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Electrical power transmission net-
works are protected and controlled by 
high-voltage circuit breakers. This devic-
es carry load current under normal pow-

er system conditions, and interrupt cur-
rent flow under abnormal power system 
events and conditions, such as faults and 
be able to break the fault currents.

INTRODUCTION
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In 1986 a new CIGRE WG 13.06 was set up 
on “Reliability of HV Circuit-Breakers”. Two 
major tasks were undertaken: 1. Conduct 
a second international enquiry on the re-
liability of RV circuit-breakers in service. 2, 
Study the parameters for permanent su-
pervision in service as well as relevant di-
agnostic methods,

The first enquiry, from 1974 through 1977, 
included 77892 circuit-breakers-years 
of all technologies. It was limited to cir-
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cuit-breakers placed in service after 1964 
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The second enquiry included 70708 cir-
cuit-breaker-years. It covered the peri-
od 1988 through 1991. The second enqui-
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Jan.178 to Dec.’91 with a rated voltage of 
72.5 kV and above (including service volt-
ages of 63 kV and above).
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cuit-breaker-years. It covered the peri-
od 1988 through 1991. The second enqui-
ry was limited to single pressure SF6 gas 
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WHY DO CIRCUIT BREAKERS FAIL

COMMON FAILURES ACCORDING CIGRE  
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SUMMARY OF THE DATA FROM 2ND INTERNATIONAL ENQUIRY 
ON THE RELIABILITY OF HIGH VOLTAGE SINGLE PRESSURE SF6 
GAS CIRCUIT-BREAKERS

1. Components at service voltage

1.1   Interrupting unit
1.2  aux. interr. ressistor
1.3  main insul. to earth

2. El. control and auxiliary circuits

2.1    trip/close circuits
2.2   aux. switches
2.3   contacters, heaters, etc.
2.4   gas density monitor

3. Operating mechanism

3.1    compressors, pumps, etc.
3.2   energy storage
3.3   control elements
3.4   actuators, damping devices
3.4   mechanical transmission

4. Others

Total

Subassembly responsible not indi-
cated on failure card

Component rensponsible for 
failures/defects

99

66 (14%)
6 (1,3%)

27 (5,7%) 

137

47 (10.0%)
35 (7,4%)
36 (7,6%)
19 (4,0%)

204

64 (13,6%)
36 (7,6%)
44 (9,3%)
42 (8,9%)
18 (3,8%)

32                        (6,8%)

472                        (100%)

3                                  -

Number of major 
failures

1019

310 (9,4%)
20 (0,6%)

689 (20.9%)

650

49 (1.5%)
69 (2.1%)

178 (5,4%)
354 (10,7%)

1449

615 (18,7%)
238 (7,2%)
383 (11,6%)

168 (5,1%)
45 (1,4%) 

178                       (5,4%)
 

3296                     (100%)

62                                -

Number of minor 
defects/failures
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Condition assessment (CA) is the pro-
cess of monitoring a parameter or con-
dition indication in machinery in order to 
identify a  change which is indicative of 
Circuit breakers,are critical components 
of the power system rand system break-
ups and equipment damage may occur 
if a circuit breaker fails to operate due to 
a lack of preventive maintenance. A de-
veloping fault. The use of such manage-
ment  allows maintenance to be sched-
uled, and preventive actions to be taken 

to avoid failure and its consequences 
resulting in downtime and expensive re-
pairs. 

This requires permanent sensors in-
stallation for non-intrusive evaluation 
of transmission & distribution Circuit 
breaker condition. The proper function 
of a circuit breaker depends on various 
components such as: the operating me-
chanics, the coil currents, the quality of 
the insulating media etc.

Condition assessment and predictive maintenance 
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The Circuit breaker monitoring system 
can be configurated with any of the 
following features

SF6 Insulation quality monitoring

Partial discharges monitoring on GIS

Operating mechanism vibrations

SF6 leaks early detection 

Oil filled Circuit breaker oil quality monitoring
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Oil quality and aging (Circuit breaker oil breakdown 
voltage and water content monitoring) 

 While the DGA gives valuable information on the 
fault severity- it gives very limited information on 
the oil qualiy aging  etc .   

Ever since the beginning of oil filled Circuit breakers 
, the use the Circuit breaker oil breakdown voltage 
testing has been used as proven metod for evalu-
ating  the dielectrical properties of the oil . Our rev-
olutionary sensor measures and monitors break-
down voltage , moisture tan delta directly mounted 
on the tank. With the oil quality can be monitored 
and oil contamination can be identified in very ear-
ly stage before breaker fails.

The Circuit Breaker Oil Quality monitoring Degrada-
tion monitor was specially developed for perma-
nent use in the field at  the  transformer  and  is  
used exclusively  for  continuous  real-time mea-
surement of breakdown voltage, water content and 
temperature of a mineral oil based transformer oil.      
190 mm  33 mm

The main measuring module is located in a robust 
metal housing. The measuring chamber consists of 
anodized aluminum. Through the perforation in the 
measuring chamber the internal sensors can be 
filled with insulating oil. The BDVB sensor is equipped 
with a Parker RI1EDX3 / 471 connector which allows 
the device to be screwed on at the target location. 
The sensor can be mounted in any orientation, but  
 free oil flow through the measuring chamber must 

be guaranteed. The connection for the cable is lo-
cated at the top of the sensor. The connection be-
tween the Circuit Breaker Oil Quality monitoring 
degradation monitor and the control unit is estab-
lished with the WEiPU connection using the cable 
supplied. The sensor is connected to a computer, 
router, modem or similar device using the TCP-IP 
cable supplied.
  

History 

The first high-voltage SF6 circuit breaker with a high 
short-circuit current capability was produced by in 
1959. The excellent properties of SF6 led to rapid ex-
pansion of this insulation meda during the 1970’s 
thanks to its reliability,compact dimensions, dura-
bility and safety. Arguably the presence of humid-
ity within SF6 is the most significant contribution to 
poor SF6 quality and therefore equipment reliabil-
ity. Without the presence of water vapor the threat 
of corrosion, arcing and decomposition would not 
be so significant. Its measurement has consequen-
tially been an integral part of gas analysis along-

side the development of GIS.
Sulphur hexafluoride, SF6, is a insulating and cooling 
gas with high dielectric strength and thermal sta-
bility. the amount of water vapor in SF6 gas should 
be kept to a minimum in order to ensure the integ-
rity of SF6 gas as an insulator,. Moisture may also 
increase the formation of unwanted secondary 
decomposition products, which can lead to arcing 
and equipment failure. The secondary decomposi-
tion products related to higher moisture and vapor 
content  is the highly corrosive electrolyte hydrogen 
fluoride .HF  aggressively attacks glass, porcelain, 
paper and other insulating materials.

OIL FILLED CIRCUIT BREAKERS OIL QUALITY 
MONITORING 

SF 6 CIRCUIT BREKAERS 
INSULATION 
MONITORING 

 The Transformer oil degrada-
tion monitor has been tested by 
accredited test centres according 
to EN61326-1 as a class A mea-
suring device. The accredited 
test centres confirms that the 
following standard requirements 
are fulfilled:
• EN 61000-4-2: 2011
• EN 61000-4-3: 2014
• EN 61000-4-4: 2013
• EN 61000-4-5: 2014

• EN 61000-4-6: 2014
• EN 61000-4-11: 2007
• CISPR11: 2015 + 
AMD1: 2016, EN55011: 2016 + 
A1: 2017, EN55011: 2016 + A1: 
2017-06

• EN 60950-1: 2007 + 
A11: 2009 + A1: 2011 + A12: 
2011
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The SF6 quality and leackage monitoring system does early indication and insulation quality as-
sessment by monitoring of SF6 degradation and quality, (7 key SF6 parameters are monitored ) 
SF6 moisture, ( dew point measurement) 

Leakage indication

SF6 is the most dangerous greenhouse gas. It has a global warming potential that is 23,900 times 
worse than CO2 and therefore  release of SF6 in air is prohibited.  The leakage of Sf 6 in air can be 
detected in early phase with the precise SF6 pressure monitoring system. 

THE SF6 QUALITY AND LEACKAGE MONITORING 
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The system displays the key information on SF6 parameters in the following ranges: 

Dew point −40 … +30 °C 
Pressure, absolute 1 … 10 bar 
Temperature −40 … +70 °C 
Pressure, normalized to +20 °C 1 … 10 bar 
SF6 or SF6/N2 mixture density 0 … 100 kg/m3 
Moisture by volume, ppm 40 … 40 000 ppm 
Dew point, converted to atmospheric pressure −50 … +30 °C 

Accuracy 

Dew point accuracy:  ±5 °C (±5.4 °F),
( Dew point stability Typical drift max 2 °C 
/ 5 years )

Pressure accuracy at +23 °C   ±0.5 %FS ( 
Pressure stability Typical drift < 1 %FS / 5 
years) 

Temperature accuracy  ±1 °C  

Density accuracy (pure SF6, 1 … 12 bara) 
±2.5 %FS 

Digital outputs 

The system is connected to RTU with either 
RS485 , Modbus ,or IEC  61850 system pro-
tocol 

FEATURES
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The operating mechanism is a central part of 
high-voltage circuit breakers its function is to 
operate or trip the circuit breaker. The operat-
ing mechanism consists of the energy storage 
medium, actuating circuit and interlocking 
systems. According to international surveys 
approximately 70% of the total faults of the cir-
cuit breakers are correlated to the operating 
mechanism. Operating mechanism monitor-

ing increases equipment reliability and to de-
crease the overall maintenance cost.

When any real object is subjected to physi-
cal stress, the object will tend to deform. If the 
stress is great enough, the object’s deforma-
tion may be partially or totally permanent (be-
cause virtually all materials have some degree 
of elasticity) .  As long as the deformation does 
not cross the threshold of elasticity, the ma-
terial will spring back into shape. All physical 
objects in motion have the property of inertia. 
3 So after the object springs back into shape, 
it tends to go past the un-deformed state to 
another deformed position. The object will do 
this several times until the back-and-forth os-
cillations are reduced to zero by the natural 
damping effect. At the end the moving part 
comes back in its original shape. The damp-
ing factor for any object is a function of its 
mass and geometry as well as the material of 
which it is made. Thus if the geometry of the 

object changes or if the object is changed or 
damaged in some way, its damping factor will 
change consequently changing the frequency 
and waveform of the vibrations.
 Moving parts in circuit breakers are subjected 
to high stress and damping so each one has 
its unique vibration signature as each individ-
ual part will contribute to the overall vibration 
waveform
Circuit breaker vibration A circuit breaker is a 
very complex mechanical mechanism. It has 
a huge variety parts including springs, lever 
arms, sheet metal, pivots, rubber stops, con-
tacts, and many other such items. This means 
that the vibration signature of a circuit break-
er will be very complex. Figure 1 shows such a 
vibration signature which is comparable and 
can be trended.

OPERATING MECHANISM 
MONITORING

VIBRATIONS MEASUREMENT ON 
CIRCUIT BREAKERS
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Monitoring Circuit breakers lubrication. Coil 
currents monitoring is used to detect poten-
tial mechanical and/or electrical problems in 
actuating coils well in advance of their emer-
gence as actual faults, and extract information 
about lubrication, and latch operation.

. The coil current shape can reveal a lot of in-
formation regarding the healthy condition of 
the operating mechanism and the coil itself. 
System compares coil currents and addresses 
mechanical issues by monitoring coil currents. 

COIL CURRENTS MONITORING
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First trip is wide used practice for testing op-
erating mechanism lubrication on HV Circuit 
breakers . The disadvantage is that this is re-
quires the breaker to be put out of service and 
certain Safety rules which are not so easy to 
complete for this manipulations. 

Our second big adavtage is that we can con-
stantly monitor and compare every operation 
of the circuit breaker and detect issues in the 
earliest stage and avoid failure . 

Partial Discharge (PD) measurement is 
recognized as the most important test for 
the assessment of the condition of elec-
trical systems. Continuous, on-line par-
tial discharge monitoring offers utilities a 
powerful tool to protect and optimize the 
performance of their assets. Reliable on-
line PD Monitoring gives a powerful insight 
into the condition of the insulation system 
and provides real benefits, because it al-
lows early fault detection, thus minimizing 
costly unplanned outages and equipment 
failures. Early warning system via PD mon-
itoring enables: Pre-failure preventative 
action Significant reduction of costs Re-
duction of inspections and maintenance 
Prevention of expensive catastrophic fail-
ures Improved quality and reliability of 
power supply. 

When commissioning gas insulated switch-
gears and lines (GIS, GIL), partial discharge 
monitoring is used to track the integrity of 
the insulation system. There is a possibility 
of partial discharge (PD) occurrence due 

to an abnormality of the insulation and the 
aging of the vacuum circuit breaker (VCB) 
in cubicle-type gas insulated switchgear 
(C-GIS). PD may contribute to a risk that 
leads to breakdown in the worst case, and 
cause failure of the equipment. 

PD MONITORING ON GIS 

BACKGROUND
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