Power Quality Management




This discussion is referenced from
Traming programme on
Power distribution system engineering, Management and
Technology by JICA, TICA and IMEA.
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230kV , 66 kV and 33 kV Net work diagram of Yangon Distribution System
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Demand Growth and Future Forecast of Yangon (MW)
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PRESANTATION OUTLINE

dintroduction to Power Quality and Bisic Principle.
(QWhy do Power Quality interest?

dImpact of Power Quality problem.

A Types of Power Quality problem.

(J Steady-state Power Quality problem.

J Event Power Quality problem.



PRESANTATION OUTLINE

(dSource of Power Quality problem.
dimpact of Power Quality problem and Mitigation.
dHarmonic generated equipments.

QImpact of Harmonic to Power System
Mitigation of Harmonic problem.

dPower factor and impact of low power factor.

JPower factor correction solutions.



PRESANTATION OUTLINE

dVoltage Fluctuation and cause of Fluctuation.
Solution of Voltage Fluctuation.

dVoltage Unbalance and it’s impact.

(dVoltage Unbalance mitigation.

( Reliability Indices.

(dVoltage Dip (Sag).

(dVoltage Dip Mitigation for Utility.



Introduction to PQ

and Basic Principle



Availability : Expand power supply to all
customer in the service area

g
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ower QuautyW

PQ problem is “any electrical
problem caused by distortion
of magnitude, frequency or

waveform of supplied voltage

and affect equipment to
malfunction or damage”
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Pure Sine Wave

Distorted Wave Voltage Sag




Power Quality problems

Peaks

Overvoltage

Undervoltage
Blackout

oV

in a smooth curve waveform.
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Power Quality problems




Modern equipments produce more power quality
problems than the old ones

In the same time, these equipments are more

sensitive to power quality problems

Increasing of electronic and computer control in

industrial process



The Advance in Microelectronics

(Approximate Sensitivity Level to Disrupt)
1970 : 1000 transistors per chip (0.001 J)
1980 : 10,000 transistors per chip (0.0001 J)
1990 : 1,000,000 transistors per chip (0.000001 J)
2006 : 100,000,000 transistors per chip (0.00000001 J)



Cause equipment to malfunction or trip out

Increase losses in equipment and system

Reduce equipment life time

Damage equipment in some severe case

Annoy the working environment

Produce the noise in communication system



Classify by characteristic

1. Steady-state Power Quality Problem

- Undervoltage and Overvoltage

- Harmonics

- Voltage Fluctuation

- Voltage Unbalance



Harmonics

Flicker

Unbalance




Classify by characteristic

2. Event Power Quality Problem

- Short Interruption

- Voltage Dip (or Sag)
- Voltage Swell

- Voltage Surge



Voltage Dip

Voltage Swell

Voltage Surge




Customer

Equipment
- Harmonics
- Flicker

- Unbalance

- Voltage Dip

Abnormal Event

In Power System
- Voltage Dip
- Voltage Swell

- Voltage Surge

- Interruption

Improper

System Control
- Overvoltage
- Undervoltage

- Unbalance




The product of abnormal current and system
impedance cause supplied voltage to deviate or distort
from sine wave

distorted -->  V distorted

fluctuated ->  V flicker

unbalance -->  V unbalance

fault -> Vdip

lightning ->  Vimpulse



Impact rrom PQ Problem
and Mitigation



®* Harmonics are voltages or

currents having frequencies that are of

the frequency at which the supply system is designed to

operate (termed the )
®* In Thailand, fundamental frequency is 50 Hz then
100 Hz component is harmonic

150 Hz component is 2° harmonic




Fundamental Wave

®* Fundamental sinusoidal wave

T

Freq. = 50Hz




Third Harmonic

®* Fundamental and 3rd harmonic waves

Freq. = 50Hz

Freq. = 150Hz, Amplitude = 33%




Fifth Harmonic

®* Fundamental and 5th harmonic waves

Freq. = 250Hz, Amplitude = 20%




How does harmonics occur?

Harmonics are produced from the operation of non-

linear loads

Non-linear loads are loads which although they are
supplied with pure sine wave voltage, they draw

distorted current (non sine wave current)

By using Fourier Series, we can analyze this distorted

current in to fundamental component and

harmonic components



Converter or Inverter

Adjustable Speed Drive

Switching Mode Power Supply
Uninterruptible Power Supply (UPS)

Arc Furnace
Arc Welder
Discharge Lamp

Saturated Transformer



Causes of harmonics

** Nonlinear loads

Non-
Linear
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Effects of harmonics

*»» Damage power factor correction capacitors

32



Effects of harmonics (cont.)

s Over temperature causes damages, reduces lifetime and efficiency of
equipment (transformers, generators, motors, cables...).

Load 100%
Harmonics
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Effects of harmonics (cont.)

s Because of high harmonic current, it is required to use larger cable size,
this increases the investment cost.
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Effects of harmonics (cont.)

*» Cause damages of computer power supplies, power electronic equipment,
and programable logic controllers (PLCs),...

e Ml

lﬁlﬂﬂ---------ﬂ
v‘hr:n.. & v;'u:e [ s.:\.- N é" Ry

35



Standards on harmonics < IEEE

IEEE Std 519 -1992 Harmonic Limits

Voltage Distortion Limits

Individual Voltage Total Voltage
Bus Voltage at PCC Distortion (%) Distortion THD (%)
69 kV and below 3.0 5.0
69.001 kV through 161 kV 1.5 2.5
161.001 KV and above 1.0 1.5

NOTE: High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal that will
attenuate by the time it is tapped for a user.
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Standards on harmonics < IEEE
IEEE Std 519 -1992 Harmonic Limits

Current Distortion Limits for General Distribution Systems
(120 V Through 69000 V)

Maximum Harmonic Current Distortion in Percent of I

Individual Harmonic Order (Odd Harmonics)

Isc/lL <11 11<h<17 17<h<23 23<h<35 35<h TDD
<20* 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.5 1.0 0.5 8.0
50<100 10.0 4.5 4.0 15 0.7 12.0
100<1000 12.0 55 5.0 20 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

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

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

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

Where
Isc = maximum short-circuit current at PCC.
I = maximum demand load current (fundamental frequency component) at PCC.
TDD = Total demand distortion (RSS), harmonic current distortion in % of maximum demand load

current (15 or 30 min demand).
PCC = Point of common coupling.
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Increase Skin Effect and Proximity Effect

Increase Eddy Current and Hysteresis Loss in transformer
Generate Negative and Zero sequence in power system
Lead to Resonance condition in power system

Cause a noise in communication system

38



Transformer supply a lot of non-linear load at

their rated power may face an overheat problem

In other word, transformer supplying a lot of non-

linear load must be reduce their capacity

(Derating)



Can be implemented as followings:
1. Decrease system impedance
2. Change location and resize capacitor

3. Install harmonic filter



Level of Voltage Distortion depends on system
impedance

Power system having high Short Circuit level will have
low system impedance. Even though there is a high
degree of harmonic current flowing in the system,
voltage distortion in the system still be in acceptable

level

Decreasing system impedance is done by selection of
low impedance transformer and larger conductor



Can be divided as followings:
Passive Filter
- Tuned Filter
- Detuned Filter

Active Filter



Tuned Filter comprise of Inductor and Capacitor which
connected in series and tuned to harmonic frequency
that needed to be filtered

Proper size of capacitor and inductor is selected so
reactance of capacitor and inductor are equal (at
harmonic frequency that needed to be filtered) and total
Impedance is equal to zero

This filter will capture most harmonic current flowing to it
and will not flow to the other part of the system



Tuned Filter

5th
Tuned
Filter

Z5 =0




Detuned Filter comprise of Inductor and Capacitor
connected in series just like Tuned Filter but

having a different objective

Detuned Filter is usually a modification of existing
capacitor bank to adjust the resonance frequency
of system to be lower than lowest harmonic order
in the system

To avoid the risk of resonance condition which
can create overvoltage and overcurrent



Active Filter is a power electronic device that
detect the harmonic content of load current and

produce these current feeding to load directly

So load current supplying from utility have only
Fundamental component which is truly pure Sine

Wave



Active Filter
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Harmonic filter solutions

+** Passive harmonic filter (PHF)
s Active harmonic filter (AHF)
+* Combined PHF and AHF

Passive harmonic filter equipment

Active harmonic fileter equipment
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Passive Harmonic Filter (PHF)

Components and operation principles:

A harmonic passive filter is a combination of

capacitors and inductors that are tuned to resonate at
a single frequency, or a band of frequencies to filt out
the harmonics at these frequencies

Application:

Install in industry with total power of nonlinear
loads (VFD, UPS, Battery charger.....) higher than
500kVA.

Install at the places where it is required to
eliminate  voltage  harmonics to  reduce
disturbances on senstive loads.

Install at the place where it is required to reduce
harmonic current to prevent overload.

K-

3O\

Non-linear Filter
load

Pasive harmonic filter principle
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Active Harmonic Filter (AHF)

Components and operation principle:

An active harmonic filter consists of power
electronic components connected in parallel or serie
with nonlinear loads to compensate the harmonic
currents or voltages caused by nonlinear loads.

AHF generates currents which have opposite phase
to the harmonic currents caused by nonlinear loads
(Ihar = -lact ) using current feedback via CTs. Thus the
source current s a sinusoidal.

Application:

- Install in industry with total power of nonlinear
loads (VFD, UPS, Battery charger.....) smaller than
500kVA.

- Install at the place where it is required to reduce
harmonic current to prevent overload.

| har

¥

Non-linear
load

a
%

=

Is
l lact
AHC

1

@

Linear
load

Active harmonic filter principle
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Active Harmonic Filter (AHF)

*»* Use DSP to control an Inverter to generate currents which have the same
applitude and in opposite phase to the harmonics.

[ 3 ) CT“

Power
Network H:’é * Load
rm‘

System

controller
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Active Harmonic Filter (AHF)

** Spectrum and waveform of load current, AHF current and source current.
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Combined PHF and AHF

Components and operation principle:

A combined harmonic filter solution has the
advantages of PHF and AHF, i. e it can reduce voltage
harmonics and current harmonics.

I har

Application: O —

- Installin industry with total power of nonlinear

loads (VFD, UPS, Battery charger.....) varied in a
wide range. - | AHC

- Install at the places where it is required to # T T @
eliminate  voltage  harmonics to  reduce Nonlinear | - Linear

. . load Hybrid filter load
disturbances on senstive loads.

- Install at the place where it is required to reduce Combined harmonic filter principle
harmonic current to prevent overload.
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AHF of Sinexcel

Bdc tinh

400V

Sinexcel AHF D05/010VD5

Sinexcel AHF 025/035 Sinexcel AHF 050/060 Sinexce| AHFO7S/ 100 Sinexcel AHF 150

Théng s& hé théng

Pién ap dinh mic

380V/415V(228V ~456V)

Tan s6 dinh mifc

S0/B0Hz( tam : A5Hz~62.54H2)

50/60Hz(tAm - 45H~62Hz)

S8 thi&t b I3p song song khong gidi han
Hiéu sudt = 9%
Kiéu hé théng P3N, IPAW
Bién dong CT 50/5 ~ 10,000/5A 150/5 ~ 10,000/5A
Thiét k& Hevel
Chi s8 cong suat
Céng sudt dinh midc 5A/10A/154 254/35A [ S0A/60A | 75A/100A | 1504
Bi s6ng hai coé
Bu cong sudt phan khang [
Bu mat can bang pha Co

Thuat toan

FFT, FFT Théng minh va coéng sudt phan khang tlc thi

Ché db hoat ding

12 ché d, cé thé Ifa chon uu tién

Tam loc Bac 2 dén bac 61 Bac 2 dén bac 50
Thif tf lpc Co thé digu chinh déc lap
Géc loc Bac 2 dén bac 61 Béac 2 dén béac 50
Higu sudt loc = 95%
Thdi gian phan dng <15us <50us
Thdi gian dap ting 5ms <5ms
Hé s8 cong sust C6 thé chinh tif -1 dén 1
Tan s& dong cat 90kHz trung binh 20kHz, t6i da 35kHz
Luu luging khéng khi 44 Lisec 75 Lisec | 151 Lisec | 300 Lisec 405 L/sec
D6 BN = 55dB < 5608
Kha nang két ndi va giam sat
Céng giao tiép RS485 RS485, and network port(RJ45)
Giao thifc Modbus Modbus (RTU), TCP/ (Ethemet)
Module hién thi WIFI 4.3-inch HMI (module), 7-inch HMI (Gidm sat tap trung)

Chiic ndng bao vé

bao vé qua ap, syt 3p, ngdn mach, nghich cau inverter, qua bu...

Theo déi bao déng

Co

Bao ddng

Ca, t6i da 500 béo dong

Model: AHF-100{W) wall mount

Model: AHF-100(R) rack mount type
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AHF of ABB

Model PQFI PQFM PQFS

Electrical characteristics

Connection methoa 3-wire 3-wre/d-wire
“Network voltage Vi: 208-480V 208-240V
Note: select V2 for 600V V2: 480-600V for cULus version and upto 690V for IEC version 380-415V
Network frequency 50 Hz/60 Hz - +/- 5%

Line current rating per base unit V1: 300A. 450A V1i: TOA. 100A, 130A, 150A 30A, 45A, B0A, TOA, BOA,
) V2: 180A, 320A @ VZ2: 100A 90A, 100A. 120A
Neutral current rating per base unit - - 3 times the Ine
A current rating™
Mooularity Maximum 8 units can be combined i Maximum 4 units combined
Reounaancy®™ Master/master or master/slave arrangement

Equipment losses 3% of the equipment power typicailly

Internal power circult protection Main breaker Fuse block + Class J fuse standard incoming protection -

Filter characteristics

Harmonic range 2= to 50* orger

.H_armnnics selactable 20 orders 3-wire: 20 orders
simultanecusy 4-wire: 15 orgers
Flitering gegree Programmabie per harmonic In absclute Ampeare value

Harmonic attenuation factor Better than 97% at rated loaa

{1, (source)/,, (load))

Reaction time < 0.5 ms Instantaneous response

Response time 2 networks cycies typically (10-80% Mitarng)

Reactive power characteristics

Target cos @ ! Programmable from 0.6 (inductive) to 0.6 (capacitive)™

Load balancing characteristics

Moaas L-L: ONVOFF L-L: ONVOFF

L-N: ON/OFF

Programming/Communication

Digital YO 2 digital imputs/6 digital outputs and one NO Fan contact (potential free)
Alarm contact 1 NO/NG alarm contact (potential frea)
Programming/Monitoring Using POF-Manager GUI

One standard Modbus TCP Ethemet or optional Modbus RTU interface
POF-Link software (optional extra)
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AHF of Schneider

Technical Specifications

Standard RMS output
current ratings

60A, 120A, 200A, 300A 208 240 VAC
60A. 120A; 200A, -480 VAC
47A. 94A, 157A 235A 480 600 VAC
40A, 80A, 133A’, 200A @ 600 - 690 VAC

Electrical System Characteristics

Nominal voitage

208-240 VAC, + 10%/-10%
380-480 VAC; + 10%/-15%
480-600 VAC; + 10%/-15%
600-690 VAC; + 10%/-15%

Nominal Frequency
Number of phases

50/60 Hz, +3 Hz auto sensing
3-phase, with or without neutral (no neutral cancellation)

Technical Product Characteristics

Power electronics
Topology

Efficiency
Cument transformers (CT)

CT VAloading
Quantity of CT

Spectrum cancellation
Control basis

CT Position

Hamonic Attenuation

3—leve| IGBT

harmonic FFT
reactive power

to 480 VAC >97%; to 690 VAC >95%
Any rabo with 1 or 5 ampere secondary
5&)690 or400 Hcgrated (Instrument rated or better)

Canbeshared\mlhotherdevuoes
40 mQ

3 for  load:

2~ to 51= discrete; fully selectable per harmonic order (amplitude and on/off)

for newi lation
Sﬁlﬁnei)op compatible with AecuSme PCS for retrofit applications)
Loop Control: Source sense (at mains) CT or Load sense CT

for smEIe unit
oop Control: Load sense CT or source sense CT for single unit

CIosedLoop <3% THD(i); max 20:1 THD(i) reduction with load
armonic current above of AccuSine +rating
OpenL <5% TDD

Requmes % or h»gher inductive impedance per nonlinear load

Hamonic avoidance

Parallel operation
Parallel operation options

Parallel sequence options

Parallel redundancy

Paralle! HMI control

Parallel communications
Power factor correction

Control response time
Hamonic correction time
Reactive comrection time
Display

Operator interface
Display parameters

Communications Capability
Discrete input/outputs
Noise level (ISO3746)
Earthing (Grounding)
systems

Output at specrﬁchanmmcotdernnnedofflfresonanoeorlad(of
impedance detected; or manually tumed
Up to 10 units per ¢ set of CT (to 51st order), any size combination

Ean AccuSine PCS operated in parallel.
Cont?é:td your S les ofﬁce for applications lf more than 10 units
requi

Master/Master (masters receive mains CT)
Master/Slave
Multi-Master/multi-slave
Same as AccuSine PCS for retrofits
Lead/lag with unit rotati it tes to full
o e R A ofoton e unt operatesto ul capaciy
Load Share: All operating units function at the same ouput percentage.
w unit with CToonnechonswillaMomahmlybeoomemasﬁenfme

ing master is taken offline.
omag&mmeasemoupmdalunnsbmakeupmaatyofany

nit permits and changi ter setti of complete
gm orany olher u in parallelgsgr(gg g% e

Pmpnetaly COM Bus between operating units

Opumlf:gtg:( &ges?gnwlgg?mg (capacitive) or lagging (inductive)
25ps

2 cycles

1/4 cycle

144 mm QVGATFT 64k-color touchscreen

Magelis HMI STU touch panel screen

100's: includes THDi, THDv, osctlloscope for viewing many selected

Far?nlwenteeés seq, 805 ;i injected gij ts foralsr?rler?eggtlve I rfnce’rglh

Modbus RTU, Modbus TCP/IP
4 input and 4 output dry contacts; assignable
< 70 db at one meter from unit surface

Suitable for most earthing f_?roundmg syste
IT switch on EMC filter for T earthi groungé)hlgh resistance
earthing (ground) or corner earthed ns(’t:;round



Definition of Power Factor

% Power factor is the ratio between real power comsumed by load and
apparent power

Q, Reactive Power

P
PF = cos(0) = 5

—>
P, Real Power

** Power factor in case of nonlinear load
cos(6
o (0)
J1+ THD?
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Causes of low power factor

+** Inductive load (motor,...)
¢ Fluocense lamp, arc welding machines, arc furnaces,...
*** Nonlinear load (rectifier, switching power supply,....)
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Effect of low power factor

¢ Higher power loss in transmission lines

¢ Electric equipment with higher rating power and larger size
¢ Larger cable size

¢ Higher voltage drop in transmission lines

¢ Reduce efficiency
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Effect of low power factor

cos ¢ = 0.8 [tg ¢ = 0.75)

Activa Energy (kWh]
Reactive Energy (kVArh)

Active Energy (kWh)
Reactive Energy (kVArh)

cos @=1(tge=0)

Active Energy (kWh) Active Energy (kWh)

ELECTRICITY
SUPPLY
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Power factor correction solutions



Power factor correction solutions

¢ Capacitor bank
+* Static Var Generator (SVG)

Capacitor bank

Static Var Generator
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Capacitor bank

>

ot I I b (R it ot M A
C1 ce C3 C4 CS cé

20kVar 40kVar 40kVar 40kVar 40kVar 40kVar
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YESC 3Ce00330:3§qpeo3¢ Capacitor Bank

00080 (G896 C2q)0

2 33kV 10 10 90
3 11kV 5 15 30
4 6.6kV 6 20 30

Total 27 45 210
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Disadvantages of capacitor bank

¢ Stepped correction
¢ Under-compensation or over-compensation

¢ High risk of explosion in high harmonic environment
»* Slow response time

Over-compensation Under-compensation

N% \jx
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2003 §:09)8:(8), § 051 meo(ogpdcusioné 6.6kV Automatic Switching Capacitor Bank
0050¢(3:8:9
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Static Var Generator

%+ Use DSP to control an inverter to generate compensation currents in
such a way that the source currents are in the same phase as voltages.

(3 ] cr B
gori\‘éler f( * Loads
7 A AN
=TT N
N h ‘ .
z:’f//‘:, L'l & J.;,'.,}
A l E
PAN
PV YN }
< 4 3
el W
IGBT PWM controller

\ driving module ““_“ /
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Static Var Generator (SVG)

s* Current and voltage waveform of SVG

| Em— rr—— =g

LOAD SVG SOURCE
P A A u
3 . : (] [i2:] &8
/ \ t :
' WAVEFORM HIN i ' t
--------- : N\ S S

Voltage

Current
Output Capacitive Reactive Power
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Advantages of SVG

%* PFC performance 0.99

+* Stepless compensation without over-compensation and under-
compensation, compensate specific capacity that system needs

** Fast response time within 15ms

%* Compensation with inductive reactive power and capacitive reactive
power

“* SVG can also compensate unbalanced current because itis a current
source.
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Products

Rated Voltage

Voitage range

Rated capacity

Modes of operation

Response time

Mounting type

SVG of Sinexcel
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Voltage fluctuation is a condition that magnitude of
voltage increase and decrease repetitively causing a
change in luminance of the light bulb. The change in
brightness can cause the irritation to people in that

environment.

Severity of voltage fluctuation can determine by the

Amplitude of voltage change and Frequency of

voltage change.



Waveform

Amplitude




Produced from large fluctuating load which draw
high current in short period or continuously vary.
This make voltage drop in system impedance
changing along with the fluctuating current and

cause fluctuation in receiving voltage

These loads are Arc Furnace or large motor which

continuously start and stop



Fluctuating load must connect to higher voltage
system since higher voltage system have higher
fault level (lower system impedance) and the

impact from voltage fluctuation can be reduced

Install Static VAR Compensator to quickly response
and compensate the change of load reactive

current



1. rarsformer

2. Thuristor Yalve
3. Damping Reactor

4. Capacitor
5. Control

Capaocitor ou ment

I
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Voltage Unbalance occur when magnitude and/or phase

angle of each voltages in three phase system are not equal

Balanced Unbalanced
Voltage ; Voltage




Voltage unbalance can be analyzed by Symmetrical

Component technique

Any voltage unbalance can be separated in to
Positive Sequence Component , Negative Sequence

Component and Zero Sequence Component



In LV system, inappropriate single phase load allocation

between each phase is the cause of voltage unbalance

In HV system, single phase traction load (electric train) is the

major source of voltage unbalance

Non-transposed transmission line or feeder maybe produce

voltage unbalance even in balanced load condition
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Undue voltage unbalance level in power system can affect

the operation of three phase AC motor as followings:
- Increase current, heat and vibration in motor
- Reduce torque

- At normal operating speed, degree of current
unbalance is up to 6-10 times of degree of voltage

unbalance
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* |[EC 60034-26 specify that Three Phase AC Motor
should operate in environment having continuous

voltage unbalance level and allow

®* If motor must operate in high Voltage Unbalance
environment for a long time, the motor should be
to protect the damage to motor




In LV system, solve by proper allocation of single

phase load in three phase power system

Voltage unbalance from traction load can be
mitigated by special transformers which are Scott

Transformer and V-connection Transformer
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Special Transformer to Reduce Unbalance

Single Phase Transformer

V-connection Transformer

[
~
-
©
O
=
£
©
0
C
3
o
on
C
=
O
>
)
.2
+—
L)
)
o

| | I i | | |
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Ratio of load in 1 section to total load




Reliability Indices can be used to evaluate the
performance of power system in ability to supply
continuous and stable power. How often and how long

does interruption occur? How fast does the system can

restore the supply?



® General Reliability Indices

(System Average Interruption Duration Index) is and
average interruption duration that each customer receive in

specific period of time (ex. 1 year)

SAIFI (System Average Interruption Frequency Index) is

and average interruption frequency that each customer

receive in specific period of time

® SAIDI and SAIFI are usually calculated base on only

Permanent Fault (more than 1 minute interruption)




* Additional Reliability Index for evaluate system performance

in Momentary Interruption is

MAIFI (Momentary Average Interruption Frequency Index) is
and average momentary interruption frequency that each

customer receive in specific period of time

MAIFI can be used to evaluate power system performance in

temporary fault prevention (less than 1 minute interruption)

which much more frequently occur than permanent fault




Voltage Dip (Sag)

®* Voltage Dip is an event which supplied voltage decrease
below normal voltage range (ex. below 90%) in short period

(Y2 cycle to 1 minute by IEEE definition)

* Severity of Voltage Dip can be specified by its

®* Furthermore, when Voltage Dip

occur can interfere some equipment operation




Cause of Voltage Dip

Cause by abnormal high current flowing in the system in a

short period e.q.

* which can draw about 5 - 8

times of full load current in short period (2 - 3 seconds)

: which can draw several ten times
of normal load current in very short period (3 - 5 cycle or 60 -
100 ms)







Voltage Dip is
produced by fault in
neighbor circuit which
supplied from the
same source with
customer’s supplied

circuit

Interruption cause by
fault in customer’s
directly supplied

circuit



Voltage Dip impact less
adversely effect to
equipment (no effect
in some equipment)
but occur more

frequently

Interruption impact
more adversely effect
to equipment but

occur less frequently



Voltage Dip

cause microprocessor to reset, interrupt the

manufacturing process

cause adjustable speed drive (ASD) to trip out or

damage in some severe case
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By reducing magnitude and/or duration of voltage dip

Install Neutral Ground Resistor (NGR) in power

transformer

Apply Current Limiting Fuse instead of normal

expulsion fuse

Install Fault Current Limiter to limit magnitude of

fault current



Voltage Dip Mitigation

Can be divided into 2 parts

16

by reducing the number and severity of fault

event which is the cause of voltage dip

by improving their system and
equipment’s voltage dip ride-through capability

** The effective voltage dip mitigation must derive from

the cooperation of both utility and customer **



Decrease number of fault event in power system

which is the cause of voltage dip

Decrease the severity of voltage dip by reduce

magnitude and/or duration of fault current

Split supplied system into small part to reduce the

impact from voltage dip

Install voltage dip compensated device



Can be done by

Tree maintenance

Animal protection

Equipment Preventive Maintenance
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Repeatedly cut and trim tree branch that close or

touch the overhead HV equipment

Use plant hormone to control the growth rate and

height of tree under feeder or transmission line



After

imming

\ tri
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Fuse cutout cover
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Bushing Cover




PM Survey by Inspection and Thermovision

1 4
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PM Survey by Thermovision and PD Detection
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Partial Discharge (PD) disadvantages are

- Create losses in the system

- Gradually damage insulator -> finally breakdown
- Damage Equipment

What are the indicators of PD?

- Ultrasonic

- Ultraviolet (UV) light

- Ozone



Preventive Maintenance by PD Detection

PD damaged Insulator are more likely to short circuit

in high moisture environment or contact by animal
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Equipment Preventive Maintenance
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Equipment Preventive Maintenance
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Equipment Preventive Maintenance
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Equipment Preventive Maintenance
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Equipment Preventive Maintenance
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Equipment Preventive Maintenance
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Equipment Preventive Maintenance
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