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DETERMINING THE FORCE OF IMPACT OF THE BRUSH
ON THE COIL IN WIREWIRE POTENTIOMETERS

The research carried out by the authors established that a force of 4 g is required for a reliable contact
of the PdW-20—-AuCu-800 pair. At the same time, a dynamic equilibrium of the processes of creation and
destruction of the oxide film at the level of the film of tunnel current conductivity is achieved. These are
adhesive films that were studied by the English scientists Flom and Savage. They established that the thickness
of such films at the level of S = 10 cm. For accurate installation of the conductive film for different contact
pairs, it is necessary to have dependencies between contact force and contact resistance, and this dependence
clearly shows the zone of optimal forces, as we have shown previously. The contact surface of the contact pair
has roughness, and therefore the value of the contact resistance, although to a small extent, will be variable.
Making a blow on such a surface imposes instability of the conduction process, which is dangerous for reliable
contacting. The impact process itself, and even worse, its repetition at practically the same points, can cause
plastic deformations at the contact points, which are accompanied by an intense connection with oxygen,
which causes a change in the dynamic value of the contact resistance. This will lead to a loss of contact. The
most dangerous thing is that for different contact pairs this value can be variable in amplitude and time. This
is undesirable for control systems. Taking into account what has been said, the following must be taken into
account: by solving the problem of determining the impact force of a contact brush on a winding strand, simple
engineering formulas are obtained, which make it possible to select the design parameters of the contact
pair at the stage of sensor design using graphic dependencies to ensure more reliable steam operation. The
already mentioned graphical dependencies allow you to establish the contact force, which guarantees reliable
operation of the pair.

Key words: impact force, contact force, reliable contact, speed of brush movement, wire potentiometer.

Formulation of the problem. For more effective
contact in potentiometers, it is necessary to conduct
research on the formation of an adhesive film and
on the establishment of contact force in the brush—
winding pair. These studies make it possible to
increase the reliability and durability of contact in
wirewound potentiometers.

Analysis of recent research and publications.
Adhesive films were studied by English scientists
Flom and Savage [7, 12]. It has been established that
the contact force that occurs during the operation
of potentiometers has a significant influence on
contacting [8, 10]. The methodology and some results
of studying contact in wirewound potentiometers
are presented in [1, 2, 8]. Due to the complexity of
conducting experiments, research in this direction is

insufficient. The authors also did not find engineering
mechanical dependencies that would allow a quick
theoretical study of the influence of various contact
parameters on the contact force.

Task statement. The goal of the work is to obtain
engineering mechanical dependencies to determine
the contact force in wirewound potentiometers,
and also to study the influence of various contact
parameters on the specified force.

Outline of the main material of the study.
Precision wire potentiometric sensors belong to low-
current sliding contacts, in which processes caused
by friction and wear of contact surfaces prevail over
others, even over the phenomena of current flow. In
this regard, it is of interest to determine the force
of impact of the brush on the coil at the moment
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of its transition from coil to coil, which introduces
significant changes in the contact process.

To determine the impact force, we find the
deflection of the center of ring A (Fig. 1) relative to
its highest position:
when lifting the ring:

2
6,:R+r—\/(R+r)2—[r+g—S] ,

when lowering the ring:

2
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where R — is the radius of the slip ring,
r — winding wire radius,

a — winding gap,

S — arc coordinate of the slip ring center.

vl

¥ 1g 1. Movement of the contact brush along
the resistance winding

Then the speed of the center of the slip ring
(projection of the speed of the center of the slip ring

onto the y-axis)
when it rises:
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when lowering:
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Slip ring center speed at the beginning of the climb
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at the end of lowering (S = a + 2r):
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Speed jump during transition from descent to

ascent
(3%
2)ar ),

\/(R ir) - (r . ‘2‘)2

where (.‘dSJ — value [ﬁj at the moment of
. \dt) dt
transition.

Change in the projection of the momentum of the
slip ring onto the y-axis during one collision with the

resistance winding
a\(dS
2 | ad
[r ’ 2]( di j

\/(R o) - (r . ‘z’jz

where m,, — mass of the ring reduced to the point of
contact.

Projection onto the y-axis of the impulses of all
external forces acting on the contact ring during one
collision with the resistance winding,

)
\/(R + r)2 - (r + %)

Neglecting friction, we assume that the impulse of
the impact force (Fig. 2), with which the resistance
winding acts on the slip ring during the collision with
it, is equal to

V=V, V., =

b

maV =—

gv o

m, . )

N 3)
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Taking into account dependence (2) and Fig. 2
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Fig. 2. Direction of impact reaction
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Then expression (3) will take the form

2(R+r)(r+;)[(2z)’ o
(R+r)2—(r+%j :

The speed V' is determined from equation (4):

V= I7v + Vh 5 (5)
where ¥, — component of the slip ring velocity,
parallel to the axis of rotation of the carrier and
determined by dependence (1),
¥V, —component of the slip ring velocity perpendicular
to the axis of rotation of the carrier, the projection of
which to the direction S is equal to

v-(%]- (©)

N-= 4)

dt

Based on (1), (5) and (6), the slip ring velocity
component normal to the winding surface is equal to

.y \/(R+r)2—[r+;)2 i (r+%]

Y (R+7) h(R+r)

or

r+d
(dS j 2
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The time of collision of the slip ring with the
resistance winding is determined by this component
and can be estimated using the formula [3]

2 3
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where
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Here M, and M, —masses of colliding balls 1 and 2,

K — coefficient taking into account the materials
of colliding balls,

E, nu E —elastic moduli of the brush and winding
material, respectively,

v, W v — Poisson’s ratios of the brush and
winding material, respectively,

R, — radius of the wire from which the brush is
made.

At M,=m,, M,=0 and V, =V, brush impact
time with winding

(7
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Then the average value of the impact force of the
slip ring on the resistance winding can be represented
by the expression
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Impact force divided by actual contact area
A,, allows you to determine the stresses acting in
the contact zone and, as a result, elastic or plastic
deformations. Plastic deformations in the contact
zone are accompanied by intense absorption of
oxygen with the formation of an oxide film, causing
catastrophic failures.

The study of expressions (8) and (7) makes it
possible to trace the influence of operating parameters
and mating surfaces on the impact force, namely:

—how does the impact force depend on the ratio of
the radius of curvature of the contact part of the brush
to the radius of the wound wire (R/r) at a constant
winding pitch (Fig. 3);

— how does the resistor winding pitch affect the
impact force at different brush speeds;

— how does the speed of movement of the brush
affect the force of impact (Fig. 4);

—how does the impact time vary depending on the
speed of movement of the brush (Fig. 5).

Analysis of the dependencies shows that the impact
force depends on the speed almost linearly, and at
the maximum operating speed of the potentiometers
equal to 300 mm/s, an impact force of about 0,9-10°°
N develops. Obviously, this value significantly affects
the contacting process and the wear of contact pairs.

The magnitude of the impact force is added
to the contact pressure at the moment of impact,
resulting in deformation and hardening of the
contact surface.

The effect of the ratio of the radius of curvature
of the contact brush to the radius of the wound
wire on the impact force is shown in Fig. 3. This
dependence shows that more favorable conditions
for pair operation occur with a minimum thickness
of the wound wire, that is, with R/r = 22.5.
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Fig. 5. Dependence of impact time on the speed
of movement of the contact brush

At R/r =1, the impact force reaches 7-10~° N. With
increasing R/r, the impact force drops sharply, even at
V=400 mm/s it is only 0.6-10° N. This is confirmed
by practice, since at R/r = 4,5 the operating life of the
device is designed for 50000 cycles, and at R/r = 22,5
(r=0,02 mm) it is 25000 cycles [7].

The graphical dependence presented in Fig. 4
indicates the influence of the speed of movement of the
contact brush on the impact force at different ratios R/r.

The curve corresponding to the case of R/r = 0.1

clearly shows that even at minimum speed the impact
~ force reaches a significant value.
0 122545 643 9 15 22 RIr Conclusions. The presence of impact force
complicates the contact process. It causes a distribution
of stresses and strains in the contact zone, as evidenced
by different hardnesses on the contact surface.

The impact force contributes to the formation of an
additional easily moving surface layer and, as a result,
increased wear.

Fig. 3. Dependence of impact force on ratio R/r

Fs10N To reduce the impact and create more favorable
R=0dum R-045mm  R=0.45mm conditions for the movement of the brushes, an
,lmm r=0,1lmm r=0,07mm . . . N .
100 4=0,08mm s~0.0%mm _ &~0,08mm additional technological operation is introduced —
running in the contact surface with a ball and lapping
R=0,45mm . . .
A =005mm the treadmill on micron sandpaper (for low-resistance
potentiometers) [6].
/ 1. By solving the problem of determining the

“&=0.08mm engineering formulas were obtained that allow,
/ at the design stage of the device, using graphical
dependencies, to select the design parameters of
the pair such that they guarantee that the brush does
r not bounce off the contact surface and provide more
S S favorable working conditions couples.

2. The given graphical dependencies determine the
minimum required contact force to guarantee reliable
0 20 160 240 320 300V, muvs mechanical contact between the pairs.

3. The main parameters influencing the process of
mechanical contact of a pair are: the ratio of the radius
Fig. 4. Dependence of impact force on the speed of curvature of the brush to the radius of the wound
of movement of the contact brush wire, contact force, rigidity of the contact brush and the
speed of its movement.

80 /
6 1 / //’/ R=0 4smm force of impact of the brush on the coil, fairly simple
pd
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Hetpux B.O., Tpyoaues C.I., Kosone:xxuuii B.A. BABHAYUEHHSA CUJIU YIAPY IIITKU
IO BUTKY ¥ JPOTAHUX NIOTEHIIOMETPAX

Ilpogedeni asmopamu 00CriOdHCeHHs 8CMAanO8UNU, WO 05 HAdiHo2o koHmakmy napu 110B-20-31M-800
HeoOxione 3ycunns 4 2. Ilpu yvomy oocseaemvcs OUHAMIYHA PIBHOBA2A NPOYECI8 CMEOPEHHS | PYIUHYGAHHS
OKUCHOI NIBKU HA Pi6HI NAi6KU MYyHeNbHOI nposooumocmi moky. Lle adee3ionni naisku, sAKi 00Cai0H#CY8ANUCH
aneniticokumu euenumu Pnomom i Cagioscem. Humu ycmanosieHo, wo moswuHa maxkux niiBoK HA piGHi
S= 10° em. [nss mouno2o 6cmanosneHHs naieku npo8oOUMOCni OJisi Pi3HUX KOHMAKMHUX Nap HeoOXiOHO Mamu
3A1€AHCHOCT MIJIC KOHMAKMHUM 3YCUILTIAM I KOHMAKMHUM ONOPOM, § NO Yitl 3AN1eAHCHOCMI HACTIIOHO GUOHO 30HY
ONMUMANBHUX 3YCUTb, 5K Ye NOKA3AHO HaMu nonepeonvo. llosepxus 0omuxy KOHMAKMHOI napu mae wop-
CMKICMb, a MOMY | 3HAUEHHSI KOHMAKMHO20 ONOpPY, X0ud i 6 He3HAYHIll Mipi, ane Oyoe smiHHuM. 30iicHeHHs]
yoapy no maxii no8epxHi HaK1a0ae HeCMadiibHICMb NPoYecy NPOBOOUMOCHI, WO Hebe3neuHo i HAJIHO20
konmaxmyeannsi. Cam npoyec yoapy, a we 2ipuie 1020 NoSMOPHICMb 6 MUX Jice NPAKMUUHO MOUKAX, MOodice
BU36AMU 6 MOYKAX KOHMAKMY HAACTUYHI 0epopmayii, sKi CYNPOBoONCYIOMbCs IHMEHCUBHUM 3 €OHAHHAM 3
KUCHEM, WO GUSUBAE 3MIHY OUHAMIUHO20 3HAYEHHS KOHMakmuo2o onopy. Lle npusede 0o po3pugy KOHmMaxmy.
Camum nebesneunum € me , wo OJisl PI3HUX KOHMAKMHUX NAP YA 6EIUNUHA MOdce OYmu 3MIHHOW 3a AMN-
nimyooro i yacom. [na cucmem ynpasninusa ye Hebadcano. Bpaxosylouu cxasame, neoOXiono epaxogysamu
Hacmynme: po36 A3aHHAM 3a0ayi 3 GUSHAYEHHA CUTU YOapPy KOHMAKMHOL WIMKU no 6iMKy 00MOMKYU OMPUMAHT
npocmi iHdiceHepHi hopmynu, AKi 0aroms MONCIUBICING Wie HA CMAOii NPOEKMYBAHHS 0AMYUKA 3 OONOMO20I0
epaghiunux sanedcnocmelt nioibpamu KOHCMPYKMUGHI napamempu KOHMAaxKmHoi napu maxumu, aki 3adesne-
uamy OiNbW HAOTUHY pobomy napu. Yowce naseani epaghiuni 3anexicHocmi 003601410Mb 6CMAHOGUMU KOHMAK-
mHe 3YCUNLIA, WO 2apanmye HaoitiHy pobomy napu.

Knrwouoei cnosa: cuna yoapy, konmaxmmue 3ycuiiiia, HAOitiHe KOHMAKMYGAHH, WEUOKICIb NepemiujeHHs
WimKuy, OpomsaHULl nomerHyiomemp.
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