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1. CIGRE WG13.07 Documents for Testing

J CIGRE proposed the testing requirements and
their proceduresfor CSS.

d The guide emphasizes importance of
compensation for operating time variations.

J Some mechanisms showed a significant delay
after idletimes of breakersfor only a few hours.

J The method of determining the optimum close
target isproposed by pre-strike characteristic.
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2. Individual Component Testing

145kV independent-operated GCB with spring mechanisms

Controller
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Factory Testsfor Circuit Breakers

Electrical performancetests

 Dielectric characteristics (RDDS/ RRDS) U
L Minimum arcing timefor reignition-freewindow ]

M echanical performancetests
 Variations of operating time on operating conditions []
1 Delay of operating time after an “idletime” 0

RDDS: Rate of Decrease of Dielectric Strength
RRDS:. Rate of Rise of Dielectric Strength
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Pre-strike voltage for a cycle of power freguency
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RDDS measured by pre-strike test
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Dielectric recovery characteristic of
550kV 1-break GCB

Minimum cold recovery characteristic []
at rated gas pressure
1500 } Recovery voltage for
capactive current switching []
-y Breakdown voltage observed
i at shunt reactor switching
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Conditional Compensation
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Deviation from average closing time plotted as functions
of temperature and control voltage
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|dle Time Compensation
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Hydraulic Operating M echanism (300kV)
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| dle time dependence of circuit breaker with a conventional
hydraulic operating mechanism
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|dle Time Compensation

2.0 , . .
Spring Operating M echanism (145kV-362kV)
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3. Integrated System Testing

245kV mdependent operated GCB with sprlng mechanisms
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Factory Testsfor Integrated System

Complete performancetests
 Compatibility of circuit breaker, controller & sensor []

] Agerelated “drift” of operating time []
[ Distribution of switching instant []
J Maximum making voltage for voltage zerotarget []
1 Verification of reignition-free []
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Drift of the closing time measured
with and without adaptive control

Without Adaptive Control

6.0y
50

Without adaptive control

Variation of closing time (ms)

-10¢ 500 1000
-2.0

Number of operations (Times)

1500

Variation of closing time (ms)

With Adaptive Controal

NP
o o

> 00O
o o o

O
© o © o

With adaptive control

500 1000 1500

Number of operations (Times)

* MITSUBISHI
ELECTRIC



Making voltage (P.U.)

Frequency

Controlled Switching Testsfor voltage zero
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Commissioning

ests at Site
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Commissioning tests of 145kV spring operated GCB
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Waveforms of 2nd making test
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(a) Voltage waveform of 2nd making test
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(b) Current waveform of 2nd making test
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Waveforms of 3rd making test
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(b) Current waveform
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Waveforms of 6th making test
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(b) Current waveform
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Wavefor ms of 10th making test
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4. Field Verification Test

Commissioning tests of 204kV hydraulic operated GIS
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Controlled shunt reactor
de-energization and energization

Vidtage (A phase)

AT . V.. .Y j(\ %
/ '-._‘-H-.j, '-.,_._;l_.-' -‘"-.HI_-: -_‘.-._" .-__-_-.-' "_ /‘/\Q x_)’\_,.-": )

(=1 i
i : E
5 a |

Currant (& phase) * g: ! l)* !

N % R (, BT . U ok W
___.-" \“‘-1___..-";# H‘\-.‘___,.-'"'.I\rr:n o : ] 1‘.\_: _l.-" "‘h __,.-"f . __,.-’" M‘x_ Py b
|__1I|11& | : £ & 3 B
Saparation ! : !

Currant (B phase)

i v f
WANF TR / o Nl B Nl Nl

tlm
Separation

Currani (T phasa) |
S )

Separation

TM 72D * MITSUBISHI
ELECTRIC

TH TAD Corparaiion



Operating records of temperature, hydraulic
pressure, closing and opening times over one year

0
@O,

Ambient temperature
(Deg. Celsius)

0 100 200 300

. Days passed-over after the commissionin
Days passed-over after the commissioning ysp g

+5% L Measured opening time (PU)

Operating pressure

0 100 200 300
Days passed-over after the commissioning

0 100 200 300
Days passed-over after the commissioning

T"T&D MITSUBISHI

ELECTRIC

TH TAD Corparaiion



|dletime char acteristic of 204kVGIS
with hydraulic drives
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Summary of Results

J Effective compensation for deviations of operating time
associated with past oper ations has been demonstrated.
 Therequirement of idle time compensation can be judged
from the measurement up to 100 hours.

L Innovative operating mechanisms do not show any delay
of the operating timesfor idletime up to 1000 hours.
 Controlled shunt capacitor switching in thefield showed
mor e successful results due to the adaptive control.

d Commissioning test demonstrates successful reactor
opening without any reignition.
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5. Conclusions

d CIGRE WG13.07 recommendation
successfully covers all the testing requirements

and their procedures.
J CSS verified according to the CIGRE
recommendation demonstr ates successful results

In the field.

Thank you very much for your attention
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