TDD
<20% 4.0 2.0 L5 0.6 0.3 5.0
20<50 7.0 35 25 1.0 05 8.0
50<100 10.0 45 40 15 07 12.0
100<1000 12.0 55 5.0 2.0 1.0 15.0
>1000 15.0 70 6.0 25 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above.

Current distortions that result in a de offset, e.g., half-wave converters, are not
allowed.

I/l 3<h<ll |11€ h<17| 17<h<23 | 23<h<35 35=_::h_:";0.:: TDD
<20° 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100 < 1000 12.0 5.5 5.0 2.0 1.0 15.0
> 1000 15.0 7.0 6.0 25 1.4 200

*All power generation equipment is limited to these values of current distortion,
regardless of actual I JT; .

where
I,. = maximum short-circuit current at PCC.
I}, = maximum demand load current (fundamental frequency component) at
PCC.

Confidential Property of Schneider Electric | Page 28

*Even harmonics are limited to 25% of the odd harmonic limits above.
®Current distortions that result in a dc offset. e.g.. half-wave converters. are not allowed.

“All power generation equipment is limited to these values of current distortion. regardless
of actual I,/ Ty
where
I, = maximum short-circuit current at PCC
I; = maximum demand load current (fundamental frequency component)
at the PCC under normal load operating conditions

Lifels®On | Schneider
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Current Distortion Limits (>161kV)

Additional new limits in 2014.

IEEE STD 519-1992

Table 10.5
Current Distortion Limits for General Transmission Systems (>161 kV),

IEEE STD 519-2014

Table 4—Current distortion limits for systems rated > 161 kV

Dispersed Generation and Cogeneration

Maximum harmonic current distortion
in percent of I,

Individual Harmoenic Order (Odd Harmonics)

Individual harmonic order (odd harmonics)™ b

I =11 11ch<17 17<h<23 23<h<35 35<h THD 3<h<11 11£h<17 23<h<3s

<50 2.0 1.0 0.75 0.3 0.15 2.5 1 Dt

=50 3.0 1.5 1.15 0.45 0.22 3.75 2.0 0.15 25
Even harmonics are limited to 25% of the odd harmonic limits above. 3.0 1.5 1.15 0.45 0.22 3.75

Current distortions that result in a de offset, e g., half-wave converters, are not
allowed.

*All power generation equipment is limited to these values of current distortion,
regardless of actual I /I,

where
I, = maximum short-circuit current at PCC.
I, = maximum demand load current (fundamental frequency component) at

PCC,
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“Even harmonics are limited to 25% of the odd harmenic limits above.

Current distortions that result in a dc offset, e.g.. half-wave converters, are not allowed.

“All power generation equipment is limited to these values of current distortion. regardless of

actual L/,
where
I, = maximum short-circuit current at PCC
I, = maximum demand load current (fundamental frequency component)
at the PCC under normal load operating conditions

Life Is On
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Emphasis of Phase-Shifting Transformer & “Multi-pulse” Converter
Both mentioned about the multiplier, but IEEE STD 519-2014 include a Table.

IEEE STD 519-1992

These tables are applicable to six-pulse rectifiers and general distortion
situations.

However, when phase shift transformers or converters with pulse
numbers (q) higher than six are used, the limits for the characteristic
harmonic orders are increased by a factor equal to

q

6

provided that the amplitudes of the noncharacteristic harmonic orders
are less than 25% of the limits specified in the tables.
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IEEE STD 519-2014

» However, the recommended multipliers in Table 5 apply regardless of
the method used to reduce the harmonics that would be considered
“non-characteristic harmonics” for a p-pulse converter as long as all
“non-characteristic harmonics,” including even-order harmonics, are
kept below 25% of the limit values given in Table 2, Table 3, or Table 4

as appropriate.
Multiplier = ‘E

Table 5—Recommended multipliers for increases in harmonic current limits

Har_mnni_cs orders limited to 25% of values Multiplier
given in Table 2, Table 3, and Table 4
5.7 1.4 p:lZ
5.7.11.13 1.7 p=18
5.7.11.13.17.19 20 p=24
5.7.11.13.17.19.23.25 22 p=30
1 \
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Annex: All informative only
Annex A: Interharmonic voltage limits based on flicker
Annex B: Telephone influence factor (TIF)
Annex C: Limits on commutation notches
Annex D: Bibliography

IEEE Standard 519 - 2014

Lifels On | Sedumpider
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New Information and Limits on Interharmonic in Annex A

Only an informative page in 2014, but not an enforcement.

IEEE STD 519-1992

» No interharmonic voltage limits

* Included flicker information, limits and solution in pages 80-82, Section
10.5.
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IEEE STD 519-2014

* Mentioned in Annex, which is only information.

» Reference to IEC 61000-4-15 (c.f. IEEE STD 1453).

Voltage (% of Nominal

V<1kV

/

1kV<V<69 kV 1 kV<V=69 kV

69 kV<V<161 kV

V=161 kV

Ve1kV.

\

69 kV<V<161 kV

Frequency (Hz)

- v

Figure A-1—Interharmonic voltage limits based on flicker for frequencies up to 120 Hz for

60 Hz systems
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Simplify Limits on TIF and I-T Product in Annex B
Telephone influence factor (TIF) & I-T product

IEEE STD 519-1992 IEEE STD 519-2014

« TIF: * Mentioned in Annex B, which is only information.

» Section 6.9 (pg 40-42), focus on telephone interference.
» Same content in Table 6.2, but it is renamed to “Table B-1:
Weighting values (W;)” in 2014 document.

* TIF weighting values Table has the same value as 1992 document, but
renamed the title.

* |-T product: Simplified to only 1 table from 1992 document, focusing on
+ |-T product: distribution systems.

» Section 11.6 (pg 85-86)
* Provide different Tables for different types of converters.

Life Is On Schmleider
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Moved “Limits on Commutation notches” to Annex C

Again “informative” only.

IEEE STD 519-1992

* In Section 10.3 (pg 77), which is part of the ‘Recommended Practices
for Individual Consumers’.

* Provide limits in Table 10.2 “Low-Voltage System Classification and
Distortion Limits”.

% notch depth = div x 100

Ay =td = psec * volts

t=usec
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IEEE STD 519-2014

Moved to Annex C and become informative.

Rename Table 10.2 to “Table C-1—Recommended limits on
commutation notches”. Content is the same.

Same calculation to determine the notches area.

LifelsOn | Schneider
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SE Complete Solutions for Harmonics and Power Quality

From monitoring to mitigation solutions

* Monitoring Solutions:

e | )L E » Hardware: Complied power monitoring
. devices according to IEC 61000-4-7 & IEC
61000-4-30

— E.g. ION7550/7650 complied to both IEC
61000-4-7 & IEC 61000-4-30, PM8000
complied to IEC 61000-4-30

Measure:

PME + PQ Advisor + PQ Meters
— Capturing individual harmonic orders up to 50t

EI order
/ « Software: Power Monitoring System (PME)
PQ dashboard to quantify the readings
Improve: Analyze: . .
i » Compensation Solutions:
Mitigation and ﬁ & PMEP+QPEQ Ad\tllsor + p
; : xperts
correction equipment ' . = Active harmonic filter: AccuSine PCS+ (60A,

120A, 200A, 300A, parallel up to 10 units)

» Detuned power factor correction capacitor
banks

» Services & Expertise: Provide consultation to
customers

Life Is®On Schmleider
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Where to install PQ Meters?

Level 1 and Level 2 after incoming transformer.

Oneline Diagram

12,4723V Protection
1,625.7 kw Relay

Voltage Disturbance Detected
Apr 23 2016 5:37PM

Utility O e e e e e e =
incomer =
) -fg= '
=
%

478.9V

—d

0.2 kW T 0.1 kW

£ %

i 500ml

S
F
|5

CIP - CIP- CIP -
Station 1 Station 2 Station 3

Preparation o
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Bottling

b=t
<
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2
1
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(=

H 3
1]
@ @

Packer Palletizer

O

.1 kW

]

Warehouse

PMB8000 key features highlights:

* Architecture:
» 256 sample/cycle
*  512MB memory
» Accuracy Class 0.2S
» Current & Voltage Accuracy: 0.1% reading
» Active Energy Accuracy: 0.2%
» Fast acquisition: 0.5cycle data
* Individual harmonics:
« 63" harmonic order on display
« 127" via PME Software
* Power Quality:
» Power factor, sag/swell, harmonics, crest
factor and K-factor, THD
* Phasor diagram
*  Waveform capturing.
« Disturbance direction detection
+ Data logging:
« Revenue, historic, loss, harmonics,
energy/demand, sag/swell, EN50160
compliance,|IEC61000-4-30 compliance.

Schneider

; I
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PME 8.1 Software

PQ Dashboards, PQ Advisor and Connections to PQ Mitigation Equipments

e rrr— : : At L E R :
E Power Monitoring Expert o o omow - Equipment Equipment - Active Harmonic Filters - {Device Name} =
_l e p———
Event Breakdown i | = | Event impact v | = || Event Logation ot 2o v| = AN Types P—— ovERVIEW MEASUREMENTS SPERATION
& o e e . =y Oparating Mods
c A s ¢
o 0 [ J : [ J . [ J 3 wosramane R B oo s x
m — Erer— A A A Lond et %
) ey e Comociar:
LV, Mv e THDI Gria - * %
. g . Feachve Mose
5= 2 W 3 Lood & L] L3 Mainenance idicators ang Alers.
R Load Currrs PR .
277 Likely Impact Events B —— il > o Curent A A A @ Gurent Overiosn
e o Goaps = o el mpact Eve
e e g e P P A P Low Voltage Panels Medium Voltage Panels Generators Transformers " :m -
Load Reactive Powsr: war @ Lot i Copacey
Power Factor Trend * = Harmonic Trend st Quers v = Unbalance Trend Lot 12 Msems v| 2= Outout Reactive Power . @ Fanranre
: e | o e '  {ee i
o o o @ #uso owect Qutor ange
o o e oz Aocusine PCS~ @ Hih Freqouncy Vorage Datcn
a0 D D
FH gn:n ow § Il * Volage: v @ vovesuessanera
£, Lp = ' e o @ i cortatin
J= | [SIEHEA o - [ ErT—
® o = P — @ Mo Gantoured
e o Supplies (UPS) e &
S5ES L — |
e p

Demo website: http://pmedemo.biz/

LifelsOn | Schneider
gE lectric
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PME 8.1 Software with Power Quality Advisor
PQA Dashboards

€ supervisor | Logout | Setings | Help

Power Monitoring Expert 8 s _u_ s Power Quality Advisor - Harmonics @&

DASHBOARDS DIAGRAMS TABLES TRENDS ALARMS w?sm

23/} DETAILS (/] DESCRIPTION
Summary
P -
Last24Hours  Last7Days Last30Days  Lasti2Months  CORRECTIVE EQUIPMENT STATUS o
Distortion L ast 24 Hours Last 7 Days Last 30 Days Last 12 Months Magnitude
00 20% (typical)
X " > 'V THD Maximum 499 % 5.00% 5.00% 10.00 % Source
(l( Pwer(}ualn;' :vent &4 :wer (Msﬁyao Event * Cmech: E:,r& Nonlinear loads
VTHD Average 2445 5% 5% 657% by
Steady state
Transient Ve Votiage Swell - - Consequence

- P:: wm;m"“: A Pw”“"m' = h ﬁ:ﬂ"'@' I::"';FM | THD Maximum 7.00% 7.00% 7.00% 1400 % Malfunction and overheating

Mitigation Devices
p— | THD Average 487 % 488 % 501 % 840 % Active filters, passive filters
mil Over Voltage Under Voltage = UPS @R
Power Qualty Event l W] poper Quaity Event Corrective Equipment Detsil Report EE G5 Medium
O e [y Harmenics RESOQURCES POTENTIAL IMPACTS
Steady State Disturbance I Steady State Disturbance
| - Transformer malfunction

- Equipment overheating
- Nuie frol tecti {ay trippir

1y Frequency Variation - Flker = Leam More uisance from protestive relay tripping

= Steady State Disturbance ,/ Steady State Disturbance iﬁ Solutions, Documentation and Contact Information

Life Is On Schmleider

Confidential Property of Schneider Electric | Page 39 g Electric



Harmonic Compliance Report from PMES.1

How to interpret the report?

Based on IEEE

519-1992 for THDv
(<69KV: THDV<5%) N Voltage Level = 1V
IEEE 519 Limit (%)

Maximum Value

“ Non-compliant 3-second Intervals
Show number of “3-sec _/ : .
. ” . Missing or Invalid Intervals
intervals” reading that has

L Total Intervals
exceeded the limits.

% Time out of compliance

Compliance

Both version have similar

TDD table. The TDD limit \I em
SC =

is based on Isc/IL
Ratio Window Limit (20 - 50)

IEEE 519 Limit (%)

Maximum Value
Record the highest _—"

individual harmonic level

during the reporting period. Non-compliant Intervals
Missing or Invalid Intervals
Show total non- / ’
. . Total Intervals
compliance intervals
recorded.

Recommendation
Display the “Warning” sign _/

if exceeded the limits.

% Time out of compliance

Confidential Property of Schneider Electric | Page 40

Voltage Compliance - % of Fundamental

Individual Voltage Distortion (%) Total Voltage Distortion (THDA%))
30 5.0

0 0

580,800

Current Compliance - % of IL

Individual Harmonic Order (Odd) TDD (%)
<11 11=h<17 17<h<23 23<h<3 35<h
7 35 25 1 0.5 8
12Hrm I1Hrm 15=1.85 [3Hrm 19=4 22 13Hn 1MHrm 37=0.31 13 TDR=104
3=024 @ @ 5/8/2015 @ 5/10/2015  23=093 @ = @ 5/8/2015 @ 5/5/2015
5/11/2015 311:06 PM 6:40:45 PM 5/6/2015 3:11:06 PM 4:23:54 RM
5:06:54 PM 4:12:54 PM
123,641 60,23
0
580,800
21.29 10.37
WARNING WARNING
‘Ha mm onic.
iz Fepot - PMES

*Total intervals for 24 hours
(3 sec intervals) = 28,800
*Total intervals for 7 days (10
min intervals) = 1008

Similar to histogram in terms of
percentile:

95" percentile: limit is <5% out
of compliance

+99" percentile: limit is <1% out
of compliance

Schneider

; I
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AccuSine PCS+

. . . AccuSine PCS+ key features highlights:
Most advanced Active Harmonic Filter . / g

Offer range:

*  60A, 120A, 200A, 300A @ 380-480 VAC

e 47A, 94A, 157A, 235A @ 480-600 VAC

*  40A, 80A, 133A, 200A @ 600-690 VAC
* CE Certified - all models

Harmonic Active Result Mv -
generators Filter * Enclosures:
7 /\ . - * IP0OO (CH) & IP20 (Type 1) — wall mount
;I v + b V’\V/\v = — . IP31,_ IP54; UL type 2 &12 — Floor Standing
=, x 3 * CT requirements:
*  Primary — ANY amps
» Secondary — 1 or 5 amps
. » Accuracy Class — Typel
Hamonics »  Frequency response - 50/60 Hz or 400 Hz
» Logic + Response:
3 : » Digital — FFT - 2 cycles to inject correction
@ ng » Reactive current response — 1/4 cycle to full response
A4 » Closed loop — new installations
, 3 . . *  Open loop — for retrofits
H 3 Active
g:r:::'g?:;s 3|AV_ Fihler «  Control Response — 25 puSec

» Paralleling:
» Load Share or Lead-Lag
»  Proprietary CAN+ communications bus
*  Master-Slave/MultiMaster-MultiSlave
« Performance:
»  Harmonic spectrum: 2nd to 51st (independently adjustable)
*  Harmonic THD: Closed Loop: <3% THD(i); max 20:1
*  Open Loop: <5% TDD (for retrofit)
*  Set point % THDv
»  Set point %THDiI
» Reactive (leading or lagging to unity PF)
» Mains current balancing (negative sequence)

Life Is On ‘ Schneider
3Electr|c
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International Oil & Gas Customer

Toronto, Ontario, CANADA

Electrical Infrastructure upgrade at the
Customer ABC Terminal

Energy Efficiency / Space constraints

* The use of VFD’s reduces the kW/h

consumption, however generates harmonics.

* The constant pumping load (DOL motors)
generate a lagging Power Factor.
+ Limited space available in the E-House

Issues addressed

» Mitigates the harmonics (V & I) and meets
IEEE 519-2014

» Correct the PF to 95% lagging

» Compact PQ solution

Customer is looking for energy
efficiency and wants to comply with the
industry rules and regulations

* Installation of VFD’s to reduce consumption
» Correction of the P.F.
* Meet IEEE 519-2014

Success Story:

*The use of the AccuSine PCS+ allowed us to use
one filter to mitigate the harmonics of 7 VFD’s
ranging from 40 to 150 HP.

«Simultaneously we correct the PF of the DOL
motors to 95% lagging eliminating the PF penalty.

*Supply a compact state of the art Power Solution
that meets all the customer needs.

*The AccuSine PCS+ eliminates the need for
complex harmonic study.

*The AccuSine PCS+ is compatible with the back
up generator.

Life Is On Schmleider

3E ectric



International F&B Customer
Kejayan, Jawa Timur, INDONESIA

F&B manufacturing facing PQ problem

*High transformer temperature due to
harmonic current

*Nuisance tripping of the breaker

Issues addressed

» Mitigates the harmonics and meets IEEE 519-
2014
» Correct the PF

High harmonic current level, that need
to be reduced

Food & Beverage ﬁ_ﬁ

* Harmonic mitigation
» Correction of the P.F.

* Meet IEEE 519-2014

Success Story:

e|nstall 3 x 300A Accusine to reduce harmonic
current of both plant

sImprove transformer efficiency by reducing the
temperature

*Avoid nuisance tripping of breakers.

sImplementation result: Reduce Harmonic current
level from 23% into 2%

LifelsOn | Schneider
3 Electric



LED Display Manufacturing Plant

Asan, South Korea

LED Display Manufacturing plant installed a High harmonic due to UPS and
lot of UPS and facing lots of PQ problem manufacturing equipments

*High transformer temperature due to AccuSine-+
harmonic current

*Non-compliance to local harmonics
regulations.

*Increase losses

Issues addressed:

» Power loss mitigation

» Comply with Korean regulation of 5%
harmonics

» Improved transformer capacity

» Improved power factor

* Harmonic mitigation
» Correction of the P.F.
* Meet Korean Regulation

Success Story:

*Customer wants to mitigate harmonic and improve
plant efficiency.

*Customer has 30 units of UPS that causing
harmonic problems.

sInstalled Accusine PCS 300A x 18 nos to mitigate
the harmonics and also improved PF correction.

sImproved power factor from 0.79 to 0.85

sImproved THDv resulting in prevention of
misoperation

LifelsOn | Schneider
3 Electric



Cloud Farms for OS Software Customer
USA

Data Centers.lT:ﬁD

Cycle by cycle

| ™
100% compencation’ 40°C  operationa

temperature

<2cyc|es continuous
adjustment

* Cloud Farms emerged beginning in 2012 AccuSine+ Success Story:

* Site to meet IEEE 519-2014 harmonic
standards - new SMPS for servers provide «Simple installation, ease of use solution includes
compliance AccuSine PFV — 32x 300A units per 25 MW site)

* Cloud Farms are the future of data processing . T =
(sites to increase worldwide) : X N sIntegrates AccuSine PCS+, transformers, and LV

switchgear

Instantaneous reactive power for displacement
T — . power factor correction of leading power factors
Issues addressed il R and mains current balancing
* Leading PF due to server SMPS part load 7
mode
» Backup generators faulting (leading VARS too
much to handle)
« Utility PF penalties apply (same as lagging
penalties)
» Mains current imbalance due to single phase
SMPS

LifelsOn | Schneider
3 Electric



Conclusion




Key Takeaways
IEEE STD 519-2014 and SE Complete Solutions

ﬁMajor Changes in IEEE STD 519-2014:

* PCC clarification: Between the system owner and user.

* Responsibility: Shared by system owner & user

« References: All reference to IEC61000

- Definitions: THD and TDD up to 501" harmonic order only.

» New instrument compliance: IEC61000-4-7 & IEC61000-4-30
* New Terminologies for Harmonic Measurements:

Very short time harmonic measurements: 24 hours (1 day)
Short time harmonic measurements: 7-day period (1 week)
« Harmonic Voltage Limits
Daily 99th percentile very short time (3 s) values should be less than 1.5 times the values given in Table.

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

* Current Distortion Limits

Daily 99th percentile very short time (3 s) values should be less than 2.0 times the values given in the Tables.

Weekly 99th percentile short time (10 min) values should be less than 1.5 times the values given in Tables.

Weekly 95th percentile short time (10 min) values should be less than the values given in Tables.

Confidential Property of Schneider Electric | Page 49

1 i, | ,,__

Measure

Improve / SE \ Analyze
Complete &
Solutions

Lifels ®n | Schneider
& Electric



Lifels ®n | Schneider
0 Electric



