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Foreword by President/CEO of TNB

First of al, congratulation to théistribution Network,
Distribution Division TNB, for taking the initiative ti
revise and continuously updatthe existing guidebool
book on AVol tage Sag
Cust omer so.

Thefirst edition of this guidebook wdaunched in 200
with the objective to provide information to o
customers on voltage sag mitigatiomkis guidebook has
been updated due to introduction of npawer quality
regulation requirement, revisddchnical standards, ar
introduction of new tehnology for mitigating voltage
sags

The guidebook defines the most important concept of electromagnetic environment for
the electrical power systems. Voltage sag is part of the electromagnetic environment for
power systems.

Nowadays, inthe modern indstrial facility, many electrical and electronic devidee

been incorporatedvith automated processes. No doubt that programmable logic
controller (PLCs), adjustablgpeed drives (ASDs), energy efficient motoremputer
numerical control (CNC) machines,and other power electronic devices increase
productivity, increase the quality of products, and decrease the cost to customers of those
products. However, they also increasedbaipment vulnerability to voltage sa@®ue to

this, the critical equipmenexperienced unexplained process interruptiorsarplanned
equipment shutdowns due to electromagnetic disturbances in particiéo voltage

sags.

| believe this 8 edition power qualityguidebook will provide more information on
electromagnetic congpibility (EMC) and measures to achieve EMC with the
electromagnetic environment. Both the IEC & IEEE standards clearly define the
definition of EMC and the responsibilities to achieve EMC for both power utility and
customers.

We at TNB are always willingp provide information and support our customers in their

efforts to improve the electromagnetic compatibility (EMC) of their installations.

Datod Azman Mohd
President/CEO
Tenaga Nasional Berhad
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Foreword by Chief Distribution Network Officer

Power Quality (PQ), which could be generally understo
by many as the variations in the supply voltage, is inc
another critical dimension of service quality that TN
customers and other industry stakeholders neec
appreciate am contribute to manage under current ¢
future business scenarios.

The most significant category &Q disturbance from the
perspective of both customers grmverutility is the short
duration voltage disturbang®r more commonly knowt
as voltage say

Voltagesag have been an intrinsic feature of public electricity supply since the earliest
times.Yet in recent decades they have become an increasingly troublesome disturbance,
giving riseto inconvenience and even considerable economic loss. Bkenres that

some moderrelectricity utilisation equipment, either in its own design or because of
control featuresncorporated in it, has bec@rmore sensitive to voltage sadere is
therefore a need for ancreased awareness of the phenomenon artenguppliers and

users of electricity and thmmanufacturers of equipment.

This PQ guidebook is intended to provide useful illustrations to customers and utility
engineers on many possible solutions towards ensuring adequate equipment immunity

against vdiage sag Improving the immunity of highly sensitive equipment or controls

will go along way in ensuringMCof cust omer 6s equi ppoveent and p
system electromagnetic revironment. Such investments on mitigating solutions can

indeed mininee costly equipment malperations and disruptions to manufacturing and

business processes.

Datuk Ir. Baharin Din
Chief Distribution Network Officer
Tenaga Nasional Berhad
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CHAPTER 1

OVERVIEW ON POWER QU ALITY

1.0 INTRODUCTION

As factory automation continues to evolve with the movement of data centers
from computer roms to the factory floor, the importance of power quality (PQ) has
escalated. The inclusion of more sensitive electronic equipment in industrial processes
demands the delivery of clean and stable power. Even the smallest service or process
interruption canhave a devastating effect on the efficiency and productivity of a
company. The most obvious signs of a PQ problem include flickering lights, damaged
equipment or a complete loss of power. Shorter than expected life span of equipment or
unexplained shutdovencan also be a result of PQ problems. In some cases, such
problems are caused by improper wiring and grounding practices. PQ problems may also
be caused by natural disruptions such as lightning strikes, operations of large nonlinear
loads such as arc fuanes and large rotating motor loads. The types of PQ problems
frequently experienced by customers are voltage sagshamdonics while he less

frequent ones include transient, flicker and noise.

1.1  Power Quality Definitions

As any other product, eleat power can also be characterized by the term quality.
Customer generally grade¢he qualityof the electrical power based on the effects of
problems associated with the electric power supply. The more equipment outages, erratic
behaviour or damage, theorse is thainderstanding opower quality (PQ).

The I nstitution of El ectrical, El ectroni
concept of powering and grounding sensitive electronic equipment in a manner that is
suitable to the peration of that equipméno  Andther definition of PQ is from IEC
610002-1. PQis defined as conducted electromagndigturbances present ifeetrical

supply network in the frequency range from 0 to 9 kHz, with an extension up to 148.5
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kHz [2]. In power quality the concep of Electromagnetic Compatibilit{EMC) is
important to ensure minimumequipment mabperation due to electromagnetic
environment. Electromagnetic Compatibilitf EMC) is the ability of equipment or
systems to foction satisfactorily in their electromagigetenvironment without

introducing intolerable electromagnetic disturbartoeanything in that environment

While power qualityis a convenient term for many,is the quality of the voltage
- ratherthan power or electric currentthat is actually decribed by the term. Power is
simply the flow of energy and the current demanded by a load is largely uncontrollable.
The quality of electrical power may be described as a set of values of parameters, such

as-

Continuity of service
Variation in voltage ragnitude

Transient voltages and currents

= =4 =4 -4

Harmonic content in the waveforms for AC power

It is often useful to think opower qualityas a compatibility problem: is the
equipment connected to the grid compatible with the events on the grid, and is the powe
delivered by the grid, including the events, compatible with the equipment that is
connected? Compatibility problems always have at least two solutions: in this case, either

clean up the power, or make the equipment tougher.

1.2  Categories of Power Quaty Disturbances

Power qualityor electromagnetic disturbance is defined as any electromagnetic
phenomenon which, by being present in the electromagnetic environment can cause
electrical equipment to depart from its intended performance. Electromagnetic
phenomena arw-frequency conducted disturbanageghe frequency range from 0 kHz
to 9 kHz voltage deviationg\n electromagnetic disturbance may be an electromagnetic

noise, an unwanted signal or an immediate change in the propagation mealenl.1
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describes the IEEE categorization of electromagnetic disturbances yidbé power

quality community [3.

Table 1.1 Classificatiors of Power Quality DisturbancefHEE Std.1152009)
Category of disturbance  Typical Typical Typical voltage
spectral duration magnitude in
content per unit (pu)

Impulsive transients
Nanosecond 5 nsec rise < 50 nsec
Microsecond lusecrise 50 nsed 1lmsec
Millisecond 0.1 msec rise > 1 msec
Oscillatory transients
Low frequency <5 kHz 0.37 50 msec 07 4pu
Medium frequency 571 500 kHz 20 psec 07 4pu
High frequency 0.57 5 MHz 5 usec 07 4pu
Short duration variations
Instantaneous
Interruption 0.57 30 cycles <0.1pu
Sag 0.57 30 cycles 0.17 0.9pu
Swell 0.57 30 cycles 1.17 1.8pu
Momentary
Interruption 30 cycles 3 sec <0.1pu
Sag 30 cycles 3 sec 0.17 0.9pu
Swell 30 cycles 3 sec 1.17 1.4pu
Temporary
Interruption 3 sed 1 min <0.1pu
Sag 3sed 1min 0.17 0.9pu
Swell 3 sed 1 min 1.17 1.2pu
Long duration variations

> 1 min <0.1pu
Interruption sstained > 1 min 0.97 0.1pu
Undervoltage >1 min >1.1pu
Overvoltage

continue
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é continued

Voltage unbalance Steady state 0.57T 2%

Waveform distortion

DC offset Steady state 07 0.1%
Harmonics 07 100" Steady state 07 20 %
Inter-harmonics harmonic Steady state 071 2%
Notching 071 6 kHz Steady state

Noise Broadband Steady state 0.1%
Voltage fluctuation <25Hz Intermittent 0.17 7%
Power frequency <10 sec

variation

1.3  Brief Descriptions of CommonPower Quality Disturbances

Brief descriptions on the characteristics of tenmon power qualitglisturbances are
presented as follows:

I. A transientevent is a shottived burst of energy in a system caused by a sudden
change of stateTransients arelso knovn as surges or spikes are caused by
lightning, appliances such as printers and copiers, as well as utility circuit breaker
switching. Transients of sufficient energy can upset computers, corrupt data, or
even cause damage to power supplies and components.

Transients should be distinguished from surges. Surges are a special case of high
energy transient which result from lightning strikes. Voltage transients are lower
energy events, typically caused by equipment switching.

They ae harmful in a number ofays :

a)They deteriorate solid state components. Sometimes a single high energy transient
will puncture a solid state junction, sometimes repetitive low energy transients will
accomplish the same thing. For example, transients which exceed the PIV (peak
inverse voltage) rating of diodes are a common cause of diode failure.

b) Their highfrequency component (fast rise times) cause them to be capacitively
coupled into adjoining conductors. If those conductors are carrying digital logic,
that logic will get tashed. Transients also couple across transformer windings
unless special shielding is provided. Fortunately this same high frequency
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component causes transients to be relatively localized, since they are damped
(attenuated) by the impedance of the conohsc{inductive reactance increases with
frequency).

Transients can be categorized by waveform. The first category is "impulsive"
transients, commonly called "spikes,"” because a-figffluency spike protrudes
from the waveform. The capitor switching trangnt, on the other hand, is an
"oscillatory” transient because a ringing waveform rides on and distorts the normal
waveform. It is lower frequency, but higher energy.

Impulsive transients are sudden high peak events that raise the voltage and/or
current levels in either a positive or a negative direction. These types of events can

be categorized further by the speed at which they occur (fast, medium, and slow).
Impulsive transients can be very fast events (5 nanoseconds [ns] rise time from
steady state tde peak of the impulse) shortterm duration (less than 50 ns).

An oscillatory transient is a sudden change in the stetadg condition of a signal's
voltage, current, or both, at both the positive and negative signal limits, oscillating
at the natudasystem frequency. In simple terms, the transient causes the power
signal to alternately swell and then shrink, very rapidly. Oscillatory transients
usually decay to zero within a cycle (a decaying oscillation).

ii. Voltagestep trange:A single variation ofthe rms value or the peak value of the
supply voltage (unspecified with respect to form and duration).

iii. Voltage sag is drief drop in voltage and is caused by motor starting, heaters in
printers and copiers cycling, as well as faults in the power syStags. often cae
lights to dim or flickercomputer eqgment to lock up or lose memory etc.

iv. Voltage swell is drief increase in the normal voltage level. Most swells are caused
by stopping of a motor or single line to ground fault. Although not gépesia
problem, swells have been known to cause failure of marginal components in
electronic equipment.

v. Harmonics are sinusoidal voltages or currents having frequencies that are whole
multiples of the frequency at which the supply system is designed tatege.g.
50Hz or 60 Hz).

Harmonics are a regular distortion of the voltage waveform often caused by the
power supplies of electronic equipment. Harmonics can cause overheating in
transformers, building wiring, and motors.

vi. DC offset:Direct current (DCxan be induced into an AC distribution system, often
due to failure of rectifiers within the many AC to DC conversion technologies that
have proliferated modern equipment. DC can traverse the ac power system and add
unwanted current to devices already rapi@g at their rated level. Overheating and
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Vii.

viii.

saturation of transformers can be the result of circulating DC currents. When a
transformer saturates, it not only gets hot, but also is unable to deliver full power to
the load, and the subsequent waveformodigin can create further instability in
electronic load equipment.

Noise is unwanted voltage or current superimposed on the power system voltage or
current waveform. Noise can be generated by power electronic devices, control
circuits, arc welders, svahing power supplies, radio transmitters and so on. Poorly
grounded sites make the system more susceptible to noise. Noise can cause
technical equipment problems such as data errors, equipment malfunction, long
term component failure, hard disk failuredatistorted video displays.

Noisedue to radio frequency interference is electrical interference from equipment
that radiates high frequency electrical energy such as TV/radio transmitters and cell
phones. Interference can also be caused by arcing soorcesitching power
supplies such as those found in electronic ballasts and adjustable speed drives. This
kind of noise often causes interference to control circuits.

Powerline flicker is a visible change in brightness of a lamp due to rapid
fluctuationsin the voltage of the power supply. The source of this is the voltage
drop generated over the source impedance of the grid by the changing load current
of an equipment or facility. These fluctuations in time generate flicker. The effects
can range from dturbance to epileptic attacks of photosensitive persons. Flicker
may also affect sensitive electronic equipment such as television receivers or
industrial processes relying on constant electrical power.

Flicker may be produced, for example, if a stedl oses large industrial electric
motors or arc furnaces on a distribution network, or frequent starting of an electric
motor, or if a rural residence has a large water pump starting regularly on a long
feeder system.

Voltage notchingis described as acurring power quality disturbance due to the
normal operation of power electronic devices (i.e. rectifier), when current is
commutated from one phase to another

Voltage rotching is primarily caused by thr@hase rectifiers or converters that
generate aatinuous DC current. Voltage notches happen when the current
commutates from one phase to another. Subsequently, a momentary short circuit
between two phases will occur during this period.

In addition, voltage notching characterizes an unusual casefaltmtbetween
harmonicsandtransientsThis is because notching takegaq® in steadgtate, thus,

it can be distinguished by the harmonic spectrum of the affected voltage. On the
other hand, the components of the frequency related to voltage notching are
somewhat high and may not be promptly categorized with a measuremerg dev
commonly employed for harmonic analysis.
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X. Voltage unbalance occurs when the RMS line voltages on appalse system are
unequal. Voltages are seldom perfectly balanced between phases, but when this
unbalance becomes excessive, it can create problerpsliephase motors. Many
of the newer induction motors are nhow more sensitive to unbalance than the older

designs, and furthermore, adjustable speed drives can be even more vulnerable than
standard motors.

Table 1.2 shows the common voltage waveforongte respectiv@Qdisturbances.
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Table 1.2 Common power quality disturbance waveforms

Waveforms

Types of PQ disturbances
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Normal voltage waveform

Voltage Dips / Sags

Momentary Interruptions

Voltage Swells

Voltage Transients

Harmonic Distortion

Notches

Voltage fluctuations

Frequency Deviations
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1.4  Financial loss related toPower Quality Disturbances

Power qualityissuescancause business problems for industrial customers such as:

Lost pioductivity, idle people and equipment
Equipment damage or failure
Lost orders, good will, customers and profits

Lost transactions and orders not being processed

= =/ 4 4 -

Revenue and accounting problems such as invoices not prepared, payments held

up, and early payent discounts missed

]

Customer and/or management dissatisfaction

1 Overtime required to make up for lost work time

1.4.1 Financial loss related to Voltage Sag Disturbances

It is almost impossible to define a specific cost that can be relatedne kind of
standardized voltage sagut there are some figures tltain serve as guidelines to show
the financial losses and the importarfevoltage sagmmunity. In the semiconductor
industry, an interruption is very expensive. A manufacturer organisation, ,Siadl
developed guidelines, test procedure and limits for voltage dip susceptibility for different
types of equipment used in their factorid$. [SEMI also promotes minimum immunity

requirement against voltage sags fareggial semiconductor equipment.

There were few surveys conducted to document the monetary losses due to power quality
in particular due to voltage sagsm November 20027T. Andersson and D. Nilsson
documented the sensitivity and cost of losses based on selected types on industries with
regard to voltage sagh]l An overview of different costs related to voltage sags in

different industries is shown in Figurell
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A
Different types of industries

( Textile industry )

( Plastics industry )

( Glass industry )

( Paper industry )
( Steel industry )

( Semiconductorindustry) cost [€]

I I I I I »
€1000 €10000 €100 000 €1000000  €10000 000

Figure 11 Estimated cost of losses due to voltage sags

Sensitivity of different industries to voltage sags expressedtimated sags cost per
industry. The highest position in this ranking is occupied by semiconductor industry
which, experience the highest level of voltage sags cost compared to electricity bill or

company turnover of any sector.

In another survey perforrden 2003 by S. Quaia and F. Tos§i, a survey on costs of
voltage sags were documented for a range of industrial sectors. The retitsofvey
are shown in Table 1.3he table presents the estimated voltage sag costs for a range of

industrial setors.
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Table 1.3

Cost of voltage sags per type of industries

Voltage Sag Cost (% of total yearly power

Industrial cost)

process Category A Category B Category C
Semiconductor Oto2 2to 10 5to6
Pharmaceutical Oto0.8 1to5 2to 4
Chemical Oto1 1t03 2to 4
Petrochemical Oto1 2tob 1.5t03.5
Manufacturing 0to0.2 Oto1 0.8to1
Metallurgy O0to0.2 Oto1.5 1to 1.5
Food Oto 0.5 Oto1.5 Oto?2

of t he

study

wa s

Table 1.4 Cost of voltage sags per type of industries
Industry Duration Cost/sag
UK steel work 30% for 3.5 cycles £250k
US glass plant Less than 1 second $200k
US computer centre | 2 second $600k
US car plant Annual exposure $10M
South Africa Annual exposure $3B

Power Quality Guidebook

carried out in the University of Manchester former UMIST by J. V. Milanovic and N.
Jenking[5]. The resul s

for manufacturing industries," presented on EdF workshop in Paris, 2003.

published
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The latest power quality survey was conducted by Leon&mergy p]. The main
purpose of this project was to estimate the costs of wastage generated by inadequate
power quality for those sectors within the £8 for which electrical power is critical. PQ

costs reported in the categories of interruptions anthgelquality. All these cost were
specified on an annual basis. The survey interviews and web based submission were
conducted over a-fear period in 8 European countries. In all, 62 complete and 6 partial
(i.e. excluding detailed cases part) interviewsenearried out. The results of the survey

on reported number of PQ events in 12 months are shown in Table 1.5.

Table 1.5 Number of power quality events per industries

Number of events Annual %
Type of
industries | Voltage Short Long Surges & :
: : . . Harmonics
sags Interruption | interruptions | transients
Industry 15.7 6.9 2.2 13 9.0%
Services 7.7 54 2.1 6.7 7.5%
Average 13.2 6.4 2.2 11.3 8.5%
From the survey, the financial | osses due ta

billion annually in the ELR5. The summary of this survey is as follows:

1 Voltage sags, short interruptions, surges and transients account3o#@0f the
0l150bn financial costs/ wastage

1 Equipment damage and operational waste (unrecoverable work in progress &
Under performance) acuaat for similar proportions of the totals identified

f For the most sensitive industrial sector
EU25 overall turnover) PQ costs amounts about 4% of their turnover.

The unit costs (per event) of PQ disturbances are:

T The cost per voltage dip event is between
1 Single short interruptions on average are 3.5 times more costly for industry and 9

times more costly for services.
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i The averageast of long interruptionsis9W,0 0 0 and

the whole survey sample.

S

mor e

1 Assessing the generic cost per event for surges and transients igraideenatic

because of the lack of other research into these PQ phenomettasRurvey it

spans between 1200 Gnd 1800 0 0 U .

Dips & Short Interruptions Long Interruptions
W Harmonics M Surge & Transients
W Flicker unbalance earthing & EMC
w (85) (86.5)
S 28% 28.5%
]
z
2 (51.2) (53.4)
3 16.89% 17.6%
&
(1.8) ~ (2.1) (6.4)
(15) 0.6% (1.1)g 779 (0) 211%13) 1(43:;
0.5% 0.35% 0.02% 0.41% -2070
Industry Services Total
Sector

Figure 1.2PQ cost t&eU economy in LPQI surveyed sectors

from the total survey sample is as follows:

Voltage dips 2%%

Short interruptions 18%
Long interruptions 1%%
Harmonics 5%

Transients and surges 29%
Other 107%

= =4 4 -4 A -

unnecessarily due ®Qdisturbances.

Power Quality Guidebook

On average the absolute share of impacts of the 6 categoi® diturbances taken

The summary of this study identifies that the industagtel a huge mount of resource
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CHAPTER 2

STEADY STATE SUPPLY VOLTAGE PERFORMANCE

Before more details are presented amdkefinition of electromagnetic disturbances, it
is good that we first understand the definition of voltage regulalibe.term "voltage
regulation” is sed to discuss longgrm variations in vaage. It does not include short
term variations, which areegerally called voltage sags, voltage swells and transients.
The ability of equipment to handle steady state voltage variations varies from equipment
to equipment. The steady state voltage variation limits for equipment is usually part of the
equipment spafications. The Information Technology Industry Council (ITIC) specifies
equipment withstand recommendations for IT equipment according to the ITI Curve
(formerly the CBEMA curve). The 1996 ITI Curve specifies that equipment should be
able to withstand Jtage variations within +/10% of nominalvoltage (variations that

last longer than 10 second§).|

In Malaysia, the voltage regulation requirements are defined in two categories:
1 Range A is for normal conditions and the required regulation is lagvéol

Table2.1 Normal seadystate voltageegulations

Nominal Voltage % Variation of nominal voltage
400V and 230V -6% and +10%

6.6kV, 11kV, 22kV, 33kV ° 5%

132kV and 275kV ° 5%

1 Range B is for short durations or unusual conditions.

Under catingency condition, when one or more circuit elements are on outage, the

power frequency steaedyyt at e vol tage at al | points in t
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including the points before the consumer metering must be planned to be maintained

as follows:

Table2.2 Steady statealtageregulation limits under contingencgmrdition

Nominal Voltage % Variation of nominal voltage
400V and 230V °10%
6.6kV, 11kV, 22kV, 33kV °10%
132kV and 275kV °10%

2.1  Common misunderstanding on settings for UnderVitage Relay (UVR)

Most customers and consultardge often confused betweetthe definition of
voltage regulation andoltage sagsMost consultants assumed the % ranges of the
voltage regulations are also the maximum and minimum voltages that all equipithe
be exposed to when connected to an electrical power system. The caomstakewill
be on the applation and settings of the UnderVoltagel®& (UVR) to initiate the
opening of circuit breaker (CB) and operation of standby genedatong a power
outage During the occurrence of a voltage sag event, the CBalsitioperate and cause
power interruption to the customers. In order for the UVR to operate properly, a time

delay scheme mube part of theJVR.
Examples of relaysvith time delay schess are shown in Figure 2.1. Details on

the recommended settings (voltage magnitude and duration) for the UVR will be

presented in Chapt&rin this guidebook.
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Figure 2.1  Example of relays for undervoltage and overltage with time delay

2.2  Method to regulate steady state voltages

The most common method tegulate voltages in the power system is done by a
transformer tap changer. A tap changer is a device fitted to power transformers for
regulation of the output voltage to required levels. Thisomsnally achieved by changing
the ratios of the transformers on the system by altering the number of turns in one
winding of the appropriate transformer/s. Power utilities are under obligation to their
customers to maintain the supply voltage between inelitaits. Tap changers offer
variable control to keep the supply voltage within these limits. Most power transformers

today above 7.5 MVA incorporate on load tap changers as a means of voltage regulation
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A power transformer On load tap changer

Figure2.2 A power transformer with on load tap changer

Figure 2.3 A distribution transformer with off load tap changer

Power Quality Guidebook - Page25



CHAPTER 3

UNDERSTANDING ELECTROMAGNETIC COMP ATIBILITY ( EMC)

3.1 Introduction

Do you ever stop to wonder why you are asked to turrmaifibile phones and
electronic games in an aircraft or hospital, where there are a host of other electrical and
electronic systems on which many people's lives may depend? Or is your favourite radio
programme obliterated by interference? TV screen coverbdze' whersomeoneyour
wife uses avacuum cleaner azooking blendenearby?The vacum cleaner and cooking
blendercausedunwantedelectromagnetic interference (EMEnd this problem is dked

eledromagnetic compatibility (EMC) problem.

Vacuum ¢eaner

Cooking Blender
Figure 3.1  Common sources @lectromagnetic interference (EMi) household
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In simple terms, EMC describes the ability of electragaipmeniand electrical
systems or components to work correctly when they are close togethmactice this
means that the electromagnetic disturbances from each item of equipment must be limited
and also that each item must have an adequate level of immunity to the disturbances in its
environment.The aim of EMC is to ensure the reliability dasafety of all types of

systems wherever they are used and expaselé¢tromagnetic environmentg [7

EMC development is closely linked with that of the whole field of electrical and
electronic engineering. The subject concerns all of us, not onlg timogdustry who
develop, test and manufacture equipment but also those more 'on the receiving end' who
rely on, for example, the omnipresent electronic elements in heart pacemakers, ABS
vehicle braking systems, laptop computers or air traffic contraesys It is therefore
only natural that th&N, IEC, IEEE, SEMI etc with the global coverage of its standards

and oher technical publications, adeeply involved with EMC for many decades.

EMC is the branch oflectrical sciences which studlye unintational generation,
propagation and reception of electromagnetic energy with reference to the unwanted
effects €lectromagnetic interferencer EMI) that such energy magduce. EMC aims to
ensure that equipment items or systems will not interfere with or prevent each other's
correct operation through spurious emission and absorption of EMI. EMC is sometimes
referred to as EMI Control, and in practie®C and EMI are frequently referrdd as a
combined term "EMC/EMI"T].

While electromagnetic interference (EMI) iplaenomenon the radiation emitted
or conductedand its effects EMC is an equipmentharacteristicor property- to not
behave unaccégbly in the EMI environmenEMC ensures the correct operation, in the
same electromagnetiEM) environment, of different equipment items which use or
respond to electromagnetic phenomena, and the avoidance of any interference effects.
Another way of sayg this is that EMC is theontrol of EMIso that unwanted effects are

prevented.
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An electromagnetiqEM) environment is created by the introductioh any
electromagnetic phenomédasturbanceto a network/location that halectrical or
electronic dewe in operation.Any electromagnetiphenomenaisturbancecreated by
an appliance other that those intended for its practical use are regaaiiectrasnagnetic
interferencg EMI). EMI spreads from one appliance to another via cables or as radiation.
Phenomena such as stripes on a TV screen, the crackling of a radio or malfunctioning of a

computer are often manifestations of interference caused by other electrical appliances.

The term EMI better reflects the fact that electrical and electronic systegns ma
cause disturbances at any frequency between 0 Hz and the GHz (microwaveloange.
the purposes of stEMGCrelated publicationslEC defines the EM environment as "the
totality of EM phenomena existing at a given location."

EMC can be dividednto a number of issues:

1 EMI is the radiation emitted and its effects on the victim.

1 Emissionis the unwanted generation of electromagnetic energy by some emitter
or source

1 Susceptibilityor Immunity is the ability of the receptor asictim equipment to
operate orrectly in the presence of electromagnetic disturbances. Susceptibility
and immunity are oppositesaan equipment which has high susceptibility has low
immunity, and vice versa.

1 Couplingis the mechanisms by which EMI is able to travel from source tomnvict
Besides understanding the phenomena in themselves, EMC also addresses the

countermeasures, such as control regimes, design and measurement, which should be

taken in order to prevent emissions from causing any adverse effect
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Figure3.2
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Concept of EMC (2)

EMC is a characteristic of equipment or system that mutually stdahd their

respective electromagnetic emissioiMC is a discipline aimed aachieving the

‘peaceful’ coexistenadf equipment sensitive toesdtromagnetic disturbances (considered

as the "victim") alongside equipment emitting such disturbances (considered as the

"source").

This discipline investigates the unwanted interferences en{g®issions) and

unwanted susceptibility of equipmefinmunity) against electromagnetaisturbances

The goal of EMC id0 create a situation of functional and safe operafiom common
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electromagnetic environment, of different equipment and the avoidance of any

interference effects.

As well as safety, reltality and serviceability, electrical appliances must meet the
further requirement of interferenéee operation in the presence of other equipment in
their intended operating environments. Interfereinee operation of appliances intended
for use in thesame operating environment is guaranteed by electromagnetic compatibility
(EMC). An electrical appliance must not generate unreasonable interference in its

environment and must also tolerate reasonable lefelstside interference.

3.2 Understanding Electromagnetic Disturbances

Electromagnetic disturbance is an electromagnetic event, which may degrade the
performance of a device, equipment or system, or adversely affect living or inert matter.
An electromagnetic disturbance may be an electromagnase,ram unwanted signal or

an immediate change in the propagation medium.

3.3  Understanding Power Quality and EMC

The IEC 6100Electromagnetic @mpatibility (EMC)standards the countgrart
of the IEEE power qualitytandardsilt is important to notehat IEC does not yet use the
term power quality in any of its standard documents. Instead the IEC uses the term
electromagnetic compatibility, which is not the samé&@ut there is a strong overlap

between the two terms.

According to IEC 6100@-1, PQ is defined as conducted electromagnetic
disturbances present in electrical supply network in the frequency frang® to 9 kHz,
with an extension up to 1485 KkHz. An electromagnetic disturbance iany
electromagnetic phenomenon which, by being presentthe electromagnetic

environment that can cause electrical equipment to depart from its intended performance

[2].
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1000-2-1 ©® 1EC -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC)

Part 2: Environment

Section 1: Description of the environment -
Electromagnetic environment for low-frequency
conducted disturbances and signalling in public

power supply systems -

FOCREWORD

1) The formal decisions or sgraemanta of the JEC on technical maiters, praparad by Technical Committess on
which &l the Natlonal Committses having a spacial Intarast therein are repregented, express, as naarly as
pessible, an irternational censensus of opinion on tho subjects dealt with.

2) They have the form of recommendafions for intarnational use and they are accepted by the National
Gommittees in that sense.

Figure3.4  |IEC 610002-1

Electromagnetic Compatibility (EMC) Standardnsists of six parts, each
consisting of several sectiorissted below are brief descriptions of IEC Standard

sections that are related to power quality.

No | Description of IEC standard

IEC 610001-X: General

IEC 610002-X: Environment

IEC 610003-X: Limits

IEC 610004-X: Testing and Measurement Technigue
IEC 610005-X: Installation and Mitigation Guidelines
IEC 610006-X: Generic Standards

ol O A W N B
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The issue of power quality is termed as an electromagnetic compatibility (EMC)
problem between the electrici Elgctrosnagptigc!l v and
compatibility (EMC) itself is defined asfithe ability of an equipment or system to
function satisfactorily in its electromagnetic (EM) environment (immunity) without
introducing intolerable electromagnetic disturbances to anything in that environment

(emissiond .

The concept ofelectromagnetic ampatibility (EMC) is important to ensure
minimum equipment mabperation due toits electromagnetic reironment.
Electromagnetic compatibility (EMC) is concerned with the possible degradation of the
performare of electrical and electronic equipment due to the disturbances present in the
electromagnetic environment in which the equipment operates. To ensure compatibility,

there are two essential requirements:

1 the emission of disturbances into the electromtignenvironment must be
maintained below a level that would not cause an unacceptable degradation of the

performance of equipment operating in that environment.

1 all equipment operating in the electromagnetic environment must have sufficient

immunity fromall disturbances at the levels at which they exist in the environment.

Limits for emission and immunity cannot be set independently of each other. Clearly, the
more effectively emissions are controlled, the less restrictive are the immunity demands
that have to be placed on equipment. Similarly, if equipment is highly immune, there is

less need for stringent limits on the emission of disturbances.

A range oftechnicalstandardguidelineshad been published to address the fundamental
electromagnetic compaility (EMC) issues governing the connection of sensitive
equipment to alectricalpower system. Standards documentation sets out guidelines for

equipment connectivity and regulation of both conducted and radiated EMC emission and
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susceptibility. A sulset of most EMC standards documentation governs the susceptibility

of sensitive equipment to voltage sags and surges.

3.4 Common Power System Electromagnetic Phenomena

The IEEE 1159:200@o0ntains several additional terms related to the IEC terminology.
The term voltage sag is used synonymously with the IEC term, voltage dip. The category
of short duration variation is used to refer to the voltage dips and short interruptions as
defined by the IEC standardg[3

The category of waveform distortion iseads as a container category for the IEC
harmonics, inter harmonics and dc in ac networks phenomena as well as an additional
events from IEEE 519 called notching. Table 1.1 describes the IEEE categorization of

electromagnetic phenomena used bypoger quaty community.

35  Definition of compatibility levels in industrial plants

A compatibility level is a specified electromagnetic disturbance level used as a
reference level in a specifiehvironment for coordination in the setting of emission and
immunity limits. The compatibility levels are set down for the various disturbances on an
individual basis only. However, the electromagnetic environment usually contains several
disturbances simultaneously, and the performance of squieneent can be degradey b

particularcombinations of disturbances.
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Figure 3.4  Definition of compatibility level

The goal of EMC is the correct operation of different equipment in the same
electromagnetic environment, which involves electromagnetic phenomena in their
operaton. In order to achieve such objective, EMC pursues two different issues, namely
emission and immunitgompatibility levels Emission issue is related to the reduction of
unintentional generation of electromagnetic energy to avoid the propagation of such
energy towards the external environment while immunity issue refers to the correct

operation of electrical equipment in the presence of electromagnetic disturbances.

There are two aspects to EMC:

1 firstly, a piece of equipment should be able to operatemally in its environment

1 secondly, it should not pollute the environment too much.

An agreement on immunityevel is a matter of foremost concern between

equipment manufacturers, utilities and customers. It is important that all sensitive
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equipment shald be immune to its electromagnetic environment. A device connected to
the electrical power system can be exposed to an electromagnetic environment not only
due to the combined emission of all other devices connected to the system but also due to
all kinds of events in the power system like switching actions, short circuit faults and
lightning strikes The immunity of a device should be assessed with reference to the
compatibility level of the electromagnetic environment, for example, the frequency of

voltage sags to bexpected at a location concerned.

In-plant point of common couplingRCs) should be categorized according to
their compatibility levels. To enable the selectiorspécific equipment or devices such
as electronic machinerotating maching, powercapacitor banks, filtergtc. it may be
necessary to obtain a specific description of élextromagnetic environmefftoltage
deviationy that may be present dahe equipment terminalsExamples of common
electromagnetic environmewt voltage characteristics to be expected in public power
systems are documentedBS EN 50160 (2000) and IEC 610@&1 (2006:13) as shown
in Tables3.1 and 32, respectively. The ranges of the acceptable limits are the numbers of
electromagnetic disturbances in thlectrical power systems to be experiencedlih

months
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36  Common Electromagnetic Environmens

36.1 Electromagnetic environmedefined by EN 5016(8].

LEONARDO
POWER
I QUALITY
- INITIATIVE

Voltage Disturbances

Power Quality Application Guide

Standard EN 50160
Voltage Characteristics in
Public Distribution Systems

Figure 35 The EN 50160 standard

Table 31 EN 50160 2000: Voltage characteristios public power systems

Supply voltage Acceptable limits Measurement

phenomenon Interval

Grid frequency 49.5Hz to 50.5Hz 10s
47Hz to 52Hz

Slow voltage changes  230Volt + 10% 10 min

Voltage Sags or Dips 10 to 1000 times 10 ms

(OLmin) (under 85% of nominal)

Short Interruptions 10 to 100 times per year 10 ms

(O3min) (under 1% of nominal)

Accidental, long 10 to 50 times per year 10 ms

interruptions(> 3min) (under 1% of nominal)

Voltage unbalance Mostly 2% but occasionally 3% 10 min

Harmonic Voltages 8% Total Harmonic Distortion 10 min
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3.6.2 Electromagnetic environmedefinedby IEC 610002-4 [9].

61000-2-4/FDIS @ IEC -7-

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-4: Environment -
Compatibility levels in industrial plants for
low-frequency conducted disturbances

1 Scope

This part of IEC 61000 is concerned with conducted disturbances in the frequency range
from 0 kHz to 9 kHz. It gives numerical compatibility levels for industrial and non-public
power distribution systems at nominal voltages up to 35 kV and a nominal frequency of
50 Hz or 60 Hz.

Power supply systems on ships, aircraft, offshore platforms and railways are not included

The compatibility levels specified in this standard apply at the in-plant point of coupling. At the
power input terminals of equipment receiving its supply from the above systems, the severity
levels of the disturbances can, for the most part, be taken to be the same as the levels at the
in-plant point of coupling. In some situations this is not so, particularly in the case of a long
feeder dedicated to the supply of a particular load, or in the case of a disturbance generated or
amplified within the installation of which the equipment ferms a part.

Figure 36  The IEC 6100€2-4 standard

Table3.2 IEC 610002-4: Voltage characteristics for publiower system

Supply Voltage Phenomenol Acceptable limits Measurement
Interval
Grid frequency 49.5Hz to 50.5Hz 10s
Slow voltage changes 230Volt £ 8% 10 min
Voltage Sags or Dip€min) 100 times (Rural / 10 ms
Overhead system)
10-100 times
(Urban/Underground system)
Short Interruptions@®3min) 10 to 100 times per year 10 ms
(under 1% of nominal)
Transient ovewroltages Mostly < 6kV N/A
(line-to-ground)
Voltage unbalance 2% 10 min
Harmonic Voltages 8% Total Harmonic Distortion 10 min
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3.7 Electromagnetic environment classes

The following classes of electromagnetic environment have beamaized from the
IEC 610062-4 [9].

Class 1

This class applies to protected suppleend has compatibility levels lower than public
network levels. It relates to the use of equipment very sensitive to disturbances in the
power supply, for instance the instrumentation of technological laboratories, some

automation and protection equipmesthme computers, etc.

NOTE Class 1 environments normally contain equipment which requires protection by

such apparatus as uninterruptible power supplies (UPS), filters, or surge suppressers.

Class 2
This class applies to pdorconssmerosysteraspandion coup
pl ant points of common coupling (I PCb6s) i n

compatibility levels in this class are identical to those of public networks; therefore
components designed for application in public neksamay be used in this class of

industrial environment.

Class 3
This class applies only to I PC6s in industr
levels than those of class 2 for some disturbance phenomena. For instance, this class

should be cons&ted when any of the following conditions are met:

i a major part of the load is fed through converters;
i welding machines are present;

i large motors are frequently started,;

I voltage sensitive loads

i loads vary rapidly
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NOTE 1:The supply to highly dturbing loads, such as afternaces and large converters
which are generallgupplied from a segregated bar, frequently has disturbance levels
in excess of class 3 (harsh environment)silich special situations, the compatibility

levels should be aged upon.

NOTE 2 The class applicable for new plants and extensions of existing plants should

relate to the type agquipment and process under consideration.

Class 4
This class applies to points of common coup
pl ant points of common coupling (I PCbs) O N

compatibility levels in this class are identical to thoseSeimiconductor industrial
standard SEMI FA0706; therefore components designed for application in

semiconductor induisy may be used in this class of industrial environment.

3.8  Overcoming Electromagnetic Compatibility (EMC) Issues

EMC is a characteristic of equipment or systems that mutually withstand their
respective electromagnetic emissions. Equipment and systemalvaays subject to
electromagnetic disturbances, and any elegcbnical equipment is, itself, more or less

an electromagnetic disturbance generator.

The standard approach to electromagnetic compatibility is to appbydooated
emission and immunityimits. The attempt is made, on the one hand, to prevent
electromagnetic disturbance from being emitted at an excessive level and, on the other
hand, to provide the equipment exposed to disturbance with an adequate level of

immunityd a level that enablesto operate as intended.

For all electretechnical equipment, EMC must be considered right from the
initial design phase and the various principles and rules carried on through to

manufacture and installation. This means that all those involved, froengieeers and
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architects that design a building to the technicians that wire the electrical cabinets,
including the specialists that design the various building networks and the crews that
install them, must be concerned with EMCa discipline aimed at chieving the
"peaceful” coexistence of equipment sensitive to electromagnetic disturbances (which
may therefore be considered as the "vitlinalongside equipment emitting such

disturbances (in other words, the "source" of the disturbances).

With regard ¢ voltage sagdhat are moderate in depth and duration, some
equipment can have certain level of inherent immunity, for example by virtue of its
inertia or energy storageapacity. Alternatively, it may be possible to make design
adjustments so that thigqgperty isprovided. For most operations some form s&g
mitigation equipment will be requirest the load sidand there is a wide range¢boose
from, depending on the type of load that is being suppoftee.cheapest solution is to

specify equipmentith the necessary resiliencewvoltagesags.
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CHAPTER 4
UNDERSTANDING VOLTAG E SAGS
4.1  Definition of voltage sags

Voltage sags are one of the electromagnetic disturbances that exist in the
electromagnetic environment thedn affect sasitive & critical equipmentVoltage sag
is a shorterm reduction of rms voltage. It is specified in termslwfationandretained
voltage usually expressed as a percentéde of the nominal rms voltage remaining at
the lowest point during the saGomparison between a normal voltage waveform and a
voltage sag in shown in Figudel. When a wltage sagbccurs, the full required energy
will not bedelivered to the load and this can have serious consequences dgpenthe

type of load exposed to theltage sag.

UL Kaad]
Ty YT

Normal waveform (sinewave) Sudden voltage change (Non Sinewave

Figure4.1 Normal waveform and power quality waveform (voltage sag)

Voltage sags are widely recognized as among the most common and important
aspects of power qualitproblems affecting commercial and industrial customehey
are virtually unnoticeable by observing lighting blinks but many industrial processes
would have shutdown. Possible effects of voltage sags would be system shutdown or

reduce efficiency andfeé span of electrical equipment, specifically motors. Therefore,
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such disturbances are particularly problematic for industry where the malfunction of a

device may result in huge financial losses

The IEC 6100-8 standard defire voltage dip (voltage sagas asudden
reduction of the voltage at a particular point on an electricity supply system below a
specifieddip threshold voltage, followed by its recovery after a brief inteft@]. The
common specified dip threshold voltagedi3 % of nominal voltagevith values of the
remaining voltage between 90 to 10%ad duration between10 ms (1/2 cycle) to 60
secondsThe IEEE 115%tandardhlsodefine voltage sag as a sudden reduction in voltage
to aremainingvalue between 90% to 10 % of nominal voltagelduration of 10 ms (1/2
cycle) to 60 seconds]. Voltage sag (dip) durations are subdivided into three categories:
instantaneous (%2 cycle to 30 cycles), momentary (30 cycles to 3 seconds), and temporary
(3 seconds to 1 minute). These durations are interadedrtelatewith typical protective
device operation times as well as duration divisions recommended by international

technical organizationgigure 4.3 shows the summary of the IEEE categorization.

ELECTROMAGNETIC COMPATIBILITY (EMC)

$IEEE

Part 2.8 : ENVIRONMENT -
Voltage dips and short interruptions on public electric power supply
systems with statistical measurement results.

IEEE Recommended Practice for

1 Scope i R X i
Monitoring Electric Power Quality

This technical report describes the electromagnetic disturbance phenemena of voltage dips
and short interruptions in terms of their sources, effects, remedial measures, methods of
measurement, and measurement results (in so far as these are available). They are discussed
primarily as phenomena observed on the networks of public electricity supply systems and

having an effect on electrical equipment receiving its energy supply from those systems IEEE Power & Energy Society

Sponsored by the

Voltage sag is an alternative name for the phenomenon voltage dip Transmission and Distribulion Gommitiee

2 Definitions

24

voltage dip

voltage sag

a sudden reduction of the voltage at a particular point on an electricity supply system below a
specified dip threshold followed by its recovery after a brief interval

Notes.

1— Typically a dip is associated with the occurrence and termination of a short circuit or
other extreme current increase on the system or installations connected to it

2— A voltage dip is a two dimensional electromagnetic disturbance, the level of which is

determined by both voltage and time (duration). [ IEEE Std 1156™-2009

IEC 610002-8 standard IEEE 1159:2009 standard

Figure4.2 Technical standards that define voltage sags (dips)
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% Voltage A

Transients Voltage Swell Overvoltage
110%
100% Normal operating voltage
90%
Voltage sags Undervoltage
Transients
10%
Momentary Temporary | Sustained interruption
0% >
10 ms 3s 60s Duration

Figure4.3 Definitions of wltagesags, swells & transienflEEEE 11592009

4.1.1 Understanding the voltage sag information in TNB PQ SMS

= ™ Text message

PQMS

BVTA,132/11 kV

12-Apr-2018,06:23:00 Voltage sag (%): 62.8 %, 88.3%. 88.4 %
Volt(%):62.8% 88.3% 88.4% Duration (ms): 71 40 38
Duration(ms): 71 40 38 .

Tipes: Sag Sag Sap Types: Sag Sag Sag
Source 1:U/S From VCB X4 LL

Source 2:Trans NTW

Cause 1:NPFault All the voltage sag values are less than 9(
Cause 2:TF (YES IEC C3) from the nominal voltage (100%), ar

duration less than 60s.

.. X L

Bad(}

Figure 4.4  Examples oSMS on voltage sags recet/from TNB.
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= ™ Text message

PQMS
BBRU,132/33 kV
18/5/2017,04:40:48

Voltage sag (%): 88.%, 56.%6. 88.4 % Volt(%):88.5% 56.9% 88.4%
Duration (ms): 4 59 18 Duration(ms): 4 59 18

. Types: Sag Sag Sag
Types: Sag  Sag  Sag Source 1:U/S From 14L5 LL

Source 2: Trans NTW
Cause 1:NPFault

All the voltage sag values are less than 9 Cause 2:TF (YES IEC C3)

from the nominal voltage (100%), ar

duration lesshan 60s. 2 X w
Back

Figure 4.5 Examples oSMS on voltage sags received from TNB.

4.2  Difference between voltage sag and voltage dip

Voltage sagor dps which are the same thirage brief reductions in voltage,
typically lasting from a cycle to a second or 8o tens of milliseconds to hundreds of
milliseconds.The termvoltagesaghas been used in the power quality community for
many years to describe a specific type of power quality disturbaacghort duration
voltage decrease. The IEC definition forstiphenomenon igoltagedip. The two terms
are considered to be interchangeable. Genetaldyterm voltagesagis preferred in the
United States of America (USAand the term voltagedip is common in European

countries.

Terminology used to describe tiheagnitude of voltage sag is often confusing.
According to IEEE 1152009 ther ec o mme nded us &@ape iwshiftah gme@ nts
that the ine voltage is reduced down to%0of the normal value, not reduced B§b.
This preference is consistent with IEC gree, and with most disturbance analyzers that

report remaining voltage. Just as an unspecified voltage designation is accepted to mean
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line-to-line potential, s@an unspecified sag magnitude will refer to the remaining voltage.
Where possible, the nominalr base voltage and the remaining voltage should be
specified.A voltage dip of 70% will signify voltage reduced by 70% from the normal
100% voltageThe remaining voltage will be 30% or a sag to 368gure 4.4 shows the

difference between a normal vajg voltage dip, voltage sag and voltage swediimple

graphic display
| J ! I_ I. ]
| | 1 ( I -ll-l -J-
- D . —
Dip
oY | R ,ﬁ
Swell
Normal
Sag
- (:: '\-.I I.-‘ "';I il

Figure 4.6  Graphic definitions of normal voltage, dip, sag and swell

4.3 Sources of voltage sag@lips)

Voltage sags are the most important power quality concerns for customers
Voltage sagsire a reality in the electromagnetic environment. They can be expected at
any place, at any time and at levels involving voltages down virtually to zero and
durations up to and above one second. The frequency of their occurrence and the
probability of their occurrence at any level are highly variable both from place to place

and from one year to another

Voltage sagshave been an intrinsic feature of public electricity supply since the
earliest times.Yet in recent decades they have becomeinzreasingly troublesome

disturbance, giving ris@o inconvenience and even considerable economic loss. The
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reason is that some modegtectricity utilisation equipment, either in its own design or

because of control featurggorporated in it, has becte more sensitive to voltagags

Voltagesagsare inevitable on the power systghi]. The most important of these
variations occur during fault conditions on the power system. Since it is impossible to
eliminate the occurrence of faults, there willvays be voltage variations. Thikbapter
will describe some of the concerns associated with short duration voltage sags. Voltage
swells can also be associated with fault conditions but these short duration overvoltages

are usually not severe andplems a& uncommon.

The primary source of voltage sags observed on the public network is the
electrical short circuit occurring at any point on the electricity supply system. The short
circuit causes a vg large increase in the fault currertd this, in turngives rise to large
voltage drops in the impedances of the supply system. Short circuit faults are an
unavoidable occurrence on electricity systems. They have many causes, but basically they
involve a breakdown in the dielectric between two structureshadiie intended to be
insulated from each other and which normally are maintained at different potentials.

Example for avoltagesag due to a downstream facllirrent is shown in Figure 4.5

Voltage waveform & RMS plot Current waveform & RMS plot
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Figure4.7 Downstream fault current cawseoltage sagn the network

Many short circuits aralsocaused by overvoltages, which stress the insulation
beyond its capacityAtmospheric lightning is a notable cause of such overvoltages.
Alternatively, the insulation cabhe weakened, damaged or bridged as atre$uther
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weather effects, by the impact or contact of animals, vehicles, excavating equipment, etc.,

and as a result of deterioration with age.

At the point of the short circuit, the voltage effectively collapsearto zero.
Simultaneously, ahlmost evey other point on the system the voltage is reduced to the
same or, more generallg, lesser extentSupply systems are equipped with protective
devices to disconnect the short circuit from #w@urce of energy. As soon as that
disconnection takes placegtle is an immediate recovery thle voltage, approximately
to its previous value, at every point except those disconneStade faults are self
clearing: the short circuit disappears and the voltage recovers loifoomnection can

take place.

The sudde reduction of voltage, followed by voltage recovery, as just described,
is thephenomenon known as voltage safe switching of large loads, the starting of
large motors and the fluctuations of grewgnitude that are characteristic of some loads
can al produce large changes in curregimilar in effect to a short circuit current.
Although the effect is generally less severe at gbat of occurrence, the resulting
changes in voltage observed at certain locations camdistinguishable from those

arising from short circuits. In that case they also are categasseditage sags.

Examplesof causes of voltage sags are shown in Figug¢o Figure4.16.

Conductor damagkdue to a kite Road work damaged underground cable

Figure4.8 Examples of auses of voltage sags due to external events (1)
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ForestBushfire Crane encroachment

Figure4.9 Examples of causes of voltage sags due to external events (2)

Crane encroachment Metal thefts at transmission towers

Figure 410 Examplesf causes of voltage sags due to external events (3)

Copper theft in distribution substation Lightning

Figure4.11 Examples of causes of voltage sags due to external disturl{dhces
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Transformer short circuited Cable faulta t C U sinswllatomsd s

Figure4.2 Causes of voltage sags due to equi pmen

ol < R
Flashover in switchgear Flashover in switchgear

Figure4.B Causes of voltage sags due to equi pmen
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Flashover in switchgear

Flashove in switchgear

Figure4.¥® Causes of voltage sags due to equi pmen
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Birds on power lines Monkeys on power lines

Figure 4.5 Causes of voltage sags dueatomalencroachmen(tl)
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Snakeon transmission tower Birds on power lines

Figure 4.5 Causes of voltage sags due to animal encroachf@ent

4.4  Classification of voltage sags

There areawo commorclassification methods for voltage sags:

1 Classification using &oltage sagsmagnitide andduration (ms)

1 ProfessorMatiBo |l | en & s ci.e.ABC<laskificati@ni[12]o n

According to IEG610004-30[13], a voltage sagvent is characterized by its magnitude,
which is the lowest rms voltage during the event, and its duration, whtble time that
the rms voltge stays below the thresholthus, the sagagnitude is theetained voltage
during the voltage saghe voltagesagduration depends on the fault clearing time. As
the rms value of the voltage cannot change sharply, ieiggsary to set a threshold,
below which the duratio starts to be measured. The voltage dagtion stops when the

rms value is above the threshold again.
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Voltage sag \tpesare generally based on the individual voltages (both magnitude and
angle) for eah of the three phases during sags or flig$ Usually, thregphase voltage

sags are categorized by either the ABC classification or the symmetrical components
classification. However, voltage sag type according to the ABC classification is
frequently usd due to its simplicity as it is based on a simplified network model.
Consequently, the classification is based on incomplete assumptions and cannot be used
to obtain the characteristics of measured sags. The symmetrical component classification
iIs more @neral and gives a direct link with measured voltages but is harder to understand
and a translation to the ABC classification may be suitable for many applications. In
addition, the ABC classification was developed to analyze the propagation of sag or dip
from transmission to distribution levels, when a disturbance propagates through a
transformer.Table 4.1& Figure 4.17 give brief overvievs of the different types of

voltage sagsassociated faults and waveforms.

Table 4.1 Different sag types and theirsaxiated faults

Type of voltage sag Type of fault
Type A Threephase
Type B Singlephase to ground
Type C Phase to phase

Phaseo-phase fault (experienced by a|
delta connected load), singihase to

Type D ground (zero sequence component
removed)
Tvoe E Two-phaseto-phase fault (experienced b
yp a Wye connected load)

Two-phaseto-phase fault (experienced b

Type F a delta connected load)
Two-phase to phase fault (experienced

Type G a load connected via a ngnounded

transformer removing the zesequence
component)
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4.4.1 Factors that affect voltage sagé[14]

Specifically, at the equipment terminals, these factors affesoltelge sag type:

1 Fault type

Voltage sags are primarily caused by system faults. Each fault type has a different effect

to the voltages at the fault point, which subsequently defimedoltage sag types.

SingleLine-to-GroundFault
Line-to-Line Fault
Double-Line-to-GroundFault
Three PhasEault

O O O o

1 Transformer Winding Connection

Transformer winding connections are classified into three types to explain the transfer of
threephase unbalanced voltage sags, as well as the change in voltage sag typagfrom

voltage level to another.

1 Type 171 Transformers that do not change anything to the voltages. The
primary voltages (per unit) are equal to the seconflayunit)voltages. The
only transformer configuration that falls under this type he tWYE
Groundedwye grounded (YNN).

1 Type 2i Transformers that remove the zesequence voltage. Basically, the
secondary voltagéper unit)is equal to the primary voltag@er unit)minus
the zeresequence component. The DEL-O&lta (Dd), DELTAzigzag (Dz)
and tle WYEwye (with both windings ungrounded or with only one star
point grounded) belong to this type.

1 Type 37 Transformers that changes line and phase voltages. DElyeA
(Dyn), WYE-delta (YNd) and the WYEzigzag (YNz) fit under this type.
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Details on tranf®rmers veabr groups are shown in Table 4.2

Table 4.2 Common transformer connections and vector gr¢ilpls
Group Connection Connection Connection
Lmm i |
UL VAN 111 BN
| I
~ !
m oo
0

i i T i

o

i /\

Wi

ST AN
T

i
I%ﬁ)

i
L
i<

1WA

L

¥Yd 11

i

Dy 11

i —

<), i
g L'U\ g A | /
O IRLUURVH R
NI TT AN TTISN

Yz 11

e

The table is formed based on IEC 60076 and the idea that the winding directions of the HV and LV
windings are same
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1 Types ofLoad Connection

o Wye-connected load

o0 Deltaconnected load

3-phase
ac supply v
(S

a3

3-phase

ac supply U
13

=1
[2~]
T

Figure 4.B  Star & Delta connections of three phase loads

4.5 Propagdion of voltage sags

The observed voltage sagagnitude arising from a particular causative event
depends omvhether the observation point and the event are on the same or different sides

of a network orcustomer transformer. The phasing of the shocudior other event, the
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phasing of themeasurement system, and the connection methods of the primary and
secondary transformewindings are all significant in this regard. For instance,
considering the network or installatiorms either side of a step dowtransformer
connected Dyna single line to ground fautan result, on the primary side, in a voltage

dip of 0 V (residual voltage) on one phase, but, on the secondary side, a line to neutral

voltage on two phases of 5836the preexisting voltage [1

In practice, loads that are sensitive to voltage sags are often connectesihiee
in industrial installations. They would therefore be subjected tetdiime voltage dips
rather than lingo-neutral dips. This needs to be taken into accountoimsidering

whether measurements are conductedtlineeutral, lineto-line, or both.

Overall, he types of voltage sags and the transformatdower voltage levels,

for all seven types of thrgghase unbalancedgs are summarized in Tables 4.3 antl 4

Table 4.3 Transformation of voltage sag type to lowettagelevel(after transformer)

Sag on primary side
Connection
Type A| TypeB | Type C| Type D | Type E| Type F| Type G
Ynyn A B C D E F G
Yy, Dd, Dz A D C D G F G
Yd, Dy, Yz A C D C F G F

Table 44 Transformation of voltage sag type to loweitagelevel(Load connection)

Fallltrype Load Connection

Star Delta
Three phase A A
Two phase to ground E F
Phase to phase C D
Single phase B C
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4.6 Impact of voltage sags to industrial eqipment

Todaydés factory floors wusually include

as programmable logic controllers (PLCs), varidbdguency drives (VFDs), and
network communications devices, all of which have led to tremendous gains in
prodictivity. Ironically, however, many of these same electronic devices also contribute

to productivity losses because of their sensitivity to voltage sags, swells, and transients.

These &ctronic equipmemst which arenow so integral to industrial and
comnercial power systems, can fail or malfunction if subjected to a voltage, current, or
frequency deviationBefore the era of solidtate electronics, power quality was not
discussed because it had little or no effect on most loads connected to electrical
distribution systems. When an induction motor suffered a voltage sag, it did not shut
itself down butsimply "spun out" fewer horsepower until the sag ended. The same was
true for incandescent or fluorescent lighting systems in a fathiléylumen output jst
decreased temporarily.

The most common failure mechanism is lack of energy. This can manifest itself in
something as simple as insufficient voltage to keep a critical relay or contactor energized
or something as complex as an electronic sensor widtliagf power supply giving an

incorrect reading, which would causssential equipmemd react inappropriately

But today, as sensitive equipment and processes become more complex and
downtime costs increase, contractors and engineers have to spedifgtatidpecialized
equipment to avoid undesirable situatiomle ideal powesupply voltage for sensitive
electronic equipment is an uninterrupted sinusoidal waveform of constant amplitude. Any
event that compromises this condition is called a powelitgudisturbance. Power
quality disturbances as brief as dmaf cycle can affect the operation of sensitive

electronic equipment.
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4.6.1 Impact of voltage sags to electronic equipment

Electronic devices require a more controlled electrical environrtiemt most other
loads. This is especially true when it comes to the input voltage. If the voltage of the

power supply varies beyond the specifications of the device, then problems can occur.

Recall that a voltage sag is not simply a change in the rrgeitade, but a change over a
discrete period of time. This time interval is important in terms of determining acceptable
voltage. The fundamental issue behind the symptoms related to voltage sags is how much
energy is being transferred into the power syplilinadequate energy is going into the
power supplydue to voltage sag, then the doltage applied to the integrated circuits
drops If this happens, the device will shut down, lock up, or garble data. If the device
shuts down, it will usually restaais soon as enough energy gets back into the supply. On
the other hand, if too much energy goes into the supply because of a voltage swell, it will
probably cause damage. Blown power supplies are the most common result of large

swells. Obviously, if the poar supply fails then the whole device goes down.

Figure 4.8 Common electronic equipment office
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4.6.2 Sensitive equipmerni industrial plants

Vol tage sags and swells give severe impact
sewere swells may stress components to the point of failure, but other than that there is
seldom disruption or damageroblems may arise as the system responds to the reaction

of the load to the sag or swell. It is possible that if a sag or swell is exéreoogh and

lasts long enough, the resultant over current could trip breakers, blow fuses or damage the

electronic components.

Sensitivity of adjustable speed drives (ASDs) to voltage sags is usually expassaed
voltage tolerance curve, in terms of ordpe pair ofsag magnitude/duration values.
These two values aenoted as the threshold values the voltage sag i®onger than
the specific duration threshold and deeper th@&nspecific voltage magnitude threshold,
the ASD will malfunction/trip. Fo ASDs, reported threshold values vémym 5060% to
80-90% of rated voltage for magnituded from 1/2 cycle (or even less) up té Sycles
for theduration[16].

4.63 Impact of voltage sags to motors

Motors are extremely tolerant to voltage sagsl awoltage swells. Unless the rms
magnitudes are either very low or very high, motors typically have little response to these
voltage variations. Keep in mind that if the motors are controlled by electronic drive
controllers, the discussion on electronicuipgnent applies. If the magnitudes are
extreme, or if these disturbances occur frequently, then several symptoms may develop.
First, extreme swells will electrically stress the windings on the stator. This leads to
premature motor failure. Second, extressgs may cause the motor to lose enough
rotational inertia to affect its performance or task. Third and last, if sags happen
frequently enough, the motor may draw high inrush currents often enough to trip a

breaker.

Power Quality Guidebook - Page60-



4.64 Impact of voltage sags to lighty systems

Most lighting systems are tolerant of voltage sags and voltage swells. Incandescent
systems will simply burn brighter or dimmer. Overall life expectancy may be affected,

and the change in brightness may be annoying, but no other adversenseastially

occur. This change in brightness is often called "flicker."

Figure 420 Generalighting facilities

Fluorescent systems may not fare quite as well. Standard ballasts are typically
more tolerant than electronic ballasts. In both cases thayebe some flicker, but the
real concerns are with restarts and reliability. If voltage sags are deep enough, then the
ballast will no longer be able to provide the energy needed to generate the arc inside the
fluorescent tube. This means a dark lampswufells are extreme, then the ballast is

stressed, causing premature failure.

High intensity discharge, or HID lighting such as mercury vapor, metal halide,
and high and low pressure sodium lights are also more sensitive to sags and swells. While
their response is very similar to electronic fluorescent ballasts, the lamps themselves are
typically mae sensitive than the ballastéscommon problem is HID systems turning off
during voltage sag. Sodium discharge lamps have a much higher striking voltage when

hot than cold, so that a hot lamp may not restart after eJdilike fluorescent systems
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that will quickly turn back on, the HID system must wait several mindi@45 minutes)

before being restarted. This is not only annoying but can be dangerous.

High-Intensity Discharge (HID) Lamp

= Maouurm

Arc tube

Figure 421 High intensity discharglamps
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4.7  Understanding Level of Equipment Sensitivity to Voltage &gs

| Qj Utility Solutions
Whaole Plant Solution
10°
5
P Protect Feader or
g Group of Machinas
®
]
3 Machine Solutions
2100 Protect Whole Machine or
g Machine Control Circuits
108 - ﬁ
Control Level Solutions -:]
Small Power Conditioners’ [ .
108 More Robust Relays, D_
Powar Supplies,
Contactors, Sensors, afc, " LF
e

Knowledge of Equipment Sensitivity
Figure4.22  Levels ofequipmensensitivity& cost of solutiong17]
Note: The diagram in Figurd.22is taken from traimg document from Electric Power

Research InstitutétEPRI) USAThe author of the document was Nrark Stephens from

EPRI.The link to access the document can be referred to reference [17].
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4.7.1 Understanding control level sensitivity to voltage sag

Control level equipment -1:|
Undervoltage relays, m [‘j-

contactors, sensors,
power supplies etc

f‘u ﬂv

Figure4.23  General control level equipment & solutions

As with all disturbance phenomena, the gravity of the effects of voltage sags and
short interruptions depends not only on the direct effects on the equipment concerned, but
also on how important andritical is the function carried out by that equipmefbr
example, modern manufacturing methods often involve complex continuous processes

utilizing many devices acting together.

A failure or removal from service of any one device, in response taageotag
or short interruption canecessitate stopping the entire procesth the consequence of
loss of product and damage or serious fouling of equipment. This can be one of the most
serious and expensive consequences of voltage sags and shoriptiotesruSuch
consequential damage or loss, however, is a function of the design of the process and is

an indirect or secondary effect of the voltage dip or short interruption.

Process machines comprised of common electrical components used in all types
of processes. Since fundamental control components are used in every type of equipment,
a basic understanding of their response to voltage sags can help designer build and
service a more reliable machine. The basiatrol level equipmentomponents normally

used in industal plants are:
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Relays(Undervoltage, Overvoltage etc).

AC contactors

DC power supplies

Controllers (Programmable logic control etc)
Motor drives (AC, DC & Servo)

Sensors

=A =4 4 4 4 - -9

Computers

EMC considerations are concerned with the direct effentgshe performance of the

actual appliances drawing an energy supply from the electricity network.

4.71.1 Understanding UnderVoltage ReldyVR)

260 360 01 |

At 10
g h&LL sec, 'm
9h & Low Voltage Control Relay

N 12

Figure4.24  Example of relays for undervoltage and awfiage with time delay
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An option that issometimes implemented in either the design or installation of the
equipment is to incorporate a protective device for the purpose of interrupting the supply
in the event of the voltage falling below a set threshold, thereby preventing damage or
other unwated effects in conditions of reduced voltage. This is a general function of an

undervoltage relay schemes (UVR).

Such protection (UVR) can have the effect of converting voltage sag into a long
interruption forthe equipment concerned. The long intermptis not caused by the
voltage sag, but is the intended result of a protective feature that is designed to respond in
that way to reduced voltag€areful system designers may include the UVR to monitors
the ac power system for adequate voltage. But 'lzateqvoltage” may not be well
defined, or understood. For example, if the sensitive system is running at half load, it may
be able to operate at only 70% ac voltage, even though it may be specified to operate with
90% - 110% ac voltage. When the voltagegsao 70%; the equipment can operate

without a problem; but the under voltage monitor may decide to shut the system down.

X

T2 T1
11/0.433 kV 11/0.433 kV
2 MVA 2 MVA

Undervoltage relay ——p»

§Change over Switch
ICL Office
Computers

Servers ;
Radiologi Chiller

Figure4.25 Common locatioafor under voltage relay (UVR)
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4.71.2 Understanding contactors

A contactor is another name for aedtical relay. It is a device that allows a low current
(normal) switch to turn on or off high current equipment such as heaters-or air
conditioners that would be well beyond its capadigntactors are used extensivéty
control large loads in an induigl plant. Contactors typically have multiple contacts, and
those contacts are usually (but not always) normally open, so that power to the load is
shut off when the coil is denergized. The most common industrial use for contactors is

the control of etctric motors.

Figures4.26, 427 & 4.28 showatypical contactorapplication.

N R Y B
Contactor
Main
Auxiliarry Contacts
COIL | Contacts | | |
Rl i nn
N
:I Start ‘
O\
/M\ TM Series Contactor
N

Figure4.26 A common contactor
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Figure4.27  General circuit focontrol circuit & contactor (1)
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Figure4.28 General circuit foccontrol circuit & contacto(2)
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4.7.1.3 Understanding other sensitive electronic control system/equipment

Electronic equipment, which is now so integral to industrial and commercial
power systems, can fail or malfunction if subjected to a voltage, current, or frequency
deviation.Electronic devices require a more controlled electrical environment than most
other loads. This is especially true when it comes to the input voltage. If the voltage of

the power supply varies beyond the specifications of the device, then problemsuran occ

Recall that a voltage sag is not simply a change inriemagnitude, but a
change over a discrete period of time. This time interval is important in terms of
determining acceptable voltage. The fundamental issue behind the symptoms related to
voltage sags is how much energy is being transferred into the power supply. If inadequate
energy is going into the power supply due to voltage sag, then the dc voltage applied to

the integrated circuits drops.

Typical configuration of a
single phase load DC Voltage during a voltage sag

!

ac

o< o
| |
| |
<
&

L1

Figure4.29  The resultant dc voltage durimgwltage sag event

6
Time in cycles

If this happens, the device will shut down, lock up, or garble data. If the device shuts

down, it will usually restart as soon as enough energy gets back into the supply.
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4.71.4 Equipment fails because an unbalance relay trip.

On three-phase systems, voltage sags are often asymmetrical (they affect one or
two phases more than the remaining phases). Jgirase motors and transformers can be
damaged by sustained voltage unbalance; it can cause the transformer or motor to
overheat. So imakes sense to put in an unbalance relay, which is a device that shuts
down the system if the voltage unbalance exceeds some threshold, typically a few
percent. But a voltage sag that cause$@% unbalance for a second or two is never
going to cause a otor or transformer to overheat. It just doesn't last long enough. Still,

unbalance relays with inadequate delays can cause the sensitive system to shut down,
even for a brief voltage sag event.

I\
o) ¢
A D T TN
POWER IN ®®®owe
7 cinul‘ wARK P it '\J.\l‘ FK-05
M corrosarion @  2002Y-120/208 18257
R . e
%) 10 - 20 PWR@)
).
pemcent  NORMAL o pevay 5 Asymi@
UNBALANCE % 25
%2 Asym
LR 45 ¢
)—‘—I 23 7
1 ”'ﬁ 9
0.1
t 10
S { sec, Asy':-AgiUSlable '
3 Se Sequence >
e Ph : ce 2
FR——— i T N L1 Lo =

Figure4.30 Example of mbalance relay
4715 A quick-acting relay shuts the system down
The EMO (emergency off) circuit in an industrial load typically consists of a

normally closed switch that can disconnect power to a latched relay coil. If the relay

operates quickly enough, it may interpret a brieftage sag as an operator hitting the
EMO switch. The whole system will shut down unnecessarily.
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Three-Phase Source
Voltage to Tool

Main AC Box
On EMO
Emergency-
( ( Button "ot Bution  Relay
Step-Down O
Transformer

24V, .| EMO Relay 521‘3 Main
AC| Contact2 Gontact1 Contactor

B B Gt

To Tool, Subsystems, and
Other EMO Circuits

Figure431 Example for EMO system

4.8 Example of diagrams for control circuits for 3 -phase equipment
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Figure 4.32 Control power to a 590 Drive for Power Loss Ride Through
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Examples of typical diagrams for control circuits for compressor and chillers are shown
in Figure 4.3 & 4.34.

415V 39 3W 50HZ INCOMING SUPPLY
£ R Y B

Figure 4.3 Diagrams for control circuitior compressor
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CHAPTER 5

MONITORING VOLTAGE SAGS

5.1 INTRODUCTION

Electricity at the wall outlet is an electromagnetic phenomeEtattrical power
is provided as alternating curremic), a silent, seemingly liitless source of energy that
can be generated at power stations, boosted by transformers, and delivered over hundreds
of miles to any location in the region. Seeing what this energy is doing in small slices of
time can provide an understanding of how int@ot simple, smooth ac power is to
reliable operation of the sophisticated systems that we are dependent upon.

An oscilloscope allowsneto see what this energy looks like. In a perfect world,
commercial ac power appears as a smooth, symmetrical suge veaying at either 50 or
60 cycles every second (Hz) depehigdreSriig on whi|

shows what aacvoltagesine wave would appear an oscilloscope.

| rEENCoOmME | MODEL SC3100 DELTA MEASUREMENTS OHMS | DC AMPS A s
AUTO TRACKER DELTA MARKER HORIZONTAL VERTICAL VERTICAL
POSITION POSITION POSITIO

AUTOMATIC 100MHz WAVEFORM & CIRCUIT ANALYZER seow ENO /6 DCV

TIME/DIV TRIGGER SOURCE
Y Tl CH B AC LINE
cHae” et

o 9 =W

JGGER MODE  TRIGGER LEVEL
o

PROBE EXT TRIGGER OHMS/IDC AMPS
COMP INPUT . INPUT
V.

CH B INPUT
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@ TRACE MOTATION

rE AT MTMU S

Figure5.1  Oscilloscope: Image ofneacvoltagesine wave
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The sinusaal wave shape shown above represents a voltage changing from a
positive value to a negative value, 50 times per second. When this flowing wave shape
changes size, shape, symmetry, frequency, or develops notches, impulses, ringing, or
drops to zero (howey briefly), there is @lectricalpower disturbance.

PQor voltageincidents are often momentary occurring in a fraction of a cycle and
are very hard to observe or diagnose without any properRQotlisturbancesan also be
very high-speed eventsuchas voltage impulses / transients, high frequency noise, wave
shape faults, voltage swells and sags and total power loss. Each type of electrical
equipment will be affected differently lilese PQssues. We caaonly verify the power
PQ disturbances by italling a special type of highpeed recording equipmeimd

monitor the electrical power.

Power quality(PQ) monitoring is a rewarding initiative for power utilities since it
enables continuous monitoring of the power supply and early detection of
electomagnetic disturbances. The PQ data will enable engineers to perform root cause
analysis and take timely corrective aosoto improve overall the power system
reliability. PQ monitoring is also of interest to major energy consumers as they also want
to awid expensive equipment failures. Therefore, mutual interest of energy suppliers and
energy consumers in PQ monitoring motivates the use of high performance PQ

monitoring instruments.

Another important aspect in PQ monitoring is the collection of infdroma
regarding the performance of a power system in terms of voltagansagterruption
Modern PQ monitoring systems now also provide the added benefit of simultaneously

monitoring demand, energy and other parameters.
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5.2  Power Quality Monitoring

As defined in Chapter, PQdisturbances can lassified as

9 short duration disturbances (Sags, Swells & Transients)

1 continuous & steady state disturbances (harmonics, notches, flickers, unbalance)

The short duratio?Q disturbances armomentary ocurring in a fraction of a cycle and
are very hard to observe or diagnose without any properTfhelcontinuous and steady
state PQ disturbancesare voltage waveforms that are not perfectly sinusoidal but
continuous or in a steady state conditions. Exempf the steady stafQ disturbances

are shown in figures 5.2 to 5.7.

' | (
Reqctive WL! vn | H y ”'t

power

o
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Figure 5.2  Changes in the reactive power and the resulting voltage fluctuations
at the point of connection of an arc furnace
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Figure 5.5  Oscillatory Transient due to capacitor switching

/\ A

Figure 5.6  Waveform due to Impulsive Transient

Power Quality Guidebook - Pagerg



0.01 0.02 003 004 0.05 0.06
Time (sec)

Figureb5.7 Multiple PQ disturbancegOcillatory Transient& Harmonics)

The PQ monitoring devicemust able taecordboth the continuous & steady stateQ
disturbancesThese PQ monitors must perfobuthas a highly accurate digital meter for
measuring and logging electrical quantities, such as current, voltager factor, and
energy, andas a monitor for watching for voltage transients and other power quality

events, alarming on occurrence, and capturing waveforms and other useful data.

Although PQ monitors have been able to detect and record stedyPQ diturbances

for some time, the ability to capture scycle transients today requires much more
sophistication when it comes to a piece of monitoring equipment. Only recently has the
technology become available to design compact, affordable PQ monitorgetfaim
high-speed transient detection without compromising accuracy, metering performance,

data logging, or other functions.
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To ensure correct recording B disturbanceshe PQdevicemust have théollowing

features

1 Fast sample rate.The requied sample rate depends on the frequency of the
transients. Since most leand mediurdrequency oscillatory transients occur in
the kilohertz frequency range, circuit monitors that sample voltage input channels
at 128, 256 or 512 samplesercycle can occasnally detect and capture
oscillatory transientsOn the other hand, impulsive transients are often shorter in
duration and require much higher sample rates.

A monitoring device that samples data at the rate of 512 sapgieycle can
sample data onlpnce per 32.5 psec. This is adequate for general disturbance
monitoring and some oscillatory transients, but it's far too slow to characterize a
1.2x50pusec impulsive transienRQ monitors with the fastest transient detection
capabilities sample voltagiata at 5 MHz per voltage channel or 83,333 samples

percycle, which is fast enough to detect even very short impulsive transients.

1 Ample onboard memory. The PQmonitor should be able to store multiple, high
resolution captured waveforms and the assatiates data while still performing
data logging functions, such as load profiling and energy usage, for standard
monitoring purposes. It also should store transient waveform data in nonvolatile

memory to prevent data loss if the circuit monitor should ¢oserol power.

1 Sag/swell alarms.The PQ monitor should support higbpeed alarms with a
detection rate of less than half a cycle for capturing sag/swell disturbances. It's
also useful when this alarm operates output relays. Alarms should trigger a
wavefom capture p to @ cycles in duration; record the event in the circuit
monitor's onboard event log, including a date/time stamp and the rms magnitude
of the most extreme value of the sag or swell; and force the circuit monitor to log

other pertinent dataniits onboard memory.
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Currently, there are two types of PQ monitoring devigebandheld PQ meter camly

record steady state power system parameters and PQ disturbances in particular
harmonics. A full PQ monitor or PQ recorders can record the powemsysrameters

and both the short duration voltage disturbances and steady state PQ disturbances.

5.21 Understanding True RMBeter

A RMS multimeter

True RMS voltage/current meter

Figure5.2 RMS & True RMS clamp meters

A RMS clamp meterand a comma RMS multimeteronly record steady state
fundamental (50 Hz)ataThe o6 Root Mean Squared magnitude
the value of equivalent direct current that wopldduce the same amount of heat in a
fixed resistive load. For a perfect simave, the RMS value is 0.707 times the peak value
(orthe peakvalues a2, or 1.414, times the RMS value
analogue meters and in all older and most current, digital multimeters. This technique is
described as 6émean readi mMoweverRieRMS dhnigne at e d 6
only works for pure voltagewaveform and will give an inaccurate value for non

sinusoidal voltage waveforms.

To overcome this inaccuracy, a True RMS meter is required. A true RMS meter

works by taking the square of the instantaneous value of the input curreagiagever
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time and then displaying the square root of this average. Perfectly implemented, this is
absolutely accurate whatever the waveform. There are two limiting factors to be taken
into account to the implement the True RMS measurenteaquency reponse and crest

factor. True RMS measurement will give a higher ampere reading as compared to that of

a normal RMS meter.

True RMS measurement is essential in any installation where there is a significant
number of nodinear loads (ASD, Computersglectonic ballasts, comgrt fluorescent
lamps, etc.). A normd@MS meters will give amunder measurement of up to 40 % which
can result in cables and circuit breakers being under ratedthethisk of failure and

nuisance tripping.

5.2.2 Description of PQ reording equipment

We can only verify the existence BQ disturbances by installing a special type of
high-speed recording equipment (PQ recorder) to monitor the electrical .pbwertype
of test equipment will provide information used in evaluatintpéf electrical power is of

sufficient quality to reliably operate the equipment.

The process is similar to a doctor using a heart monitor to record the electrical
signals for your heart. Monitoring will provide us with valuable data, however the data
neals to be interpreted and applied to the type of equipment being povibeedse of a
PQ recorder ia | similardto the use of a stethoscope to hear irregular heart beat.

A medical device that is also used for recording heart rate is the ECG.
(Eledrocardiography)s used to measure the rate and regularity of heartbeats, as well as
the size and position of the chambers, the presence of any damage to the heart, and the
effects of drugs or devices used to regulate the heart, such as a pacemaker
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Figure5.3  Comparison : Equipment to evaluate power quality and heart beat

Equipment to record heart beat Equipment to record power quality

Figure5.4  Comparison : Equipment to monitor heart beat and power quality (1)
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Waveforms recorded by a Waveforms recorded by a
heart monitoring recorder power quality recorder

Figure5.5 Comparison : Equipment to monitor heart beat and power quality (2)
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Figureb.6 Example on ECG monitoring and test results
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ECG will provide us with valuable health data, however the recorded data toelees
interpreted or diagnosed by raedical specialist. The graph in Figureés Shows the

results of a stress test and can only be diagnosed by a the medical specialist.
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Likewise,PQmonitoring will provide us with valuable electrical datathe performance
of the power systems. A poweudality monitoring will provide mag data than a ECG
monitoring. The occurrence d PQ eventsnormallyinvolvesa drasticchange in voltage
(a period of time<10 mg thatmaydisrupt the operation aquipmenin factories

192mm (7.56")

167.3mm (6.59)

‘/192mm(7_56’;

PQ recorder brand B PQ reorder brand C

Figure5.7  Examplesof PQ recorders

5.3  What to Monitor?

PQ monitaing at critical facilities musbe done very detailsThe systems should
characterize steady staggents(voltage regulation, unbalance, harmonitiskers,) as
well as disturbances (transients, voltage sagisage swellsjnterruptions, outagesPQ
events should be characterized with complete voltage and current waveform information
for evaluating interaction issues and the response of equipment that may beestnsit

microsecond variations in the voltage.
5.4  Locationsto monitor Power Quality

The selection of monitoring locations will depend on the facility design, critical
loads, power conditioning equipment, and the specific objectives of the monitosray. A
minimum, the monitoring should include the utility supply locations, outputs of power
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conditioning equipment, and the backup generatibrthere are redundant or backup

supplies, each feed should be monitored. More extensive monitoring would include

critical air conditioning loads and possible individual loads within the facility

(communications equipment, individual load buses). Monitoring within the facility can

help characterize load interaction issues.

PQ monitoring should be an integral part dfet design for high reliability

facilities. The monitoring will characterize the performance of the supply system and the

performance ofany power conditioning equipment at the facility, including possible

interaction issues with facility loads. Advancedadanalysis functions and alarming are

making these systems even more valuable and convenient access to the information via a

web browser eliminates any need for training or software maintenance.

The recommended locations to perform PQ monitoring anersi Figure 53.
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5.5 Importance of having a good software to diagnoseower Quality

PQ recorder converts electrical current and voltage readings to graphic
representations called waform signatures. All types of PQ disturbances such as voltage
sag, transient overvoltage and interruption can be identified by specific waveform
signatureslt is desirable to have a system that can automatically detect and classify all
PQ disturbances pscially if the database is larg&he data capturing is based on
triggering levels applied at the PQ recorder

All types of voltage disturbancesuch as voltage sags, transient overvoltages,
interruptions, etc. can be identified by a speciignature/aveform. These
signatures/waveformsan help to solve PQ disturbance problems experienced by
customersHowever, the amant of data recorded by the PQ recorderast and to a
layman the data provides little information related to Rg@disturbancesTo analyze
manually all the PQ disturbances is a nontrivial task mainly due to the huge volume of
disturbance recordS.herefore it is important to havegmod software or technique that
can assist in the analysis of all the recorB€tisturbancesThe softvare should be user

friendly as to show displays for all the PQ disturbances in graphic and tabular data.

A good software must bea requiremenfor the PQ recorderit's necessary to
annunciate alarms, view captured waveforms, store waveforms and ddgdetd a disk,
and so on. Other useful features include the ability to view harmonic spectral plots and
rms plots, zoom on and overlay waveforms, and export waveforms im@asdafile

format like excel, PQDIF etc.

Example of a typicasoftwarefor power qualityis shown in Figure S.
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A good PQ software will enable one to diagnose the M@veformsand assist in the

preparatiorof a simpletechnicalreport
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CHAPTER 6

EQUIPMENT COMPATIBIL ITY REQUIREMENT

6.1 POWER QUALITY DESIGN PHILOSOPHY

More recently, engineeound the worldhave realized that voltage sag is really
a compatibility problem with at least two classes of solutions: You can improve the
power or you can make the equipmenttaigh. The | atter approach i s

i mmunity, 0 and has gained i mportance around

The effect of a voltage sag and short dur
must be considered, with particular regard to the ddpthtion cheacteristics that are
critical, and the user must take due account of the possible consequences of any
deterioration of performance or lapse in operation of that equipment. In the light of these
consequences, the installation should from the very firgestéplanning, be designed to
minimize disturbance and loss arising from voltage sags, with due regard given to the

economic considerations that apply.

Satisfactory operation of the distribution system and customers' equipment is only
obtained when ele@imagnetic compatibility (EMC) exists between therhe normal
approach to electromagnetic compatibility is to observe coordinated limits for both

emission and immunity fohe disturbance events involved.
6.2  Understanding equipment immunity requirement

There are two aspects to EMC: (1) a piece of equipment should be able te opera
normally in its environmenénd (2) it should not pollute the environment too much. An

agreement on immunity is a matter of foremost concern between equipment

manufacturergytilities and customers.
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A device connected to the power system is exposed to an electromagnetic
environment not only due to the combined emission of all other devices connected to the
system but also due to all kinds of events in the power system Wikehsg actions,
short circuit faults and lightning stroke3he immunity of the device should be assessed

with reference to this electromagnetic environment.

For some locations and in some countries it may be possible for the electricity
utilities to provide basic information on the level of the electromagnetic environment, for
example the frequency of voltage sags to be expected at the location concerned, subject to

the uncertainties that are unavoidable.

6.3  Voltage sag Immunity requirement

Immunity standards define the minimum level of electromagnetic disturbances that a
piece of equipment shall be able to withstand. Before being able to determine the

immunity of a device, a performance criterion must be defined.

6.3.1 Available compatibility leelsfor voltage sags

Compatibility levels are reference values used for the coordination of emission and
immunity of equipment making up a network in order to ensure electromagnetic
compatibility throughout the whole systerA range of standards had begublished to
address the fundamental electromagnetic compatibility (EMC) issues governing the
connection of sensitive equipment to a power system. Standards documentation sets out
guidelines for equipment connectivity and regulation of both conducted aatiated

EMC emission and susceptibility. A sgbt of most EMC standards documentation

governs the susceptibility of sensitive equipment to voltage sags and surges.
There are three main primary voltage sag immunity standards: IEC 41000

IEC 610004-34, and SEMI F47 There are others in udesuch as IEEE 1100, CBEMA,
ITIC, Samsung Power Vaccine, international standards, andSWIDS but the first
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three seem to have the widest acceptance in the marketplace. (IEC is the International
Electrotechnical Comission, SEMI is the Semiconductor Equipment and Materials
Institute, CBEMA is the Computer Business Equipment Manufacturers Association, ITIC
Is the Information Technology Institute Council, and MBID is the U.S. Defense

Department 6s specification.)

IEC 610004-11 and IEC 6100@-34 are a closely related set of standards that
cover voltage sag immunity. IEC 6104@€1L1 Ed. 2 covers equipment rated at 16 amps
per phase or less while IEC 610884 Ed. 1 covers equipment rated at more than 16
amps per phee. The latter was written after IEC 610041, so it seems to be more

comprehensive.

SEMI F47 is the voltage sag immunity standard used in the semiconductor
manufacturing industry, where a single voltage sag can result in themmilliin-dollar
loss of product if a facility is not properly protected. The semiconductor industry has
developed specifications for its manufacturing equipment and for components and
subsystems in that equipment. Enforcement is entirely custriven in this industry,
as seniconductor manufacturers understand the economic consequencesirafusamgl
failures and generally refuse to purchase new equipment that fails the SEMI F47
immunity requirement. SEMI F47 is currently going through its-frear revision and

update cycle.

All three standards specify voltage sags with certain depths and durations for the
equipment under test (EUT). For example, a specification may state 70 percent of
nominal for 500 milliseconds. The percentage is the amount of voltage remaining, not the
amount that is missing. Each standard specifiesfadlswiteria for EUT when a voltage
sag is applied; the IEC standards have a range offgidssiteria, but the SEMF47

standard is more explicit.

Details of the standards are presented in thesudbahapters.
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6.3.2 Voltage tolerance curves
6.3.2.1CBEMA standard18]

The CBEMA (Computer and Business Equipment Manufacturers' Association)
power quality graph plots the depth of voltage sags on the vertical axis against the

duration of voltage sagon tle horizontal axis. See FiguBel.
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Figure6.1 CBEMA curve
The line on the graph shows the sag immunity suggested by CBEMA. The area

inside the graph is the recommended voltage immunity for computers and othersusines

equipment.
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6.3.2.2ITIC standard19]

ITIC Curveis a modified version of the CBEMA power acceptability curve, but

the concept remains the same. It was developed by a working group of the CBEMA,

which later changed its name to the Information Tetdgy Industry Council (ITl) The

intent was to derive a curve that can better reflect the performance of typicat single

phase, 120 V, 60 Hz computers and their peripherals, and other information technology

items like fax machines, copiers and pafisakes terminals.

The ITIC curve has been applied to general power quality evaluation, even though it was

primarily developed for 120 V computer equipment just like the CBEMA curve.
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6.3.2.3 SEMI F47standard20]

A notable addition to the industrial and IT process power quality standards has
been the recent specification SEMI Fd706. The requirements of the SEMI
specification were developed to satisfy the needs of the semiconductor industry. This
specification setsinimum voltage sag immunity requirements for equipment used in the
semiconductor industry. Immunity is specified in terms of voltage sag depth (in percent
of nominal voltage remaining during the sag) and voltage sag duration (in cycles or
seconds). Thispecification als sets procurement requiremetast methods, pass/fail
criteria, and test report requirements.
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Figure6.3 SEMI F470706 curve

Thus, the requirements developed in the SEMI specification are better suited to
the semiconductor industry. @I SEMI (curve)staircasas specified for voltage dips with

a duration 0.05% 1s. An arguable advantage of the SEMI curve as a benchmark for site
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performance profiling and CBEMA equipment testing and approval is the stringent
requirement on equipment torttinue to function down to 50% retained voltagedims

of duration 0.05 200 ms Although specified for semiconductor equipment, the tighter
limits imposed by the SEMI curve, (if applied as a benchmark for compliance) present
the electricity supply ingdstry (ESI) and IT industrial process and manufacturing
industries with a more robust basis for ritieough declaration. While delivering greater
constraints at all levels in the supply chain, compliance with a more rigid benchmark
breeds a higher levef confidence in equipment operability.

6.3.24 IEC 610004-117 Testing and measurement techniques
Voltage dips, short interruptions and voltage variations immunity tests for
equipment with input currengss than 16 A per phal&l]

The IEC 6100&4-11 standard defines the immunity test methods, minimum immunity
requirement and range of preferred test levels for electrical and electronic equipment
connected to lowoltage power supply networks for voltage sags (Graph A), short
interruptions (Graph B),ral voltage variationslhe test levels for voltage dips are shown

in Table 6.1.

Table 6.1 Preferred test level and durations for voltage dips

Classes Test level and durations for voltage dip$ (50 Hz/60 Hz)
Caseby-case according to the @igment requirements

This class applies to protected supplies and has compatibility levels lower than
network levels. It relates to the use of equipment very sensitive to voltage disturbal
Class 1 the power supply, for instance the instrumentatiortezhnological laboratories, son
automation and protection equipment, some computers, etc.

NOTE Class 1 environments normally contain equipment which requires protection by such appal
uninterruptible power supplies (UPS), filters, or surge sugprss

Class 2 0% during | 0% during 70% during
¥ cycle 1 cycle 25/30 cycles

Class 3 0% during | 0% during 40% during 70% during 80% during
Y2 cycle 1 cycle 10/12 cycles 25/30 cycles 250/300 cycles

Class X X X X X X

a. Classes as per 6162&

b. For egipment connected directly or indirectly to public network, the levels must not be
severe thaclass 3
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c. Class Xis a new voltage tolerance test to be developed in the future.

d. "25/30 cycles" means "25 cycles for 50 Hz test" and "30 cycle®fblz@est".

The IEC 6100&4-11 covers equipment installed in residential areas as well as industrial

machinery, specifically for voltage sags and short interruptions for equipment connected

to either 50 Hz or 60 Hz a.c networks, includingliase an@-phase mains.
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Figure6.4 IEC 610004-11 (Class 3) curve

>

Graph A is the test level for voltage sag. Graph B is the test level for short interruption.
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6.3.2.5IEC 610004-3471 Testing and measurement techniques
Voltage dips, short interruptisnand voltage variations immunity tests for
equipment with input current motiean 16 A per phade@?2]

The IEC 6100&4-34 standard is similar to the IEC 6160041 standard. The main
difference is that it only applies to electrical and electronic equipmaving a rated

input curent exceeding 16 A per phase

It also covers equipment installed in residential areas as well as industrial machinery,
specifically for voltage dips and short interruptions for equipment connected to either 50
Hz or 60 Hz a.cnetworks, including dhase and-phase mains.
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Figure6.5 IEC 610004-34 (Class 3) curve

Graph A is the test level for voltage sag. Graph B is the test level for short interruption.
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CHAPTER 7

CHARACTERIZING EQUIP MENT SENSITIVITY

7.1 INTRODUCTION

Voltage sags at equipment terminals are influenced by the transformer
connections between the fault location on the supply system and the equipment
connection point. The transformer connections will influence both the magnitude and the

phase relationshipf the voltage sag experienced by the equipment.

These phenomena are random in nature and can be minimally characterized for
the purpose of laboratory simulation in terms of the deviation from the rated voltage, and
duration. Consequently, different typestests are developed to simulate the effects of

abrupt voltage change.

7.2  Objective of equipment immunity testing

The objective of this section is to define the test method used to characterize the
susceptibility of automated processes and autontatgdequipment to voltage sags. In

this section, the scope covers:

a. Characterizing the susceptibility of equipment to voltage sags by showing voltage sag
duration and magnitude performance data for the equipment.

b. Qualifying equipment to meet voltage sage-through specifications by comparing
the equipment voltage sag ritleough performance to industigchnicalstandards.

Sensitive machinery will be experiencing rogleration every time a voltage sag event
occurs. This is due to the incapability tbe equipment to ride through the voltage sag

event or in other words the immunity of the equipment is very low.
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The typical equipment sensitivity tmltage sag is shown in Table 7.1

Table7.1 Typical equipment sensitivity

Type of Equipment Remainimy Duration (9
voltage(%)

Motor starter 50 40
Variable speed motor with electronics 85 10
PLC 1/0 Device 50-90 8-20
Frequency inverter 82 1.5
Variable Speed Drive rectifier 50-80 2-3
Process controller 70 <8
Computerized numerical controlled lath 70 <8
Direct Current drive controller 88 <8
Personal Computer 50-70 60-160
Contactors 50-60 20-30
Electromagnetic disconnecting switch 50 10
Electromagnetic relays 50-60 1540
Medical equipment 60 130
Servo drives 80 50
Laser marker 90 100

AC/DC 115,.240V

SIEMENS

—

LOGO! 230RC %

QUTPUT 4%RELAY/10A
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Programmable Logic
Control (PLQ
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Alternating current (ac) drive Direct current (dc) drive

SERVO X-AXIS

’

Servo Dive Frequency Inverter

Figure 7.2  Examples of sensitive equipment in industrial plants
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7.3  Analyzing machinery immunity and sensitivity to voltage sag
7.3.1 Simple methd toverify the equipment sensitivity to voltage sags

The first step towards a cesffective solution is to understand the sensitivity of
the electronic equipment to momentary interruptions and voltage sags. Customers can
find this information by consultng t he equi pment manufactur e
testing data. Another simple methodo verify the equipment sensitivitig to use the
existing data for voltage sag recorded via existing power quality redosfallednearest
to the plant and equipme Most power utilitiesinstall online power quality monitoring

system (PQMS) at their substation to monitor power quality.

After the occurrencef a voltage sag eveniNB will sharethe dataon voltage
sag received via short message system (SMS) thithaffected prime customers. These
data are obtained from online PQNM&ich is locatedat the nearest substation the
customers The voltage sag data are recorded at the medium voltage level at the
substation at 11, 22 or 33 k¥As explained in sulehapger 4.5(propagation of voltage
sagy, the types of voltage sag will undergone transformatiooe ittravels from the
power system to the step dowransformey to the lower voltage levels and to the

customer 6s | oads.

= ™ Text message

= ™ Text message

PQMS

BBRU,132/33 kV
18/5/2017,04:40:48
Volt(%):88.5% 56.9% 88.4%
Duration(ms): 4 59 18
Types: Sag Sag Sag

PQMS

BVTA,132/11 kV
12-Apr-2018,06:23:00
Volt(%):62.8% 88.3% 88.4%
Duration(ms): 71 40 38

Types: Sag Sag Sag

Source 1:U/S From VCB X4 LL
Source 2:Trans NTW

Cause 1:NPFault

Cause 2:TF (YES IEC C3)

2 2 L

Back

Source 1:U/S From 14L5 LL
Source 2: Trans NTW
Cause 1:NPFault

Cause 2:TF (YES IEC C3)

.S X w

Badk

SMS A - SMS B
Figure 7.3  Examples of SMS on voltage sageceived from TNB.
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Examples of the SMS shared with customers are shown in Figure 7.3. The voltage sags
were recorded at the 11 kV (SMS A) and 33 kV (SMS B) voltage levels. Referring to
tables 4.3 & 4.4, the customers can estinfaeype of the voltage sag experience at their

critical equipment.

FromTable 4.3 Transformation of voltage sag type to lovediagelevel (after Tx)

_ Sag on primary side
Connection Type A| TypeB | TypeC| Type D | Type E| Type F| Type G
YN/n A B C D E F G
Yy, Dd, Dz A D C D G F G
Yd, Dy, Yz A C D C F G F

FromTable 4.4

Transformation of voltage sag type to lovedagelevel (Load side

Fault Type Load Connection

Star Delta
Three phase A A
Two phase to ground E F
Phase to phase C D
Single hase B C

Below are the steps to follows:

Part 1 Verification of voltage sag event

11  Verify the symptoms of voltage sags i.e. light blinks and critical equipment trips.
1.2. Verify which relay control systermandequipment were affected by the \age
sag.
1.3. Verify the available power quality data (if available) from power quality recorder
in the plant,
1.4. Please confirm the source of the voltage sag event either from outside the plant or
due to internal equipment fault.
1.5. Verify with TNB via special WhatsApp group or contact directly to the TNB

Power Quality Guidebook
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If the cause of theoltage sagvas due to an evetttat originatedrom outside the plant
please do the flowing:-

16 Record the date and time of the voltage sag disturbance

1.7 If the system fault has been isolated, immediately commence the process to restart
the affected production.

1.8 Request an official report from TNB.

If the cause of theoltagesagwas not confirmeddue to an event that originated outside
the plant, please do the following:

19 Record the date and time of the voltage sag disturbance
2.0 Please confirm withhie nearby customers on any possédsja@ipment flashover.

2.1 If the ource of the event was not confirmed due to external causes, please
perform an internal investigatido verify possible internal equipment failure.

Part 2 Identification of weak links and immunity level

From the infomation obtained from 1.1 to 2.please summarize all the affected control
circuit and equipmentbgeter with the available power quality data,

If the data are sufficient, the sensitivity of the control circuit and critical equipment can
be estimated from the availab®wer quality dataExamples of equipment sensitivity
are shown imable 72.

Table7.2 Typical equipment sensitivityased on voltage sag data

Equipment Minimum values of voltage sag
affected by
voltage sags Voltage (%) | Duration (ms)
PLC 90 50
VSD 85 80
Contactors 60 80
Relays 80 50

Based on the information in Table 7.Zxt refer tosubchapter 7.%or procedure to
harden the sensitivprocess & selection of power conditions to protect the sensitive
equipment against voltage sag.

Power Quality Guidebook - Pagel03



7.3.2 Testingmethod to verifyhe equipment sensitivity to voltage sags

Another way to identify the sensitivity of equipment to voltage sags is by using a
measuring device called a voltage sag generator, which can generate controlled voltage
sags and records the responses of the equipnin the market today, there are a few
types of programmable sag generators available. Examples apgoi@mmable ac
source[23], the industrial power corruptor (IPCR4], Voltage Dip & Swell Simulator

VDS 2002,Voltage DIP SimulatoVDS-220B & Voltage dip, interrupt and variation
simulatorPFS2216

Figure7.4 Programmable AC source

Figure7.5Industrial Power Corruptor (IPC)
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Figure7.6  Voltage Dip & Swell Simulator VDS 2002

PFS 2216

Figure 7.7  Voltage dip, interrupt and variation simulaf®¥S2216

Figure 7.8  Voltage DipSimulatorVDS-220B
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Figure 79

The standards that describe procedures on how to obtain voltage tolerance for equipment

Voltage Dip & Swell Simulator VDS 2002,

are |IEC 610081-11, IEC 610084-34 and SEMI F42. The prefed test levels for voltage

sag immunity are shown in Table2 [21 & 22].

Table 7.2 Preferred test level and durations for voltage sags at 50 Hz

Classes Test level and durations for voltage dips

Class 1 Case by case according to the equipment requiteme

Class 2 0% during ¥2| 0% during 1 70% during 25 cycle
cycle cycle

Class 3 0% during ¥2| 0% during1 | 40% during | 70 % during | 80 % during
cycle cycle 10 cycle 25 cycle 250 cycle

Class X X X X X X

Note The types of classes are defined in MS IEC 613980

X1 To be defined by product committee

Sensitive equipment in industrial plants must be tested at minimum Class 3

Power Quality Guidebook
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7.3.1 Test instrumentatiofor voltage sag generator

The following features are common to the generator for voltage sags, shotptives

and voltage variations.

Table7.3 Characteristics and performance of the sag gendegpr

Output voltage at no load As required in Table 7.2 5% of residual voltage values

Voltage at the output g Asrequire in Table 7.2+ 10% of residual voltage value,
generator during equipment te| measured as r.m.s. value refreshed each % cycle per IE
610004-30

Output current capability Less than 16 A r.m.s (MS IEC 6104@611) or more than 1¢
Ar.m.s (IEC 610081-34) per phase at rated voltage.
Voltage rise (and fall) timgt | Between ks and s

(and ), during abrupt change,
generator loaded with resistive
load
Phase angle at which the 0° to 360° with a maximum resolution of 5°
voltage dip begins and ends
Phase relationship of voltage | Less than + 10 °
dips and interruptions
with the power frequency
Zero crossing control of the | £ 10°
generators

The test setup should consist of the followaggipment as shown in kige 7.10
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Data Acquisition

System (DAS)
Data measurement
Nominal Voltage Test Voltage
TNB Power Sag Device Under Test
Supply Generator PCC (DUT)

Figure7.10 Voltagetoleranceesings using IPC & Chroma equipment
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7.4  Evaluation of test resultsfor voltage sag testing

The test results shall be classified in terms of the loss of function or degradation of
performance of the equipment under test, relative to a performance level defined by its
manufacturer or the requestor of the test, or agreed between the manufacturer and the

purchaser of the product.

The recommended classification is asdolk -

a) normal performance within limits specified by the manufacturer, requestor or
purchaser;

b) temporary loss of function or degradation of performance which ceases after the
disturbanceceases, and from which the equipment under test recovers its normal
performance, without operator intervention;

c) temporary loss of function or degradation of performance, the correction of
which requires operator intervention;

d) loss of function or degradatioof performance, which is not recoverable, owing
to damage to hardware or software, or loss of data.

The manufacturer's specification may define the effects on the DUT, which may be
considered insignificant, and therefore acceptable. This classifiaatgnbe used as a
guide in formulating performance criteria, product and pretmily standards, or as a
framework for the agreement on performance criteria between the manufacturer and the
purchaser, for example in instances where no suitable generlzigbror productamily

standard exists.
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7.5 Improving equipment immunity to voltage sag

After the voltage sensitivity of the equipment is known, analysis can be done to
identify measures to improve its immunity to voltage sag. With regard togeoftags
that are moderate in depth and duration, some equipment can have a certain level of
inherent immunity, for example by virtue of its inertia or energy storage capacity.
Alternatively, it may be possible to make design adjustments or use of addstiqpart

equipment.e. power conditioneso that this internal property is manifest.

Based on the information obtained from both methods (simple method and test
method),pleaserefer to chapters 8 & 9 for common hardening process & selection of

power onditioners to protect the sensitive equipment against voltage sag.

However, for short interruptions, immunity is not, in its strict sense, a feasible
concept. The essential character of the event is that it involves the complete cessation or
severe dimiation of the energy supply for a brief interval. No electrical device can
continue to operate as intended in the absence of its energy siipphgfore, such
immunity as can be provided from thesetulisances tends to be extrinsiit is a matter

of either providing for:
1 fast restoration of energy from an alternative source or,

1 arranging for the equipment and its associated process to adapt in an intended manner

to the brief interruption or diminution of power.
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7.6  Evaluating the Economicg25]

Deciding on the best alternative for improving voltage sagthdesugh performance at
c ust ofactity @& sa problem that comes down to simple econonmiés. needto
understand the sensitivity of the equipment and how much it costs every time the

equipment is affected.

Then weneed information from the electric utility that estimates how many voltage sags
to expect on your system per year. With this information in haadan then determine

the costs associated with voltage sags. The optimum solwilbminimize the combined
costs of the rid¢hrough solution and the resulting losses from the events not solved by
the specific solutio® the cost of the solution plus the cost of the disturbances.

The solution costs are lower ag focus on the partidar equipment and controls that are
sensitive. However, this approach may have additional costs associated with
characterizing the sensitivity of the process components and installation. Efforts to
understand the sensitivity of all parts of your proceassuwsually very worthwhile in

coming up with the best solution.

7.7 Improving Equipment Ride-through Characteristics
Ultimately, better equipment design is the best {tergh solution for voltage sag

problems. If manufacturers offered options for impbvielethrough, it might be more

economical to purchase these options than to install external devices for protection.
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CHAPTER 8

SOLUTIONS TO VOLTAGE SAGS

8.1 INTRODUCTION

In the blink of an eye, a voltage sag event can bring produationfacilty
systems in a compartg a halt. To the human eye, voltage sags can cause the lights to
dim. To automation equipment, sags can mean shutdown of equipment, loss of data
and unexplained resets. Over time, voltage sags can stress components, resulting in

premature wear and failure.

For processes that rely on high speed, any interruption can lead to significant
production shortages. For processes that take hours to create one part, or a single batch
of parts, process interruptions have a significant impact company profits.
Shutdowns result in scrapped work, production shortages, reduced service levels to

customers and less income for the company.

Many manufacturing and process industries need to focus on ensuring full
protection against voltage sag toimain maximum competitiveness, productivity and
quality. The Semiconductor Equipment and Materials Instiiateegone so far as to
establish a minimum standard with regard to sag immunity performance for
semiconductor tools and equipment. SEMI F47 inioedl a well thought out voltage
to-time curve that most equipment will be exposed to during normal operation. In

addition, a specifiecnethod of test and reporting had been developed.
The I[EC 610004-11 and IEC 6100@-34 also promotes minimum voltage sag

immunity requirement. These standards also specify the requirement for the sag

generator and testing methodology.
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Fortunately, there are ways to prevent voltage sags from disruptaag t or y 6 s
operations As with most system enhancements, the saftthe solutiors must be
evaluated against theonetarylosses associated with the disturbance. This section will
identify the most common solutions and whieestto apply them.

8.2  Equipment procurement specifications

Generally, the least expensive approacto purchase control and other electronic
equipment designed with the minimum immunity requirement mentioned in the previous
page. Improvement of equipment immunity is probably the most effective solution

against equipment trips due to voltage sags.

The best way to ensure that a machine meets the above requirements for voltage
sag ride through is to include the requirement in the purchase contract terms and to
demand proof of complianc&he requirement from IEC 6108834 or SEMI F47 must
be part of he equipment specificationdEC 610003-4 specify more stringent
requirement based on its 4 classes of voltage immunity requirement. It is advisable for

very critical equipment to adopt IEC 610884 Class 1 immunity requirement.
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Figure8.1  Voltage sag requirement for new equipment specification

Therefore, the best solution is éasure newequipmenthas a built in immunity against
voltage sagsby ensuring the immunityspecificationsare part of theprocuremen
procedure Equipment manufacturers should design equipment with ride through

capability for voltage sags.

8.3  Voltage sag solutions for existing industrial plant

The first step towards improving the immunity of any industrial plant is to
identify which process in the plant is semgit to voltage sags. Secondly,eomust
understand the product manufacturing process and the operation of the equipment
related to the procesd®lext, identify which components are critical to the related

machine operation andiould be adversely affected by voltage sag. Most motors,
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lighting and indicators can tolerate shddration sag with negligible detriment to

production.

Normally, the most critical and normally sagnsilve component is normally
the aedc power supplyused to power all @dcontrol andorogrammabldogic circuits.
A majority of power supply modules currently available on the market average 10 to
20 ms of holeup time at full load. These devices will not meet the sag immunity
performance needed to workrthg common sag events without special considerations

taken by the system designer.

The immediate action platihat ore can consider is to proteot hardenthe
control and logic circuits from voltage sags. There are a few methods available to
protect thes circuitries. By implementing these methods, the control circuitries will be

protected against voltage sags but not the primary equipment they are controlling.

For chillers, compressorsor other motor loadsby protecting their control
circuitries only,the motors will be experiencing sight reduction in speed during a
voltage sag event. The plant engineer must understand the impact of the motors
slowing down. The production process in the plant must not be affected by the
reduction of the motor speet@ihe other thing to consider is the impact of the voltage
sags to the primary equipment, for example motors, etc. The protected control circuitry
will ensure the primary equipment is still connected and exposed to the short duration

voltage sagsWVill there be any side effect on the motor etc?
Therefore, to ensure a successful voltage sag solution for existing industrial

plants, a detailed discussion must be done with the plant engineer and equipment

supplier before implementing the voltage sag immunikytsms.
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8.3.1 Hardening requiremeribr control and logic circuits

Onesimpleoption is to use a universal input power supply-288 Volt) and power

from the higher line voltage (208/240 Volt). This, of course, only meets the needed
level of perfornance when powered from the higher line voltage.

8.3.1.1SEMI F47 compliant power source

Another simple method is to use a SEMI7 compliancgower supply to power the

control circuit.

DC24V 2.1A c €

POWER SUPPLY

She Lo

V.ADJ 0“ C C—  MADE IN JAPAN
50/60H SHORT OPEN

Aol 1200 T34

AC200-240V 08A VOLTAGE SELECT

Figure8.2 Example of a SEMI F47 compliance power supply
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8.3.1.2 Change the trip setting pfotection relay (UVR etc.)

Another inexpensive and simple solution is to adjust the trip thresholds of
sensitive equipment. If a relay is frequently tripping during a volkagetry to change its
settings i.eeither thevoltage thresholar thetrip delay However, this measure can be
done only if the original trip settings were set too conservative, so it is important to

understand what they were designed to protect.

If an unbalance relay, an under voltage relay, oim#ernal reset or protection
circuit is inadvertently tripping during a voltage sag, first try to change its settings.
Consider changing the voltage threshold, and consider changing the trip delay, either or
both to slow it down. Sometimes this can beiagpke as twisting a knob; sometimes it

may take a component change or firmware adjustment.

It is important to note that this simple solution can be implemented if the trip
settings were set too conservatively to begin with; trips are useful and impsdame
do not want to eliminate them completelffhe recommended settings fan
UnderVoltage relay (UVR) is 70% with a time delay2s8 secondAlways refer to the
equipment manufacturer before changing the relay settings.

RCP8 002 —
=5 230 V 50/60Hz

~ 10A 250Vacel
> 1/3 hp 240Vac

A\ ) GB

~ 10A 30Vdc

. 10A 250vVac £ @ C€
: = -

Figure8.3 Changing the eltage threshold and time delay
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8.3.1.3Installing a coil holdin device[26].

Another option is to install a coil hold device. These devices are designed to
mitigate the effects of voltage sags on individual relays and contactors. Coiinhold
devices a installed between the relay or contactor coil connection terminals and the
incoming alternating current (ac) control line. They allow a relay or contactor to remain
engaged until the voltage drops to about 25 % of nominal, significantly improving its
voltage sag tolerance without interfering with emergency shutoff functions. The best
application for this type of device is to support relays and contactors in an emergency off

(EMO) circuit, master control relay, or motor control circuit.

Typical Coil-Lock Weight~ 5 oz. (0.14 kg)

Front View Side View

Figure8.4 A colil hold-in device
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During a voltage sag, this device maintains a current flow through the coil that is

sufficient to hold in the contacts closed. Tdueuit is designed to provideurrent to hold

in the coil for sags down to 1Z6% vdtage. It is not designed to hold in the colil for cases

where the voltage goes below 15%. This all ow

and will prevent any problems with eat-phase conditions following an interruption.
8.31.4 Implement ato restart schemes

Reprogramming the response of an Adjustable Speed Drive (ASD) response to a
voltage sag may be an option if the process requirements allow deviations in the speed
and torque of the motor. If the application does not require an operatesttst rthe
process, the ASD may be able to be reprogrammed to provide-syndmonous time
delay restart. Once the motor coasts down to zero speed, this feature will restart the motor

after a usedefined time delay.
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Figure8.5  Adjustable Sped Drive (ASD)

Another progrenming option is to reduce thec dus under voltage trip point.
Some processes require precise speed and torque regulation. Becauseudeand
speed vary when thecdbus reaches the under voltage trip point, some drive

marufacturers offer software revisions for existing drive applications that allevs udé
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ac drives to lower theadbus under voltage trip point. By lowering the trip point, drives
and processes can ride through longer and deeper voltage sags withouptintgerru

production.

Often, the software revisions are not part of the standard drive control software
and must be requested from the manufacturer. The drawback to this approach is that
rectifiers and fuses may b#amaged due to high inrush curresmtd overcurrent
conditions.The current increases as thelils under voltage trip point decreases. These

conditions should be considered when lowering the under voltage trip point.

8.315 To maintain théC link voltage for ASD.
L -
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Figure 8.6  Single line diagam for a typical Adjustable Speed Drive (ASD)
Note: IGBT- An insulatedgate bipolar transistodGBT) is a threeterminal power

semiconductor device primarily used as an electronic switch which, as it

was developed, came to combine high efficiency artcsfaisching.
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