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Noninvasive Condition Assessment of Circuit 

Breaker Contact Based on Voltage Measurement 

 

 
Abstract— Circuit breaker (CB) as the critical part of the 

protection system, is used to isolate power system during faults. 

Electric power system blackouts and equipment damage may 

occur if a CB fails to operate due to failure in its interruption 

chamber. Arc contacts are the most important part of the 

interruption chamber therefore, condition assessment of these 

parts are necessary. In this paper, a noninvasive method has been 

proposed to measure the length of the arc contacts through 

monitoring of the delay in the drop voltage rise across the CB 

terminals during opening process. The proposed method has 

been verified through experiments conducted on a real SF6 CB. 

Keywords: Interruption chamber, arc contact, condition 

assessment, delay measurement. 

I.  INTRODUCTION 

CBs are an essential part of the electric power system as 
they are used for planned switching operations and especially 
for fault clearing. Therefore, proper operation of the CB as the 
last line of defense for the whole electric power system, is 
essential. The CBs consist of three main parts as follows: 
interruption chamber, opening/closing mechanism and control 
unit. The interruption chamber has the main role in fault 
current clearing therefore, its condition need to be evaluate to 
ensure proper operation. This part consists of contacts, nozzle 
and insulation medium. Among different parts of the 
interruption chamber, the contacts (main and arcing contacts) 
due to the thermal and the mechanical stresses, are suitable 
subject for failure. Therefore, evaluating of the contacts is 
important in monitoring of the power system equipment [1]-
[13].  

As shown in Fig. 1, the interruption chamber typically has 
double contact systems, which are the main and arcing 
contacts. During the CB operation process, at first the main 
contact opens and a partial arc is formed between the contacts; 
after a while, the arcing contact opens with a time-delay 
between the two operations. An arc ignites during the arc 
contacts separation time. The arc results in damage to the 
arcing contact just due to this fact that the main contact is not 

designed to exposed to the arc [5], [8]. The energy released by 
electric arc during short circuit is mostly absorbed by the 
surrounding cold SF6 gas. However, a considerable part of this 
energy is transferred and absorbed by other elements of the 
circuit breaker interrupter such as arc contacts and nozzle. 
Energy absorption causes heating, melting and finally the 
vaporization of the structural material and it is the main cause 
of wearing of arcing contacts, where this is commonly referred 
to as the contact erosion. The contact erosion results in 
shortening in the length of the arc contacts. As the arc contact 
length becomes less than a specified value, the CB fails to 
interrupt the arc current successfully. Therefore, measuring the 
length of the arc contact during CB lifetime is essential. There 
are different monitoring systems to evaluate the arc contacts 
length such as vibration signature and Dynamic Resistance 
Measurement (DRM). However, vibration monitoring typically 
is applied for condition assessment of CB opening/closing 
mechanism and its implementation is difficult. In addition, for 
comprehensive evaluation of the CB contacts, the DRM test 
must be carried out at low contact speed which is difficult and 
not desirable [1]-[8]. In this study a noninvasive direct method 
is proposed to measure the length of the arc. This procedure 
has some advantages such as easy implementation and 
noninvasive mechanism. 

 
Figure 1.  Schematic of interruption chamber components of a SF6 CB: 

(1) Arcing contact. (2) Nozzle. (3) Main contact. (4) Arcing contact. 
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II. EVALUATING METHODS OF THE ARC CONTACTS 

The traditional method of the contacts monitoring is Static 
Resistance Measurement (SRM). In SRM a DC current (lower 
than 100 A) passes through the CB in closed position and then 
the voltage across the contacts is measured. This test is easy to 
implement whereas, it only evaluates the main contacts 
condition and gives no information about the arc contacts 
condition. Another method that has been proposed since 1990 
is (DRM). In this procedure, a DC current passes through the 

CB and then the CB operates and the current and voltage of the 
CB terminals are measured. The resistance during operation 
time is calculated as the ratio of the voltage to the current, 
which is known as the dynamic resistance measurement. 
According to this manner, to assess the condition of the arc 
contacts, the DRM curve with the travel curve of the CB are 
simultaneously plotted. From these two curves some 
parameters such as average main contact resistance ( ( )aR  ), 

average arcing contact resistance ( ( )pR  ), and arcing contact 

wipe ( ( )aD mms ) are explored. The most important explored 

parameter is ( )aD mms . To measure 
aD it is necessary to 

identify the arcing contact apart instant precisely. There are 
two methods to identify this time: 1) measuring DRM under 
low contacts speed, 2) measuring DRM under rated contact 
speed and with higher DC current. The first method outputs are 
easy to analyze whereas, it is difficult to implement and also is 
not applicable for all kind of CBs. In comparison to the first 
method, the implementation of the second procedure is easy 
whereas its outputs are not clear. Fig.2 shows the differences 
between the outputs of these methods. According to Fig. 2, it is 
obvious that the precise instant of arcing contact apart is not 
clear during DRM test with low DC current and rated contact 
speed [14]-[16]. The other method which is suggested to 
diagnose the CB contacts is vibration monitoring. As 
mentioned, this method typically is used to evaluate the 
mechanical parts in CBs. The other point is that, regarding arc 
contacts, there is no specific variation in acceleration signal 
after considerable erosion of the arc contacts [17]. 

III. PROPOSED METHOD 

A. Shortening mechanism of the Arc Contacts 

When the CB is in closed position, the current mostly 
passes through the main contacts. As a fault occurs in power 
network, the protection relay sends a command to CB to clear 
the fault current. During CB operation process, at first main 
contacts open and then arcing contacts open. As the main 
contacts apart, an arc forms between the main contacts which 
forces the current to commutate from main contacts to the 
arcing contacts. This commutation time is less than one 
millisecond and as a result, the main contacts are exposed to 
burning arc in a short time. Therefore the main contacts erosion 
is not serious during operation time. Despite the main contacts, 
the arc contacts are exposed to the arc much more than the 
main contacts and accordingly the possibility of shortening of 
the arcing contacts is very much. Therefore, evaluating the 
length of the arcing contacts is desirable. 

B. Measuring of the arc contacts erosion 

As has been described, in order to evaluate the condition of 
the contacts, measuring the length of the arcing contacts is 
necessary. In this paper an AC test has been used to evaluate 
the length of the arcing contacts. In this test a high current is 
passed through the CB in closed position and afterward, the 
voltage of the CB terminals is measured during contacts 
opening time. 

 
(a) 

 
(b) 

Figure 2.  Two carried out DRMs on the same CB. (a) Rated contact 

speed. (b) Low contact speed [14]. 
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There are two procedures to conduct this test on the CB. 
The first method uses the current injection circuit of the 
synthetic test circuit, which is shown in (Fig. 3, plot (a)). In 
order to proper evaluation of the arcing contacts, it is necessary 
to pass a high current through the CB contacts. In this circuit to 
generate a high current, the capacitors which are needed to be 
charged to a high voltage, must be resonate with the inductor. 
The voltage level of the this test circuit, results in corrosive arc 
during contacts separation which causes major flaw in contacts. 
In addition due to complexity of this test circuit, its availability 
is difficult. The second method is using of high current circuit 
according to (Fig. 3, plot (b)). In this test circuit, an 
autotransformer to adjust current level and also two high 
current transformers to increase the current level, have been 
used. This circuit can generate currents up to several tens of kA 
whereas the voltage of CB terminals is very low in comparison 
to the first method. Low level of voltage at the CB terminals, 
could not sustain the arc between the contacts. Therefore, the 
contacts are not exposed to the arc and as a result are not 
eroded during condition assessment test. 

In this study the second method is used for condition 
assessment of the main contacts and arcing contacts. During 
performing the AC test, at first the CB is in closed position and 
a high current is passed through the contacts. In closed 
position, the main contacts resistance and inductance could be 
calculated by measuring of the voltage and current. As the CB 
operates, first the main contacts separate and instantly after that 
a partial arc for a short time (less than 1 millisecond) forms 
between the main contacts. The partial arc causes a sharp rise 
with high peak value in the voltage drop at the CB terminals. 

This peak of the voltage is known as the instant of main 
contacts separation. After main contacts separation, the current 
passes through the arcing contacts for a short time which this 
time depends on length of the arcing contacts and open contact 
speed. Afterward the arc contacts are separated and in the last 
instant of contact, the area of contact is decreased to small area 
which this small contact spot causes a spike in voltage. This 
spark in the terminal voltage is known as the instant of arcing 
contacts separation. In this paper, the difference between the 
two spikes of the voltage in the voltage waveform across the 
CB terminals during opening time, is used as a criteria to 
evaluate the length of the arcing contacts. 

In order to calculate the length of the arc contacts, the travel 
curve of the CB contacts is needed. Therefore, in this study a 
travel curves is measured simultaneously with the CB terminal 
voltage and then the actual length of the arcing contact is 
determined by overlaid of travel curve onto the voltage trace of 
the CB contacts. Monitoring the length of the arcing contact 
can give insight into the health of the interrupter without 
opening up the breaker. In CBs especially generator CBs which 
breaks high short circuit currents, the arcing contacts due to arc 
burning between them are eroded. Therefore it is possible that 
the length of arcing contacts is decreased after any operation. 
As the length of the arc contacts is decreased, the delay 
between the spikes in voltage waveform is lowered. As a result 
the proposed method can determine actual length of the arcing 
contacts by monitoring of the delay between the two spikes. 
Fig.4 shows an example of CB contacts voltage and its travel 
curve. 

 
Figure 3.  Ac test circuit: (a) Outline of the first method setup, (b) Outline of the second method setup 
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Figure 4.  Travel curve and drop voltage of the CB contacts 
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The length of the arcing contact can be measured by 
placing the cursor on the travel curve at the point where first 
spike at the voltage of the CB contact just begins to be visible 
(instant that main contacts separate completely) and second 
curser at the point where the voltage begins to change to the 
contact opening status (second spike). The circuit breaker was 
designed for 87 mm of mechanism travel. From signature, 
travel of arcing contact is 7.7 mm. As the travel curve is 
obtained from sensing the mechanism travel therefore, in order 
to determine the actual length of the arc contacts, the linkage 
ratio must be considered according to (1): 

 Contact Travel 134
Linkage Ratio= = =1.55

87Mechanism Travel



According to above-mentioned, in order to calculate the 
actual length of the arc contacts, the measured length from the 
travel curve must be multiplied to the linkage ratio as (2): 

 Length of the Arcing Contact =

(7.7) 1.55 mm = 11.94

 

In order to evaluate the condition of the arc contacts, the 
calculated length of the arc contact must be compared to the 
reference contact length and if their difference be more than 
specified value, the arc contacts must be replaced. 

IV. RESULTS AND DISCUSSIONS 

In this study a test setup according to Fig. 5 has been 
provided. In order to measure the current, a current transformer 
(CT) is used and measuring of the CB terminals is done using 
of the oscilloscope. During tests, the voltage, current and travel 
curve is simultaneously recorded.  

The important point in injected AC current is that, the AC 
current must be high enough to prevent partial contact 
separation. The partial contacts separation in low current is 
directly related to the low attraction forces between the 
contacts which these forces are proportional to the current 
amplitude. Total force which causes contacts in touch with 
each other are calculated as follow as: 

 T S A RF F F F    

Where 
SF is related to spring forces on contacts, 

RF  is 

repulsion force and 
AF is attraction force which is calculated 

according to (4): 


20.102(n 1)( ) ( )A

I l
F N

n d
   

 
 

(a) 

 

(b) 

 

(c) 

Figure 5.  Test setup: (a): High current transformers. (b) CB. (c) 

Conections of the equipments 
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Where I, n, d, l and N are current, number of contacts, 
diameter, length between the separating contacts and number 
of fingers [4]. 

According to (4), the attraction force is proportional with 
square of the current and therefore, in low current this force is 
low and causes partial contact separation. Due to occurring of 
the partial contact separation, precise identifying of the main 
contact separation instant is difficult and therefore 
determination of the precise length of arcing contact is not 
possible. Fig. 7 shows two example of voltage waveform in 
low and high current tests. According to Fig. 6, as the test 
current rises, the partial contact separation is attenuated. 

Another point is that, the good advantage of the proposed 
method in comparison with the previous methods is easy 
implementation and its noninvasive mechanism. During this 
test, a high AC current can be injected easily through the 
contacts and also due to low output voltage of the high current 
transformer, the high AC current could not form arc between 
the contacts and therefore any erosion is not occurred in 
contacts. 

V. CONCLUSION 

CBs are a key component in the electrical power system, 
which provide a protective function in the transfer of electrical 
energy and as a result ensuring the networks operate safe. The 
CB contacts (main and arcing contacts) have important role in 
breaking of fault currents. During CB operation time, the arc 
between contacts causes ablation which makes arcing contacts 
shorter. Shortening of the arc contacts length decreases the CB 

breaking capacity therefore, the length of the arcing contacts is 
a critical parameter for monitoring. In this paper a new method 
is proposed to measure the arcing contacts length by passing a 
AC current through the CB. In order to precisely calculate the 
actual length of the arcing contacts, it is necessary to pass high 
AC current through the CB to prevent from partial contact 
separation. In addition, the advantage of the proposed method 
is availability of high AC current test laboratory and also not 
damaging to the contacts due to not. The other point is that, to 
measure the length of the arcing contacts, the travel curve has 
been measured simultaneously with the terminal voltage.    

ACKNOWLEDGMENT 

The authors would like to thank Mr. Salman Mohseni and 
Mr. Milad Mohamadhossein from University of Tehran's High 
Current Lab for their help on the experimental measurements 
and fruitful discussions. 

REFERENCES 

 

[1] J. Tepper, M. Seeger, T. Votteler, V. Behrens, and T. Honig, 
“Investigation on Erosion of Cu/W Contacts in High-Voltage Circuit 
Breakers,” IEEE Trans. Components Packag. Technol., vol. 29, no. 3, 
pp. 658–665, 2006. 

[2] A. A. Razi-kazemi, M. Vakilian, K. Niayesh, and M. Lehtonen, “Circuit-
Breaker Automated Failure Tracking Based on Coil Current Signature,” 
vol. 29, no. 1, pp. 283–290, 2014. 

[3] A. Andrusca, Mihai and Adam, Maricel and Irimia, Florin Daniel and 
Baraboi, “Aspects about the Monitoring and Diagnosis of High Voltage 
Circuit Breakers,” in Electrical and Power Engineering (EPE), 2012 

1300 1305 1310 1315 1320 1325 1330 1335 1340

-400

-200

0

200

400

time (ms)

V
ol

ta
ge

 (
m

V
)

C
u

rr
en

t 
(1

6A
)

 

 

Voltage Terminal

Current

 
(a) 

170 180 190 200 210 220 230 240 250

-400

-300

-200

-100

0

100

200

300

time (ms)

V
ol

ta
ge

 (
m

V
)

C
u

rr
en

t 
(1

6A
)

 

 

Voltage Terminal

Current

 
(b) 

Figure 6.  Voltage and current waveform: (a) Current is 2700 A. (b) Current is 150 A 
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