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Codes, Guidebooks for managing
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Understanding Normal
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Peninsular Malaysia

MD ranges of Supply
individual voltage
customer
Up to 12 kVA 230V
12kVA to 100kVA 400V
100k VA to 400V
1000k VA
1000k VA to 11kV
5000kVA
1000k VA to 22kV
10000k VA
5000k VA to 33kV
25000k VA
Above 25000kVA 132kV,
275 kV




Power utility provides normal utility
grade power
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Steady State Voltage & Frequency Regulations

. The Malaysian
L CRVEIEVSED Distribution Code

Grid Code

Sinusoidal voltage waveform

Frequency = 50 Hz (+/- 1 %)

Voltage regulations (Normal) Voltage regulations (Contingency)

Voltage level % variations Voltage level % variations
400 Volt & 230 Voltf +10% to—6 % 400 Volt & 230 Volt +10 %
6.6, 11,22 & 33 kV +5 % 6.6, 11,22 & 33 kV +10 %

132 kV &275 kV -5 % to+5 % 132 kV & 275 kV +10 %
500 kV +5 % 500 kV - 10 % to 10 %




Standard Power Reliability & Security
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Power Quality Standards

Definition of Power Quality



Symptoms: Power Outage vs. Power Quality

Symptoms of Power Quality

Lights blinking

Sudden Equipment maloperation
Sudden tripping of circuit breakers
Premature equipment failure

Poor performance & unexpected
shutdowns

Lost data in electronics

Capacitor bank failure .
_..a-;.-‘u

High ground current =r1|

Others - :-I-

Symptom of Power Outage
No Electricity for more than 60 s



POWER QUALITY
STANDARDS

IEC IEC

| RECOMMENDATIONS
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Definitions of Power Quality

IEC 61000 Series:
Power Quality (PQ):

“The ability of a device,
equipment or system to
function satisfactorily in its
electromagnetic environment
without introducing
intolerable electromagnetic
disturbances to anything in
that environment “

IEEE 1159:20009,
IEEE 1100:2005

power quality (PQ):

The concept of powering
and grounding electronic
equipment in a manner that
is suitable to the operation
of that equipment and
compatible with the supply
system and other connected
equipment.




Power Quality/Voltage Disturbances
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According to IEC, Electrical Power Quality is a
compatibility problem between the source and
load, not perfection of source.....

e Power Quality or Electromagnetic compatibility (EMC)
itself is defined as: "the 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 (emission)*.



Concept of Electromagnetic Compatibility

EMC Source




Categories of EMC phenomena.

11T

ELECTROMAGNETIC COMPATIBILITY (EMC)
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Low Frequency Disturbances (< 9 kHz) are

T
T

Normal voltage
waveforms
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CATEGORIES OF POWER QUALITY
DISTURBANCES

Steady state Power Quality

Variations Power Quality
Disturbances

Harmonics distortion
*\/oltage sag/Voltage swell

*Flickers _
*Transients

*\/oltage variations — unbalance

‘Momentary interruption

*Frequency variations




IEC 61000

Part 1: General

* the zafety function requirements (what the function does); and
* the safety integrity requirements (the likelihood of a safety function being performed satisfactorily).

Part 2: Environment
= Description of the environment
« Classification of the environment
« Compatibility levels

Part 3: Limits

« Emission limits
= |mmunity limits {insofar as they do not fall under the responsibility of product committees)

Part 4: Testing and measurement techniques

« Measurement technigues
= Testing technigues

Part 5: Installation and mitigation guidelines

» |nstallation guidelines
= Mitigation methods and devices

Part 6: Generic standards



|EC Standards that
define
Electromagnetic
Environment



LF conducted distubances

IEC/TR 61000-2-1
Electromagnetic compatibility (EMC) - Part 2: Environment - Section 1: Description of the environment - Electromagnefic environment
for low-frequency conducted disturbances and signalling in public power supply systems

IEC 61000-2-2
Electromagnetic compatibility (EMC) - Part 2-2: Environment - Compatibility levels for low-frequency conducted disturbances and
signalling in public low-voltage power supply systems

IEC 61000-2-4
Electromagnetic compatibility (EMC) - Part 2-4; Environment - Compatibility levels in industrial plants for low-frequency conducted
disturbances

IEC/TR 61000-2-6
Electromagnetic compatibility (EMC) - Part 2: Environment - Section G Assessment of the emission levels in the power supply of
industrial plants as regards low-frequency conducted disturbances

IEC/TR 61000-2-2
Electromagnetic compatibility (EMC) - Part 2-3: Environment - Voltage dips and shor interruptions on public electric power supply
systems with statistical measurement results

IEC 61000-2-12
Electromagnetic compatibility (EMC) - Part 2-12: Environment - Compatibility levels for low-frequency conducted disturbances and
signalling in public medium-voltage power supply systems

IEC/TR 61000-2-14
Electromagnetic compatibility (EMC) - Part 2-14: Environment - Overvoltages on public electricity distribution networks

IEC/TR 60725
Consideration of reference impedances and public supply network impedances for use in determining disturbance characteristics of
electrical equipment having a rated current = = 75 A per phase

LF radiated disturbances

IEC/TR 61000-2-7
Electromagnetic compatibility (EMC) - Part 2: Environment - Section 7: Low frequency magnetic fields in various environments



IEC 61000-2-4 : Electromagnetic Environment
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IEC 61000-2-4 : Electromagnetic Environment

Supply Voltage Phenomenon

Acceptable limits

Interval

Measurement

Grid frequency

Slow voltage changes

49.5Hz to 50.5Hz 10s

230Volt + 8% 10 min

(Vualta ge Sags or Dips (<1min)

\.

100 times (Rural / 10 ms
Overhead system)

10-100 times

(Urban/Underground svstem) __/

Short Interruptions (< 3min)

Transient over-voltages
(line-to-ground)
Voltage unbalance

Harmonic Voltages

10 to 100 times per year 10 ms
(under 1% of nominal)

Mostly < 6kV N/A

2% 10 min

8% Total Harmonic Distortion 10 min

61000-2-4/FDIS © IEC ~T=
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 & 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 parl, be taken 10 be the same as the levels at the
in-plant point of coupling. In some situations this is netso, 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 forms a part.

Compatibility levels are specified for electromagnetic disturbances of the types which can be
expected at any in-plant point of coupling (IPC) within industrial plants or other non-public
networks, for guidance in

a) limits to be set for disturbance emission into industrial power supply syslems (including the
planning levels defined in 3.1.5);
NOTE 1 A very wide range of conditions is possible in the electromagnetic environments of industrial and other
non-public networks. These are approximated in this standard by the three classes described in Clause 4. How-

ever, it is the responsibility of the operator of such a netwark to take account of the particular electramagnetic
and ecancmic conditions, including equipment characteristics, in selting the above-mentioned limits

b) the choice of immunity levels for the equipment within these systems
The disturbance phenomena considered are

- voltage deviations;

- voltage dips and shorfinterruptions;

- voltage unbalance

- power-frequency variations

~ harmonicg up to order 50;

- interharmonics up to the 50th harmaonic

- voltage compenents at higher frequencies (above 50th harmonic),
- d.c. component;

- transient overvollages




|EC standards that define
measurement
Technique/Emission

LF conducted disturbances

IEC 61000-4-7
Electromagnetic compatibility (EMC) - Part 4-7: Testing and measurement technigues - General guide on harmonics and
interharmonics measurements and instrumentation, for power supply systems and equipment connected thereto

IEC 61000-4-15
Electromagnetic compatibility (EMC) - Part 4: Testing and measurement technigues - Section 15: Flickermeter - Functional and design
specifications



LF conducted disturbances

IEC 61000-3-2
Electromagnetic compatibility (EMC) - Part 3-2: Limits - Limits for harmonic current emissions (eguipment input current =16 A per
phase)

IEC 61000-3-3
Electromagnetic compatibility (EMC) - Part 3-3: Limits - Limitation of voltage changes, voltage fluctuations and flicker in public low-
voltage supply systems, for equipment with rated current =16 A per phase and not subject to conditional connection

IECITS 61000-3-4
Electromagnetic compatibility (EMC) - Part 3-4: Limits - Limitation of emission of harmonic currents in low-volfage power supply
systems for equipment with rated current greater than 16 A

IEC/TS 61000-3-5
Electromagnetic compatibility (EMC) - Part 3-5: Limits - Limitation of voltage fluctuations and flicker in low-voltage power supply
systems for equipment with rated current greater than 75 A

IEC/TR 61000-3-6
Electromagnetic compatibility (EMC) - Part 3-8 Limits - Assessment of emission limits for the connection of distorting installations to
MY, HV and EHV power systems

IEC/TR G1000-3-7
Electromagnetic compatibility (EMC) - Part 3-7: Limits - Assessment of emission limits for the connection of fluctuating installations to
MY, HV and EHY power systems

IEC 61000-3-8
Electromagnetic compatibility (EMC) - Part 3: Limits - Section 8 Signalling on low-voltage electrical installations - Emission levels,
freguency bands and electromagnetic disturbance levels

IEC 61000-3-12
Electromagnetic compatibility (EMC) - Part 3-12: Limits - Limits for harmonic currents produced by equipment connected to public low-
voltage systems with input current = 16 A and = 75 A per phase



POWER QUALITY
STANDARDS
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& IEEE Power quality phenomena

e The term power quality refers to a wide variety of
electromagnetic phenomena that characterize the voltage
and current at a given time and at a given location on the
power system.

* |EEE uses the electromagnetic compatibility approach to
describe power quality phenomena. The electromagnetic
compatibility approach has been accepted by the
international community in International Electrotechnical
Commission (IEC) standards produced by IEC Technical
Committee 77.



Principal phenomena causing
electromagnetic disturbances

Gmup

Examples'

Conducted low-frequency phenomena

Harmonics. interharmonics

Signal systems (power line carrier)

Voltage fluctuations

Voltage dips and interruptions

Voltage imbalance

Power-frequency variations

Induced low-frequency voltages

DC in AC networks

Radiated low-frequency phenomena

Magnetic fields

Electric fields

Conducted high-frequency phenomena

Induced continuous wave (CW) voltages or currents

Umidirectional transients

Oscillatory transients

Radiated high-frequency phenomena

Magnetic fields

Electric fields

Electromagnetic fields

Continuous waves

Transients

Electrostatic discharge phenomena (ESD)

Nuclear electromagnetic pulse (NEMP)
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Understanding EMC Testing

EMC Testing is necessary in ensuring that a device, equipment or
system does not emit electromagnetic disturbances more than
the levels determined in limits established by regulatory /
standard bodies, and ...

at the same time it is able to withstand an expected level of
electromagnetic disturbances from various sources of transient
phenomena and continuous radio frequency phenomena that are

present in its intended electromagnetic environment.
— m i




LF conducted disturbances

IEC 61000-4-11
Electromagnetic compatibility (EMC) - Part 4-11: Testing and measurament techniques - Voltage dips, short interruptions and voltage
variations immunity tests

IEC G1000-4-13
Electromagnetic compatibility (EMC) - Part 4-13: Testing and measurament techniques - Harmonics and interharmonics including
mains signalling at a.c. power port, low frequency immunity tests

IEC 61000-4-14
Electromagnetic compatibility (EMC) - Part 4-14: Testing and measurement techniques - Voltage fluctuation immunity test for
equipment with input current not exceeding 16 A per phase

IEC G1000-4-16
Electromagnetic compatibility (EMC) - Part 4-16: Testing and measurement techniques - Test for immunity to conducted, common
mode disturbances in the frequency range 0 Hz to 150 kHz

IEC 61000-4-17
Electromagnetic compatibility (EMC) - Part 4-17: Testing and measurement fechniques - Ripple on d.c. input power port immunity test

IEC G1000-4-27
Electromagnetic compatibility (EMC) - Part 4-27: Testing and measurement techniques - Unbalance, immunity test for equipment with
input current not exceeding 16 A per phase

IEC G1000-4-28
Electromagnetic compatibility (EMC) - Part 4-28: Testing and measureament techniques - Variation of power frequency, immunity test
for eguipment with input current not exceeding 16 A per phase

IEC G1000-4-29
Electromagnetic compatibility (EMC) - Part 4-29: Testing and measurement technigues - Voltage dips, short interruptions and voltage
variations on d.c. input power port immunity test

IEC 61000-4-30
Electromagnetic compatibility (EMC) - Part 4-30: Testing and measurement techniques - Power quality measurement methods

IEC 61000-4-34
Electromagnetic compatibility (EMC) - Part 4-34: Testing and measurement fechniques - Voltage dips, short interruptions and voltage
variations immunity tests for equipment with mains current more than 16 A per phase



LF radiated disturbances

IEC 61000-4-8
Electromagnetic compatibility (EMC) - Part 4-3: Testing and measurement technigues - Power frequency magnefic field immunity test

HF conducted disturbances

IEC 61000-4-4
Electromagnetic compatibility (EMC) - Part 4-4: Testing and measurement technigues - Electrical fast transient/burst immunity test

IEC/TR 61000-4-5
Electromagnetic compatibility (EMC) - Part 4-5: Testing and measurement technigues - Surge immunity test

IEC/ITR 61000-4-6
Electromagnetic compatibility (EMC) - Part 4-6: Testing and measurement technigues - Immunity to conducted disturbances, induced
by radio-frequency fields

IEC/TR 61000-4-12
Electromagnetic compatibility (EMC) - Part 1-5: General - High power electromagnetic (HFEM) effects on civil systems

IEC 61000-4-13

HF radiated disturbances

IEC 61000-4-3
Electromagnetic compatibility (EMC) - Part 4-3: Testing and measurement technigues - Radiated, radio-frequency. electromagnetic
field immunity test

IEC 61000-4-9
Electromagnetic compatibility (EMC) - Part 4-9: Testing and measurement technigues - Pulse magnetic field immunity test



Summary of EMC Testing

-
Conducted & Radiated emission
IEC 55011, 55012, 55013, 55014, 55015,

\55022, 55025, 61000-6-3, 61000-6-4
ﬂ[ Interference ]7 p

Harmonic current emission
IEC 61000-3-2, 61000-3-4, |IEC 61000-3-12

.

(

Voltage changes, fluctuation & flickers
IEC 61000-3-3, 61000-3-7

.
/Electrostatic Discharge IEC 61000—4-2\
Radiated EM Field Immunity IEC 61000-4-3
o Burst/ Electrical Fast Transient |IEC 61000-4-4
ﬂ[ Susceptibility ]7 Surge IEC 61000-4-5
Conducted Disturbance RF fields IEC 61000-4-6
Power Frequency Magnetic fields IEC 61000-4-8
Pulse Magnetic field IEC 61000-4-9
[_ Voltage Dips, Short Interruption IEC 61000-4-11
& Voltage variations IEC 61000-4-34 .

Qrmonics [EC 61000-4-13/




|EC standards for Evaluating
Equipment Sensitivity against voltage dips

IEC 61000-4-34 Low Frequency Phenomena
(International Electrotechnical Commission)

IEC 61000-4-11 is Intended to be used for
Equipment LESS Then 16A

|IEC 61000-4-34 is Intended to be used for
Equipment GREATER Then 16A

The Intent of IEC 61000-4-11 and -34 is to
define Voltage Dip Test Levels, not for
Specific Types of Equipment, but Attempts to
Define the Environment of the Equipment

IEC 61000-4-34 applies to Equipment over
16A and IEC 61000-4-11 for Equipment
Under 16A

COPYRIGHT @ IEC. NOT FOR COMMERCIAL USE OR REPRODUCTION

NORME
INTERNATIONALE

CEI
IEC

INTERNATIONAL 61000-4-34

STANDARD

eeeeeeeeeeeeeee

PUBLICATION FOMDAMENTALE EN CEM
BASIC EMC PUBLICATION

Compatibilité électromagnétique (CEM) —

Partie 4-34:
Techniques d'essai et de mesure —

Essais d'immunité aux creux de tension,
coupures bréves et variations de tension
pour matériel ayant un courant appelé

de plus de 16 A par phase

Electromagnetic compatibility (EMC) -

Part 4-34:

Testing and measurement techniques -
Voltage dips, short interruptions and voltage
variations immunity tests for equipment
with input current more than 16 A per phase
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IEC 61000-4-11 / 34 Class 1

Class 1 - This class applies to
protected supplies and 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 equipment,
some computers, etc.

NOTE Class 1 environments normally
contain equipment which requires
protection by such apparatus as
uninterruptible power supplies (UPS),
filters, or surge suppressers.
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IEC 61000-4-11 / 34 Class 2

Class 2 - This class applies to points
of common coupling (PCC'’s for
consumer systems) and points of
common internal point of coupling
(IPC’s) in the industrial environment in
general.

The compatibility levels in this class
are identical to those of public
networks; therefore components
designed for application in public
networks may be used in this class of
industrial environment.
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IEC 61000-4-11 / 34 Class 3

Class 3 - This class applies only to Duration Cycles (5012/60Hz)
IPC’s in industrial environments. It has | 1 o0 " = =N
higher compatibility levels than those i

of class 2 for some disturbance a0 1B
phenomena. . B

For instance, this class should be 0 4
considered when any of the following

conditions are met:

50
40

eV nominal

30
« a major part of the load is fed 20 1

through converters;
* welding machines are present;
» large motors are frequently started;
0 100 200 300 400 500 600 700 BOO 900 1000

* loads vary rapldly Legend Duration (Milliseconds)
e = |EC 61000-4-34 Class 3 (0% 1cycles, 40% 10112cycles, 70% 25/30cycles)

10

0

IEC 61000-4-11/34 Class 3



IEC 61000-4-11 / 34 Class X (4)

Duration Cycles (50Hz/60Hz)
12,513 1012 25/30 50/60

Class X — User
Defined and in case of 0
SEMI F47-0706, the < O T
test Points are Defined "
in the SEMI F47
Standard L

0 100 200 300 400 500 600 700 8OO 900 1000
Legend Duration (Milliseconds)

s = |EC 61000-4-34 Class X (SEMI F47-0706 Test Points)

IEC 61000-4-11/34 Class X



IEC 61000-2-8
PROPOSES
MITIGATION
MEASURES FOR
VOLTAGE SAG

61000-2-8 @CDWV -3-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC)

PART 2-8 : ENVIRONMENT-
Veoltage dips and short interruptions on public electric power supply
systems with statistical measurement results.

FOREWORD

Tha IEC (Internatioral Elecirotechnical Commisgion) is a worléwide arganization for standardization comprising
all natiomal elecirotechnical commitbees [(IEC Mational Commiltees). The obpect of the IEC is lo promate
infermational co-operation on all questions concerning slandardization in the electrical and electronic fields. To
thiz end and in addition fo other activities, fhe IEC publishee Irdernational Stapdards. Thair preparation iz
antrustad fo technical commitess, any |EC Hational Commifles inferested in the subject deall with may
participate in this preparatory work. International, governmental and nofegovernmental arganizations laising
with the IEC also participate in this preparation. The 1EC collaborates clesely with the Inlematicnal Organization
for Sandardization {120} in accordance with condibions defermined by agresment between the fwo
arganizalions,

g

R

The formal decisicns of agreements of the [EC on lechnical matters express, as nearly as possible, an
inferrational consensus of cpinion on the relevant subjects since each tachnizal commilize has representation
from all interested Maticnal Committess,

3] The decumerts produced have the form of recommandations for imlermaional use ard are publizhed in the form
of standards, technical reparts or guides amd thay are acceplad by the Natioral Commiltess in thal sense

In order 1o promate intermaticnal unification, 1EC National Cammiliess undenake o apply IEC Infermational
Standards lransparently te the madimum extent possible in their national and regional standards. Any

divergence betwean the |IEC Standard and the coresponding national or regional standard shall be clearly
indicated in the laiter

A=

5

The IEC provides no marking precedure to indicate its approval and cannol be rendered responsible for any
equipment declared to be in conformily with one of its standards.

) Attention is drawn bo the possibilily that some of the alemeants of this Intematicnal Slandard may be the subject
of patent rights. The [EC =hall not be held respensible for identifying amy or all such patent rights

International Technical Report IEC §1000-2-8 has been prepared by subcommittee 77TA: Low
frequency phenomena, of |IEC technical committes 77! Electromagnetic compatibility.

It has the status of a basic EMC publication in accordance with IEC guide 107.

The text of this standard is based on the following documents:

FOis Reaport on veding
TTAOUFDIS TTRIUKEIRVD

Full information on the voting for the approval of this standard can be found in the report on
voling indicated in the above table.

Thi hlication has ¢ fiad in accord SOUEC Diract Part 3
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Overview of IEEE 1000: 2005

 |EEE 1100 describes the many types
of power correction devices that
accept electrical power in whatever
form it is available and modify the
power to improve the quality or
reliability required for electronic &
voltage sensitive equipment.

 |EEE 1100 recommends proper
grounding practices to minimize
equipment maloperation, high
ground current, etc




FOWER CONDITIONING TECHMNOLOGY
w oc [ iy
& o o o e (T "
POWER = @ _E| 5|52 | & =il
QUALITY x| =z SZ|Z28 |32 |58 % 55 | 6B
CONDITION =5 | = gﬁ ch g |23 Ex | &3
zE 5°|8E 5 |22 | 5B
' o _— —
CORMOMN
1\ TRAMSIENT MOLYE
~ s YOLTAGE
] e RB AL
SURGE P AL
SRR
MOCE
/\V NOISE
PO FRRAL
RUOICFE
f'»\k/ NOTGHES
"’ DISTORTION
i l|I'-Ilir'llll"lll"ﬁ‘. k,'ﬁﬁullﬁlldllrllll-.' oA
" N
“\ _.'ﬁ'u'ﬂ'lun' I,u,"ﬁ'-,ﬁ,-'ﬁ".ur SWELL
[
! ".u.'ﬁ'll_,l‘"u'""u'” Wi UNDERVOLTAGE
. nnA
! '5“.'{1'.,‘,1"1'!“,! ||UII '|u|'|r".‘|' OVERVOLTAGE
A N MOMENTARY
TR V' INTERRUPTION
N LOMNG-TERM
TRy INTERRUPTION

FREIIEMCY

Vo VARIATION




Chapter 3

EeTR] NESTIR PUITEREITIIER  nmcnmsnaim s e omser s s s 585548 R LA

T 631 e T 4 U 5 o) OSSR OOSES

: Power quality considerations ..........cooeieeiiiiiiiie e
Grounding conSIAETAtIONS ......oooeiiiiiie e e ee e e aaanee s
Protection of susceptible equUPIMENt ........coooiiiiiiee e
Information technology equipment (ITE) ......ccocoveeeiiieeiieeeieeeee e
Shielded, filtered. enclosed EMIEMC areas........ccoecvvveeeeiieciieeeeeeccesveaneens
B T ] () 0 L SO
Coordination with other codes, standards, and agencies .........ccccoeeeeevnnee..
NOTITIATIVE TEIETEIICES .atetiie et ce e e e e e e e e e e e e e e e eneennneeeaaeenn

0 BIbIIOZIapIIy oveeeeee e e e e e

I‘_u I‘_“ '.\_,j\_;l '.J-J '.J-J I‘_“ '.\_,j\_;l
P O R PO R

3.

Chapter 4

LT BT IR .m0 A4 A8 B AN A A I
4.1 INTOAUCTION ...ttt eaaeas
4.2 Electric power supplier’s distribution system voltage disturbances.............
4.3 Voltage disturbances—subtractive ...
4.4 Voltage surges and interference—Additive ..o
4.5 Steady-state voltage/current wave shape distortion...............ccocoooeeeiieneeenn.
4.6 High- and low-frequency regimes defined ........cccoovveeeiiieciiiieee e
4.7 Impedance consSIderations ..........cieeiierieieee e ee e eeeeee e e eeeseens s e eeeaeees
4.8 Grounding SUDSYSIEIIIS ....uviiir e ae e e e eas
4.9 Shielding COMCEPTS oot ee e e ers e e e e e e e e e e e e e e e arnneeeaaens
4.10 Surge protective QeVICES i ceiee e e s eere e eeeeesear e e e e s e e are e e e e ee e e srnneeeaaeeas
4. 11 NOrmative TefeTeIICeS .o eee e e e e e e e e e e e e e e sanneeeaaens
4. 12 BIibHOZIaPIIY ...t n e e aaens



Chapter 7

Specification and selection of equipment and materials
7.1 Introduction.........ccccccoeeeeeiieeiiiiieee e,

Commonly used power correction devices

7.3 Equipment specifications ........ccccceeeiviereceeececeeeee e e,

7.4 Procurement specifiCations .......ccceveeeiiieeeesiieeeesnnsseeenns

5 WVerification testing

7.6 Equipment mamtenance

7 Bibliography

Chapter 8
Recommended design/installation practices
8.1 INtroduCtion.....cooeiiee e,
8.2 Equipment room wiring and grounding.........cccceeeeeeennenn,
8.3 Electrical power system selection considerations............
8.4 Equipment selection and imnstallation considerations
8.5 Grounding considerations .........ccoceeeeevveeiveeeeescieeee e,
8.6 Lightning/surge protection considerations
8.7 380 Hz to 480 Hz sVSTRIMNIS «.oveivieiieiiiei e
8.8 Normative references ....oooivveeeecciee e e e
8.9 Bibliography



IEEE Std 519-1992
{Fevision of IEEE 5td 512-1981)
Second Printing 17 June 20042

IEEE Recommended Practices and
Requirements for Harmonic Control in
Electrical Power Systems

Zponsar

Transmission and Distribution Committee
of the

IEEE Power Engineering Society

and

SE%EC Power Converter Committeea
of the
IEEE Industry Applications Society

Approved June 18, 15992
IEEE Standards Board

Approved January 4, 1953
American National Standards Institute




IEEE SURGE SUPPRESSION
STANDARDS

IEEE C62 1991 UL 1449-1985



POWER QUALITY
STANDARDS

IEC IEC

IEEE |EEE

semi | /psemr v/

| ENGINEERING

| RECOMMENDATIONS




SEMI Standards for Managing Voltage Sags

SEMI F47-0200

SPECIFICATION FOR SEMICONDUCTOR PROCESSING EQUIFMENT

VOLTAGE SAG IMMUNITY

respesibiln o he pies
Regienl Sticdaidy n Db 15
e gt Febeuary 2000 Crigisidly feblishad

1 Purpose

1.1 Semicondusior fmelones regquare high lovels of
power quality dug 1o the sensitivity of cyuapmest and
priess coilrols. Semiconductor prodessing squpmest
s eapesially vulneralde bo voltage sags. This document
defines the voltige sag ride-through capabality reguined
for  senoadmios  procealig,  merology, and
automuded fesl coupmend.

1.2 The requiresents in ihis intemationnl stmdard
were developed to soilsfy semiccaduwive induiry
weeds.  While moee siringesi than extsilng gencric
atugdinds, this industry=peadic specificition & Aol in
confliel with knows genceic equipmeat regulations
from ather reglons or genene cquipment stidards from
arther ceganizations {see Related Infornaiion seciica).

13 I b the wiesl of Biv siondend to provide
speetfications for semlooaductor processing couapment
ihad will lesd io lmpeoved scloetion eniterin for subs
compoieits and mprovements in equipment syslons
desdgn. While §l s secopmized that in cerain extreine
catii of Bor apeedfic funclioas batlery stormgs devis
mmny be appeopeiaie, 5 & sol the i of i simndard
io incremse dhe st o wse of baifery sioemge devices
provided wath cquipment. Focus an improvements in
cogupini componcnl and syits doign shoakd lead 1o
& roduction o climination m ihe use of balbery sorge
deveees fo schiove equipment relisbliy during veltse
i evels.

2 Scope

2.1 The dossumesd specifies the minisum voliage sag
ridesthrough  copabality  destgn  requirements  for
aguipment wsed i e sdondotor ndery. The
expectd equipment perfomiance capability & shown
naphically ca & charl represeating volinge 4 duration
and percent. devingion of equipment sominal volige.
Standord evaluation tesi method references are abio
included

The pemary foces for dhis speelficaion is
sesliotdustor peocessing cqupment lncluding but sat
lmsstesd o thie Following bool types

#  Elch cquipment (Dry & Wet),
o Film deposition equipment (VD & VI,

®  Thennal oquipseat,

& Sarfeee preg and clean,

 Ehoiolihography equipasent {Siepper & Trmcks),
o Chemical hlochanioal Polishing equipment,

®  lon beplosd cquipment,

o Adetrology equipaent, and

& vrcaated best equipment

This  specification apglies 1o semlconductor
procesalng oquipment 1 imchide the equipmen
sniinifinmne and all subysbems whoss clocnial power b
direatly sffected by the operation of the cpipmen’s
ENO sysicm,

24 This standurd does not purport 1o addres safity
toues, i any, ssscowied with lis wse, 18 s the
resporisibility of e users of this studard o establish
spproprise safety sl hoalh praciices and determine
ihe apjicabilaly of regulatory mitaisoss prior o we

3 Limitations

31 Mot dncleded in this standard are over voltge
condfilons, volinge sug durstlon of less than 005
sevands (% millioeoads) nnd voliage say dunsdion of
reaber tham 10 seeonds. [f secessary, the Information
Technology Induséry Couneil {(ITIC) “CEEMA-curve™
cotaied w IEEE 440, [EEE 1100, and SEMI E31 can
be used o specidy additonal requirements cutside the
nange of this document (sec Related Infommation,
Hetbon K1-1).

32 This specification docs not address wafer quality
with regard o processing varaticn caused by voltage
aige. 1 s recomimended tht cich equipancal supplie
coitaider the effects of voltige aigs oa thelr equipment
processs. If vollnge sigs sbove the defined lise can
sesult b knosn walir qualidy peoblems, ihen an appeo-
priate podificaiscnly scheme should be considered in
the cquipment design. To be b conformance with ihes
atiwderd it notification schewe should not be
clasiified o i equapamend (nlermigd per SEMIETD.

33 This stomdend addresses  specifications  for
seioaduclor  procdidng  cquipsent vollkge sng
immundty. Factory sysicms voltage sag immendy and
elecirie utility voltage sng peeformunee e covered in

1 SEMI F4T-0200 £ SEM 1555, 2000

SEMI F420500
TEST METHOD FOR SEMICONDUCTOR PROCES SING EQUIPWE
VOLTAGE SAG IMMUNITY
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SEMI F42 - Test Methodology
(Superseded by SEMI F47-0704)

FEW| FA0-0300
GUIDE FOR ELECTRIC UTILITY YOLTAGE SAG PERFORMANCE FOR
SEMICONDUCTOR FACTORIES

SEMI F50- Guide for Electric Utilities

SEMI Fis-0200
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SEMI F49- Guide for Semiconductor

Factory Systems
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Technical Standard for Evaluating
Equipment Sensitivity for voltage sags

Sevnominal

100
90
80
70
60
50
40
30
20
10

Logend

100 200 300 400 500 600 70 8O0 900 1000
Duration (Milliseconds)

SEMI F47-0706 Specification for Semiconductor Processing Equipment Voltage
Sag Immunity

SEMI F47-0706

SEMI FAT-0200

SPECIFICATION FOR SEMICONDUCTOR PROCESSING EQUIPMENT

VOLTAGE SAG IMMUNITY

This spevificition Wi Lo ally
respomsibility of the Worth American

il by

the (Hohal Faslities Comese and @ e dired
ey Comminee. Cusenl edition sppeoved by the North American

Reegora 5 Dosrimimee uf I 51999, Taiially available o SEMI Ol ine Jasiiary 2000, 10
be puiblishid February 2000, Crigaly peblished September 1599
1 Purpose »  Thenmal equigmeent,
1.1 Semiconducior fecionics require high levels of *  Swrliee prep and elean,
pawer quality due 1o the ry ol o and w  Fhalolith by equi i Stepper & Trocks),
proceis contrele. & di -

Is especdally vulnerabde to wu[uen. sags. I‘bih decument
defines e voltage sag ride<through copabilicy recpuised
for Ak = 1 drclogy,  and

autornnbed st couapmend.

1.2 The requirements in this stemationnl siascdasd
were developed to smisfy semicaductor mdusiry
wcods.  While more stringesd than cxsllag gencric
sinsdards. ihis indusiry=speeific speeificaiion s noi in
coaflist with bnows gencric cquipseeat regulitions
Trom other regions of genens equipment stasdards from
other cognnizations (see Belaied nformaion secion).
15 B b the dstest a[‘ s standerd to provide
i dor
thad will e 1o mspnymd seloetion ceiferin foe suls
aind s i syalemns
deslgn. While it is mmgnln.d that in cerain cdreme
eases or For spesific funciives batiery stormge deviees
may B apgeopeiate, it i 8ol the Gmot of this stasdasd
1o incroiss the s of mse of balfery slormge deviees
provided with cquipment. Foous on improvemenls in
equipment component and system design should lesd 10
& rodaction of climination i the use of baltery slorsge
deviees 1o achicve equipment reliskdlity dusing veltage
Al evenli.

2 Soope
2.1 This decumest specifies the m inisum voltage sag
ride-through  capabslity  desien  requirements  for
equpmem weed in the semiconduetor indusiry. The
Eility & shown
pllu.nlh o & chart represesting voltnge 2ag duration
and pereent deviation of equipment pomimal vohige.
Standord evalustion fesi method references are nbo

included.

2.1 I'h. peimary Enma for this speelficsion is
Including: bat ot

Ii:n-_daa o the Following tool types:
*  Eich cquipment (Dry & Wet},
*  Film depositics equipmeat (CVD & FVD),

& Chemseal \Iuﬂduu.il Palishing equipawzar,
& lon beplosd cquipment,

@ Mletrolegy equipseat, and

& Automated et equipaent.

23 This speeification applics 1o semiconducior
procesing  equipment o imclude  the equpm:ﬂ!

aiid all sub whose electrizal power b
directly affoeted by the operation of the oguipmo s
.!.!L‘lsyﬂ:m

24 This standard does not purport 1o address sadety
tssues, i any, sssocigied with (s use. It s the
sesponsibility of fe users of this sasderd 1o cstablish
mwnnm in[‘ch and hudih pﬂrzllm il determine
ihe nF v | priorio use

3 Limitations
50 Not incloded in this stamdard ore over voltage
condilons, vollage axg duration of les than Q0%
seconds (30 millisoecnds), amd vollage sag durstion of
mreater ihun 1.0 seecnds. 1f secessary, the Information
Technology Indusery Council {ITICH “CREMA-curve™
cvitained i [EEE SEE 1100, and SEMI E31 can
e wsed b spocify additionsl requircments eutaide the
mange of this docussent (sce Kelsted Infomsation,
Setion K11}
32 This specification does not address waler quality
with regard bo processisg vieation cassed by voltage
sags M bs recommended thel each equigmsent supplice
eonsider ithe effects of voliage smgs oo thelr equipmesd
processes. I voltnge sags sbove the defined Bee can
mesult is known waler guality preblems, then an sppeo
priste sedificatiom-caly scheme shoald be considensd in
ihe equipment desd he in confoemance with this
stiederd thit notificstion  scheme should not be
classified a8 s equipmeend Internapt per SEMIE1GL
33 This stasderd  addresses  speelfications for
dut uip vellage  sag
im musaty. [umr\ systems voltige sag immunity and
eleetric utility voltage sng pesformasee afe coversd in

1 SEMI FAT-D200 © SEMI 1599, 2000
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SEMl F47 System approach

SEMI standards address voltage dips at different levels
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SEMI F47 Compliance Strategies

* Use “Selective Power

Conditioners” on susceptible

loads | > I | [N

CVT DPI DySC CoilLock

Low Voltage
Ride Through

' . Module
* Embed the-: Solution thrm:'lgh These equipment exceed SEMI F47
proper design, configuration

and component selection P
strategies *ﬂ r
| > I—] ~ DC
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MALAYSIAN M5 1979:2011 (BM)
STANDARD

MALAYSIAN MS 1936:2007
STANDARD

PEMASANGAN ELEKTRIK DALAM

ELECTRICAL INSTALLATIONS OF BUILDING BANGUNAN - KOD AMALAN

— GUIDE TO MS IEC 60364

ICS: 91.140.50, 29.020

Descriptors: guide slechical installation, buldngs ICS: 91.140.50; 29.020
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INTERNATIONAL IEC
STANDARD 60364-1

Fifth edldon
200511

Low-voltage electrical installations —

Part 1:
Fundamental principles, assessment
of general characteristics, definitions

This English-language version is derived from fthe original
bilingual pwblication by leaving owt all French-fanguage
pages. Missing page numbers correspond fo fhe French-
language pages.

Reference number
IEC 60364~ 1:3005(E)

NORME CEl
INTERNATIONALE IEC

INTERNATIONAL 60364-4-44
STAN DHRD Editlon 1.1

200312

Edition 12001 consolidés par 'amendement 122003
Edition 1:2001 consolidated with amendmeant 1:2003

Inzstallations électriques des batiments —

Partie 444

Protection pour assurer la sécurité —
Protection contre les perturbations de tension
et les perturbations électromagnétiques

Electrical installations of buildings —

Part 4-44:

Protection for safety —

Protection against voltage disturbances
and electromagnetic disturbances

o Muméro de référence
. Referance number

] CEVIEC BO3s4-4-44-2001+410:2003
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Management of EMC
according to Malaysian
Grid & Distribution Codes



The Malaysian Codes address the existence of
voltage disturbances and EMC requirement for
Power Quality

The Malaysian The Malaysian
Grid Code Distribution Code
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Electricity Supply Application Handbook
address the power quality requirement

r.i TENAGA
= MASIONALzeruso Vision

To be among the leading corporations
in energy and related businesses globally

ELECTRICITY
SUPPLY APPLICATION
HANDBOOK Mission

We are committed to excellence
in our products and services

Shared values

Our share values provide us with
a principle that will shape our
business ethics and operations

= Customer first
iy = Business excellence
| A g w0 = Integrity
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1.3 POWER QUALITY
1.3.1 Power Quality Requirement

1.3.1.1 TNB supplies electricity by the alternating current (ac) system with system frequency of 50
Hz with specified regulated voltage levels. The ranges of voltage regulations available are
explained 1n section 2.1 of this guideline.

1.3.1.2 TNB shall supply electricity to the maimn mnconung terminals or pownt of common couplings
(PCC) between the consumers and TINB with voltage sag performance as indicated in
standards IEC 61000-2-4 and IEC/TR 61000-2-8.



of the potential short duration voltage and frequency fluctuations.

1.3.2.2 The requirements are:-

Table 1-4: TNB Power Quality Requirements

1.3.2.1 TNB specifies requirement that the consumer’s must comply with in order to linut the impact

Tvpe Of Indices Acceptable permissible values at Reference
Disturbance point of common coupling (PCC) Document
1% - Frequent starting/switching
and/or disconnection of load.
oL " . o ot K* i
Voltage Step o ¥ I_nﬁeque_nt single gtalm}g UK’s Eugmﬂ-l!mg
. AV % switchune or disconnection of Load Recommendation
Change . Ny :
= — once 1 two hours or more hours. P28
6 % - Starting/switching once or
twice a year.
Absolute .511011 1.0 (at 132KV and below)
ol Term Flicker - .
Voltage Severity (P,) | 0-8 (Above 132kV) UK’s Engineering
Fluctuation Absolute L . “ﬁ Recommendation
il Elicieer SOMIE LONZ | 0.8 (at 132KV and below) P28
Term Flicker
.| 5% at =400 Volt
Total Harmonic D - Encineerin
Harmonic Distortion 4 % at 11KV to 22kV 5 s
T A Recommendation
Distortion Voltage 3% at 33KV ER GS/4
(THDV) % - -
3% at 132kV
. Negative Phase UK’s Engineering
Voltage = . : .o
. = Sequence 2% for 1 munute Recommendation
Unbalance . ,
Voltage % P29
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It 1s the responsibility of the consumer to ensure that lus'her voltage sensitive equipment 1s
able to function continuously through unanticipated voltage sags, caused when the system 1s
subject to external interference such as lightning. 3™ party cable damage, other consumer’s
equipment fault, TNB equipment fault ete.

The consumer must select modern equipment that 1s able to ride through many of these
voltage sags. Consumers should ask their equipment manufacturers whether thewr equipment
can function properly during the voltage sag condifions illustrated in the European Standard
EN 50160, IEC Standard 61000-2-2 and TEC Standard IEC 61000-2-4. If the equipment
does not have any immumity to voltage sags, then the consumer should request from the
manufacturers on measures to inunune the equipment agamst voltage sags.

The recommended standards to refer for evaluating equupments’ sensitivities and identifying
immunity solutions to voltage sags. short mterruption and voltage varations are IEC
Standard 61000-4-11 and IEC Standard 61000-4-34.

Guidelines on some immunity measures against voltage sags can be referred to TNB Power
Quality Guidebook at http://www tnb.com my/tnb/con_quality htm

Declaration to Power Quality Requirement
The consumer 1s required to declare his equupment compatibility and compliance with regards

to the required power quality standard vusing the Power Quality Compliance Declaration
Form i1 Appendix §.
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TNB GUIDEBOOKS ON VOLTAGE SAG SOLUTIONS
? I

Voltage Sag Solutions for
Industrial Customers

2™ edition

A guidebook by Tenaga Nasional Berhad




Improving power quality
for sensitive customers

/ Distribution \
Network
Transmission
Network /
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Categories for Voltage Sag Solutions

e

\ % Utility Solutions

Whole Plant Solution
Protect Entire F acility

B

Panel Feeder Solution

Protect Feeder or
Group of Machines

-"]E —

105 —

Machine Solutions

104 —

. Protect Whole Machine or

%_J————""fwlachine Contral Circuits

Relative Cost of Solution

10° —

Control Level Solutions
Ssmall Power Conditioners’
102 — More Robust Relays,
Power Supplies,

Contactors, Sensors, etc. L e

Y

Knowledge of Equipment Sensitivity



EMC Embedded Solutions for Voltage Sags
Simple 8 solutions

— Tip #1: Use DC supply (if applicable)

— Tip #2: Wire load devices in a phase-to-phase configuration

— Tip #3: Identify & improve sensitive ice cube relays

— Tip #4: Do not use phase monitoring relays or undervoltage
relays (UVR) in the interlock circuit, VCB etc.

— Tip #5: Install auto restart schemes (if applicable)

— Tip #6: Use a SEMI F47/IEC61000 compliance power supply
— Range #1 (95V-250V (Japan and Europe),
— Range #2, 110V-270V (North America and Australia)

— Tip #7: Employ Delay tripping for Motors, Contactors, UVR
etc (Voltage 70%, t=2 to 3 seconds)
Tip #8: VFD calibration instead of scalar to set DFC (direct fly
start) ere flying start is automatic



Control Level Solution for control systems:

Improvement in UVR, improvement in control program
settings, auto restart, built in immunity & application of single
phase Power Conditioner (PC)

Robust L. _._ . _. _ 3 PHASE
Load —
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Machine or Panel Level Solutions
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Types of harmonic mitigation

A. AC Line reactors
B. Passive harmonic filters

— Series — single phase filters — 3™ harmonic filters (Zero
Sequence)

— Shunt — Tuned filter — 5th, 7th 11th 13t harmonic filter
— Low pass broad band harmonic filters
C. Active harmonic filters

D. Isolation transformers

E. Others



AC LINE REACTORS
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Active Harmonic Filter

Passive Harmonic Filter



Zero Sequence Filter Isolation Transformer
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According to IEC & IEEE, Electrical Power
Quality is a compatibility problem between
the source and load, not perfection of
source.....

* Power Quality or Electromagnetic compatibility (EMC)
itself is defined as: "the 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 (emission)*.
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The Malaysian Codes highlight the EMC
responsibility for both power utility & customers

The Malaysian The Malaysian
Grid Code Distribution Code
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