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Technology Transfer Program (Draft) 1st Day
Date: 27 August 2008 at 10:00 AM.
Place: PJB Head Office
Subject: Technology Transfer (Substation and Transmission)
Time Content Presenter
10:00 - 10:20 Coffee Time
) ] Technology Transfer Mr. Manabe
1020 - 12:00 "Design of Transmission and Substation” Mr. Maruoka
12:00 - 12:30 Question and Answer
12:30 - 13:30 Lunch
Technology Transfer
13:30 - 15:00 | "Advanced and efficient technologies of Transmission and Mr. Manabe
) . . Mr. Maruoka
Substation equipment
15:00 - 15:20 Question and Answer
15:20 - 15:30 Questionnaire to Audience




Technology Transfer Program (Draft) 2nd Day

Date : 28 August 2008 at 9:00 AM.
Place: PJB Head Office
Subject: Technology Transfer (System Operation)

Time Content Presenter
09:10 - 11:10 | Technology Transfer : System Operation Mr. Koyama
11:10 - 11:40 Question and Answer
11:40 - 11:50 | Questionnaire to Audience
11:50 - 12:00 | Closing Speech by JICA Mr. Yamaoka

12:00 - 13:00 Lunch
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Topics Substation and Transmission System Operation
in the seminar (1** day) (2™ day)
T ISR 83% (29/35) 95% (22/23)
S E R 91% (31/35) 91% (21/23)
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Topics in the Seminar S_Iyrl:;snt;t]iqci)sr;s) nnd System Operation
Date 2o0alyT 2oaies
80 ~ 100 % understood 6 3
50 ~80 % understood 25 18
0~50 % understood 4 2
Number of collected questionnaires 35 23

Substation and Transmission

System Operation

£ 80 ~ 100 % understood 50 ~80 % understood B 0~50 % understood
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Questionnaire Survey on
Technology Transfer Seminar relating to Substation, Transmission
on August 27 at PJB Head Office

2. Technology Transfer related to Substation and Transmission

2.1

Topics in the Seminar

Are you satisfied with the topics presented in the Seminar? Yes (29) No (6)

If your answer is “No”, what kind of topics do you expect?

Reactive power planning and Voltage control

2.2

Understanding of topics

Do you understand the contents presented in the Seminar? Please tell us the degree of
understanding.

80 ~ 100 % understood (6) 50 ~80 % understood (25) 0~50 % understood (4)

2.3

Contribution toward your work

Is this seminar useful for your work? | Yes(31) | No(3)

#2 (212) BBz FERKEZOT v — MEERSE (2 HH : 2008.8.28)

Questionnaire Survey on
Technology Transfer Seminar relating to Substation, Transmission
on August 28 at PJB Head Office

2. Technology Transfer related to System Operation

2.1

Topics in the Seminar

Are you satisfied with the topics presented in the Seminar? ' Yes (22) " No @

2.2

Understanding of topics

Do you understand the contents presented in the Seminar? Please tell us the degree of
understanding.

80 ~ 100 % understood (3) | 50 ~80 % understood (18) | 0~50 % understood 2

2.3

Contribution toward your work

 Is this seminar useful for your work? Yes (21) No (2)
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1. Design of Transmission Line and Substation
2. Advanced and Efficient Technologies of Transmission and Substation Equipment

3. System Operation (Voltage Control and System Protection)
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TECHNOLOGY TRANSFER SEMINAR
OF
THE STUDY ON
OPTIMAL ELECTRIC POWER DEVELOPMENT
IN JAVA-MADURA-BALI
IN THE REPUBLIC OF INDONESIA

AUGUST 27, 2008
AT
PJB HEAD OFFICE
PRESENTED BY

JICASTUDY TEAM
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The Study on Optimal Electric Power Development
in Java-Madura-Bali in the Republic of Indonesia

Date :

Technology Transfer Program (Draft) 1st Day
27 August 2008 at 10:00 AM.

Place:

PJB Head Office

Subject:

Technology Transfer (Substation and Transmission)

Time

Content Presenter

10:00 - 10:10

Opening Speech by PLN

10:10 - 10:20

Opening Speech by JICA Study Team Mr. Yamaoka

10:20 - 12:00

Technology Transfer Mr. Manabe
"Design of Transmission and Substation™ Mr. Maruoka

12:00 - 12:30

Question and Answer

12:30 - 13:30

Lunch

13:30 - 15:00

Technology Transfer
"Advanced and efficient technologies of
Transmission and Substation equipment”

Mr. Manabe
Mr. Maruoka

15:00 - 15:20

Question and Answer

15:20 - 15:30

Questionnaire to Audience

Date :

Technology Transfer Program (Draft) 2nd Day
28 August 2008 at 9:00 AM.

Place:

PJB Head Office

Subject:

Technology Transfer (System Operation)

Time

Content Presenter

09:00 - 09:05

Opening Speech by JICA Study Team Mr. Yamaoka

09:05 - 11:00

Technology Transfer : System Operation Mr. Kishishita

11:00 - 11:40

Question and Answer

11:40 - 11:50

Questionnaire to Audience

11:50 - 12:00

Closing Speech by PLN

12:00 - 13:00

Lunch
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1. DESIGN OF TRANSMISSION LINE AND SUBSTATION

SPEAKER: MR. MARUOKA YOSHIO,
MR. MANABE KAZUHIRO,

KANSAI ELECTRIC POWER CO., Inc.
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1. Design of Transmission Line and Substation

Technical Transfer Seminar

Study on
. Optimal Electric Power Development

in Java-Madura-Bali
. in the Republic of Indonesia

August 2008
NEWJEC Inc.
The Kansai Electric Power Co., Inc.

Table of Contents

1. Design of Transmission Line and Substation

2. Advanced and Efficient Technologies of
Transmission and Substation Equipment

3. System Operation
(Voltage Control and System Protection)

1-1

[ 1. Design of Transmission Line and Substation J

1-0. Introduction

1-1. Classification of the overvoltages and overview
of design against them

1-2. Determination of the number of insulators
1-3. Protection design against pollution
1-4. Protection design against lightning surge

[ 1. Design of Transmission Line and Substation }

1-0. Introduction

1-1. Classification of the overvoltages and overview
of design against them

1-2. Determination of the number of insulators
1-3. Protection design against pollution
1-4. Protection design against lightning surge

1-5. Insulation coordination among substation and 1-5. Insulation coordination among substation and
transmission line transmission line
1-6. Insulation design in substations with surge 1-6. Insulation design in substations with surge
arresters arresters
1-2 1-3
" [ Component of Overhead Transmission Line J
1-0. Introduction
Overhead
Ground Wire
1 To protect conductors .
Outline from direct lightning [ Z%ffévsieﬁggé et
+ Component of Overhead Transmission Line '
+ Concept of Insulation
[Cinsuator_|
+ Insulation Material To insulate conductors (S
from tower
To support conductors
[Foundation
1-4 15

15




1. Design of Transmission Line and Substation

{ Concept of Insulation ] [ Insulation Material ]
Water Water pressure increase |[Increase thickness Insulator Dielectric | Compariso
f the tube T Form Material Place to Use Breakdown n of
Water Pipe g- 0 g Strength Strength
e v === 5 A I ] Al mOverhead Transmission 21 KV 1.0
A p ‘g !_i__ *.'___’1____,'. el Wl —E Gas r mBus of Circuit Breaker cm (Base)
ti{thickness) & ) u g[ \ ftz‘(m) g SFe =CIS& GIL 380kviem | 181
Break the pipe 3 @ Electrical aTransformer
s . X o Liquid X . uCircuit Breaker 78 kV/2.5mm 14.9
Electricity I Voltage increase AN Insulating oil | (- ie
Tower arm | L
Q o | % Increase Insulator mOverhead Transmission
- Al . . N > (Alumina mBushing 10 kV/mm 4.8
T L2 Dielectric 4
L Insulation -",_; L? Brleakdz)\l/vn 3 -I-risulatlon 9ap porcelain) mPothead of Cable
9ap A " P
" j i f ) ,,.,,T,()a.,,_‘;!lgh Voltage] . aper 30 kV/mm
Conductor — e pmmns High Voltage lhorease Solid (Craft Paper) =OF Cable (Oil filled paper) 14.3
Insulation e 7, Dielectric Insulation gap | <€€P the Crossdinked | oy apy 38KV 181
gay +Breakdown gaps Polyethylene - aple mm !
JE.’ ower arm i \Sé widely Vinyl Chloride | mWiring (Inside & Outside) | 20 kV/mm 95
16 1-7
[ Insulation Material ] [ Insulation Material ]
Suspension Insulator Long Rod Insulator
e = Insulator classified by material
Material Characteristics
k e A
““HH“HHH"““"" Porcelain | Crystobarite | mWeakness to thermal shock, not used at new
porcelain lines
Alumina mimproved mechanical strength of
Pin Insulator Station Post Insulator Line Post Insulator pomelém crystobarite porcelain —
| Glass Soda-lime | mMore vulnerable than porcelain insulator
ﬁ Synthetic | Epoxy resin | mUsed indoor only
. - resin Polymer mGood anti-pollution characteristics, but
possibility of brittle fracture of FRP core

1-8

=) Alumina porcelain is generally used as insulation material
of electricity equipments in Japan

1-9

[ 1. Desi

gn of Transmission Line and Substation J

1-0.
1-1.

1-2.
1-3.
1-4.
1-5.

1-6.

Introduction

Classification of the overvoltages and overview
of design against them

Determination of the number of insulators
Protection design against pollution

Protection design against lightning surge
Insulation coordination among substation and
transmission line

Insulation design in substations with surge
arresters

1-10

1-1. Classification of the overvoltages and
overview of design against them

l

Qutline

+ Basis of Insulation Design
+ External Overvoltage

+ Internal Overvoltage

¢ Summary

1-11
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1. Design of Transmission Line and Substation

{ Basis of Insulation Design ]

Not only normal voltage but also external and internal
overvoltages should be considered in the insulation design of the
transmission line.

[ External Overvoltage ]

The biggest external overvoltage is lightning surge.

Type Source of generation Characteristics
1 [Agalnst the external overvoltage (Lightning)] It is generated by direct | Time order is several
itis necessary to reduce the dgmage through the Lightnin lightning on conductor | micro seconds.
comblqatlon of system 'protgctlgn method and by gurgeg or by back flashover Magnitude of surge varies,
protection designs for lightning caused by lightning at | and sometimes exceeds
2 |[Against the internal overvoltage] overhead ground wire | 2,000 kV.
it is necessary to extremely reduce the probability of
flashover.
*Protection designs for lightning include:
« adoption of proper insulation method
« installation of overhead ground wire
« reduction of grounding resistance  etc.
1-12 1-13
[ External Overvoltage ] [ External Overvoltage ]
Photos of Lightning Direct Lightning Stroke
Sw to Conductor
I(by shielding failure)
Since lightning current ;01”1
flows through the tower, "% I —
tower voltage increases ’ " Lightning hits the conductor
™y | and flashover is generated ‘ directly and flashover is
\"-,,l ) between arc horns. generated between arc horns.
R Back Flashover Direct Lightning Stroke
__E: Parts to be Hit by Lightning Overhez?iwg:o'ﬂnd Wire Conductor
1 Frequency of Lightning Many Few
Direction of Lightning Current Tower — Conductor Conductor — Tower
Strength of Lightning Current Weak Strong
1-14 Damage of Equipment Small Large 11-15
[ Internal Overvoltage J [ Internal Overvoltage ; Switching Surge J

There are two types of overvoltages which is generated
inside electricity equipment.

Overvoltage is generated when
opened or closed.

VSHL

a circuit breaker is

Switching surge voltage
| 2(vs+vL)-vi

| In general, the switching
! surge voltage is shown as

follows:

WL

{K(VSHVL) VL

Type Source of generation Characteristics
. Time order is several hundred micro
P It is generated when a D
Switching LS . seconds. In 500 kV transmission line,
circuit breaker is . . -
Surge magnitude is about 2 times larger than
opened or closed. .
normal line-to-ground voltage.
. Magnitude is about 1.2-1.3 times larger
Itis generated at LS -
. (in direct grounding system) and about
Sustained sound phases when N X 4 "
N " 3times larger (in resistance grounding
Overvoltage | single line-to-ground
or ungrounded system) than normal
fault occurs. . -
line-to-ground voltage respectively.

(Residual voltage on line)

AV,
0 1000 \4000 XOO

! tine (us)
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1. Design of Transmission Line and Substation

{ Internal Overvoltage ; Switching Surge ]

*Switching surge is 2.0 — 4.0 times larger than the
crest value of normal voltage
*Magnitude depends on grounding method

Grounding Non- Resistance Direct Direct
method grounding reactor grounding grounding
Nominal

voltage [kV] 22,33 66, 77, 154 275 500

Switching x4.0 x3.3 x28 x2.0

surge ratio

[Switching Surge Voltage]
= [Highest Allowable Voltage of IEC; Um] * ( V2143 ) * [Switching Surge Ratio]
= [Crest Value of Highest Allowable Voltage to Ground] * [Switching Surge Ratio]

Um = [Nominal Voltage V] x (12/11)

[ Internal Overvoltage; Sustained Overvoltage ]

*Sustained overvoltage is generated when single
line-to-ground fault occurs

A A

C (o}
Ground fault

Voltages of 3 phases are almost equivalent Voltage of grounding phase is almost zero.
Voltages of sound phases rise.

1-18 1-19
[ Internal Overvoltage; Sustained Overvoltage ] [ Internal Overvoltage ]
. . . K Switching surge overvoltage >
;ﬁuit_al;:edto}llervoglage Iﬁ 1.3~ ~3 times Iarg er than Nominal voltage V [kV] 22 33 66 7 154 | 275 | 500 Notes
€ nighest allowable voltage Highest allowable 12
*Magnitude depends on grounding method voltage Um [kV] 24| 36 | 72| B4 | 168 ] 300 | 525 | Vay
Crest value of highest 2
" - - allowable voltage to 19.6 | 29.4 | 58.8 | 68.6 | 137 245 429 Umx—=
Grounding Non- Resistance Direct ground [KV] Na)
method grounding reactor grounding
Switching surge ratio n 4.0 4.0 3.3 3.3 33 2.8 2.0
Nominal Switching surge voltage V2
voltage [KV] 22,33 | 66,77,154 | 275,500 i 78.4| 1176 | 194 | 226 | 452 | 686 | 858 | Umxxn
Overvoltage
ratio xV3 x3 x1.3 <Sustained overvoltage>
Nominal voltage V [kV] 22 33 66 77 154 275 500 Notes
[Sustained Overvoltage] Highest allowable 23| 35 | 690 | 81 | 161 | 288 | 525 v
= [Highest Allowable Voltage] * (1/ 3 ) * [Overvoltage Ratio] voltage [kV] i
Overvoltage ratio n J3 | 3 J3 J3 J3 | 13| 13
[Highest Allowable Voltage] = [Nominal Voltage V] x (11.5/11) S“s‘a‘”e‘fk‘\))f"")"age 23| 3 |60 | 81 | 161 | 216 | 304 | viSn
1-20 1-21
[ Summary }
[ 1. Design of Transmission Line and Substation }
-Exte_rnal and |n_ternal _overvol_tages shall be 1.0. Introduction
considered for insulation design. 1-1.  Classification of the overvoltages and overview
The biggest external overvoltage is lightning of design against them _
surge 1-2. Determination of the number of insulators
1-3. Protection design against pollution
*The internal overvoltage includes; swicthing 1-4.  Protection design against lightning surge
surge ?nd sustained _0V9rV0|tage- These Va'_Ues 1-5.  Insulation coordination among substation and
are estimated by setting the overvoltage ratio. transmission line
1-6. Insulation design in substations with surge
arresters
1-22 1-23
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1. Design of Transmission Line and Substation

1-2. Determination of the Number
of Insulators

Qutline
+ Determination of the Number of Insulators

+ Required Number of Insulators against Switching
Surge

+ Application of Arc Horn
¢ Summary

1-24

E Determination of the Number ]
of Insulators

The number of insulators
determined by determined by
switching surge sustained overvoltage

i To select the bigger numbe  determined by switching

-D— i surge is bigger than that |
Determination of the \._by sustained overvoltage. -
number of insulator

The number of insulators

The actual determined number of
insulators depends on arc horn gap and
pollution withstand voltage.

1-25

Required Number of Insulators against

(250mm suspension insulator, Non-polluted area))

Required Number of Insulators against

Wit]hzsbtoand characteristics of insulator string against switching surge

Nominal voltage V[kV] 22 33 66 77 154 | 275 | 500 Notes (250mm suspension insulator)
i 12
Highest allowable voltage 24 | 36 | 72 | 84 | 168 | 300 | 525 Vx=2 1000 -
Um [kV] 11
Crest value of highest 2 —
allowable voltage to 19.6 | 29.4 | 58.8 | 68.6 | 137 | 245 | 429 Umx— = L
ground [kV] V3 = 800
Switching surge ratio n 40 | 40 | 33 | 33 | 33 | 28| 20 E‘
s
— e
Switching surge voltage | 76 4 | 1176| 194 | 226 | 452 | 686 | 858 |  UmxY2xn % 600 -
[ 4 5 497kV
Reduction coefficientof | 44 | 49 | 13| 11 | 12|11 12 * ® In case of 154 KV
insulation k 2 400 -
2
Required insulation Umxﬁx nxk S
strength of insulator [kV] 86 | 129 | 213 | 249 | 497 | 755 | 944 3
i 200
ReqL_J |rec: r:umg*er of > 2 4 4 9 14 19 | Fromthe %ragh of next
insulators pag Round up to whole numbe
*Reduction coefficient of insulation: revised coefficient in consideration with insulation reduction of / 0
insulator string by difference of the sea level and climate condition 0 e
0 5 9 10 15 20
**In Japan generally, added one more insulator for maintenance 1-26 The number of insulator [Nos] 1-27
[ Application of Arc Horn J [ Application of Arc Horn ; Horn Gap J

Function of the Arc Horn
1. Protection of Insulator
Arc horn does not permit flashover on
the surface of insulators against;
«lightning stroke, or
pollution of insulators
in order to avoid the rupture of insulator

2. Corona Shield

Arc horn shields corona which is
generated from insulator or fitting

when expected internal overvoltages (such as switching surge and

‘ Flashover must not be permitted between arc horns ‘
sustained overvoltage) are generated

Minimum horn gap is determined by the internal overvoltages.
(In general, it is determined by switching surge withstand voltage characteristics;

Minimum arc horn gap (Required arc horn gap against switching surge)

Nominal voltage V

22 33 66 77 154 275 500 Notes
Highest allowable 12
voltage Um [kV] 24 36 72 84 168 300 525 \% XH

Required switching
surge withstand 86 | 129 | 213 | 249 497 755 944

voltage [kV]
Required gap L | 170 | 250 | 430 | 510 | 1,000 | 1,770 | 2,400 | From the graph
[mm] of next page

1-29
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1. Design of Transmission Line and Substation

{ Application of Arc Horn ; Horn Gap ]

Relationship between the horn gap
1400 and switching surge withstand voltage

-

[ Application of Arc Horn ; Horn Gap

Required number of insulator for internal

i)
B overvoltages and minimum gap between arc horn S £
S 1200 ¢ should be checked, and the number of insulator | E =18
. ©
s and arc horn gap are revised and used. i g2 2
S i S5
> =5 | @
1000 | ‘ HE
2 u = |§
i Z/Zo (Z: horn gap, Zo: insulator string length) ; ‘—%
g 800 should be adjusted as about 75 - 85 % =
= 600 - Standard number of insulators and arc horn gaps
2 \L
S 497K Nominal voltage [kV] 22,33 66, 77 154 275 500
£ 400 In case of 154 kv -
@ Number of insulators 4 6 10 16 29
o
H -
3 200 | 'nsu'at"[;:r’]']'lg length 584 876 1,460 2,336 4234
& Round up to ten’s place
Horn gap [mm] 450 650 1,130 1,970 3,200
0 “1.090mm_ ‘
0 1000’ 2000 3000 4000 ZIZo [%] 77.0 74.1 77.4 84.3 75.6
Required horn gap [mm] 1-30 *Insulator string length [mm] = Height of 254mm Insulator (146 [mm]) x Number of insulators 1-31
[ Summary }

*The number of insulators is determined by internal
overvoltages. In general, it is determined by switching surge.

« Arc horn is the important device in terms of insulation and
corona.

ePractical arc horn gap and the number of insulators should
be mutually adjusted.

[ 1. Design of Transmission Line and Substation }

1-0. Introduction

1-1. Classification of the overvoltages and overview
of design against them

1-2. Determination of the number of insulators
1-3. Protection design against pollution
1-4. Protection design against lightning surge

1-5. Insulation coordination among substation and
transmission line
1-6. Insulation design in substations with surge
arresters
1-32 133
[ Basic Philosophy of Japanese Utility J

[ 1-3. Protection Design against Pollution ]

Outline

+ Basic philosophy of Japanese Utility

+ Classification of Pollution Level

+ The Number of Insulator determined by Pollution
+ Japanese Situation
+ Conforming to IEC

+ Anti-Pollution Insulator

+ Summary

1-34

The number of insulators should be determined based on not only
internal overvoltages and horn gap, but also required anti-pollution
characteristics

Basic concept of the management of pollution
=To increase creepage distance

=To implement insulator washing (up to 154 kV line)

It is necessary to control pollution properly by both of above.

Flashover voltage of the insulator o
relates to the length along the
insulator porcelain surface, which is
creepage distance.

Dotted line : -
Creepage distance "

1-35
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1. Design of Transmission Line and Substation

Classification of Pollution Level ;
Japanese Situation

In Japan, each power utilities set the pollution condition originally because
climate conditions are peculiar to each area.

/{ The way of applied distance (taking concept of KANSAI as example )

It should be applied in consideration of circumstances of each region

In general, the application is as follows:

Othe Pacific side Classification of the distance to the typhoon

Othe Japan sea side : Classification of the distance to the seasonal wind

Classification of the pollution and the distance from the sea

X - )
Classffication of pollution No A N c b e ‘{275kv and above (Direct grounding system)J
pollution Considering temporary overvoltage on sound phase when ground fault
Estimated maximum salt deposit No r
density [mg/cm?] i pollution 0.063 | 0.125 | 025 05 10 oced S . I - - .
Vore th (Meeting a demand for high reliability and considering difficulty of insulator
Distance Against typhoon Orgo an | 50.30 | 10-20 | 3-10 0-3 exposed washing during maintenance period ) vm : Target withstand voltage (kV)
from the - (‘z:‘:f V : Nominal voltage (kV)
coast [km] | Againstseasonal | Morethan | ;o ,q | 540 1.3 o1 directly Vin— 115 Xixv <k k : Increase ratio of sound phase voltage
wind 20 1143 (Area considered koniology: *1.3.
1-36 Area by salt protection design: *1.2)1-37

The Number of Insulator

Target Value of Withstand Voltage
Up to 154kV
Considering the maximum value of the normal phase-to-ground voltage
Target withstand voltage is set on the assumption that insulator washing
is implemented.
(Temporary overvoltage on sound phase is not considered when single
line-to-ground fault occurs)
szgxix\/ Vm : Target withstand voltage (kV)
11 3 VvV : Nominal voltage (kV)

The Number of Insulator Classification of Pollution Level ;
- T o From IEC60815
Required number of 250 mm suspension insulator (Criteria of KANSAI as example) N
N Pollution level Examples of typical environments
Classification of pollution o A B c D E
pollution mAreas without industries and with low density of houses equipped with heating plants
5 No mAreas with low density of industries or houses but subjected to frequent winds and/or
Assumed highest salt density [mg/cm?] pollution 0.063 0.125 0.25 0.5 1.0 iah rainfall
- Light wAgricultural areas / Mountainous areas
Distance Against typhoon Over30 | 20~30 | 10~20 | 3~10 | o~3 |exposed All these areas shall be situated at least 10 km to 20 km from the sea and shall not be
from the to sea exposed to winds directly from the sea
sea coast . : water - - N - "
[km] Against seasonal wind Over20 | 10~20 | 3~10 1~3 0~1 directly wAreas with industries not producing particularly polluting smoke and/or with average
_ density of houses equipped with heating plants
Target W'lhim"d voltage 931" Il — Medium mAreas with high density of houses and/or industries but subjected to frequent winds
- and/or rainfall
154kV Devso‘ﬁ;eg V;'\‘/'};‘gsn]d 137 95 8.2 71 6.3 58 mAreas exposed to wind from the sea but not too close to the coast (at least several
Required ber [N 7 (10 10 12 14 15 17 Klometers distany
equlrev number [Nos] SV mAreas with high density of industries and suburbs of large cities with high density of
Target withstand voltage 3942 3647 Il - Heavy | heating plants producing pollution
. Deswgneg withstand mAreas close to the sea or in any case exposed to relatively strong winds
500k voltage [KV/Nos] 13.7 9.5 8.2 71 6.3 5.8 mAreas generally of moderate extent, subjected to conductive dusts and to industrial
Required number [Nos] 29 39 45 52 58 63 smoke producing particularly thick conductive deposits
) - — IV - Very mAreas generally of moderate extent, very close to the coast and exposed to sea-spray or
is the number determined by the arc horn designing heavy to very strong and polluting winds from the sea
1154 115 xi —931 2 500 115 xixl 3-304 3 500x 115 xixl_Z - 364 mDesert areas, characterized by no rain for long periods, exposed to strong winds
1.1 ﬁ - 1.1 ﬁ carrying sand and salt, and subjected to regular condensation
11 3
1-38 1-39
The Number of Insulator ; i :
: ’ Anti-Pollution Insulator
Conforming to IEC 60815

Pollution characteristics for every pollution level of IEC 60815

N Very . ; IV —Very
Pollution level . | — Light Il — Medium 11l — Heav
Light* 9 Y heavy
Minimum nominal
specific creepage 12- 16 20 25 31
distance [mm/kV]
Salt Deposit Density R 0.03 0.10 0.30 R
[mg/cm?] to 0.06 10 0.20 to 0.60
Distance from Sea 10to 20 Close to the | Very close
- Several km
Coast km sea the sea coast
Number of | 150 | 7. 9 12 15 18
insulators**
(250mm | oy | 12- 29 36 45 56
suspension)

*In very lightly polluted areas, specific nominal creepage distance lower than 16 mm/kV can be used depending
on service experience. 12mm/kV seems to be a lower limit
**Number of insulators]

Minimum nominal specific creepage distance] x [highest phase-to-phase voltage]

[Creepage distance per insulator] (292mm)

1. Fog Type Insulator (fog type insulator)

(suspension insulator)
High anti-pollution
characteristics because
creepage distance is longer
than that of conventional
suspension insulator

Type of insulator Ratio of Salt deposit density | Ratio of Withstand voltage

250 mm suspension 1.00 1.00
280 mm suspension 0.80 1.15
320 mm suspension 0.75 1.30

250 mm fog type 0.80 1.30

320 mm fog type 0.70 1.50
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1. Design of Transmission Line and Substation

{

Anti-Pollution Insulator ]

2. Polymer Insulator
*Polymer insulator has already installed as practical use in Europe Continent or US.
«In Japan, some companies has installed, but other companies has carried out field
examination.

Characteristics of polymer and porcelain insulators

Material Advantage Disadvantage
E if a pi f insulator breaks. i =Not good anti-pollution

Porcelain - Ve",' a piece of insulator breaks, it characteristics than polymer

doesn't affect insulator string .

mHeavy weight

uLight weight wPossibility of brittle fracture
Polymer N . -

mGood anti-pollution characteristics of FRP core

Porcelain Insulator

Polymer Insulator | |

1-42

L Anti-Pollution Insulator ]

3. Semiconducting Glazed Insulator

*The surface resistance is 10 —

20Mohm

(That of conventional insulator is Ccap
2,000Mohm and above.)

\

jr Cement

Semiconducting
*Voltage distributed insulator
string is almost uniform (does not
concentrate as such a
conventional insulator)

«Surface current of 0.5-1 A always
flows, and it is not easy to

generate partial arc because of Porcelain PN,
heat generation effect

Zn Sleeve

*Special attention shall be paid because accidents of insulator
breakage installed at heavy polluted area (e.g. area exposed sea
water directly) have been reported.

1-43

Summary }

«Japanese power utilities have their own criteria against
pollution in consideration of the climate situations in their
area.

*Against pollution, their countermeasures are to increase
the number of insulators and to wash the insulators.

«Anti-pollution insulators include; fog type insulator, polymer
insulator and semiconducting glazed insulator.

[ 1. Design of Transmission Line and Substation }

1-0. Introduction

1-1. Classification of the overvoltages and overview
of design against them

1-2. Determination of the number of insulators
1-3. Protection design against pollution
1-4. Protection design against lightning surge

1-5. Insulation coordination among substation and
transmission line

1-6. Insulation design in substations with surge
arresters

1-44 1-45
. _ _ [ Trip Rate of Overhead Transmission Line }
[ 1-4. Pro'.cectlo_n Design against ] in Japan
nghtnmg Surge The major causes of electrical faults are due to lighting.
Other
Outline 9% Causes of supply interruption on
; A Lo Negligence transmission lines
+ Trip Rate of Overhead Transmission Line in Japan 8%
+ (1) Reduction of shield angle
i i i Lightni

+ (2) Multiple ground wire B"d’:'s‘;e’e“ 'g43;mg

+ (3) Reduction of grounding resistance

+ (4) Differential and high insulation Weather Year 1990-2000

. . . . Total number 4049

+ (5) Lightning protection device 27% otal number cases

+ Summary : : — ; fl
In Japan, high quality of electricity is required.
Therefore, countermeasure to lightning problem is
important issue for power utilities.

1-46 347

22




1. Design of Transmission Line and Substation

E Trip Rate of Overhead Transmission Line ]
in Japan
IKL (Isokeraunic level) Map

Lightning days in year
(average of 10 years) &

Japanese archipelago are divided ¢
into the areas with same size St

L (1) Reduction of Shield Angle ]
Example of Shield Angle
Voltage Shield Angle
= = Up to 33kV 45 degree
I — — 77kV 35 degree
Y 154kv 13 degree
y/" 275kV and above 0 degree

Up to 77 kV 154 kV and above

The number of direct lightning stroke on conductors is
reduced by reduction of shield angle.

1-48 1-49
[ (2) Multiple Ground Wire } [ (3) Reduction of Grounding Resistance }
— — I Legend [1otal v of double oW | In order to reduce the flashover fault, it is necessary to reduce the footing
v> _<— B LDouble o total trip of double GW tower resistance
T Triple GW — — =
Double L.l
ground | g In Japanese regulation, tower grounding resistance is provided as up to 100 ohm
—1 T~ =}
wires 2 Grounding Sheet Used as standard Electrode with needle
14 b=
=~ | £ A
- 8 - ARl ‘ﬁﬁdi Z_““pmue.m i neede ><
- - | ovh ] 1 the line = Tower
=" g1 {2t ot douie G | 1 e e <
P I ey o - — C ) sheet
Triple s - \
" | g Crow Feet Deep Electrode
groun T E [———
— —— 5 _ - ower S [ Tower B
wires | =—tt—= | 2 —_— HJ“ o = ] : 5} Bt
| ’ ﬁ#_mwer:__[:( \ | S
—4 i . J rd
P I . . M—— — i F =]
. - = 7 = e
Footing grounding resistance [ohm] 1-50 1-51
[ (3) Reduction of Grounding Resistance } [ (4) Differential and High Insulation }
Effect of the reduction of back flashover trip rate by the reduction of grounding (a) Standard insulation J l
esistance ’ . . .
If grounding resistance is low, the rise tower voltage could be
restricted and the possibility of back flashover trip is reduced.
2.0
K
g —_ = N
E |
E g 8
p g | s |5
© = ~ Q =3
x | T 8|6
g r.of 38 ° 13
= S| ¢ i 5|8
§ rip rate is decreasing g % I %
g £ i g
8
w
é — Horn gaps are coordinated
@ with insulation level of
L I !
° 10 20 substation
Footing grounding resistance [ohm] 1-52 (in case of 500kV as example) 1-53
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L (4) Differential and High Insulation

(b) Differential insulation | |

|

| (4)Differential and High Insulation T
(c) High Insulation J |

\ irstandard insulation gap“j

S | g g g
y ~ | = H ~ | &
£l g Yis 5 8 N s
2l o g2 2 g o |2
T o
3| & S5 3| 8 8|3
S| ¢ i 5|8 gl § -
g ¢ T e HE: 2|3
2 1 2 2 2
£ £ = £
. - = = Insulation level is higher than | ===
APP!Y'"Q insulation level that of standard insulation in
differences among order to reduce the total
circuits number of lightning trip
(in case of 500kV as example) 1-54 (in case of 500kV as example) 1-55

(4) Differential and High Insulation
Lightning trip rate (back flashover) in each insulation method
Tends tone.

1ol tends to be 1. 00 - Single Circuit Trip
— increased
H m Double Circuit Trip
g 0. 83
€
£
o
o
= 0. 59
Q
T
X 0.5 )
= Double trip Total trip rate
= rate is is decreased
5 0. 31
g decreased 0. 25
E / o. 1’8
w
3 /
g | /

[standard | [Dpifferential | [High Insulation |
(#=3,200mm)  (ZL=2, 100mm)  (7=3,800mm)
(=4, 000mm) 156

(5) Lightning Protection Device T

Line arresters and Compact-type arresters

Line arresters (traditional type) Compact-type arresters

Applicable voltage : Up to 500kV
High performance but expensive

Applicable voltage : Up to 275kV
Better cost-performance 1-57

(5) Lightning Protection Device T

ACTIVE HORN (New type of lightning protection device)

‘£

Cutting-edge lightning protection device
- Inexpensive (about 30% of compact-type arrester)
 Easy-installation and easy-handling 1.58

L Summary T

*Countermeasures against lightning include;
- Reduction of shield angle
- Multiple ground wire
- Reduction of grounding resistance
- Differential and high insulation
- Lightning protection device

*When we apply these methods to the line, we have to
consider lightning rate, importance of line and cost etc, and
decide the methods and the areas where they are applied.

1-59
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1. Design of Transmission Line and Substation

[ 1. Design of Transmission Line and Substation ]

‘ 1-5. Insulation coordination among
substation and transmission line

Transmission line should be designed in coordination with equipments
connected to the electric power system in terms of insulation.

: Lightni
Insulation level of 15 tower prnng
Horn gap of 1st Lightning
tower should be Surge

should be decreased in order
shortened N

not to break the substation
equipments when lightning
occurs. So, the surge traveling
from the line should be
sustained at 1 tower.

‘High insulation (Horn gap : 3,800mm)‘

Substation

Insulation coordination|
(Horn gap : 2,780mm)
1st tower
from substation

LIWV valug ] 2170kV
1800V

2nd tower 3rd tower

Insulation level
&
S
8
S

1-0. Introduction .
1-1. Classification of the overvoltages and overview Outline
of design against them + Insulation Coordination
1-2.  Determination of the number of insulators + Summary
1-3. Protection design against pollution
1-4. Protection design against lightning surge
1-5. Insulation coordination among substation and
transmission line
1-6. Insulation design in substations with surge
arresters
1-60 1-61
[ Insulation Coordination } [ Summary }

«In order not to break the substation equipment by lightning

to the transmission line, the insulation level of 15 tower
should be lower than that of substation equipment.

1-63

[ 1. Design of Transmission Line and Substation J

1-1. Classification of the over voltages and overview
of design against them

1-2. Determination of the number of insulators
1-3. Protection design against lightning surge
1-4. Protection design against pollution

1-5. Insulation coordination among substation and
transmission line (3) Insulation design process
1-6. Insulation design in substations with surge
arresters (4) Arresters layout
(5) Summary
1-64 1-65

1-6. Insulation design in substations with
surge arresters

Outline
(1) Overvoltage affecting substation

(2) Substation insulation design items
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[ Overvoltage affecting substations }
I4.Rr’]e{m_ole
3.Multiple 'gntning

/ 7. Road rejection
1-4. Ovrevoltage by lightning surge

5. Overvoltage by switching surge
6-7. Temporary overvoltage

The most severe condition
for equipment

2.Direct strokes

Iightnlng%
i
/e

{4

Iy
Ala

ightning
at the first tower,
rom

6. Earth fault}J|  Flashover

. )/

0 ] =
‘« 5. Switching surge
The factors of overvoltage affecting substations are shown in this figure.
The most severe condition for equipment is back flashover at the first tower from
substations.

[ Lightning surge affecting substation ]

Overhead |y
ground wire

Aerhead

Back
flashover transmission
line
Il
Overhead
transmission
line

Since lightning current |, flows through the towers to the ground,
tower voltage is increased and back flashover occurs between arcing horns.

design against

1-67
[ Overvoltage by surge in power system } [ Substation insulation design items ]
C. Lightning shield design
Classification type Occurring factor aspect D. Air Bus insulation design ] F. Insulator I (Qverheadigroundiwiie)

Overvoltage by Direct
strokes to the phase

Duration of overvoltage is usually
afew micro second. The severe

Lightning conductors or by back case is back flashover at the first
overvoltage | flashovers tower from substations.
Circuit Overvoltages due to CB | Duration of over-voltage is usually

afew hundred micro second.
When CBs are closed, overvoltage
of CB switching operation is
severe. However, overvoltage is
suppressed because of closing
resistance installed in CB

breaker switching operations

switching
overvoltage

Overvoltage
by surge

Disconnecter
Switching
overvoltage

Overvoltage due to Waveform of overvoltage is close
Disconnector switching | to lightning surge rather than
operations (with restrike) | SWitching surge. Although
analysed values are relatively
large, they are still smaller than
lightning overvoltage.

Insulation level (LIWV) of substation equipment is decided
by lightning overvoltage level.

LIWV (Lightning impulse withstand voltage)

/{} pollution

[N

1 ﬂﬂj 1

Inductive transferred surge

l A. Adopting . -
SR | [rmmmer | Srmeon e v
insulation design P ]

[A,B] : After layout and the characteristics of the lightning arresters are
determined [A], insulation design of equipment can be decided [B].

[C] : Overhead ground wire in substation is designed in order to avoid direct stroke.
[D] : Air insulation distance is decided by higher value of LIWV or SIWV.

[E] : Design of neutral arresters and secondary arresters in transformers are decided.
[F] : Insulator design against pollution is designed by overvoltage due to earth fault.

1-68 SIWV (Switching impulse withstand voltage) PFWV (Power frequency withstand voltage)1-69
[ Insulation design process ] Rated voltage and protection level of surge
arresters

- Insulation design considering LIWV of equipment !

1. Arrester layout

» design and selection Calculation of LIWV

of arrester rated overvoltage level

voltage and 2. Cost estimation
Total cost including
the number of
arresters and
equipment with

1. EMTP Analysis

Consideration of
substation equipment
layout

protection level

2. Setting of LIWV
targets of equipment

1. Decision of Arrester and
layout design of all

Sduipment reduced LIWV
2. Decision of LIWV of should be
equipment Good considered.

‘ | Decision of LIWV of equipment leads insulation design as below.

Insulation design of equipment, insulators and buses
_ Decision of withstand voltage of ;
LIWV, SIWV, PFWV =>| cach equipment for factory tests i
| Decision of insulation distance for :
| LWV, SIwv -

_ air insulated buses

i ‘ PFWV ‘ = | Decision of insulator design against pollution

1-70

\ Residual voltage — discharge current curve of arresters \

Normal 1220 _ _ _ _ _ _ _ _ _ _ _________ Z — - Lightning Impulse

Advancéd 870 Residual Voltage
Peak Value (8/20ps)

— Reference voltage
Peak Value
(1ImA,2mA 3mA)

Continuous operating

Voltage (Peak Value)

Rated Voltage
(Peak Value)
2

I

1
1
1

1

03 10 10° 0% Discharge Current (A)

Arresters : Metal-oxide surge arresters without gaps

Rated voltage (route mean square)

= overvoltage multiple by earth fault x margin x (nominal voltage x 1.2/ 1.1) N3

1-71
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1. Design of Transmission Line and Substation

[ Rated voltage and protection level of surge J [ Classification of insulation level of equipment }
arresters
Protection level Lightning impulse withstand voltage
Nominal Rated Normal Arrester  |Advanced Arrester (LIWv) Power frequency withstand voltage
Voltage Voltage
residual voltage residual voltage [Advanced arrester | Normal arrester
500kV 420kV 1220kV 870kV
77kV 400kV 160kV
275kV 266KV 851kV ’*4\ 600KV
v
196KV 627KV 533kV
tid 154kV 750kV 325kV
77KV 98kV 314KV 267kV
@ 275kV 950kV 1050kV 250kV-330kV-250kV
Residual voltages are cut about 30%
(500kV, 275kV) 500kV 1300kV 1550kV A75kV-635KV-475kV
1425kV 1800kV
j If insulation level LIWV of equipment is Losshenicacs ‘SY‘Z'.Z‘,Z‘ZM =
In general, construction cost is reduced from 2 to 3% decided, SIWV and PFWV of equipment 156 158
due to reduction of insulation level of the equipment are decided according to Japanese
standard. U mp e
1-72 1-73
& f arr r J : : ;
[ SMULQLAIrESTErS 500kYV arresters installation experience
Rated Lightning Impulse
Voltage AlS GIS Residual Voltage
B T A Installed 500kV arresters
1220kV peak (at10kA) - on the primary side of
LIWV1800kV 500KV transformer
GIS - Advanced Arr =T [Insulator type arrester,
870kV peak (at10kA) 500kV ! I
W transformer ™~ Normal type]
g Hybrid GIS Liwvissoky | TTEIS¢ primary side
&| At the end of transmission <
LIWV1550kV :lnnse[;l::.vanced Arrs are
On the primary side of Tr
normal Arrs are installed.
> Sandad ey Semistandard
[AIS], [GIS] :
Arresters are installed at the end of transmission lines and the primary side of
transformers because high reliability is required for 500kV substations.
1-74 1-75
: : ; & f arr r J
[ 500KV arresters installation experience } L SMULQLAIrESTErS
Rated Lightning Impulse
Voltagd AlS GIS Residual Voltage
-« Installed 500kV LIWV1050kV LIWVE50KV
h d AIS : normal Arr
500kV arresters _at t e e_n 275 851kV peak (at10kA)
giLétgomg of transmission line e i e GIS : Advanced Arr
[Tank type arrester, é"’ > g8 BBLrwosocy | S00KY peak (a10kA)
Advanced type] LIWV1050kV
% 154kVGIS : normal Arr
£ = 627KV peak (at10kA)
kv

& ]
GIs ég ée 77KVGIS : normal Arr

154KV : LIWV750KkV . 314KV peak (at10kA)
; 154KV : LIWV750KV
Y8 LIBRZTESY 77KV ¢ LIWVAG0KV

—p Standard ...y Semi-standard

[AIS] : Arresters are installed at the end of transmission lines because circuit
breakers on feeder must be protected from overvoltage. Arresters will be
installed to the primary side of transformers if necessary as the result of EMTP
analysis.

[GIS] : Arresters are only installed at the end of transmission lines, because

1-76 buses of substations are compact. 117
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1. Design of Transmission Line and Substation

1. Insulation design of equipment

- The most severe condition for equipment is back
flashover at the first tower from substation.

- Insulation level (LIWV) of substation equipment is
decided by lightning overvoltage level.

- If LIWV insulation level of equipment is decided, SIWV
and PFWV of equipment is decided according to
Japanese standard.

2. Layout of Arresters

- Arresters more than 77kV are installed at the end of
transmission lines.

- 500kV arresters are installed on the primary side of
transformers.
3. Construction cost
- Total cost shall be calculated considering the number of
arresters and equipment with reduced LIWV.

1-80

[ Layout of arresters J Arrester layout design for substations with
power cable
oltage AlS
77 Cablel
— Volt, LIWV| Cable length
i L — |- | Model circuit ?kclj;e SRS routel [kv) ’ [em?“g
i ————
LIWV400kV P AT ! CV-T_3x100mm? 8000
- 1 CV-T 3%250mm? 3700
2 é 1 66 [ cv  1x600mm? 350 2500
B : CV  1x2000mm? 1600
ﬁ - or 1 OF  1%2000mm? 220
g = 1 CVT 3x100mm? 6300
g w ! CVT 3% 250mm? duct 3000
8 77 [cv  1x600mm? 350 2000
» CV 1x2000mm? 950
OF  1x2000mm? 160
66 110 | CV  1x600mm? 550 6000
KV CV  1x600mm? 2300
—sStandard  ...p Semi-standard Arresters can be CV__1x2000mm? 1900
omitted 154 & 1% z00mm:|cave [ 2100
R N . . . N (OFAZV1 % 2000mm? 750 550
[AIS] : 77kV arresters are installed at the end of transmission lines because If cable length is longer than the ATV TR 1200mmE 2700
circuit breakers on feeder must be protected from overvoltage. Arresters less length in this table, arresters can 187 [cazv 1%2000mm: |duct 2800
than 33kV are installed on buses in case that all outgoing lines are power be omitted. 220 |OFAZVIX 1500mm? 900 850
cables. With regard to OF cable, the length CAZV 1 800mm” Jquct 7050
[GIS] : Arresters are only installed at the end of transmission lines because is shorter than that of CV cable. 275 [CAZV 1%2000mm? fcave | 1050 2400
2
buses are compact. e et 500
J 500 |CAZV 1x2500mmz [dUCL [1455 3800
1-78 1-/9
[ Summary }
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