V/

'PROSIDING

o | BT

Palembang, 21 Mei 2008

Gedung Pascasarjana, UNSRI

FAKULTAS TEKNIK UNIVERSITAS SRIWIJAYA

§




Ketentuan Pidana
Kutipan Pasal 72 Undang-Undang Republik Indonesia

Nomor 19 Tahun 2002 Tentang Hak Cipta

it

1. Barang siapa dengan sengaja dan tanpa hak melakukan sebagaimana dimaksud dalam pasal 2
ayal (1) alau pasal 49 ayat (1) dan dan ayat (2) dipidana dengan pidana penjara masing masing
paling singkat 1 (salu) bulan dan/atau denda paling sedikit Rp. 1.000.000,00 (zalu jula rupiah), atau
pidaria penjara paling lama 7 (tujuh) tahun dan/atau denda paling banyak Rp. 5.000.000.000,00
(lima miliar rupiah).

2. Barang dengan sengaja menylarkan, memamerkan, mengedarkan, alau menjual kepada umun
sualu ciptaan atau barang Nasil pelanggaran Hak Cipta atau hak terkait sebagaimana dimale|
pada ayal (1) dipidana dengan pidana penjara paling lama 5 (lima) tahun dan/atau denda paling
banyak Rp. 500.000.000,00 (lima ratus juta rupiah).

PENANGGUNG JAWAB : {
Ketua Unit Penelitian dan Pengabdian Masyarakat

Fakultas Teknik Unsri

PENYUNTING

DINAR DA PUTRANTO
* YOHANES ADIYANTO
BETTY SUSANTI
RHAPTYALYANI
SALOMAH

PROSIDING

SEMINAR NASIONAL ENERGI
Added Value of Energy Resources (AVoLR)

2

Gl J .
(@i) Hak penerbilan pada Penerbit Universilas Sriwijaya

Celakan Perlama, Mei 2000

Desain Cover: Dinar DA Putranto, Yohanes Adiyanto

X+ 302 him, illus: 29,7 cm.
ISBN: 979-587-316-4

Dicetak di Percelakan Universilas Sriwijaya
Isi diluar langgung jawab percelakan

Seminar NasionalAVoER, 2000




MOCK-UP SYSTEM OF SIX PHASE POWER TRANSMISSION LINE -
I'OR FEASIBILITY STUDY THREE TO SIX PHASE CONVERSION =~
TRANSMISSION LINE

Jambak. M. 1,' Nawawi. Z, Sidik. M. A. B' Ahmad. n
Laboratorium Teknik Tegangan Tinggi dan Pengukuran Listrik
Jurusan Teknik Elektro, Fakultas Teknik Universitas Sriwijaya

Email: irflambak@gmail.com
Institute of High Voltage and High Current (IVAT)
Faculty of Electrical Engineering
Universiti Teknologi Malaysia

ABSTRACT
Six phase transmission line theoretically is a alternalive way to increase transmission line

power capability to meet the increasing electrical energy demand, Several researchers was
developed mathematical model and computer programming simulation of this system.
However, modeling and simulation have not been carried out the actual measurement result.
This paper presented the proposed mock-up system of transmission line by presenting the
various representations of transmission line components such as; transmission tower,
(ransmission line, circuit breaker, transformers and loads. Impact of conversion of three to six
phase and over-voltages due to switching transient are presented.

KKeywords: Transmission line, measurement, over-vollages

1. INTRODUCTION
Transmission line network is part of an electric power system. It serves to transfer electric

energy from generating units located at various locations to centres the load via the distribution
system. Transmission lines also interconnect neighboring utilities which permits not only
cconomic dispatch of power within regions during normal conditions, but also the transfer
power between regions during emergencies (Saadat,1999).

The increasing demand for power energy in Indonesia especially in Sumatera island,
coupled with the difficulty in obtaining new rights-of-way, electric power utilities are oflen
faced with the challenge of increasing power transfer capabilities of existing transmission
lines. Beside the cost of development of new transmission line project is high, other reason
responsible for the slow increase of transmission is the growing difficulty in getting petmits
for new lines. Hence, that reason dictates the feasibility of upgrading the capacity of existing
line. In upgrading the capacity ol a line, the possible options among others include installing
larger conductors on existing structures, increasing the operating voltage, increasing operating
temperature, increasing the reliability, or a combination of above (Rural Utilities Service,
1984). However, they typically involve orie or more conditions that exceed the original design
capabilities of the existing clectrical and structure aspects. An upgrading that involves increased
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mechanical loads or electrical insulation clearance, a number of factors should be considered (il
can minimize the extent of modification (Simpson, 1990). One alternative to increase the power
transfer capability of existing (hree phase double cireuit transmission line is the use of sis-phase
single circuit transmission line (Venkata, 1982).

2. SIX-PHASE TRANSMISSION LINE

A Six-Phase Transmission System (SPTS) is characterized by number of voltages ol cqual
magnitude and equally spaced in time. For a Three-Phase Transinission System (T1"1'5) this
means three equal voltages spaced 120° in time. For SPTS this becoines six voltages spaced

60° in time (Kanya, 1993).

/ \

(a) Three-phase system (b) Six-phase system |

Iligure 1. Phasor diagraim of TP'TS and SPTS

Wilson and Stewart (1984) classified (he voltage system of SPTS as shown in Figure 1(h) info o
discrete voltages, i.c.: phase-to-ground voltage, between adjacent phase, between phases separatcd
by one intermediate phase, and between opposite phases. Within each group the voltages have
identical magnitudes. In the group I the voltages are spaced 60°, in the group 1L and 111 the voliages
are spaced 120° and 180° respectively. For example, when the six-phase transmission line is enerpize
with a nominal phase-to-ground voltage of V'kV, the phase-to-phase voltage will be I'kV between -

adjacent phases, /3 V' kV between phases 120° apart, and 2V kV between opposite phases.
Hence, voltage stress on {he insulators of snx-phase mode will be substantially difTerent fiom thosc in

the three phase mode
Phasor diagram of phase-to-phase and phase to ground is shown in Figure 2(a) and Figure 2(h)

shows phase-ground-phase DGC triangle. The equation of V, andV,  can detived by determining
the resultant of DGC triangle. :

VCD=2ch0.=2waCosO (n
Angle 0 for adjacent phase-to-phase is 60°, it can simplified that

\Y ay 2DV e Cos60°

line (adjacent) cD
2)
Hence,

&)

vplmu(do) = vIlne (adjacent)
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(b) Six-phase system

(a) Three-phase system
Figure 2. Phase-ground-phase triangle
TPTS with refer to Fig;urc 2(a) the common terminal G is called the neutral/Ground or
two of the line terminals A, B, and € have

star (Y) point. The voltages appearing between any

different rclialionships in magnitude and phase
terminal anil the neutral point
vollages, and the set of voltages are re

(he phase voltages arc shown in figure 2(a) as V
~ magnitude, and each is displaced 120°

from tl
as:

\Y

line (line to line)

While

=
vplum (linie to grouiid)

The equation of V, and V.
Figure 2(a) :

G. The set of voltages V Ve
ferred to as the phase voltages.

=V
\'

can derived by calculate resultant of CND triang

{0 the voltages appearing between any one line
and V., are called the line
The effective values of
Each voltage has the same

Vis and Vi, ‘
and V. can define
phase

¢ other two phasors. V,

o Ve ™ Ve )

AD

s Vag Veo (%)

le in

| -
V= Vo Cos 30°= 53 Vi (6)
. 1 2 '
VBC b 2 X v“(l‘ iz 2 xiﬁ vll(l o '\/3 vl)(i (1)
I'rom equation 2.6 and equation 2.7, it can simplified, that :
vlhie 3 an = vphan (8)
phase(3v) & BN= (‘) )
‘Then the phase power is
Pphruc{!o) g vplmu X l/lua Cos 0 ; ( I ())
\Y hence, the main advantage of a six-phase {ransmission

Because V0 43 higher than
line it can carry up to 73% more ¢
al the same operating voltage. Consequen
system may differina low phase system un

atmospheric phenomenon. He
(ransmission line is useful to study the over-

phase (3 phase)’
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3. THREE TO SIX-PHASE CONVERSION

There is several ways to convert three-phase to six-phase system by using power transfornice
phase converter regarding to transformer connection:

= six unit single phase transformer

=> two unit three-phase transformer

A three-phase double circuit transiission line can be converted to a six-phase (rapsmission
line by using two pairs of identical delta-wye transformer connected at each end of the line/
substation (Billinton, 2003). One of each pair of transforimers has reverse polarity on the high
voltage side in order to obtain the required 60° phase shift. Figure 3 (a) and (b) shows
transformer arrangements of conversion three-phase (o six-phase transmission line and phasor
diagrdm respectively. This arrangement has the advantage of breaking the zcro sequence

networks.

: TR ' R T T

Thgn oo nge e
—— Plints A
e‘a i Pl O
-—-‘-A- Phate B
/ ; jo==s===Phase B
_m
' fJreesonan hamF
_(b)

Figure 3. Trans former converter arrangement and phasor diagram

4, SYSTEM STUDIED
4.1 Design Overview
‘Tests on actual line settings and configuration which are needed during a study are challenges to
~»resedichers who have limited access (o the lines. I0will be inore challenging especially ieconliguation
exercises for conversion of three phase (o six phase system, This is due (o the fact that as (he

continuous and quality ofsupply is of utiost importaice to utilities. Any changes to the actual line -

sellings and configurations while the systems is tunning fine is not appreciated by power ufilities who
are comimitted to minimizing cause any interruption to theit supply systern. Numerous works have

been carried out to examine transient behaviours emanating fioim conventionally designed transiission -
lines. Up to date there are many works done on field reductions were only based on digital simulations*

and calculations. Soflware models only provide a means for analysis ol integrated systen perfornnce
but cannot provide hands on experience that simulate real operational petformance, This micio-
model is Scaled-Down Transmission Line Laboratory Model (SDTLLM) of existing tlirce phase
double circuit transmission line with some form of sufficiéntly flexible feature. The flesibility feature
of the SDTLM implies that it can also be convertéd to a six-phase system, which ate consistz of
seven majot compotients; Transformiet, Towers, Inductors, Switching Unit, Protection Unit; Autificial
Earth and Insulator.
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Three phase double circuit line of Tenaga Nasional Berhad system has been chosen for the
study. The chosen line is the 132kV three-phase double circuit transmission line between Gua Musang
(GMSG) and Kuala Krai (KKRI), Kota Bahru Region, Kelantan which has a distance of 113.100
km in length. The one-line diagram of the system is shown in Figure 3.

From Tanah
Merah

132kV 2 x 3 phase line 132kV

33KV ;g A otk _'\_} E_-i‘_f"‘.\(

Gua Musany

Kuala Krai
Figure 4. 132 kV double circuit line between KKRI and GMSG

4.2 Development Of SDTLLM
The solution of the development Transmission Line Laboratory Model has several different

parameters requires such as: voltage, current, power. It is cumbersome task of transformation
of all parameters to the actual voltage level. However, this works have derived the per-unit
system of concern as such that the various quantities described before are expressed in term
of base quantities. In this SDTLLM system, the different voltage levels between actual and
model have been comprised to suit the laboratory model voltage energization. The (ransmission

. line parameters involving transformer and lines were reduced to a system ol simple impedante.

Figure 5 shows block diagram of proposed SDTLLM

a) Tower Model

The construction of the scaled down tower model were based on an actual dimensions of
{ransmission lines which are commonly found in Malaysia but with approximate 20 times rechuction
factor. Figure 6(a) shows tlie dimensions for the actual double circuit 132 kV transmission fower
and the model. The modelled towers, including their cross arms and tower footing were madeof .-
shaped aluminium material 10mm 90°angle type for the purposes of insulation and means of holding
the phase conductors. Jointing of each aluminium metal picces was done by using screw and bolt.
The towers were designed for a quadruple system and their dimension were 1700mm height, 100mm- -
% 100 mm at the top, and 390mm x 390mm size at the bottom. SDTLLM consisted of 6 cross aims, *

each arm was 210mm length. Figure 6(b) pictorial view of the modelled towers.

Tower
Phase Convereler Fhase Convereler
Transforher Ling / Conductor + Trensformer

5 Pitheonrs D'Vt". - Protactive Davicas ]
Ezﬁnﬁ:& | W .L_L = A = [~—]= %E = igf

et

Figure 5. Block Diagram of SDTLLM

Load Bank

Coupling
Transformer
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IFigure 6. SDTLLM fower

b) High Phase Power Transformer Laboratory Model (HPPTLM)

HPPTLM can be use to produce six-phase system as well us a three-phase powver systen is

shown in Figure 7. The study found that the casiest method to convert a three-phase to a six-phase
system is (o use a set of two-unit thiree-phase power transformers at the sending side, Similarly to°
conveit asix-phase to a three-phase systent is to use a sct of two-unit three-phase power transformens
at the a receiving side . The three-phase powet is run through a delta/wye transformer that splits and
converts the original three-phase voltage into two three-phase voltage sets. The firs( voltage sel
‘ACE’ mirrors the original three-phase systen with respect to phase. The second voltage set ‘DI”
is inverted by 180 degrees with respect to the ‘ACE’ phase. Note (hat the polaritics of the ‘DI
windings are reversed respect to ‘ACE” windings, and the star point of the both transformer are
grounded. The inverted vollage phases ‘DBI" are then superimposed over the fop of the firstset ol
voltages ‘ACE’. The tesulting voltages are now in the form of six-phases which are 60 depyees

apart, which represent a six-phase systen.

1 MR P,

-

( 5

elans™.
\so 800 PRl

5 P4 N
| ~.

D

(a) (b) [ N
Figure 8. Superimpose phasor diagram of two-unit star transformer
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h A (o} E B D F
E High Vollage side
i : s it

ey

i ]
i bl Low Voltage side 5

Figure 9: Wiring connection diagram of HPPTLM

c) Remolely relay-operated protection unit
A combination of relay, contactor, switch and circuit breaker is constructed with a mechanism to

be controlled from a distance. With capability to be switched offand on, this contactor of concern

is use for switching transient study.

d) Inductor
In SDTTLM, inductor is used as a length representation of transmission line. Base on (he

data from TNB, inductance of transmission line between KKRI and GMSG is about 97.3 mil -
or 0.861 mH/km. Two types inductor is used: single layer iron core open magnetic circnif
inductor and multi-layer air gap fetrite core inductor. This inductor has capability maintaining
constant inductance value at low and high frequency condition. . The inductor is made hy
using insulated copper wire diameler 0.8 mm. The newly constructed inductor is tested (o
determine the effective inductance value using R-L-C Bridge.

Figure 10: Pictorial view of remotely-operated protection unit
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Figure 11. Pictorial view of inductor in the development stage

5. RESULT

Waveform measureiient and observation of line is executed by means of LeCroy LT 341
DSO. It can be connected to a PC by using GPIB interface card to lacilitate 'C-Based display
of waveform. Figure 12 shows experimental set-up diagram. Several (ests were conducted fo
study mock-up system response under steady state and switching transient conditions, Figme |
13 shows a typical steady state waveform. While, Figure 14 to Figure 18 show switching
transient waveforms when MCCB is switch-ofl. :

i ;
L Y\ VY Y Y Y e Y Y Y g Y Y Y () -

B Vet o el Ve et e e e eV e e a el Vo e e et ., §
. e e et la e a e e e e aV e a e et Ta o e gt A, N 3
7 —‘ 3[ ! LAY A YA A Y Y Y YA YY) 4
ovia - .\_SrYW\'.’rYW\'.'rWY\‘;rWN’\‘;MY\:J_@- i
2 " " " " ") " "
Al e Y Y Y\ Y Y Y\ Y Y Y -
Iphats supply - s wBRER /-8
———— o ”ﬂ
[ l are 3 Q0
MIEAFACE : o0
Bloo!
. Leenor

—18|
@l

i

Figire 12, Circuit diagram of experimental set-up

4L DHO

Figure 13. 60"Phase degree waveforms observed using LeCroy L'T34
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gystem of conversion {hree- ph

describe in section 2, in the 6 ph

( hing Over ges Due Ti g-Off
Primary Transformer Converter
300
) |
-, i 00 -
\ \ v
. N LA /ih iy ‘_{
> o0s Ml/‘ W“}J' 002 004 O
|
o !
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Figure 14. Switching over voltages due to Switching-Off Transformer
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Tigure 16. Switching over voltages ¢

Tue to Switching-OIT Transformer on Phase 3 and 4

6. CONCLUSION :
v-how in the development of a mock-up

as presented a description on the knoy
ase double circuit transmission line to six-phase single circuit. It was

be exposed to very high repetitive over-voltages on black-out. As

ase system, stress vollage between opposite phase is twice compare
hen switching over-voltages occurred, absolute maximum

This paper h
found that {he transformer can

hase to ground. Its also the same, W
ltage of opposile phase must (0 be consider for BIL study.
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