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1. Power Cable
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Construction

v' Conductor : Copper, 2,500mm2, 6 segments

Conductor Screen
¥ Insulation Layer (XLPE), 30mm
Insulation Screen
Bedding layer
v Corrugated & Seamless Aluminum sheath
Anti-corrosion layer : Bitumen

Extruded PE or PVC over-sheath with graphite

e Overall Diameter : 172 mm

 Weight : Approx.42 kg/m



Insulation Thickness Design

» Development target performance

U, /N3 xk,X k,X Ky

tAC = E
L’AC

Where, Um = the highest r.m.s line to line voltage of the system(550kV)
k1 = degradation coefficient(1.2)
k2 = temperature coefficient(2.3)
k3 = indeterminate fator(1.1)
E_ ac = minimum breakdown strength for AC voltage

BIL xk,% ksX ki

t =
- EL!Imp.

Where, BIL = Basic Impulse Insulation Level
k4 = degradation coefficient(1.0)
k5 = temperature coefficient(1.25)
k6 = indeterminate fator(1.1)

E| ;mp = Minimum breakdown strength for lightning impulse voltage



Insulation Thickness Design

> Electrical Stress

Electrical Stress
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R V = Voltage to ground [kV]
d = Inner diameter of the Insulation
D = Quter diameter of the Insulation



Weibull distribution - Cable

> Effects of insulation thickness
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2. Pre-molded Joint Construction

/ Joint rubber sleeve

/ Waterproofing
Insulating layer

S

Metallic
Joint shell Ferrule

@] Single piece Silicone rubber sleeve

@] Interface pressure is safely maintained with
elastic retention of material itself

@] Cost-efficient and optimized design with
easy & fast installation



Pre-molded Joint Design

> Electrical design
Q Essential to control radial and longitudinal direction of electrical stress.

0 Radial direction of stress depends on the shape of metal or semi-conductive electrode and dielectric
strength of insulation material.

Q0 Longitudinal direction of stress is dependent on the length between deflector/semi-conductive part

of stress relief cone and triple junction point and interface pressure.

0 Radial and longitudinal stress determine insulation thickness and joint length, respectively.

Insulation

Electrode “\\\

Cable L&

Pre—molded Joint (PMJ)

» Thermal design

QO Prevention of local hot spots, especially where conductors are connected.

O Easy emission of heat and avoiding of local heat concentration



Pre-molded Joint Design

» Optimized Electrical & Mechanical designs by Computer Aided simulation

Electric field distribution

Interface pressure distribution
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Pre-molded Joint Design

» Dielectric strength of Silicone rubber

Test voltage

Conductive
Silicone

r

1 L (test gap)

~a Insulating

Silicone

Test Method Electric Field




Weibull distribution - Accessory
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Weibull distribution - Accessory

> Effects of Silicone rubber thickness




3. Outdoor Termination Construction

Rubber sleeve

Shield ring /
/ Composite/Porcelain

Insulator

e . ~
Insulation Oil ~ b‘;

XLPE cable \

@] Single Piece Silicon Rubber Sleeve S|
. . . eeve
=] Simple Slip-on system for Easy Installation g,pn0rt
@] Both Composite and Porcelain Insulators
are available



Outdoor Termination Design

» Optimized Electrical designs by Computer Aided simulation
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Outdoor Termination Design

» Mechanical and Electrical Simulation along interface of cable/rubber

Interfacial Fressure [hgficm gl

I 1nn £nn inn qin S|

Length [mm ]

Cable/Sleeve interfacial electrical field Cable/Sleeve interfacial pressure



Outdoor Termination Design

» _Optimized Mechanical designs for Insulator by calculations

@] Wind velocity
q, = O.613KZKth2| (N/my e Using Bernoulli equation, velocity pressure
Where g, = Velocity pressure in height z above ground (N/m?)
K, = Velocity pressure exposure coefficient
K,; = Topographic factor = (1+K,K,K;)? (Annex 3, Fig.6-2)
V = Window velocity (m/s) = 15.2 m/s

| = Importance factor = 1.15
[m] Tensile force
BM =(F, xh)+(TxL)+(F.xH)+(Fgxh) -————- Bending Moment
F=FK+T+F+F Shear force

[®] Electromagnetic force

F_ 20.4KL

C

1°x107%(kgf) Short circuit force

@] Seismic intensity 0.8g
(04
Fe=mxa=—xW = - Earthquake external force

g
where, m = Weight of outdoor termination (kg)
g = Acceleration of gravity = 9.8 (m/s2)
o = Maximum acceleration of seismic wave = 0.8g



Insulator test

> Composite Insulator

> Porcelain Insulator

TEST CERTIFICATE
[ROUTINE TEST)

SO0k Poreslain Insulator (SS610)

Mo of Cenificate; 08501110
Tosted by FAYE b
Approved by ~Lh| 4G

Winessed by, G Cabie Sow ¥ n’;‘giu}i—-

QUALITY 1 # ATMENT
| e
FUSHUN FLECTRIC r_* MaUfAGTURING GO LTD




4. GIS Termination Construction

Epoxy Insulator

/ Waterproofing

Leading conductor layer

Stress relief \
cone

Protection casing

@ Plug-in dry type termination ( available normal dry type)
@] Complying with IEC 60859 / IEC62271-209

@] SIR based SRC and epoxy insulator
@] Interface pressure is maintained by mechanical device



GIS Termination Design

» Electrical and Mechanical Simulation along interface of cable/SRC

Electrical analysis Interfacial pressure analysis




GIS Termination Design

» _Optimized Mechanical and Thermal designs by simulation and tests

Mechanical analysis and Tests Thermal analysis




5. Development test Sample test

Sample tests have been conducted for proving design performance in accordance
with IEC 62067.

> Sample tests result
Test spec. Sample A Sample B Sample C Sample D
Partial discharge Below 5pC/435kV | 2pC (back noise) | 2pC (back noise) | 2pC (back noise) | 2pC (back noise)
AC voltage test 580kV /1hr Withstood Withstood Withstood Withstood
AC voltage 1050kV 1050kV 1050kV
breakdown test 50kV/1hr step up 930kV F.O
No B.D No B.D No B.D
Switchin
impulse teit 1+1175kV/10shots Withstood Withstood Withstood Withstood
Lightning +1550kV/10shots Withstood Withstood Withstood Withstood
impulse test
Lightning impulse 50KV/3shot step up -2200kV -2050kV -2200kV -2200kV
breakdown test No B.D F.O No B.D No B.D




Load cycle test

This tests have been undergone the heat cycle test in accordance with 1EC 62067.

/

Layout of load cycle test

® 500kV XLPE 2500SQMM Cable,

® Outdoor (Porcelain) Termination (Slip—On Type)
® Outdoor (Polymer) Termination (Slip—On Type)
@ GIS Termination (Plug—in Dry / Dry type)

® Pre-molded Joint (Sheath breaker type)

® CT @ Dummy cable



Load cycle test

Tests have been proved to possess the performance of 500kV Cable systems.

> Test result

Heating cycle

95°C : 20days
105°C : 10days
8hr On, 16hr Off

Test Spec. Test Result
Bending test 25(d+D)+5% O.K.
Partial discharge test Below 5pC/435kV (room temp.) 2pC (back noise)
Tand measurement 0.1%/290kV, 95~100°C 0.06%
580kV/30cycles
Conductor temp.
No failure

Partial discharge test

Below 5pC/435kV (high temp.)

2pC (back noise)

Switching impulse test +1175kV/10shots, 95~100°C Withstood
Lightning impulse test +1550kV/10shots, 95~100°C Withstood
AC Voltage 580kV/15min Withstood

test

Disassemble
check

Dimension and appearance

No sign of deterioration




6. Type test

Type test have been successfully completed 500kV XLPE system in accordance with IEC 62067

witnessed by KEMA & WUHAN Lab.

> Type test result

Heating cycle

95~100°C : 20days
8hr On, 16hr Off

Test Spec. Test Result
Bending test 25(d+D)+5% O.K.

Partial Below 5pC/435kV .
discharge test (room temp.) GREAESCRuSisR)
Tand 0.1% /290kV, 95~100°C 0.055%

measurement
580kV/20cycles
Conductor temp.
No failure

check

appearance

Partial Below 5pC/435kV .
discharge test (high temp.) 2pC (back noise)
_Switching | ,1475¢v/10shots, 95~100°C Withstood
impulse test
Lightning " T .
(RN +1550kV/10shots, 95~100°C Withstood
AC Voltage 580kV/15min Withstood
test

Disassemble Dimension and No sign of

deterioration

3rd Party test

@ 500kV XLPE 2500SQMM Cable,

® Outdoor (Porcelain) Termination (Slip—On Type)
® Outdoor (Polymer) Termination (Slip—On Type)
@ GIS Termination (Plug—in Dry type)

® GIS Termination (Dry type)

® Pre-mold Joint (Sheath breaker type)



> Cable Parts

Examination of specimen

> Accessory Parts




Certification

The official Type test reports will be soon issued certified by KEMA & WUHAN Lab



7. Future plan Prequalification test

Prequalification test of 500kV XLPE system will be started May. 10 at 3 party
Laboratory in accordance with IEC 62067

PRE—QUALIFICATION TEST LOOP

1 | o Qo
N T W T

@ 500kV XLPE 2500SQMM Cabile,

® Outdoor (Porcelain) Termination (Slip—On Type)
® Outdoor (Polymer) Termination (Slip—On Type)
® GIS Termination (Plug—=in Dry type)

® GIS Termination (Dry type)

® Pre—-molded Joint (Sheath breaker type)

@ Pre—molded Joint (Non Sheath breaker type)




8. Conculsion

LS Cable have already completed Type & PQ tests for 400kV EHV system according to IEC
62067. Since 2005, all of our products supplied to domestic and overseas market have
been successfully energized and operated without any problem.

Through this result of 500kV system development, we believe it will be milestone of the
new technology not only for EHV transmission line but also for total solution of energy

cable application business.

The Development

of 500kV EHV System

* Partial Discharge
* Network analysis
for failure analysis

System Core

Engineering Technology

« EHV Cable
« EHV Accessories

- DTS/ CTM / DRS | - Superconducting
* Surveillance system « HVDC Trans. System
* Smart Grid * GIL



Trnank You !





