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Abstract: Dynamic Resistance Measurement (DRM) is anusually coated with an electroplated silver layter,prevent
effective technique for diagnosing the conditionhigh power  formation of a non-conducting copper oxide film .[4The
switch contacts. Moreover, the technique can be ts@redict  sjlver coated copper contacts are therefore Suhjem h|gh
the allowable n_umber of switching operations_ treat be ca_rried contact forces, typically 10+100 N. Since silved ampper are
out before maintenance of the apparatus is negesSaice o materials, they deform plastically already wheated
coating materials are characterized by differenthmeical and under stationary conditions. Subjecting them toadditional

electrical properties, the DRM method can help mtedhe . .
performance and improve the design of existing higiwer fretting motion can lead to severe surface damagecantact

switches. In this paper both static and dynamidamimesistance esistance increase [5].

measurements for new and worn contact sets ofralata MV When designing a new contact system it is important
switch-disconnector are presented. The contacstesgie was be able to predict the rate at which the contadtswear out in
measured both in function of the DC injected curreagnitude, order to foresee the element lifetime, as welleabd able to

as well as the number of executed switching opmmati The  gptimize the coating properties and the normalacirforces.
measurements were performed by means of the 4metaod, In this article the contact resistance behavioaofMV

and a high speed acquisition digital oscilloscoms wised 10 gyjitch-disconnector is investigated by means oficstand
register the DRM curves. dynamic contact resistance measurement techniques.

Keywords: contact resistance, diagnostics methods,The impact of both main contact and arcing conteear, as

MV apparatus, resistance measurements, switchthswor. yvel_l as th_e semiconducting grease qpplied on tha mmtagts
is investigated. Advantages of high DC current dyica

1. INTRODUCTION measurements over low current static measuremerdgs a
discussed.

Energy losses always accompany electrical power
distribution and consumption. These losses canaptyp 2 MEASUREMENT TECHNIQUES

attributed to unwanted heating of current condugctin .
elements, resulting from an increase in the resistaof In general there are three methods of measuringacon

the conductors themselves or in the contact resistin ~ 'esistance. The 2-wire method is the simplest amel, it is
conductor connections. The resistances of higheotrr MOStly used for measuring contact resistance inrange of
components are usually relatively small (10+1Q00 10Q+10 MQ, where the impact of the series lead resistance or
but their increase above acceptable values may rigee the parallel leakage resistances on the accuracythef

to serious issues in devices such as circuit breake Measurementis negligible. ) _
switches or tap changers [1]. The 3-wire technique is suitable for measuringstesice

The quality of conductor connections has gabove 10 M2 It is typically applied in measurements of high
significant impact on the efficiency of electricity voltage equipment insulation, where the third waets as a

distribution. Since power loss is determined by th@uard against leakage currents, which would infteetthe
resistance of the line conductor, the value ofdbetact Measurement.

resistance at each connection and by the magnittithe Finally, the 4-wire technique is the most accuratthod
current flowing in the line, increased contactstsice in  When measuring contact resistances below21éendering it
the connections is undesirable [2, 3]. possible to avoid errors introduced by the lead aodtact

In order to transmit electrical current through gresistances[1]. Since, as mentioned before, the contact

connection with a minimum voltage drop, the contaeta  '€Sistance in typical high power switches liestia [ range,
(free of oxides, corrosion films, contaminants, .Jetc the 4-wire technique is the right choice.

between the two solid bodies has to be sufficielatige, The 4-wire measurements require two current and two
which is usually realized by applying high contactS€nsing leads as shown in Figure 1.

pressures. In power applications copper contaces ar



C_ DC current
source

4B
a) ' b)
/A\ Fig. 2. Silver plated copper switch-disconnectormeantacts; new

\_/ (a) and worn (b)

Fig. 1. Schematics the 4-wire method measuremeémp se
assembly

3. DRM METHOD

In order to assess the condition of a high power
switch contact set, the main contact resistance
measurement is usually performed. While it is kndnat
excessive arcing-contact wear may hamper the high
power switch breaking capacity, the static contact
resistance measured when the breaker remainslasedc
position does not give any indication of the coioditof
the arcing contacts.

To verify the condition of the arcing contactsjsit
possible to perform an internal inspection, buis itime- The DRMs were carried out by means of the 4-wire
consuming and costly, because of the SF6 gas and dpethod (setup diagram is presented in Figure 1)) @50 A
byproducts. For this reason, the Dynamic ResistandeC injected current.

Measurement method (DRM) was developed to render it

possible to evaluate the condition of breaker adsta 5. MEASUREMENTS RESULTS

without disassembling the interrupting chamber,chhs

a crucial benefit. 5.1. Static contact resistance measurements

DRM is an effective technique for verification diet One of the simplest contact resistance measurement
main contacts and arcing contacts condition ofteésd ~ methods is based on an AC current source. Howeber,
apparatus, such as power circuit breakers. It sedan resistance measurement becomes impedance deteomibgt
the breaker contact resistance measurement during €ividing RMS values of voltage and current, andoesrare
opening operation. Analysis of the high power shitc inevitably introduced into the measurement, caudsed
contact resistance measured in function of timeomtact  inductive and capacitive components in the testudir This
displacement renders it possible to assess thdtmondf ~ method can be acceptable if there is no need v &ccuracy
both main and arcing contacts. [1].

In order to enhance the accuracy of the In Figure 4 the contact resistance in function o A
measurements, it is beneficial to use possibly High current is plotted for the lubricated worn and ergrn main
currents, to trigger decomposition of the contamisand contacts. No influence of the grease on the stetdintact
oxides present on the surface of the contacts. &his resistance can be noticed from the measurementrieasured
particularly important when measuring contact tesise Vvalue decreases with the increased current, anabéesresult
in SF6 insulated devices, where the presence oéllicet IS obtained for 2 A injected current and above sTikidue to
fluorides deposited on contacts could mask theahctudecomposition of oxides and contaminants on thetaoon

Fig. 3. Analyzed switch-disconnector arcing corganew (a) and
worn (b)

contact resistance for some breakers [6, 7]. surfaces while a purely metallic a-spot contadvimed [3].
« Worn lubricated contacts ¢ Worn dry contacts
4. TEST OBJECTS 190
180 =

To evaluate the effectiveness of the diagnostic = gg
method presented in section 3, dynamic and static &
resistance measurements have been performed for new £ 140
and worn contact sets of a high power switch. Grirgats 8 130 =
taken from an air insulated MV switch-disconnector ~ § 20 ¢
(Uy=12KV, k=400 A) were chosen for the analysis. 51 W T |
Photographs of the main contacts of the analyzéecob 9% ’ A I A T R {
are presented in Figure 2, while arcing contadsshown 80
in Figure 3. 0 1 2 3 4 5 6 7 8

Current [A]
Fig. 4. Static contact resistance in function &f itijected AC current,
measured for a worn contact, with (purple) and aith(green) grease

5.2. DC current static contact resistance measureme

In order to measure pure contact resistance ief o
use DC current. The results in function of the nambf
switching operations for a new and worn main cante
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shown in the plot in Figure 5. First, it is clehatthe DC measurement. In the case of the tested MV switch-
measurement yields a lower contact resistancetrétgmn  disconnector it was sufficient to use 150 A DC eantrto
the AC measurement. Also, the contact resistanc¢hé register very good quality dynamic contact resistacurves.
damaged contact is higher than for the new one. The In Figure 7 the DRM results are shown for
contact resistance increases slightly with everytcbw the MV switch-disconnector fitted with a new set rofin
operation, as the silver coating becomes worn due tontacts, and a worn set of arcing contacts. Tliecleve
fretting. shows the measurement for dry contacts (no lulioichatwhile
After each closing operation 10-15s were waitedhe green curve depicts a situation where the mamntacts
before the measurement was taken in order to alfmv have been coated with semiconductive grease. Thi ma
voltage to go down to a stable value. During thisetthe  contact parts of the two DRM curves look very samithough
contacts were heating up and the contact resistaase very small fluctuations are noticeable for the loared contact

decreasing. set curve. In the arcing contact part there is arpstpeak
o New contact « Worn contact visible for the dry contact_s curve, but it is prblyadue to a
75 I random bounce of the arcing contacts.
— 70 —
= R | ! — contact with grease — contact without grease
g 65 . 20
g 60 mal :
2 55 16 1
g 50 | Main contact part |—>: | Arcing contact part >
g 45 12 i
< 1
8 :g [ [ * * * * * ? ! ! 8
30 11
0 1 2 3 4 5 6 7 8 9 10 4 ‘
Number of switching operations i *
Fig. 5. Static contact resistance in function & tlumber of o3 s A P ] ms] 10
switching operations, measured for new (green)veoith (red) Fig. 7. DRM curves for the new main contact sehwijreen) and
main contacts, with 2 A DC injected current without (red) grease, and worn arcing contact set
In Figure 6 the static contact resistance for tees In Figure 8 the results of a similar measuremenrt ar

pair of contact sets is plotted in function of fingected  pjotted, where the MV switch-disconnector compriseset of
DC current. It is clearly visible that the measustdtic worn main contacts and a set of new arcing contaaain,

contact resistance decreases as the magnitudee @@h the red curve represents a situation where the maacts
injected current is increased. At 6 A DC injectedirent  were dry, while the green curve corresponds to roaimacts
the contact resistance becomes stable and theediffe in  |ubricated with the semiconductive grease. The neaintact
the measured value between the new and worn contagirt for the worn contact set exhibits a significaicrease of
sets becomes smaller. For these reasons, it dvaléage the contact resistance (fluctuations in the plot).

that the measurements should be performed with a Asfar as the arcing contact part is concernedatiegage
possibly high DC injected current. contact resistance of the new arcing contacts asitab.5 nf,

while for the worn arcing contacts in Figure 7si3.0 n@. It is

also noticeable that the duration of the arcingtacinpart of

e New contacts e \Worn contacts

[0}
o

=70 the curves is about 0.5 ms less for the worn arcimgtacts
geo (Fl_gu_re _7) compared to the new arcing contacts ufieigg).
g . e This indicates that the worn arcing contacts becahugter as
250 T a result of multiple switching operations accompdniby
§4o + 1 e . ! electrical arcing.
830 A R — contact with grease — contact without grease
20

* 0 1 2 3 4 5 6 7 8 (ma}

. . _ Currenf [A] _ o 16 | : T | _
Fig. 6. Static contact resistance in function @fitijected DC | Main contact part > | Arcing contact part =
current, measured for new (green) and damaged ¢oedacts 12

Measurements were performed for small current s
(less than 10 A) to indicate a significant diffecerin the

values of the measured contact resistance. This * @M
dependence would not be observable for greateemturr . PN o e
values. 0 2 4 6 8 [ms] 10
Fig. 8. DRM curves for the worn main contact sethvjgreen) and
5.3. DRM Results without (red) grease, and new arcing contact set
It is not always the case that the results of tRvD Interesting observations can be made by analyziaghs

are noise free and easy to interpret. The mainacomtart of the cumulative area under the contact resistancees [8].
of the curve may e.g. be impossible to distingdigtim  The impact of the semiconducting grease on the acont
the arcing contact part. For this reason, diffestridtegies resistance of the main contacts was not visiblenftbe low
including slowing down the contact movement during  current static AC measurements shown in Figure clvéver,
switching operation of preheating the contacts ban after looking at the plot in Figure 9 the impact gfease
employed [7]. However, it is the least intrusivdippto  becomes clear.

use a high DC injected current for carrying out the

Zeszyty Naukowe Wydziatu Elektrotechniki i Automagki ISSN 2353-1290, Nr 46/2015 19



— new main contact with grease — new main contact without grease renders It pOSSIble to decompose the Contamlnaﬁmnﬂ the

o o e grsse e soscmyesse  SUrface of the contacts, which would otherwise ofescthe
(new arcing contacts) (new arcing contacts) result of the measurements.

[usfs? The presence of semiconductive grease affectsaiaat
25 resistance of the main contacts, but this incréaskfficult to
0 , 0 | Arcing contact part detect with low current static measurements. Howete

Main contact part |—> ' contact resistance difference becomes very cleanilie DRM
15 4 is performed.
10 The DRM method can be useful for developing new
/? coatings and greases for switch-disconnector naitacts. The
° T %/ condition of the contacts after repetitive switchwperations is
0 — easier to verify with the DRM method.
0 2 4 6 8 [ms] 10

Fig. 9. Comparison of the cumulative area undeiXR&
curves for all measurements

~_ The areas under the contact resistance curveeglott[1] Stanisic Z.: Method for Static and Dynamic Resistan
in Figure 9 can be calculated for both the maintacn Measurements of HV Circuit Breaker, 2nd IEEE PES
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In order to obtain accurate measurements it is tbest
use high DC injected current. High current magmtud

POMIARY DYNAMICZNEJ REZYSTANCJI PRZEJ SCIA DLA ROZt ACZNIKA
SREDNIEGO NAPIECIA

Pomiar dynamicznej rezystancji stykow jest skutganetod) diagnostyki stanu aparatu zestykowego. Metodadzem
by¢ wykorzystana do przewidywania woiiovej liczby operacji 4czeniowych, ktére mag by¢ przeprowadzone przed
wymaganym przegtlem technicznym ugdlzenia. Z uwagi na fakt,zirézne materialy stykowe charakteryzupie
zréznicowanymi parametrami mechanicznymi i elektrycznymetoda pomiarowa zaprezentowana w artykuleéevxosta
uzyta do poprawy istniggych konstrukcjidcznikéw elektroenergetycznych. Niniejszy artykutguistawia wyniki pomiaréw
statycznej oraz dynamicznej rezystancji styku praepdzonych dla rogeznika sredniego napicia. Rezystangj styku
zmierzono w funkcji pdu przeptywajcego przez badany zestyk oraz w funkcji liczby preeadzonych operacii
taczeniowych, odpowiednio dla nowego i eksploatowanagktadu stykowego. Pomiary wykonano przyyeiu
czteroprzewodowej metody, z wykorzystaniem cyfromegcyloskopu zapewnigiego wysok czestotliwosé prébkowania.

Stowa kluczowe:aparaty elektryczne, metody diagnostyczne, pormzystancji, rezystancja styku, rezznik.
20 Zeszyty Naukowe Wydziatu Elektrotechniki i Automdgki ISSN 2353-1290, Nr 46/2015



