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STUDY OF THE CONTACT ZONE IN WIRE POTENTIOMETERS

The main topic of the article is the study of the behavior of contact resistance as the PdW-20—-AuCu-800
pair wears out. The studies were carried out on 17 PTP-type potentiometers of the same nominal value — 1 kQ
with different contact forces — from 0.3 g to 5.0 g. The devices were installed on test stands. The running track
of each potentiometer is regularly cleaned using the waterjet method. Each potentiometer has 12 conductivity
control points assigned every 10 thousand running cycles (one cycle — forward and reverse stroke of the brush)
at a speed of V=26 cycles/min. Tests were carried out up to 70 thousand cycles. The search for 12 control
points was carried out using an optical dividing head. Based on the results of the study, the main dependence of
the contact resistance on the number of cycles for each contact force was constructed. Analysis of the obtained
dependencies shows a continuous process of destruction and restoration of the oxide film (secondary structures)
for all contact forces. Confirmation was received for a pair: winding — nichrome, brush — ZIM-800. Of all the
contact forces, the optimal values have been established — these are 4 g and 5 g. With these forces, the devices
worked 70 thousand cycles without interrupting the conduction process. In addition, the dependence of the
resistance of the oxide film on the contact force was constructed. The double amplitude of the oscillation of the
contact resistance at a certain force was taken as the value of the film resistance. This gave us the opportunity
to abandon R. Holm's method for determining the resistance of the oxide film. The constructed dependence of
the contact resistance on the contact force according to the analytical expression and practical results of the
study shows the identity of the curves, and most importantly, in the region of the optimal contact force (4 g)
a bend in the dependence is visible, indicating the presence of a separating lubricating layer of oxide in the
contact zone a film that creates a long-term service life of the device, and at the level of a tunnel conductivity
film that maintains reliable conductivity of the contact pair. Further, after 70 thousand mileage cycles, the
study of the wear of optimal contact pairs 4 g and 5 g was accompanied only by conductivity monitoring on a
noise level-monitoring installation. This is the first attempt to create equipment for dynamic monitoring of the
conductivity of low-current sliding contacts (LSC). The production of more advanced equipment that makes
it possible to record the number of contact resistance values of a certain level in magnitude and duration will
make it possible, using probabilistic characteristics, to arrange all contact pairs existing in operation in a row
with their operational parameters and create an LSC information directory. The development of the research
results obtained is the creation of a new type of LSC, where the technology for creating the old potentiometer
of the PTP type has been changed. The research results gave good results. The presence of a high-resistance
winding fastening agent (instead of epoxy resin) with low capillary forces will make it possible to create a new
type of PTP with much higher performance.
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Formulation of the problem. Potentiometers
are widely used in various automation systems, in
computers and servo drive systems. For the most part,
they serve to convert linear and angular movements
into corresponding voltage values and are used as
voltage dividers. In computers, these converters are
used to perform various mathematical operations.

Wire-wound potentiometers, which are most
widespread, are divided into single-rotating and
multi-rotating. The law of change in the resistance of
potentiometers can be set in three ways: using a shaped
frame, using a winding with variable pitch and electrical
shunting of individual sections of the winding.

There are two ways to arrange potentiometers in a
structure [3, 8]:

— potentiometers used in radio equipment and
computer technology are a separate device with a
large number of parts placed in a housing with an
external contact group;

— potentiometers used in gyroscopic devices, in
precision mechanics devices, as a rule, consist of
two main structural elements: a resistor (frame with
winding) and a movable contact group (motor).
The resistor element and the motor are mounted
in different blocks and are joined only during the
overall assembly of the product itself. The common
elements in both groups are resistors and motors. The
reliability, accuracy of function reproduction and the
entire operation of the potentiometer depend on them.

Analysis of recent research and publications.
Analysis of studies shows that the appearance of
contact failures is observed after the sensor has worked
out part of its service life [4, 7]. This indicates that in
the contact zone there is a significant increase in contact
resistance R;. Therefore, the goal of the work was to
study the change in R, as the contact pair wears out. As
the pair wears out, the contact resistance changes its
value — it increases, then, after a certain period of time,
it decreases. This leads to the conclusion that the oxide
film grows in the contact zone, matures, as it were, and
then collapses, while the contact resistance decreases.
With increasing contact force, vibrations occur with a
smaller amplitude, and with optimal contact force, the
pair works with an oxide film, but of such a thickness
that it easily breaks through the tunnel effect.

Similar studies on changes in contact resistance
were carried out and presented in works [1, 2, 7].

Task statement. The purpose of this study is to
study how the contact resistance in the contact zone
changes as the contact pair wears out.

Outline of the main material of the study.
Research was carried out for a contact pair
PAW-20-AuCu-800.
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The study used the same type of wirewound
potentiometers of the same rating with different
contact forces P =0.3 g—2 pcs., P=0.9 g— 2 pcs.,
P=15g—-3pcs.,P=2.1g—-3pcs.,P=2.7g-3pcs.,
P=40g-3pcs.,P=5.0g-3pcs.

Each contact surface was processed according to a
regulated waterjet method (Fig. 1).

Fig. 1. View of the contact surface treated
with waterjet

To implement the research program, we used:
running stands, on which the reciprocating movement
of the brush in a circle is ensured (Fig. 2), a specially
equipped stand with an ODC (optical dividing head),
on which, after the run, a potentiometer is installed
and set the zero position is fixed, and then to measure
R;, according to the program, the ODG rotates the
potentiometer axis to the required angle.

Fig. 2. Running stand

On each of the named potentiometers, 12 points
were assigned on the treadmill, where after every
10 thousand cycles the contact resistance was
measured, according to a well-known scheme and
measurement technique [6].

Control points: from the zero point — 10 degrees,
and then every 30 degrees, i.e.: 40; 70; 100; 130;
160; 190; 220; 250; 280; 310; 340 degrees. To find
these points, after every ten-thousandth run, the
potentiometer was removed from the testing stand,
installed on a stand with an ODG, set to “0”, and then
all control points were set.

Tests were carried out up to 70 thousand cycles.

The speed of movement of the brush along the
resistance winding is selected /=26 cycles/min.
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From the family of obtained dependencies
R; = f(P), curves of changes in contact resistance as
the pair wears out were constructed from the average
values for different values of the contact force.

As a result of the experiment, it was established
that with an increase in contact force, the contact
resistance decreases, however, at all contact pressures
under study, there is an oscillation (“breathing”) of
the measured value of the contact resistance with a
certain period. The obtained dependencies are shown
in Fig. 3.
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Fig. 3. Change in contact resistance as the pair wears
out PdW-20-AuCu-800

Analysis of the fluctuation (“breathing”) of
contact resistance leads to the following conclusion.
As the current-collecting brush slides along the
resistance winding, complex physical and chemical
processes occurring in the contact zone contribute to
the intensive formation and growth of an oxide film,
as evidenced by an increase in contact resistance.

After a certain period of time, the film “ripens” and
acquires a set of properties, as a result of which it is
destroyed by the brush, and the contact resistance drops.

The amount of resistance drop depends on the
contact force. As the contact force increases, the
vibration level and amplitude decrease. Thus, the
“breathing” of the measured value indicates a constant
process of destruction and restoration of secondary
structures in the contact zone. Consequently, the
double amplitude of the contact resistance fluctuation
characterizes the destroyed layer of the oxide film of
such a thickness, the resistance of which is equal to
the double amplitude.

To confirm this phenomenon, the same experiment
was carried out, where a nichrome winding was taken
as a contact pair, and the contact brush material was
taken as before — AuCu-800. Nichrome was used
because its main disadvantage is a stable oxide film
that prevents reliable contact.

The dependence R; = f(n.) was plotted for one
contact force P =2.5 g and is shown in Fig. 4.
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Fig. 4. Change in contact resistance as a pair
of nichrome wears out—AuCu-800

Our judgments about the vibration (“breathing”) of
the oxide film were confirmed. As can be seen from the
dependence, the level of oscillation, its amplitude and
period differ from the previously studied contact pair.

Thus, it was found that the fluctuation of the
measured value occurs due to the destruction and
growth of the oxide film.

Obviously, the parameters for changing the
contact resistance as the contact pair wears out will
be different for different pairs.

Based on our research, we determined the
dependence of the change in the resistance of the
oxide film on the contact force (Fig. 5 and 6) [1].
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Fig. 5. Dependence of oxide film resistance
on contact force

In this case, the double amplitude of the oscillation
of the contact resistance at a certain force was taken
as the resistance value of the oxide film.

This gave us the opportunity to abandon the
existing method of R. Holm [4], which has the
complexity of analytical calculations and the absence
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in the literature of the values of a number of parameters
included in the calculation formulas.

The resulting graphical dependence practically
does not give large errors relative to the actual value
of the resistance of the oxide film, since although
after its destruction a small layer of film remained, it
did not affect the conductivity of the contact pairs, but
served as a separating layer.
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Fig. 6. Dependence of contact resistance
on contact force

However, the dependence we obtained can be
considered approximate, since all measurements were
made statically, in laboratory conditions. The values
of the previously indicated parameters in dynamics,
when the brush moves along the winding of a high-
resistance wire, will be more accurate. Unfortunately,
these studies have not yet been carried out.

Analysis of the dependencies presented in Fig. 5
and 6, makes it possible to recommend contact forces
of 4 g and 5 g as optimal for a given contact pair,
since after a run of 70 thousand cycles these sensors
did not disturb the process of current conduction,
compared to other potentiometers, which tested for
wear. With these contact forces, the potentiometers
were left for further mileage, followed by checking,
every 10 thousand mileage, for loss of contact.

What should be understood by the concept of loss
of contact?

Low-current sliding contacts operate under
friction conditions, in which activation of the contact
surface, excited by dynamic loading, can be realized
either due to frictional oxidation with an increase
in the oxide film — then a violation of the contact
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will occur, or due to more intense destruction of
secondary structures leading to the process of seizure
of contacting surfaces due to nose — this is the nature
of failures of low-current sliding contacts.

Thus, failure should be understood as exceeding
established limits in amplitude, duration of these
values and frequency of occurrence of these limits of
contact resistance.

The introduction of such criteria for the failure
of low-current sliding contacts facilitates the
development of equipment for recording failures.

Often, when measuring the number of failures at
increased speeds of movement of the current-collecting
brush, it is more convenient and no less important to
measure not the number of failures, but their duration,
which is more important for control systems.

To register failures in potentiometers, we
established the following parameter, which we took
as a threshold, the excess of which was considered a
failure — this is contact resistance R; = 60 Q.

We recorded this value using the NLC-1 installation
(noise level control). Registration was carried out
when the brush moved along the potentiometer
winding. We called the change in contact resistance
when the brush moves noise.

The experiments carried out to identify the optimal
contact force for the pair under study lead to the
conclusion that the most optimal contact forces for
the PAW-20—AuCu-800 pair are 4 g and 5 g. Further
running of the potentiometers (6 pieces) with these
forces of the contact brushes showed that after running
110 thousand cycles at a contact force of 5 g, the
process of setting the rubbing surfaces was observed,
during which the contact resistance dropped almost to
zero and the stability of its values was disrupted. This
picture was observed in all three potentiometers with
a mileage difference of two to three thousand cycles.

The optimal contact force for this pair should be
considered P =4 g. With it, the process of friction and
wear is steady and has the property of self-regulation,
in which the rate of destruction of oxide films is
equal to the rate of their formation, i.e. V;; = V3. This
equilibrium occurs at a minimum thickness of the
oxide film, which serves as a separating, lubricating
layer that prevents the process of surface setting and
does not interfere with the conduction process.

Conducted studies on the wear of contact pairs and
their conductivity reveal requirements for eliminating
deficiencies for wirewound potentiometers.

We consider the main disadvantage to be any
mechanical impact on the contact track. It is
accompanied, to a greater or lesser extent, by plastic
deformation, which means increased activation of the
metal to the environment, which is realized by intense
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saturation with oxygen and its release into the contact
zone with the formation of oxide films that interfere
with the process of current conduction.

Conclusions. Analyzing this phenomenon, the
conclusion suggests itself about the creation of a
potentiometer with a modified technology of its
component parts. We have partially traveled this path
and obtained good results.

1. The toroidal frame, made slightly barrel-shaped,
is not completely dried. It is dried until the moment
when high-resistance wire can be wound on it.

2. Winding is carried out with high-resistance
bare wire. Winding is carried out with preload, of
course, within the limits of elastic deformations.
Winding is carried out on machines with a certain
pitch, guaranteeing a gap between the turns, and,
consequently, with the absence of interturn closure.
Checking the resistance of the wire, wound and in the
form of a straight wire, confirms this.

3. The wire, wound with pretension after about two
weeks, presses the track on the frame with incomplete
polymerization under it.

4. Drying the frame with the wire until the frame coating
is completely polymerized. The wire was not further
secured to the frame, as usual, with heated epoxy resin.

5. Next — according to the usual assembly
technology until the contact track is prepared.

6. The contact path was washed only with gasoline.

7. The contact group is installed with an optimal
force of 4 g.

Such potentiometers were manufactured. Their
studies were carried out for maximum service life
with testing of contact reliability. When backed up
with two brushes, the potentiometers went through
2+106 cycles. This is several times greater than the
resource established by the technical specifications.

These devices have not been tested according
to the program: vibration, shock, cold, heat, etc.
Obviously, to be completely sure of passing the tests,
it is necessary to additionally fasten the coils. Epoxy
resin in the form in which it is used is not suitable,
since, having significant capillary properties, it will
close the treadmill, and this will lead to an unnecessary
operation — stripping.
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Hetpux B.O., Tpyo6aues C.I., Kosone:xuuii B.A. JOCJIIIKEHHS 30HU KOHTAKTYBAHHSA

Y JPOTAHUX HIOTEHIIOMETPAX

OcnosHna mema cmammi — ye 8UBHEeHHS NOBEOIHKU KOHMAKMHO20 onopy 8 mipy 3nocy napu I1/{B-20-31M-800.
Jocrioocennss npogoounucs na 17 nomenyiomempax muny ITII oonoco nominany — 1 kOm 3 pisHUM KOH-
makmuum 3ycunnaim — 6io 0,3 2 oo 5,0 e. Ilpunaou o6ynu ecmanosneni na npocounux cmernoax. bicosa
O0PIJHCKA KONCHO2O NOMEHYIOMEempa 3auuiena pe2iameHmuo 2iopoabpazugnum memooom. Ha rooicnomy
nomenyiomempi npuznayero 12 moyox KOHmMpoaro nposioHocmi yepes kodichi 10 mucay yuxnie npodiey
(00uH Yuka — npsamull [ 360pOMHUL Xi0 wimxu) npu weuokocmi V = 26 yuxi/xs. Bunpobysamnns npoeoouiu 0o
70 mucsu yuxnis. 3naxooxcenns 12 moyox Konmponio 30iliCHIO8ANIU 3a OONOMO2010 ONMUYHOL OLTULLHOL 20710~
6KU. 30 OMPUMAHUMU Pe3YTbIAMAMU 00CTIONCEHHs NOOYOOBAHA OCHOBHA 3ANENCHICIb KOHMAKIMHO20 ONOPY
810 YUCIA YUKIB OISl KONCHO20 KOHMAKMHO20 3VCUNLIA. AHANI3 OMPUMANUX 307elCHOCHmell noKkasye besne-
PpepsHULl npoyec PYUHY8aHHs Md GIOHOGIEHHST OKUCHOL NAIBKU (GMOPUHHUX CIMPYKMYP) O/t 8CIX KOHMAKMHUX
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sycunv. 1liomeepodicenns ompumano 0asa napu: oomomxa — Hixpom, wjimka — 3aM-800. 3 ycix konmaxmmuux
3YCUIb 6CMAHOGICH] ONMUMANbHI 3HaA4YeHHs — ye 4 2 1 5 2. 3a yux 3ycunv npuiaou sionpayiosanu 70 mucsay
YuKig, He nepepusarodu nposionocmi. Kpim moeo, no6yoosana 3an1excHicms onopy OKUCHOI NAi6KU 810 KOH-
MAKMHO20 3yCULIS. 3a eruyuny Onopy niieKu Opau nOOGIIHY aMIIimyo0y KOIUBAHHS KOHMAKMHO20 ONOPY
npu nesnomy 3ycunii. Lle dano nam moocnusicme giomosumucs 6i0 memoouku P. Xonoma wo0o eusHaueHHs
onopy okucnoi nuiexku. I1odyoosana 3anexicricms KOHMAKMHO20 ONOPY 80 KOHMAKMHO20 3VCUMLISL 30 AHATI-
MUYHUM GUPAZOM I NPAKIMUYHUMY PE3VIbIMAMamu 00CAI0HCEHHS NOKA3VE 10eHMUUHICING KPUBUX, d 20JI06HE,
6 pauioHi ONMUMATLHO20 KOHMAKMHO20 3YCULIA (4 2) 8UOHO GU2UM 3ATIEIHCHOCTI, WO 6KA3VE HA HAABHICMb 8
30HI KOHMAKMYBAHHSL PO30LIbHO20 3MAUYBATLHO20 WAPY OKUCHOI NAIBKU, W0 CNBOPIOE 008208IUHY CAYHCOY
npunady, NPUYOMy Ha pi6HI NAIBKU MYHEIbHOI NPOBIOHOCHIT, W0 NIOMPUMYE HAOIUHY NPOBIOHICMb KOHMAK-
mnoi napu. Haoani, nicia 70 mucau yukaie npodicy, 00CAiONCeHHs. 3HOCY ONMUMANLHUX KOHMAKMHUX Nap
4 215 2 cynpogooaicysanocs auuie KOHmpoaem nPosioHOCMI Ha YCMAHOBYI, WO KOHMPOIOE pisens wymy. Lle
nepuwa cnpoba cmeopents anapamypu OUHAMIYHO20 KOHMPOIIO NPOBIOHOCHI CIAOOMOUHUX KOB3AIOUUX KOH-
maxmig (CKK). Bueomosnenus 6inbut 00CKOHANOL anapamypu, wo 0036015€ hiKcysamu KilbKiCmb 3HAYEHb
KOHMAKMHO20 ONOPY NE6HO20 PIBHA 34 GEAUHUHOIO | MPUBALICTNIO, OACTb MOICTUBICIb, SUKOPUCTOBYIOUU
ULMOBIPHICHT XApaKmepucmuKu, po3cmasumu 6ci iCHyIO4l 6 eKCHIyamayii KOHMaxkmui napu 6 pso 3i ceoimu
eKcnIyamayiiHumu napamempamu i cmeopumu ingpopmayivinuil yinnuti 0ogionux CKK. Pozeéumkom ompuma-
HUX pe3ynbmamie 00cniodcensb € cmeopents nosozo muny CKK, de sminena mexnonozis cmeopenms cmapozo
nomenyiomempa muny IITII. Pezyromamu docniodcenv oanu nenoeawi pesyiomamu. Hasenicms cxpiniio-
BALHOI PEYOBUHU BUCOKOOMHOT 0OMOMKU (3aMiCMb eNOKCUOHOI CMOU) 3 MATUMU KANLIAPHUMU CULAMU 00360~
aums cmeopumu nosuti mun ITI1 3 nabaecamo suwuMy NOKAZHUKAMU.

Knwwuogi cnosa: konmaxmme 3ycunis, KOHMAKMHUL ONip, 3HOC, OKCUOHA NIIBKA, OPOMAHT NOTHEHYIOMEmpPU.
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