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ABSTRACT

Currently, the Provincial Electricity Authority (PEA) has expanded electricity supply to
many islands via submarine cables. Each project has high investment cost for the construction and
difficulty for maintenance. Thus, in the designing process need to be carefully calculating in order
to use in equipment selecting and help in reducing causes of error that may occur. Due to the
simulation process is quite difficult and also there are several parameters have to be discussed thus
it is interesting and inspiring to this study.

This thesis presents a study and analysis of the switching withstand voltage of the system
in which the submarine cable for 115 kV system of the transmission route extension from mainland
Laem Ngob district to Kho Chang district, Trat Province is used as a case study. The ATP-EMTP
program is applied in the system simulation and calculated the maximum current flowing in
conductors of submarine cable.

From the study and analysis results, it is found that the maximum switching transient
voltage is occurred in the case of the three phase system: type single line to ground fault and
reclosing with unclear fault success (SLGF-UCF). It was happened before circuit breaker reclosing
0.003 second at the end of the submarine cable on Kho Chang district with maximum switching
transient voltage of 196.13 kV. Then it is calculated into the short-duration power-frequency
withstand voltage (SDW) as 210.56 kV that was not exceed the standard value of the IEC 60071-1.
For the maximum current flowing in conductors, it is found that submarine cable which is installed
under the seabed, can conduct maximum current flow of 395 A which is better than the cable

installed on the mainland about 17.72%.

Keywords: switching transient, submarine cable, short-duration power-frequency withstand voltage
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capacitance per core (F/m)
mean diameter of the sheath (mm)
ANUMUNY3 932821 19TENI9BIAN TN3A
diameter of conductor (mm)
external diameter of one cable (mm)
external diameter of the insulation (excluding screen) (mm)
frequency system (Hz)
geometric factor for SL and SA type cables
Current flowing in one conductor (A)
factor used in calculating x, (proximity effect)
factor used in calculating x_ (skin effect)
A48 (m)
distance from the surface of the ground to the cables axis (mm)
Number of load-carrying conductor in the cable (conductors of equal size and
carrying the same load)
Variable for T,
voltage to earth (V)
Alternating current resistance per unit length of the conductor at maximum
operating temperature (/m)

D.C. resistance of conductor at 20 °C (/m)

alternating current resistance of cable sheath or screen at their maximum operating

temperature (£2/m)

D.C. resistance of conductor (Q/km)

distance between conductor axes (mm)

thickness of insulation between conductor and sheath (mm)

thickness of the serving (mm)
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Thermal resistance per unit length between one conductor and the sheath (K.m/W)
Thermal resistance per unit length of the bedding between sheath and armour
(K.m/W)

Thermal resistance per unit length of the external serving of the cable (K.m/W)
Thermal resistance per unit length between the cable surface and the surrounding
medium (K.m/W)

loss factor of insulation

Dielectric loss per unit length for the insulation surrounding the conductor (W/m)
argument of a Bessel function used to calculate proximity effect

argument of a Bessel function used to calculate skin effect

reactance of lead sheath (Q/km)

skin effect factor

proximity effect factor

MANUAUMUTUNIE (Q-m)

Aulesiiadin - £, €y (Fim)

durldndadeunion (Flux linkage)

Conductor temperature

Ambient temperature ("C)

Conductor temperature (°C)

Constant mass temperature coefficient at 20 °C

thermal resistivity of material (K.m/W)

Ratio of losses in the metal sheath to total losses in all conductors in that cable
Ratio of losses in the armouring to total losses in all conductors in that cable
ratio of losses in the armouring to total losses in all conductors in that cable
American National Standards Institute

Comite Europeen de Normalisation Electrotechnique
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1) IEC 60071-1 2006-1 Insulation co-ordination Part 1 : Definitions, principles, and
rules [5]

2) 1EC 60071-2 1996-12 Insulation co-ordination Part 2 : Application guide [6]

3) IEC 60071-4 2004-6 Insulation co-ordination Part 4 : Computational guide to
insulation co-ordination and modeling of electrical networks [7]

4) 1EC 60228 2004 Conductors of insulated cables [8]

5) IEC 60840 2004 Power cables with extruded insulation and their accessories for rated

voltages above 30 kV [U,_=36 kV] up to 150 kV [U,_ =170 kV] Test methods and requirements [9]

6) IEC 60811-1-1 1993 Common test methods for insulating and sheathing materials of
electric cable — Part 1 : Methods for general application — Section 1 : Measurement of thickness and
overall dimensions —Tests for determining the mechanical properties [10]

7) IEC 60287-1-1 2006 Electric cables — Calculation of current rating Part 1 : Current
rating equations (100% load factor] and calculation of losses — General) [11]

8) IEC 60287-2-1 2006 Electric cables — Calculation of current rating Part 1 : Thermal
resistance [12]

9) IEC 60885-2 1987 Electric test methods for electric cables Part 2 : Partial discharge
tests [13]

10) IEC 60885-3 1988 Electric test methods for electric cables Part 3 : Test methods for

partial discharge measurements on lengths of extruded power cables [14]

11) IEC 60949 1988 Calculation of thermally permissible short-circuit currents, taking

into non-adiabatic heating effects [15]
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AUNINTITU IEC 60071-1 [5]

Class Low frequency Transient
Continuous Temporary Slow-front Fast-front Very-fast-front
AIf 2
Voltage or i, | )
over- .H- Y N,
voltage RRTRTRY Ty NS
shapes . =
2 -
T; <100 ns
Range of . 1M0Hz=T ) ) ) 03MHz < T, <
voltage or f—éJGG HH; or 500 Hz 20;1;03 T, = 01ps<T, = 100 r\.-IH21
over- o us 20 us
voltage T. =3 600s 0,025=T, = 3 ; 30kHz <1, <
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1F / “\ | S
|II| il -II III |lll lll " (v | -
| [ I i ! |I
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voltage (AR N LR >l :
shapes p— &% | - 2
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withstand a power SmtchTégS{mpulse nghtmr:gslimpulse .
voltage test frequency test
3 To be specified by the relevant apparatus committees.

v a @ a U 4 ' o 1 I
usedunuIINMsdualasuumeds Wosnnluaedinsoaieszuuimiiedly
295015zneudemnmileni (L) amanuy Wi (©) wagannudiuniu (R) Welinis

o a J @ [ ° [l o a A 4 2
Fuadagaoias i ldduaiedeszuusiviie azvildinnosadaasuay a1110n13

d a A

Y Y
ﬁummmﬂsﬁumsmma@maummu ’01%ﬁﬁNﬁﬁWiﬁ}LﬂﬂﬂTﬂJﬂﬁuﬁﬂﬂuq\i%uﬁﬂ 2 ImMaa

1 U d' 1 % d'
Auseauneluszuuaaly ani 2.1

] A Aa X @ a I @ IS Aa v A A Y
L!iQﬂulﬂuﬂlﬂ@"“u%'lﬂﬂ'liﬁﬂﬁjﬁ"]fllaﬂﬁmglﬂu@ﬂﬁcﬁla%uNﬂj'UJﬂN']ﬂu@ﬂ

Y
[ a 4 T 1
ﬁ]$eﬁu’é]fl VNITTURODTUDIULNANYLASUDIT YT

U

~ I VoA Yo 19 [ 3 A ~ o
1) Gl'Iﬂ!ﬂ'l‘V‘I“I/I 2-1a) Lﬂumﬂmﬂmummummmmmmﬂmmuwnmmmumm

v ' ' o I v 4 '
molunazaedsbiTvaa uaszlisnyasudunulsygiiosnnaieasen



14

I 1 A Yo o o A g .
2)  Tuniw 2-2 b) Wuaieaan lasuussauanuadIneNily Infinite bus Uarenig
TuiiTvan

4 I 1 H @ 1Y) [} Y 1
3)  Tupni 2-3 o) Wumeaan asunssunnurasnensudoutatenia i Tvaa

OO —- =t ==

\ \JH U \JH
b

Inductive source Infinite source Complex source

a) b) c)

MNA 2.1 WS UAS I TINNMTFUAINTUDIT 0

I [ a 1
Ferranti-effect (Long line effect) Wuwawiannnmsduaiasuuaiodaszes: lna

A 12 1A Y = 1 A ] 1
VIﬂﬁWfJVINanNT‘Haﬂ (No load) HANAUNINILUNITNYNTSLLE Lu@ﬁﬁnﬂﬂ%ﬂﬂﬂﬁ%ﬂﬂlﬂﬁﬁWﬂﬁﬂ

o

H Y
Jenldimsdanszuadszailouldnuasds msndatenialili Tnaniiesrzdawaliing

v a A Y
mmumuwﬂawmﬂ@



15

2.6 M3APAIAU (Grounding) [16]
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1 4 [ o v o A ' a [ o Il !
nagaooudnnuglnsal IWihdremednimitenin “awdu vwieawdosnn” Tudumah
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° A 2 ' ' a 9 9 ' a 9
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suiudeslimsneasaumulamunilavesmaadaldauiaues (a9n0aAu (Shield wire)
Y [
Mulassasenaassdiu e laun Iiihanaiedninsgaelidiaenoaddu (Shield wire)
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BOTH-ENDS BONDING

v K
NN 2.4 NM5ADAIAUNIEDIUa18 (Both-ends bonding)

1.2) ﬂﬁ@iemﬁmmuwmﬂ@ﬂ (Multi-points bonding) @115 UTZEZNNUINNTIT 500 4.
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-

L) |J. 18
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%1 - b ] - %3
K1 o M2 o X3 {.:-_'mg wu=t SSUGGESTION)

FEANRLL
MULTI=POINTS BOMNDING
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[} 1 a a J [BP=
TagrannIItadl MIAPaIAUUDITZUY 22-33 nlallaa nitlszeznialimu 500 u.
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SINGLE —POINT BONDING
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: Faoca d Lleﬁ?IJI
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MIDDLE-POINT BONDING

MW 2.7 MIADAIAULVVNINA (Middle-point bonding)
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(A) (B) (©)
q‘ 1 A A 9 - ) [ a 4
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1az (C) MInoasauNdIAY Riser pole d115U52VY 115 nlallaa

l
=~

P Y 1 A @ a ya 19 49! A A
ginsainlgaeaissyninsarenldesduaioaiialaaun Inanuyunuviienu

9
1 % a (4 1

= 4 A - A o o a Ao a ya A
TLTYNI “vAUAUA  (Termination) uazmamqﬂﬂimllﬂmmagummmmﬂmmaﬂlmu‘ﬂ

"9 ,%' A A I = 1 9 2 aa 1 1 A @
Twawumummuaﬂu NIZLIYNI LIAU Riser pole @nﬂ‘ﬂE]H;]‘VIﬁ]ﬂ@lﬂﬁWﬂizﬁ’JNﬁTﬂlﬂa@ﬂﬂﬂ

Q

9 a [ [}

A Ya A 1 A A T W o a3 g}/ ad A Y| [
dandalanu W5@5314’31\‘1@'181/]11%14’31!%ﬂ”llliJWnﬂu NurzAoIfanInuanasuneilesnu

q Y =) A [ ad [ 9, ] [ a s A A
lh]Glﬁﬂu’)uﬂl@Qﬁ?ﬂlﬁﬂ“ﬂ18LH@Q%1ﬂLL§QﬂHLﬁ§§) (mmuqqmﬂwwm NMITAUTINY 1T00U)

'
[ =

[ [ ] oA 1 4 v gjl {
Tasazsnuszavnsaau 13l 1diamuainensainuld duiuiedu Riser pole 92in13

a

v
v U a

a J 1 Y v Aad 1 @ o o 1 1 @
ANAINUANIAT908A0 TagmUUNIANIES 19 ADINN U8RI HazAua1IzABINUA 1Y
Y )
AvasAUvoImIBIAaldAY HAZNIgIZADITINUA1BR0AIALYBNTZ U INDABINNUNANAL
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9 v 9

9 [ = 1 a a 9ya a 4 d' Y
dodAydvsunsaimsaoasauvesdismdalaauszuy 115 alaliaa Nl

APa9AUT191RY (Single-point Bonding) 1¥i@0asAufila @Y Riser Pole uazilaloaionoasau

(Shield Wire) dnt1anile 1d1laesase 1indnuaiia aelueaarii luliih
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I o v Y gé 1 =< A o g’; [ A o
yuveuavesnsiuaueluiivell Faaznaindasedvedrlss Temivessuaiag A
3 a % a A 1 g’/ = A a
Uszasuiwaiiialdii vaziadialdan 1ilszaeuldrevues 151 nazismsnanaiia
91NRUIU XLPE
2.7.1 aaaldau (Underground cable)
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o

[

9 Y
EPR ualussvasilau lvaifion 1 daronbayianuiu XLPE 1niu dudoaialdaausiia
[ a 4 1 ] 4
U Low pressure oil fill lasumsngaiudanamwnsaldauldedsdinnuiens laginaon
1 {1 ] I 1 Y ¥ o I @ . 4
40 n AU ed1elsndlugasmsaaauaz Idausuiudeddwinauniidszaumssiga
§ y ¥ o a ¢ o a o a
uagliszuumsnuauigien uazileliniumaia e ldinansdaisesuazinadam
A Y} = o % 2 A a ¥ )
fanaden  auIw XLPE  degminlénumnnvuiiesninmsaaas msléay  uag
° @ T @ a Yo A Y <3| a 4 @
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(% a J @
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a 4
115 nlaliad

High Voltage Cables
Non-conductive W/B tape

Conductor shield
Insulation shield

Plastic-coated Al tape
PE Sheath

Copper wire with copper
Semi-conductive
Insulation

Conductor

o 2.10 Taseadamdaldauusega 115 aTaToad
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. Conductor

. Conductor screen

. Insulation

. Insulation screen

. Insulation system

. Longitudinal water-block
. Lead sheath

. Inner PE-sheath

. Lay-up of phases

O 0 3 N Lt AW N~

10. Fiber optic element
11. Armour bedding
12. Armour

13. Outer serving

MR 2.12 2TaUYaveIaaduniia
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2.72 Tassadnveuataldau uazadaldin
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1.1) Solid conductor 1#Hudniwesaeluihviaan litenldluarsvua

Tna) 1ilpaninanse laon
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1.2) Round strand conductor (#2118tna87) 19iudriwesans 1 Tuuas
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v o W 1 < ()
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1.4) Segmental conductor 1Fluaaaiialdduvinalvafidoan1s1il Current
carrying capacity g4 118y Segment 9z1/5znoUMIBHNNAING D80 1HTUZ1 Segment Tay
AR Segment 9% ﬁllﬂ’JEJﬂ‘IJ’Ju EIJE)@’PU@W]’JHWGH‘I,!@% A0l AC Resistance GH L‘Ll’ENinﬂ Wire Tuua
a2 Segment 3IM3 Transpose (¥198nI¥HINAIUUAaza N UVDIA1 9119 Skin effect

factor ¢

1.5) Hollow core conductor 1913 uga1i1904 Oil fill cable Tasldvonarsdaiiilu
Y

J o w v oA o o a ya A { . . A o
msaainiu Tapiudimsiwnldnuaamiialdaunly solid dielectric NdoIMTINTZIAF
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Tagldiwseomeariuai il lunenandniune szuneanuiou
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2) Conductor screen N1INIAANIA qummﬂumam Carbon mmﬂu Extrude

q

[ 4 a (Y ) ) a % o (%} o w
layer VOIEITTUATIEHNINNAIAANHETUAIU T i Ui avesd i fua U oy

] ] 1 { [ 1 v I~ a
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3) Insulation (AuAW) Wudruidingy qﬂmmﬁwmmaGlﬁ'@uﬁwﬁ’mﬂu”luclﬁ’
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Y

1 d' o CY 9 a =
@]@Uﬂﬂﬁ‘ﬂhlﬂﬁllwﬁllﬂ AUMNUDITYALUAIIZUUDY

1 =1 "9y [
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Oil Impregnated Paper, Crosslinked Polyethylene (XLPE) it Ethylene Propylene Rubber (EPR)

FationlFluszuunsega
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4) Insulation Screen ﬁmﬁwﬁrﬁmﬁmﬁ’u Conductor Screen ﬁ@ﬁﬂl!iﬂﬁu]’M%1
ANATONUSIIUNITNNA VDY Insulation 1182 Metallic Screen 1 9 ﬁ 14711 Insulation Screen
LMIDUAY Conductor Screen

5) Metallic Screen ¥113171511 Ground dmsuae llfhwssqauazfumaly
nszualilihlvandulunsaifimansdains 11ends Metalic Saimhfiihy Mechanical
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(aonaszqitiougniln)
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Mechanical Force 11na1euoniionagsi ldenamiasigadonis Tasmmizaonialdtimio
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maatandiauTagass vasadalsndudrsuusedalumsanaeaies Taanleiildun Steel

q
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7) Water Blocking Tape (Jusuiasuaninlunsaivessanialaauusagan
U a {4 § 9 o 9ol 9 a 1 a
TS nanyuuaziiellesnuii lnar luammnaaadialunsain Jacket voameaiaai
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9) Non Metallic Sheath 3onGeniulasnald1 Jacket vimshnileanu
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USINTEUNNFIATA N VL ARAIEeAa Jaah 1%W13 PVC, PE

q

2.7.3 AU XLPE
A a ya A [ 9 I A g}/ [ gIJ
esnmaaldaun aan. savulsauiunuuaulu XLPE e uminug Aauy
d‘dy ' =2 A ' g}/ Y o =
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<3| ! o a v J
iu Thermoplastic wulasunilasinseadveslumnanelumildinanmsmzdinuszning
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a
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Q

1.2) ﬁﬂmﬁmﬁaﬂﬁqv\miﬁaﬁﬂ 1l Dielectric loss ¢ 11az ¥ Dielectric strength g
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1.4) NMUADAITANANI PE/PVC
[ [ 1
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1) Pay off Stand : Stranded and compacted
conductor is taken up for seamless transfer to
tower top.

2) The conductor being pulled up.

3) Turnpulley: Conductor turns 3600 to align with
gravity.

4) Triple Extrusion Chamber: An absolutely clean

zone where the insulation is extruded under

continuous monitoring.

5) Vulcanisation Zone: The extruded
polyethylene is cross linked in a dry

environment under temperature and pressure.

6) Cooling Zone: The extruded core is brought to
anambient temperature — option of nitrogen
cooling.

7) Take Up Stand: The extruded core is reeled on

drums for further processes.

MW 2.13 MsHanaenialagdd Vertical Continuous Valcanization (VCV)
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2.9.1 MIHIA Alternating current resistance per unit length of the conductor at maximum
operating temperature (R)

9 o v 9 é’u Y A ' 2 an J Yo A
AHITUNIVDOUIAYLIDIUDINITHIAT R BIIDNITHIAT R llﬂﬂ%uuﬂﬁﬁ”meﬂii”lu

IEC 60287-1-1[11] taaa lamuaunisn 2.8
R=R(1+ys+yp) (2.8)

1o R o Alternating current resistance per unit length of the conductor at maximum

operating temperature (Q/km)

R’ fA® D.C. resistance of conductor (Q/km)
Y, Ao skin effect factor
Yy Ao proximity effect factor

o Y J o I Y ' 1 YN Y A J an
A1MIUNITHIANT R "l]uﬂuﬁﬁ]\ﬁ/]i'l‘ﬂﬂﬁlﬁlﬁ R,y uag Y, Glﬂhlﬂlﬁﬂﬂflu Iﬂﬁl’)‘ﬁfﬂi
MA1UBI R, y Hag y, Fsom laauannsi 2.9, 2.10 uaz 2.11 auaay #alunism
' o Y U I Y ' an U 1] ~
AU y, imﬂu@mmmmmm X, Glfl’i1@Lﬁﬂﬂ@u1ﬂﬂﬁﬁﬂ1ﬁﬂ1ﬂﬁl@ﬁ X, W111@GI13J’(3(3Jﬂ1§‘1/] 2.12
o = v o o 1 o 9 v I Y A J ax
waz lusueuAeINUE IS UM ITHIAIVB Y, TN UARINT WMV X, Glﬁhlﬂlﬁﬂﬂﬂl‘ljﬂﬂ’ll‘ﬁﬂﬁ
1 I Y A 1 ax J k4 A Z‘,
NIN1UDI X, Elﬁulmﬁﬂﬂ@ujﬂfn‘ﬁﬂ”liﬁ?f’ﬂﬂ]@ﬂ X, ﬁ?llﬂ@]TNﬁiJﬂWiVI 2.13 Tag@un1snavua

[

A 1 Y dﬁl
Vlﬂﬁ”l’nﬂuﬁﬂﬂﬂﬂﬂu

R’ = R,[1 + (6 — 20)] 2.9)
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D.C. resistance of conductor ({)/m)
D.C. resistance of conductor at 20 °C (£/m)
Constant mass temperature coefficient at 20 °C

Conductor temperature

X3

- 192+0.8x4 (2.10)

Ys

skin effect factor

argument of a Bessel function used to calculate skin effect

4 dc\2 dc\? 1.18
yp = Xp . (_c) 0.312 (_C) —_— (2.11)

192+0.8x} \ s s 51027
192+0.8Xp

proximity effect factor
argument of a Bessel function used to calculate proximity effect
diameter of conductor (mm)

distance between conductor axes (mm)
2\ | gmf pE)
Xs = ?10 kS (2.12)

argument of a Bessel function used to calculate skin effect
system frequency (Hz)
D.C. resistance of conductor (Q/km)

factor used in calculating x_ (skin effect)

2 &= gmf -7
Xp = ? 10 kp (2.13)
argument of a Bessel function used to calculate proximity effect
system frequency (Hz)
argument of a Bessel function used to calculate proximity effect (/km)

factor used in calculating x_ (proximity effect)
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2.9.2 AFMIAUIUKIAT Dielectric loss per unit length for the insulation surrounding the
conductor (W)
9 v o 9 2 9y A ' 2 ax 1 Yo A
FINITUNIVDUIAIYLIBIVDINITNIAT W, BAITNITHIAT W "lﬂmmummm
1 1 1 Z o
WATFIW IEC 60287-1-1[11] mwaumsi 2.14 uaz Tudruvesmsminwes w, uu suiludeam
' J ' My ax ' ¥ 9 =
AMlua U ¢ le"lmﬁmau Tag75Msviia ¢ uuﬁ']iJ']iﬂﬁ']‘lﬂﬁ'liJﬁiJﬂ"lﬁﬂ 2.15 Tagauns

g’/ A ' Y v g
WQﬂﬂJﬂVIﬂﬁTJ?J']L!ﬁﬂ\‘lllﬂﬂ\‘]u

Wy = 2nfcu?tan § (2.14)
1o W, Ao Dielectric loss per unit length for the insulation surrounding the conductor (W/m)
f @ system frequency (Hz)
c fo capacitance per core (F/m)
u Ao voltage to earth (V)

)Y

tan 8§ A® loss factor of insulation

c= ﬁ(g_l) 107° (2.15)
c
19 c fo capacitance per core (F/m)
e A9 relative permittivity of the insulation
D, Ao external diameter of the insulation (excluding screen) (mm)
. Ao diameter of conductor, including screen, if any (mm)

2.9.3 2FMIMUIUNIAT Thermal resistance per unit length between one conductor and the
sheath (T)
) v v 9 dal 'Y A ' 2 g /A ' 1 ) = 4
FIMITUNIVDUNAGLIDIVIINITHUIAT T, mmuﬂfumgizmnmumawm T@EJGI,H
) v Y
igmwvumﬂanﬂizﬂau"lﬂﬁ”w%umm U 4 FU AD 1) Inner screen, 2) Insulation,
3) Outer screen 1A% 4) Tape 19835MINIA1 T, lTaduiiunmsauuIasgIu IEC 60287-2-1[12]

AUFUATN 2.16

T, =%In [1+%] (2.16)
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Lfli’ﬂ T, A0 Thermal resistance per unit length between one conductor and the sheath (K.m/W)
Pt Ao thermal resistivity of material (K.m/W)
t, Ao thickness of insulation between conductor and sheath (mm)
d A9 diameter of conductor (mm)

2.9.4 2FNIAIUIUNIAT Thermal resistance per unit length of the bedding between sheath

and armour (T,)

Yy Ay

) @ @ A J =2 g ¥ A ] J = J 4 4

AMIUIITBUIAIIT0IV0IN1THIAT T, FUVUFUNDYTEHINFAALALDI1TUINDS
Tagasmanmian T, laduiiumsaunnasgu IBC 60287-2-1[12] Auaun1in 2.17 dm5unsm
1 Jd = ) 1 1 o 1 [ 1 [} 1 4
awrlmmes G v ldTaeiia ¢, misdaent D_udnhmvesdandiuainan lunSeuieuie

winunwes G lunswlgdnmi 6 veanasgIu IEC 60287-2-1[12]

_ Pt~
T, = - G 2.17)
1o T, A® thermal resistance per unit length of the bedding between sheath and armour

(K.m/W)

PT Ao thermal resistivity of material (K.m/W)

Ol

Ao geometric factor for SL and SA type cables

2.9.5 35MIAUINKIAT Thermal resistance per unit length of the external serving of the

cable (T,)

[

' 9 A

o o o 9 1 < 3’, ~ [} [ 4 14 dy a
AN ITUNIVOUINAYLIDIVDINITUIAN T "‘]J’QLTJ‘L!“BUV]@Q?%W'JN’E)T?NLN?J?LLaZWUW’J

Le

e »

v
1

9
ameuen Tasluszninaruainanisynevlddlreduaieg $1uam 2 ¥u Ao 1) Polypropylene
yarn bitumen 118% 2) Polypropylene yarn 1a835n13n1A1 T, la@uiiun1sauuinggiu IEC

60287-2-1[12] MUANNITN 2.18

T; = ZIn [1+%] (2.18)

@

thermal resistance per unit length of the external serving of the cable (K.m/W)

thermal resistivity of material (K.m/W)

@

thickness of the serving (mm)

o
—

D) 2Dp 2D I
e}

o

diameter of conductor (mm)
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2.9.6 AFMIAUIUNIAT Thermal resistance per unit length between the cable surface and the
surrounding medium (T,)
9 o v 9 dy v 9 A J = o Z dy a A 4" a 9
dusudetingeiTeseInsmia T, Fudusuinuiineuoniionuradon
Tagatmsnma1 T, Taduiunsauiasgiu IEC 60287-2-1[12] Muaun1si 2.19 1iea9neie
9 dy ~ &1 a kY = o I Y1 A 1 [ Y A o
iduiignaeasii 2 WuAuaden 119 Idmves T, iuananumuan1nziaaouiiiaiy
o J o 3 1 ' A 1
119 wazlumsmiuaanian T, suiludesmiaives u 1n ldidenou Tas3snsnia1ves u

Y ~ e ~ ' Yo 2
ﬁHJTiﬂﬁWUlﬂﬂHJﬁiJﬂ'lﬁﬂ 2.20 Iﬂ‘(’Jﬂ'llfﬂﬁ‘ﬂ\iﬁi]ﬂ‘ﬂﬂa"l'JﬂJ']LLﬁﬂ\illﬂ JU

1
T, =EpTln(u+\/u2 —-1) (2.19)
1o T, A9  thermal resistance per unit length between the cable surface and the surrounding
medium (K.m/W)
Pt Ao thermal resistivity of soil (K.m/W)
u A9 Variable for T,
2L
u= D_e (2.20)
1o u Ao Variable for T,
L @0 distance from the surface of the ground to the cables axis (mm)

D 70 external diameter of one cable (mm)

2.9.7 2ABMIAIUINNIAT Ratio of losses in the metal sheath to total losses in all conductors in
that cable (A,)
o [ % 9 dy 1 9 ﬁ' 1 ad 1 9Y o a
ANIYIUKAVOUININIYLIBDIVDINITHIAN )\1 Iﬂﬂ’)‘ﬁfﬂi?ﬂﬂ? )\1 llﬂmmummm
{ ) 1 o I 1
NI33 U IEC 60287-1-1[11] Gﬂllﬁ'ilfﬂﬁﬁ 2.21 uaﬂumammmmm 7\1 ml,ﬂuﬁ’mmmmm X

1 ] Y ]
IR IAFenou F95MINIA1U9e X ANT0m laemuaunsn 2.22 Tagaun1snanuannaiiun

Y
[

e ldaail

(2.21)
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Lfli’ﬂ . A® ratio of losses in the metal sheath to total losses in all conductors in that cable
R, Ao alternating current resistance of cable sheath or screen at their maximum
operating temperature ({2/km)
R Ao alternating current resistance of conductor at its maximum operating
temperature ({}/km)
X @0 reactance of lead sheath (Q/km)
X = 4nf10~*In (%) (2.22)
Lﬁﬂ X @0 external diameter of one cable (Q)/m)
f @ system frequency (Hz)
s A9 distance between conductor axes (mm)
d @9 mean diameter of the sheath (mm)

2.9.8 2FNIAMUIUNIAT Ratio of losses in the armouring to total losses in all conductors in
that cable (A,)
9 [ v 9 dy "9 A 1 ax 1 Y o a
AINTUHIVDUINAIYLIBDIVUDINITNIAN 7\2 Iﬂﬂ’)‘ﬁﬂ"liﬁ?ﬂ? 7\2 ”lﬂmmummm
4 o ' ] 1
193311 IEC 60287-1-1[11] GHM?f?Jﬂﬁ“ﬁ 2.23 !,Laﬂumimmmmm 7\2 ‘DWHJ“H@(’EN“I’TWU‘U’EN
Yy Y =2 A ' ¥ A 2 A
?\2' 1Wllﬂlﬁﬂﬂ@u SFAITNITUINTUBDN 7\2' ﬁ'”liJ”Iiflﬁflﬂ@ﬂﬁJﬁiJﬂﬁ‘ﬂ 2.24 Iﬂﬂﬁuﬂﬁ‘ﬂﬂﬂﬂﬂﬂﬂﬁT}

Y
VA Iaa il

Ay = Ay (1 = Risxl) (2.23)
!,3Jl’f) A A9 ratio of losses in the armouring to total losses in all conductors in that cable
(for SL type cable)
A A9 ratio of losses in the armouring to total losses in all conductors in that cable
R o alternating current resistance of conductor at its maximum operating

temperature (£1/m)
2 . . . .
R, A9 alternating current resistance of cable sheath or screen at their maximum

operating temperature ({)/m)
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_123Ra(z)’__ 1
Ay = 1.235( dA) e (2.24)

1ilo A A9 ratio of losses in the armouring to total losses in all conductors in that cable
R, A0 alternating current resistance of armour at its maximum operating temperature
(Q/km)

R flo alternating current resistance of conductor at its maximum operating temperature

(Q/km)
¢ @0 distance between the axis of a conductor and the cable centre (mm)
d, A0 mean diameter of armour (mm)
f Ao system frequency (Hz)

= a Ay ad  y
2.10 agﬂwamiﬁn‘ymqyg]uazamnsjmnmmm
=< = Av A A 9 1 Y a 9 9
INMITANHINGHYUASITUIVININYIVD ﬂﬂﬂlﬁlﬂﬂﬂﬁ'mgﬂﬂ'lmsllﬂﬁ]ﬁluﬂig‘iJ’J‘LJﬂ'li
v 9
paataba auseau ldfunudivae wazmsduaamiainnni ldihgaga Snnudrlads
{ a a o ! ! o o J v o o {

Jarrnaninauiseasg nldimsanuiildamisolszgnavaziamuuusiassin’la
= aw A 9 I3 9y
ANHIINITUIVYBD U ll‘iJ?J’f)ﬂLL‘]J‘]JffﬁT\iLL‘]J‘UﬁHﬁENi%“U‘UTﬂﬂicﬁiﬂﬁllﬂim ATP-EMTP
A a 4 a @ Y a o Y 3 = ' Y] o
LW@?LﬂiTZﬂWa‘lJ’fNﬂ']ﬁlﬂmlﬁflﬂquW'ﬂﬂu%T\Jm%l’lﬂE]EJ'I\‘]L’]J“LJ§$‘1J‘1J ‘ﬂ)’x‘iﬁ]gﬁﬁwaﬂlﬁaﬂﬂﬁiWﬂﬁ

v 9
Maanudsmsnazinavutuszuy Wi 1a
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fnavusadaldih Tael#1sunss ATP-EMTP
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o a A qu g = a dJ o
3.1 asannagrnelndumnmadumsanm Insiz# nagdraesszuy
1 a o a g [
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32.1 Aeauniie (Overhead line)
Y
o [ U < 1
dmsvauneadnlasenst dunuvesduniamsoe anaoiil Tiuvan
v ldFumzd1e Fanulurreszvianil i uvause vl disedsus naaswumeou
1A 1 d‘ 4 = A a
miGenouievanIoUoYaTalanIUgNEUIINKISIE0 1ne szeznlszana 11 0 lawas Tag
ldeooqiiiiion (All Aluminum Conductor : ACC) U118 400 a5 1eliadwas Iaelidreasi
a I~ A A 1 ] 1

1 1du stiaaamanaindeIvua 35 MINTaamNAT oguUganaziTzor n19TEnIa1 40 1NAT

= =S a P Y o [ dy
1510021089095 10005 N 1 1UNTTIa09TZUUAIY

M99 3.1 agildoyadnlsildadeuuuiassaoduniion [20]

@urguinans | durigudnans | anudiuniu
R YA SEYEN
Fiiade . voulu YDUUON nsTNERsTy | _
(%) - _ (M Tawns)
(FUAAST) (au@mas) | (Qkm:DC)
A10A21i 400 0 1.2825 0.098181
AMBAUTIOIMA | 35 0 0.375 9.441798

M9199 3.2 MUNUINTININENSTUHT I [20]

ANNGINN | ANNGIVOIIMUKIY | szazriisenavla Tael
k2
BUATY I 52OZNANILHINEAT i Ifhiuaasheds
(un3) (wa3) (1a9)
e A 18.3 17.52 2
wa B 15.8 15.02 2
e 133 12.52 2
AMBAUTIINA 21.9 214 -0.1255

Tumsadrauvuiiassae i luldsunsy ATP-EMTP  @alunisanuudonld
o L2 g a o A = % ]
uuUHIAeUY I Marti Fuiluaieanugydesiianudge awnsounuglnsal lagld ATP

Line constant (ATP LCC) a31quuusiasdae aauaadlunni 3.4
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Model
Ph.no. |Rin Rout Resis Horiz Viower |V mid Separ |Alpha |NB

# [cm] [em] [ohm/km DC] | [m] [m] [m] [cm] [deg]

1 1 0 12825 0093181 2 1832 175 0 0 0
2 |2 o 12825 0093181 2 158 1502 0 0
3 |3 o 12825 0099181 2 123 1252 0 0 0
4 |4 0 0375 9441798 01255 219 214 0 0 0

Add row Delete last rowJ 1~| Move *l
d‘ Y 1 a 4 o 1 A v
NN 3.4 MFUoUMWITIVNDTLUVIIADIFITUN BTN
£ View Madel B

Edit  View

X -618 Y: 2248
L

L OHGW

% Phase A
' 4 Phase B

' 4 Phase C

d' @ Ay ¥ 9 a 4 U A @
HNN 3.5 qi"]JLL‘U‘Uﬂﬁi]ﬂ’J1\1?ﬂEI‘VIllﬂﬂ1ﬂfﬂiﬂﬂuWTﬂNm%‘iﬁWﬁﬁmu@ﬁ’J



322 1auiialdiin (Submarine cable)
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Y
o [ U < 1
dmsvauneadnlasenst dunuvesduniamsoe anaoiil ldiuvan

o 9 é 1 1 y a =} 1 A 1 d'
Q@'leﬂflﬂl,ﬂ1$"]ﬂ\1 F991U TuB 2952119 UT N gz U eUNTo N0 UNIILHANID

4 Y a a
pyasalan ugnsUIINMTEe Ine lldunzdns szeznaiszana 9.266 flawas Tagldaia

g % o Aa A a3 a I'4
18 3 @i va 185 answlaawas 19 XLPE Wuauiu i J51eaz@eaveamsiimoes

A Y o % dal
Al lumsinaneszuvaail

; ' o qu?
Mm99 3.3 agildoyadnlsildadruusaounialdi (4]

Rin Rout Mu Mu cps
¥Ua Rho (QQ/m : DC o o
(11n3) (11un3) ( ) @IU) | BUIN) | RUIN)
Core (180211) 0 0.008 1.7241x10" 1 1 2.3
Sheath 0.008 0.0311 21.4x10" 1 1 2.3
M990 3.4 dumdamssanaadaldin [4]
- AUNUIUING AMHUILUIUDY FZHZNY
FUATY -
(ua3) (un3) (M away)

wla A 1.5930 -0.0340

wla B 1.5930 0.0340 9.266

wler C 1.5340 0

Tumsadrauvudiassare Wi luldsunsy ATP-EMTP

galunsdnuuaonld

o L& g 2 o A A L4 Y
YUY J. Marti c]NLﬂuawmmqtyma@mmmaz;N mmsmmuqﬂﬂimiﬂﬂh ATP

Line Constant (ATP LCC) a5 19uus1aedas sauaadluaini 3.6
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Cable number: |1 ] Paste Copy

CORE SHEATH [~ Total radius —— ‘

BS(m [0.03325 |

Rin [m] 0 0.029

Core—
Rout [m] 0.008 0.0311 around
Fha [ohm?m] 1.7241E-8 2.14E-7 2
mu 1 1 = )
mu (ing) 1 1
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323 AUANESD (Surge arrester)
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DATA UNIT VALUE I NODE PHASE NAME
Vref Volts 123000 From 1
Yflash <0: No gap 1 To A |X-ElF
Vzero Volts 0
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ErrLim pu 0.05
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Comment: I
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wiines f
Conductor Copper conductor of 37 wires 16.1 mm
insulation Nominal thickness 16.0 mm
Diameter over insulation 52.1 mm
Lead sheath Nominal thickness 2.1 mm
Inner sheath Nominal thickness 2.0 mm

Armour Galvanized steel 74 wires Round 5.6 mm
Diameter Approx. 167 mm
Weight Approx. 48 kg/m
M31adi 3.6 agUarmsiimesniediulnih
wisiiwes i

Conductor temperature | Maximum permissible conductor 90°C
Ambient conditions Maximum ambient temperature in soil 40°C

at burial depth

Maximum ambient temperature in seabed 25°C

at burial depth

Maximum burial depth 1.5 m.

Thermal resistivity of soil 1.2 Km/W

Thermal resistivity of seabed 1.0 Km/W

Load factor 100 %
Frequency Thailand country 50 Hz
Short circuit current Permissible thermal short circuit current :

- in the conductor for 1 second 26 kA

- in the lead sheaths for 0.3 second 3x18 kA
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wiines Gy
Rated voltage Rated RMS system voltage (U) 115kV
Rated RMS voltage between conductor and 64 kV
screen (U)
Highest voltage Highest continuous RMS system voltage (U, ) | 123kV
Basic insulation level Lightning impulse withstand voltage 550 kV
Electrical stress Maximum electrical stress in insulation at rated | 6.7 kV/mm
voltage U
Conductor resistance Maximum DC resistance at 20°C 0.0991 /km
AC resistance at 90°C 0.127 /km

Cable impedance

Cable impedance at 325 A

0.14+j0.15 Q/km.

Capacitance Capacitance between conductor and screen 0.15 uF/km
Charging current Charging current at 115 kV 3.0 A/km
Loss angle Maximum value at Ambient temperature and 0.001
rated voltage
Losses Losses at 115 kV and 325 A :
- conductor losses 3%12.5 W/m
- dielectric losses 3%0.2 W/m
- sheath losses 3x0.7 W/m
- armour loss 3x5.5 W/m
- Total losses per cable 3x45.7 W/m
Voltage drop At 325 A, 115 kV, cos ¢ =0.90 and 9.3 km 0.9 %
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Equipment EMTP Model Parameters

AAC 400 mm’ for phase conductor

LCC R of phase conductor = 0.0981810hm/km
Line overhead ,
(J Marti) Strand steel 35 mm” for OHGW

R of OHGW =9.441798 ohm/km Span 40 m

185 mm’ for phase conductor

LCC
Sub marine cable R of phase conductor = 1.7241x% 10" ohm/m
(J Marti) p
Sheath =21.4x10 ohm/m
Lightning Arrester MOV 10 kA 96 kV
115 kV Source AC3PH 93,897.11 kV 50 Hz
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4.8.1 MIATUIUKIAT Value of the phase-to-earth overvoltage having a 2 % probability of
being (U_,)
MImA1 U, audeiimuaued IEC 60071-2[6] fminualmiainlannmsiiaes

szuy wwnaaludivvesadrnniuliidvesTomanisziAamanisaiviug uaasldes

aunsi 4.1

U, = 098xU, (4.1)

e2

1o U, A9 value of the phase-to-earth overvoltage having a 2% probability of being (Voltage)

€.

U, Ao amplitude of a phase-to-earth overvoltage (Voltage)

U

0.98 x 196,130

€2

192,207

4.82 MIMUINKIA Co-ordination withstand voltage of equipment (U_)
mMima1 U, 1491nn15101A1 U, Aain Deterministic co-ordination factor (K_,) &9
< A { ao < { 1 °
uuiamesi laaingili 6 vee IEC 60071-2[6] Tasnuitvilideniaz ldmgegavesdoiiiua

A = A a ds! Y a 9)%’ Y v A
!,Wf]ﬁﬂ‘hﬂWﬁﬂi%ﬂﬂq\‘]ijﬂﬂﬁ]%!ﬂﬂ"Uuﬂﬂlﬂlﬂﬁﬁl@]uﬂlﬁﬂxﬂﬂﬂﬁﬁilﬂﬁ‘l/] 4.2
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U, = U,xK, (4.2)

cw

A®  co-ordination withstand voltage of equipment

Ao value of the phase-to-earth overvoltage having a 2 % probability of being
(Voltage)

A®  deterministic co-ordination factor

U

cw

192,207 x 1.1

211,428.14

4.83 MIAUIUNIA required withstand voltage (U_)
] 9 o 1 @ < 4 [
M3He U 1491nmsiie U, gainy Safety factor (K) iiluulanesanuilasant
av X a qgu¥ g A & \ & vq ¥
TagaIsetiaalauuiunuiuriauiaegnio 1uGaniu IEC 60071-2[6] clase 4.3.4 521 14 19

S 1 Y o A
urlameasna 1.15 Llﬁﬂ\‘lulﬂﬂx‘]ﬁuﬂﬁﬂ 43

U, = U, xK (4.3)

™ cw S

1o U, Ao required withstand voltage (Voltage)

U. f® co-ordination withstand voltage of equipment (Voltage)

cw

K, Ao safety factor

&
Il

211,428.14 x 1.15

243,142.36

4.8.4 MIMUIUNIA Short-duration power-frequency withstand voltage (SDW)
M3¥1A1 SDW 1@91nn1511A1 U, gain1 Test conversion factor (K,) Tag9113d6il
a I a < <
wdialdilunuauatiauds ¥301w IEC 60071-2[6] table 2, Solid internal insulator 52119 1%

I 1 Y v A
unlawesna 0.5 L!ﬁﬂﬁhlﬂﬂ\‘iﬁllﬂ1i‘ﬂ 4.4
SDW = \/§ % Urw x Kl (44)

1ilo SDW f1®  short-duration power-frequency withstand voltage (Voltage)
U Ao required withstand voltage (Voltage)
A test conversion factor

SDW V3% 243,142.36 x 0.5

210,561.28
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5190 4.9 agamniweshlFlumsduiamaimailiihgaga

U Q

als Aanatnumelme @it euUn fanasnuldnzaniolunzia
e, 90 °C 90 °C
o, 40 °C 25 °C

R 0.1272  Q/km. 0.1272  Q/km.
W, 0.200 W/m 0.200 W/m
T, 0.735 K.m/W 0.735 K.m/W
T, 0.105 K.m/W 0.105 Km/W
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n 3 3

M 0.046 0.046

Ao 0.134 0.134
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Switching Transient Analysis of 115 kV. Submarine Cable System
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Abstract

This paper presents a study of switching transient voltage on
the 115 kV XLPE submarine cable with three conductors size of
3x185 mmz, 9.266 km. long from Laem Ngob Coast to Koh Chang in
Trat province of Thailand. It 1s very necessary to analyze the unpact of
the switching transient voltage to the submarine cable in order to
evaluate the over voltage withstand of the designed submarine cable in
the system. The EMTP-ATP program is used for simulation the
switching transient situations that are divided into two cases: 1) The

switching transient voltage from closing circuit 2) The switching

transient voltage from short circuits. As the simulation results of both
cases, it 1s shown that case of the double line to ground fault and unable
to elear fault before reclosing the circuif breaker provides the maximum
switching transient voltage at 175 k'V. Then the Short-Duration Power-
Frequency Withstand Voltage (SDW) 1s calculated in accordance with
IEC 60071-1. It 15 found that the designed cable can safely use and
undamaged.

Keywords : Switching Transient, Submarine Cable,

Short-Duration Power-Frequency Withstand Voltage
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Abstract
This paper p

a study of lightning over voltage problems

in 22kV medium voltage distribution system and analyzes the damage
causes of AMR Energy meter of Provincial Electricity Authority (PEA).
EMTP-ATP program is used to determine the overvoltage at the
interested positions. As the results of the simulation, it is found that the
conducting path of lightning current, which cause of the damage, occurs
from the lightning discharge into the Overhead Ground wire (OHGW)
at top pole nearby then passes through the grounding system loop back
to the AMR Energy meter installation position. Also it can conclude
that if the lightning discharge area near the meter installation point or
the magnitude of lightning current increase, it will cause more damage
to the meter. Thus, it can expect that the defective cause might come
from the voltage across grounding point, where the meter is installed, is
higher than withstand voltage rating of the varistors in the meter around

12.78 kV or 3.55 times at the lightning current of 40 kA.

Keywords: Lightning Over voltage, AMR Energy meter
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Equipments Parameters
Model
AAC 185 mm’ for phase conductor
R of phase conductor= 0.161 ohm/km
Lce )
Line Strand steel 35 mm™ for OHGW
(J Marti)
R of OHGW = 9.4 ohm/km
Span40m [3]
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Pin type
C 100 pF (unit) [5]
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Instrument Line-Line Capacitance 490 pF (VT)
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Transformer 310 pF (CT) [6,7]
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Equipments Parameters
Model
Grounding of v c R=50hm,L=3.07uH
meter pole wm C =208.4 pF [2]
Grounding of W R=100ohm,L =1.957 uH
pole No.1-7 C=227pF [2]
Lightning
MOV 10kA 24-26kV [9]
Arrester
Lightning
Heilder 15,20,25,30,35,40 kA 8/20uS [9]
source
22 kV source AC3PH 17.96 kV 50 Hz [9]
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