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Factory and Field Verification Tests of CSS
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� CIGRE proposed the testing requirements and
their procedures for CSS.

� The  gu id e  em ph as i ze s  im por tan ce  o f
compensation for operating time variations.

� Some mechanisms showed a significant delay
after idle times of breakers for only a few hours.

� The method of determining the optimum close
target is proposed by pre-strike characteristic.

1. CIGRE WG13.07 Documents for Testing
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2. Individual Component Testing
145kV independent-operated GCB with spring mechanisms

Controller
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Electrical performance tests
� Dielectric characteristics (RDDS / RRDS)
� Minimum arcing time for reignition-free window

Mechanical performance tests
� Variations of operating time on operating conditions
� Delay of operating time after an “idle time”

Factory Tests for Circuit Breakers

RDDS: Rate of Decrease of Dielectric Strength
RRDS: Rate of Rise of Dielectric Strength

✥✥✥✥

✥✥✥✥

✥✥✥✥

✥✥✥✥



Pre-strike voltage for a cycle of power frequency 
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RDDS measured by pre-strike test 
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Dielectric recovery characteristic of
550kV 1-break GCB
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Conditional Compensation
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Deviation from average closing time plotted as functions
of temperature and control voltage



Idle time dependence of circuit breaker with a conventional
hydraulic operating mechanism
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Idle Time Compensation

2ms delay
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Idle time dependence of circuit breaker with the spring
operating mechanisms
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3. Integrated System Testing

245kV independent-operated GCB with spring mechanisms
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Complete performance tests
� Compatibility of circuit breaker, controller & sensor
� Age related “drift” of operating time
� Distribution of switching instant
� Maximum making voltage for voltage zero target
� Verification of reignition-free

Factory Tests for Integrated System

✥✥✥✥

✥✥✥✥

✥✥✥✥
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✥✥✥✥



Drift of the closing time measured
with and without adaptive control
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Distribution of making voltages and closing instants 
using 145kV and 362kV GCB 
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Controlled Switching Tests for voltage zero

13 deg. 20 deg.
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Commissioning Tests at Site

Commissioning tests of 145kV spring operated GCB

Three independent operating mechanisms

Controller



Waveforms of 2nd making test
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(a) Voltage waveform of 2nd making test
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Waveforms of 3rd making test
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Waveforms of 6th making test
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Waveforms of 10th making test
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4. Field Verification Test

Commissioning tests of 204kV hydraulic operated GIS



Controlled shunt reactor 
de-energization and energization
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Operating records of temperature, hydraulic
pressure, closing and opening times over one year

MITSUBISHI 
ELECTRIC

Days passed-over after the commissioning

Summer

Winter

0 100 200 300

A
m

bi
e
n
t 

te
m

pe
ra

tu
re

(D
e
g.

 C
e
ls

iu
s)

30

20

10

Summer

Winter

0 100 200 300

Days passed-over after the commissioning

O
p
er

at
in

g 
p
re

ss
ur

e
(M

P
a)

34

32

30

36

0 100 200 300

Days passed-over after the commissioning

+1ms

0

-1ms

from the optimal target (ms)

+5%

0

-5%

Measured opening time (PU)

Deviations of the opening time

+5%

0

-5%

Measured closing time (PU)

Deviations of the closing time

0 100 200 300

Days passed-over after the commissioning

+2ms

0

-2ms

from the optimal target (ms)



Idle time characteristic of 204kVGIS
with hydraulic drives
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� Effective compensation for deviations of operating time
associated with past operations has been demonstrated.
� The requirement of idle time compensation can be judged
from the measurement up to 100 hours.
� Innovative operating mechanisms do not show any delay
of the operating times for idle time up to 1000 hours.
� Controlled shunt capacitor switching in the field showed
more successful results due to the adaptive control.
� Commissioning test demonstrates successful reactor
opening without any reignition.

Summary of Results
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� C I G R E  W G 1 3 . 0 7  r e c o m m e n d a t i o n
successfully covers all the testing requirements
and their procedures.
� CSS verified according to the CIGRE
recommendation demonstrates successful results
in the field.

5. Conclusions

Thank you very much for your attention


