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INVESTIGATION OF HIGH-CURRENT INTERRUPTING CONTACTS
WORKING SURFACES MECHANICAL INTERACTION NATURE

Introduction. The nature of the interaction of high-working surfaces of the electrical contact uniquely affects their performance. By the
failure of the contacts in the main drive processes resulting from complex destructive factors affecting their performance. However, not
all processes are studied in detail and give in modeling. The purpose of the paper is to show the possibility of using the method of
holographic interferometry to estimate the plastic deformation in the zone of contact interaction. One of the significant factors affecting
the work of the contact pair is the compressive force of the contact surfaces. Compression discontinuous contact is directly connected
with the processes of elastic and plastic deformation of the contact material, which is particularly evident in the contact details of the
powder or composite materials. The paper focuses on the plastic deformation of the surface layers of discontinuous contact in circuit, it is
believed that it is directly related to the mechanism of conductivity of contacts. As shown, a significant effect on the deformation of the
contact surfaces and renders the working environment, in particular transformer oil. Methodology. Assessing the impact of compression
forces on the deformation of the contact surface was conducted experimentally using the method of holographic interferometry. Results.
Experimental studies, which indicated that the compact and powder materials plastic deformation in and around the area microcontacts
simplistically stated that requires experimental verification. A method for evaluating the state of stress, which affects the formation and
destruction of the local contact spots. Practical value. Using the experimental method of determining the movement of the contact region
allows you to optimize discontinuous contacts from composite and powder materials. References 7, tables 2, figures 4.
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Xapakmep e3aumoodeiicmeue papouux noepxHocmeil CUnIbHOMOUHBIX IIEKMPULECKUX KOHIMAKMOE8 00HO3HAYHO 6/IUAIOM HA UX
pabomocnocoonocms. K omkasy 6 pabome Konmaxkmoe € OCHO6HOM RPUGOOAM NPOUECCHl, 603HUKAIOW{UEe € pe3ynbmame
KoMneKca hakmopoe 0ecmpyKmugHo auauux Ha ux pabomocnocoornocme. Ilpu smom ne éce npoyeccvl noOpoOHO uzyueHsl
u noooaiomcea mooenuposanuto. OOHUM U3 CyuecmeeHHbIX YaKmopos, enUAIOWUM HA PAOOMY KOHMAKMHOI NAPbl, CYHCUM
ycunue cocamus KOHMAKMHBIX nogepxrocmei. Cocamue paspbléHblX KOHMAKMOG HANPAMYIO CEA3AHO C RPOUECCAMU YRPY2Oil U
naacmuuecKkoil depopmayuu KOHMAKMHBLIX MAMEPUANO08, YMO OCOOEHHO HAZIAOHO RPOAGNAIOMCA HA KOHMAKM-0EMAnax u3
HOPOWIKOGBIX UNU KOMRO3UYUOHHBIX Mamepuanos. B cmamve ocnoenoe enumanue ydensemcsa nnacmuyeckoi degpopmayuu
NOGEPXHOCMHDBIX C/10€6 PA3PbIEHBIX KOHMAKINOE 6 NPOUecce 3aMblKAHUA, NOCKOIbKY CUUMACHCA, YO OHA HANPAMYIO C6A3AHA C
MEXAHUIMOM RPOGOOUMOCHbIO Konmakmoes. Kax nokazamno, cywjecmeennoe enuanue Ha O0epopmayuio KOHMAKMHBIX
nogepxnocmeit okazvigaem u pabouas cpeoa, 6 HacmHocmu mpancopmamopnoe macno. OUenKka eNUAHUA YCUNUA CHCAMUIA HA
Odepopmayuio KOHMAKMHOU NOGEPXHOCIMU NPOGOOUNACH IKCHEPUMEHIMANLHO C UCHOIb306AHUEM MEMOooa 20102pauuecKol
unmepgepomempuu. Ilpusedenst pesyivmamot uccied08anus, 6 KOMOPHIX YKA3LIGANOCH, YMO 013 KOMRAKMHBIX U HOPOULKOBBIX
Mamepuanos niacCmuiecKas 0egopmayus 6Hympu u 60Kpyz 30Hbsl MUKPOKOHINAKNO8 YKA3bI6Aem A YRPOUIEHHO, YUMo mpedyem
IKCHEePUMEHMANbHO20 ymouHeHua. bubn. 7, Tabn. 2, puc. 4.

Kniouesvie cnosa: 3neKTpHYeCKHe KOHTAKTBI, KOHTAKTHbIC NMOBEPXHOCTH, Ae(OopMAalNsi KOHTAKTHBIX MaTepHAJIO0B, MeTO[
rojorpapuyeckoiit nHTeppepomMeTpuu.

Introduction. The mechanism of the conduction of
current through the contact is determined by the state of
the contact surfaces and contacting conditions. It is
known that the compressive force is one of the main
factors shaping the nature of the contact interaction.
Without sufficient compressive force the contact
resistance increases, or conductivity of contacts is
completely broken. The conductivity is proportional to the
compression force, leading to the first elastic and then
plastic deformation of the contact surfaces. Naturally,
together with the change of compression force, the
internal mechanical stress in the contact material changes.
Distribution of plastic deformation of powder and
composite materials is more complicated than for
compact (cast) materials and assessment of the behavior
of the surfaces contact-details made from these materials
should be based on experimental observations, rather than
simplified models.

The goal of the paper is to demonstrate the
possibility of wusing the method of holographic
interferometry to estimate the plastic deformation in the
zone of contact interaction.

Modeling of contact surfaces interaction.
Experimentally proved that a decrease in compression
force in 2 times, transition resistance of contact-pieces
depending on their size can be increased in 4 times or
more. For high-current contacts there is an empirical
relationship [1] showing that the contact resistance R, is
mainly a function of the compression force, and the role
of other factors, such as surface films is secondary and is
taken into account by correction factors:
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where a is the resistance temperature coefficient, 1/°C; T
is the temperature of the contact’s heating, °C; P, is the
contacts compression force, N; k, m are the coefficients
taking into account contact materials and contacting
nature.

The desire to find the general laws of the transition
resistance of the compression force leads to the modeling
of contact problems in the simplified model. For example,
at the contact interaction simulation as a compression of
two elastic spherical surfaces. According to the Hertz
formula, the radius of the contact area of this model will be:

r:09.3fﬂ
9 E b

where P, is the contacts compression force; r.y is the
effective radius of curvature of the contact surfaces; E is
the contact materials modulus of elasticity [2].
In this case, the contact resistance can be expressed
by the formula
€

a Pc1/3'
In the range of compression force from 20 to 500 N,
which is typical for most of the switching devices, the

4

value of the empirical coefficient £ can be taken as
follows: for copper 47-10° Q-kg'?; for brass 200-10°
Q'kng

At the plastic nature of the contact interaction, when
the radius of the area of collapse is given by equation

r= .
o
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where o, is the collapse resistance of contact materials,
the contact resistance of contact is assessed as [2]

k

c = 1/
PCI/Z

where the coefficient koadgduuuenr k for some contact
materials are presented in Table 1.

Table 1
Contact materials properties
. Coefficient & for high-current contacts,
Contact materials 12
Qkg

Copper 1.0-10*
Silver 0.5-10*
Brass 6.7-10"

Steel 7.6:10™*

The ratio between the applied load and the actual

contact area can be represented as
Pu=C-H-4;,

where 1/3<C<1 is the coefficient taking into account the
elastic component of the deformation of the contact
surfaces; H is the hardness of the contact material taking
into account the temperature; 4; is the actual contact area.

Guided by similar models, contact problem is solved
by using computer by numerical methods simultaneously

with evaluation zones of contact interaction with the
elastic and plastic deformation.

There are software packages that allow to simulate
these processes and to ensure their control. These
requirements largely correspond to software packages for
finite element analysis (e.g. ANSYS), which have
recently been widely used in the calculations of various
mechanical structures.

A common approach to solving the problems of
contact interaction of solid surfaces is reduced to a
phased implementation of the following basic steps of
calculation [3]:

1. Creation of solid objects that represent the geometry
of the switching contacts, and their meshing.

2. The determination of a contact pair.

3. Appointment of the target and contact surfaces,
elements of which are interconnected by physical
constants and allow to take into account the kinematics of
the deformation of the contact.

4. Determination of the key features of elements and
actual constants of contact surfaces.

5. Determination of motion of a rigid contact surface.

6. Specification of the necessary boundary conditions.

7. Setting options of force loading and the problem
solution.

8. The solution of the contact problem.

9. Analysis of the results.

As an example a 2D picture of the contact
interaction of the main contacts of the contactor of the on-
load tap-changing transformer KHOA 110/1000 may be
considered. Fig. 1 shows elements of the contact pair in
the form of closed elastic-plastic bodies covered with the
finite element (FE) mesh.

]
i

Fig. 1. An example of the use of the finite element analysis to
study the interaction of pairs of contact:
1 — movable contact; 2 — fixed contact

The introduction of such techniques, provided the
stability of the mechanical properties of the contact
surfaces, allows to solve contact problems quickly and
with greater accuracy. However, when assessing the
effect of the compression force it is necessary to take into
account the mechanical properties of contact materials (at
operating temperatures), configuration and
microgeometry of contacting surfaces, as well as the
mechanical and adhesive properties of surface films and
others. Such a number of factors suggests that analytically
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it is impossible to establish a general pattern for the
compression forces ensuring optimal operation of the
contacts [4].

Experimental determination of the contact
surface deformation. Simulation methods do not allow
to adequately take into account the real nature of the
interaction of the contact details for long term of use,
due to the development of destructive processes on their
surfaces. It is not only the shielding effect of surface
films, the effect of which is well known [5], and the
plastic deformation of the contact surfaces. The cause of
this is the high value for the compressive force of the
contact surfaces, electrothermal processes, and
plasticizing effect of the environment, such as
transformer oil.

In general, the deformation of the surface layer has a
complex mechanism, because the plastic material of the
contact can not only spread but also to penetrate into the
body contact. Under the influence of the compressive
force varies and the internal mechanical stress in the
contact material. The force of compression is set to the
maximum possible for a particular contact pair not only
improves the conductivity, but also leads to deformation
and destruction of the contact surfaces during operation,
and hence reduces their efficiency.

Particularly, these processes are shown in the
contact pairs of powder and composite materials. The
widespread use of multi-component powder materials for
discontinuous contacts in high-switching devices is a
common practice. The work of these materials is of
interest because of their specific behavior that requires
more detailed study.

Multicomponent powders and composite materials
generally have a sufficiently high strength, due to the
presence of the frame structure. Consider this as an
example of a contact material KMK-b20, used for high-
current contacts in the contactors of the on-load tap-
changing transformer (Fig. 2).

Frame consisting of solid compounds based on W,
Ni or Ti, Cr, Zr receives mechanical stress from the main
compression force and displacement, which stabilizes the
amount of strain in the material and contact surface. To
improve the antifriction and ensure the hardness value of
the contact pair in the material composition is
administered as a solid lubricant of molybdenum
disulfide, graphite and others. Plastic conductive base
(copper) of powder material largely relieved by the
application of compression force and the biasing force,
and it is only the volume adjacent to the area of direct
contact, experiencing stress.

Furthermore dissipation of mechanical energy due to
the compression and friction of the contact surfaces when
switching occurs and accumulation of residual stress at
the sites of actual contact [6]. Because of the random
shape and dimensions of irregularities, as well as their
locations on the friction surface, the residual stresses are

randomly distributed over the surface and over time. An
important role is played and by the porosity of the
structure. If in some areas in a given time is an
accumulation of internal energy (elastic deformation), the
other process may be reaching a maximum decay with the
release of heat or the formation of fracture nucleus. The
area of increased ductility generally coincides with the
area of greatest stress, i.e. the central region touch pad.
After multiple cycles of closure-opening contacts are
prerequisites for the emergence of cracks, leading to the
destruction of the working surfaces of the contact pair.
Presence of stochastically arranged in the powder material
porosity evident as fracture cracks and ductility in the
contacting zone.

isolating
media
r [0)
C,MoSy / carbides / N frame
Ti,.CrZr phase Ti,Cr.Zr
b

Fig. 2. The structure of the multi-component powder
material (a) and model of the contact surface (b)

Behavioral fluctuations of contact surfaces of the
compact and powder materials, can be seen on the model
of the contact pairs in the design of the on-load tap-
changing transformer PHTA 35/320. For comparison, the
moving contacts materials were chosen copper M1 and
powder material KMK-b20. The material of the fixed
contact in both cases was brass JIC 59-1.

In the experiment the method of investigation of
contact interaction of solid bodies using holographic
interferometry, which allows to record the displacement
vector of points of the contact area by a double exposure
of the subject of observation under a light source of
coherent radiation is used.
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During the experiment, the contacts were fixed in
the support prism with loading device and were the
subject in a holographic pattern as shown in Fig. 3. The
original survey was carried out on the contact plate in the
unloaded condition. Subsequently a repeated exposure of
contacts loaded compression forces P, Q;, O, on the same
photographic plate.

If the thus obtained double-exposed hologram
illuminate by a copy of the reference wave, then there is a
holographic image of the contact pairs with superimposed
grid of fringes. The strips are located on the subject, and
on the adjoining area. Photocopies of such holograms are
shown in Fig. 4.

Quantitative estimation of the deformation of the
contact surface was carried out by monitoring the
deflection of the interference fringes of the so-called zero-
order band. In this case, the zero-order interference fringe
is defined as a single, it does not change its position when
the double exposure. Visually, this is defined as the
maximum bright band on the interferogram [7].

W
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Fig. 3. A sketch of the holographic interferometry by double
exposure method:
1 —laser JII-38; 2 — divider; 3 — mirror; 4 — lens; 5 — the object;
6 — photographic plate

Fig. 4. The scheme f the load (a) and the hologram of contact
pair (b): 1, 2 — fixed and movable contacts; 3 — supporting prism

Determination of deformation performed by records
taking into account the position of the zero-order fringe
and displacement vector directed perpendicular to the
surface of contact. The difference in compliance sections
of the contact surfaces is clearly seen by the number of
interference fringes. The closer their net, the more
displacement. In this clearly indicates the difference of
the bands on the steel prism and on contact.

Calculation of movement of the contact surface
reduces to a multiplication of the interference maximum
sequence number the numerical value of the wavelength
of the radiation source (in this case 0.3162 um).
Conditionally designating by serial numbers light strips
on the image, offset is determined by the formula

Z(x)= ﬂ
2
where Z(x) is the displacement, um; N is the number of
strips; A is the wave length, um.

Study of displacement of the contact surface is
carried out in a static mode. During the experiment the
force P was changed stepwise in the range of variation of
the force of compression contacts of the real device.
There was a possibility to supply transformer oil to the
contact zone that simulate the conditions of work of
contacts in the oil-filled switchgear. Data obtained by
using the following methods, are shown in Table. 2.

Table 2
Maximal displacements of the contact surfaces at various
load conditions, um

Material Load P, N HardnessHB
1300 2700 4000
M1 [0.632/1.264*(1.264/3.160*|4.100/8.010*| 100-110
Ké\glg_ 0.630/1.900*|1.900/6.320*|4.480/8.220*| 120-150

* presence of transformer oil in the contact zone

According to the experimental results it can be seen
that the comparison of the degree of deformation of the
contact surfaces of the compact (cast) and powder
materials in terms of their hardness is not quite correct,
since deformation of the contact surface is greatly
affected by homogeneity of the structure and porosity of
the powder materials.

This method may determine the limit load for
contact material without resorting to their destruction,
as well as to predict the behavior of contacts for long
term use.

Conclusions.

1. By the method of holographic interferometry it is
possible to investigate the interaction of surfaces of
breaking contacts of high-switching devices. The
experimental results provide a more accurate picture of
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the deformation of the contact surface, taking into account
a variety of factors that can not be taken into account in
the simulation.

2. The influence on the deformation of the contact
surfaces of the external environment in the oil-filled
switchgear that at high loads of more than twice the
increases displacement of the contact surface without
visible damage under compression is demonstrated.

3. The use of the experimental method of determining
the movement of the region near contacts allows to
optimize operation of breaking contacts from composite
and powder materials. For example, it was found that for
the contactor of the on-load tap-changing transformer
PHTA 35/320 the compressive force shall not exceed
4,060 N, and the maximum deformation of the contact
surface values of 8-11 pm.
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