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INFLUENCE OF CONTACTOR CONTACT PRESSURE IN POWER
CIRCUITS OF ELECTRIC STOCK ON THEIR PLASTIC
DEFORMATION AND FUSING

Purpose. The work is aimed at conducting the study to obtain the results that will quantify the influence of con-
tactor contact pressure in power circuits of electric stock on the highest current value 7, , that does not cause plastic

deformation of contacts; and on the current value /- incipient fusion of contacts taking into account the operation

conditions. Therefore, such a study targeted to establish the contact fusing causes is relevant.

Methodology. The paper proposes an engineering method for determining the currents /, and /

4 » taking into ac-

count the value of contact pressure, electrodynamic forces of contact repulsion F

~dr » s well as the pressure influ-
ence on the values of such forces. Findings. Taking the contactors 1SVADS (locomotive ChS8) and 7SP1 (locomo-
tive ChS4) as an example, the authors conducted the calculations and found that the peak pressure force increases

the currents /, and [/ 4 for these contactors by 11.8%; 15.5%; 11.8%; and 15.4% respectively (compared with the

specified currents at the minimum pressure force). Influenced by F, ,

contactor decreased by 13.8...31.8%, and for 7SP1contactor the value F,

edr

the pressure force of contacts for ISVADS

may be greater than the pressure force.
This can lead to spontaneous shutdown of the closed contactor that is not provided by the control circuit. Ensuring
during operation the maximum allowable pressure force of the contacts F slightly affects the value F,, , com-

c

pared with the case when F, has the minimum permissible value (in event of a fault in the heating circuit I, for

contactors ISVADS and 7SP1 is reduced by only 2.45% and 2.59% respectively). Originality. The authors for the
first time presented a quantitative assessment of influence of contactor contact pressure in power circuits of electric
stock on their plastic deformation and fusing using the proposed engineering method.
Practical value. The results obtained during the research allow solving the problem for developing measures aimed
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to improve the reliability of the heating circuits of electric locomotives ChS8 and ChS4. The proposed method of
determining /, and [ can be used to quantify the influence of pressure of the main electric contacts mounted in

power circuits of electric stock of all series, if during the operation there are cases of plastic deformation, fusing,

welding of such contacts, in order to improve the reliability of power circuits.
Keywords: contact pressure; plastic deformation current, fusing; pressure force; repulsion; shock current; contact

resistance

Introduction

Practice shows that there are cases in operation
when power contacts of contactors in power cir-
cuits of electric stock are fused and sometimes
welded. For example, the above effects were re-
corded during the operation of the electric locomo-
tives ChS8 when the contacts of 1ISVADS type
contactor in the heating circuit of carriages were
fused before the short circuit (SC) response time in
the given circuit. The time of SC inception until
the short-circuit response is 0.08 sec [1, 2].

Purpose

The work is aimed at conducting the study to
obtain the results that will quantify the influence of
contactor contact pressure in power circuits of
electric stock on the highest current value /,, that

does not cause plastic deformation of contacts; and
on the current value /,— incipient fusion of con-

tacts taking into account the operation conditions.
Therefore, the study targeted to establish the con-
tact fusing causes is relevant.

Methodology

We know that contact performance is deter-
mined by thermal processes in them [4, 5, 7, 10—
12, 17-22]. Herewith the crucial is relationship
between the energy losses in the contact connec-
tion 4, and the heat dispersion energy 4, ,, which

is output into the environment during the same
time. The currents that are larger than the nominal
ones significantly hinder the work of contacts. This
gives rise to phenomena that can lead to dangerous
consequences. The increasing current, for example,
in SC mode in the heating coil under consideration,

(dI/dt)>0 causesAd=A —A,, which can lead

to overheating of contacts. A certain value of un-
balanced energy A4 can initiate plastic deforma-
tion of the contact surfaces and even fusing of
these surfaces.

The main indicator of the quality of contact
connection is voltage drop AU, on it

AU, =1Ir,, (1)

where / — current through contacts, », — con-
tact resistance.

The current rapid changes, peculiar to SC
mode, lead to increase of the electrodynamic forces
that reduce contact pressure, while this reduction
increases the contact resistance 7,. Higher r, fur-

ther increases AU_, caused by the rise in current.
The ratio between the currents /, (the highest

current which does not cause plastic deformation
of contacts), /, (incipient fusion current) and the

currents at certain modes in the heating circuit of
the electric locomotives ChS8, ChS4 are specified
in [1, 2]. This study raises the problem to study
quantitatively the dependence of contact resistance
r, of the contactors ISVADS (locomotive ChS8)
[13] and 7SP1 (locomotive ChS4) [15] on the con-
tact pressure force at different operation modes of
heating circuits [9].

Let us consider first the influence of the value
of the contact pressure force F,, caused by the
springs, of 1SVADS-type contactor on the current
value /, in nominal mode. The contact pressure
force F, for this contactor may be in the range of

80 N to 100 N [13]. Transition resistance at nomi-
nal mode [14, 16] is as follows:

p, |T-O,
r = — —C Py 2
¢ nom 2 F::-C ( )

where p, — specific electrical resistance of con-
tact materials at nominal mode, Ohm-cm

G, — specific crease-resistance of contact ma-
terials;

¢ — the number of contact points;

F, — contact pressure force, N.

doi 10.15802/stp2017/100083

82

© O.Y. Baliichuk, L. V. Dubynets, O. L. Marenych, D. V. Ustymenko, 2017



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOr0 Tpancmopty, 2017, Ne 2 (68)

EJIEKTPUYHUIA TPAHCITOPT

Specific electric resistance p, of contact mate-

rials at nominal mode (when permissible excess
temperature of contacts at ambient temperature of
40 °C by DSTU 2773-94 does not exceed 80 °C):

3)

— specific resistance at 0 °C,

pt :po (1+XsrT)’

where p,
Ohm-cm;
Y, — temperature coefficient of specific resis-

1 .
tance, Aegree 10°°

T =40°C+80°C=120 °C.
Material of the contacts is silver (silver lining).
Py, =1.5 mkOhm-cm=1.5-10" Ohm - cm;

1
Xw =4 ————; ¢=3 (for surface contacts);
degree-10
specific crease-resistance for silver contacts

G, =303-10 N/cm® [13, 15, 16]. Then:
P, =1.5-10°(1+0.48)=2.22-10° Ohm-cm,
According to (2) when F, =80 N:
~222:10° [=-303-10°

¥ oms = =22.1-10° Ohm
' 2 80-3
According to [6]
0.56-AU.
[d = r—s s (4)

cnom

where AU, — voltage drop in the contact that

corresponds to material softening. For silver
AU_ =0.09 V [14]. In figures:

~0.56-0.09

& 221.107°
When F, =100 N:

~2.22-10° [m-303-10

cnoms

=2280 A

=19.76-10"° Ohm

2 100-3
- 0.56-0.0_96 _1550 A
19.76-10

Thus, ensuring of the maximum pressure force
F,=100N during operation of the contactor
ISVADS increases the value of current [, that
does not cause plastic deformation of contacts by

M-IOO % =11.8%

compared to the
2280

current value 7, at the minimum allowable value
of the pressure force F, =80 N.

For contactor 7SP1 [13, 15, 16]:
— contact pressure force F, may be in the

range of 90 N to 120 N;
— contact material is cadmium copper;
¢ =2 (for linear contacts);
1

degree-10°

= Oy =505-10° N/crn2 ;
~ Pogy =2.15-10° Ohm-cm .
Then

Proy =2.15-107 (1+Mj= 2.82:10° Ohm-cm
‘p 1000

2
S0y 8510 Ohm
90-2

AU, =0.12 V [6].
0.56-0.12

“ = 41.85-10°
When F, =120 N:

. ~282:10°° th-SOS-lO2
120-2

cnom.cp 2
0.56-0.12

“r = 36.24-10°
Thus, ensuring of the maximum pressure force
F, =120 N during operation of the contactor 7SP1

= Anep = 2.6

When F, =90 N:
_2.82:10°

T nom.cp 2

=1605 A

=36.24-10"° Ohm

=1854 A

in nominal mode increases the value of current
I, that does not cause plastic deformation of

1854 -1605

contacts by -100 % =15.5 % com-

pared to the current value 7, at the minimum al-
lowable value of the pressure force F, =90 N.
Further, we consider the effect of the force F,

on the current value /. For contactor ISVADS:

— fusion temperature for silver is 7, =960 °C
[16];

- AU, =0,37 V[6];

At the beginning of fusion according to (3):

4-960
L =1510° 1+
ptst ( 1000

j: 7.26-10° Ohm-cm.
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When F, =80 N according to (2):

-6 P
2126007 1303007 g 5510 Ohm
2 80-3
58-A
[fs,s :M [6]
I/;:nom.fs
In figures
- O.58~0.3_76 2060 A
72.27-10

When F, =100 N:

P _ 7.26-10° |x-303-10°
cnom.fs.s 2 100 . 3
_0.58-0.37
5646410
Thus, ensuring of the maximum pressure force
F,=100N during operation of the contactor
ISVADS increases the by
3320-2969
2969
fusion current value at the minimum allowable
value of the pressure force F, =80 N.

For contactor 7SP1:
— fusion temperature
T, =1083 °C [16];

- AU, =043 V[6];
At the beginning of fusion according to (3):

=64.64-10"° Ohm

=3320 A

fusion current

100 % =11.8 % compared to the

for copper

Prsep =2.15-106[1+%J=8.19-106 Ohm - cm.

When F, =90 N:
-6 2
P :8.19 10° |n-505-10 121,510 Ohm
e 2 90-2
According to (5):
~0.58-0.43

=—" """ ~2053 A
B 121.5.10°

When F, =120 N:
~8.19:10° [m-505-10°

¢ nom.fs.cp 2 120-2
~0.58-0.43
B 105.2-10°

=105.2-10° Ohm

=2370 A

Thus, ensuring of the maximum pressure force
F. =120 N during operation of the contactor 7SP1

increases the fusion current by

2370-2053

2053
fusion current value at the minimum allowable
pressure force F, =90 N.

100 % =154 % compared to the

Further we define the electrodynamic repulsion
forces F,,. between the contacts, under which the
contact pressure is reduced, resulting in increased
contact resistance 7,. It is necessary to assess the

value of the forces F

edr

compared to the forces F,.
May the effect of F,, lead to contact breaking?
These forces are equal to [12]:
Fla =2 1071111[2}

25,

)

where D and 7, are the sizes indicated in Fig.
1;

I — current in heating circle at appropriate
mode.

27,

\ 4

-
-+

,-—-—-—-—-._.--""'"_"""""'-—""'_""\______/-\

Y
~

A
Y

D

- -
- >

Fig. 1. Scheme of current flow lines in the contact

Fig. 1 shows a conventional scheme of the cur-
rent lines approach to the contact point. At the sec-
tions ao—a'o’ and ob—ob' the currents have op-
posite directions and there are the electrodynamic
repulsion forces between them. In case of alternat-
ing current the electrodynamic repulsion force
pulses with double frequency compared to the cur-
rent frequency, varying from zero to the maximum
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value without changing the sign (as in the expres-
sion (5) the current [ is squared). Radius 7, of the

creasing area (cm) is determined by the pressure
force in the contacts and resistance o__ [12]:

Cr.s

rO = VF;/nGcr,s : (6)

The most (shock) values of F,, will be in SC

mode when there is no load on the heating coil. [3]
For electric locomotive ChS8 (contactor 1ISVADS)
the shock currents i, during short circuit in the

heating circle equal to [1, 2];
i}, =3981.9 A when U, =19 kV
i, =5239.8 A whenU, =25 kV
iy =6078.7 A when U, =29 kV.
U, is voltage in the contact network: the mini-

mum allowable in operation (19 kV), nominal
(25 kV), the maximum allowable (29 kV). SC took

. . i
place at the time point, when, o, — @, =5, where

o, is the phase angle U, for the first time point of
SC. @, — is the angle between the vectors U, Tta
and /, in SC mode.

U, and I, are voltage and current in the trac-

tion transformer SC study during short-circuiting
of heating coil. We consider the most difficult op-

. T L
tion when SC for o, — @, =3 is at the electric cir-

cuit section of from the heating coil clamp to the
first electric furnace in the car. Such SC can result
from the breakdown of high voltage cable lines,
inter-car connection isolation (which is most like-
ly), erroneous actions of service personnel, etc. [8].

For calculations we take the average of the con-

tact pressure force F =90 N,
.. =303-10° N/em®*, D=3 cm [2].

According to (6):
r, =+/90/7-303-10* =0.03 cm.

According to (5):

E" =2-107-6078.7 h{ > 03] =286 N

when U, =29 kV.

F',. =2-107-5239.8°In 3 1_o1s5N
“ 2-0.03

whenU, =25 kV.

edr

F' =2-10"7-3981.9%1n Lj:lm N
2-0.03

when U, =19 kV.
Pressure force F, =90 N under the influence
of the forces F, will decrease in the range from

edr
HJOO %=13.8 % to 28.6
90 90

100 % =31.8 %.

Thus, under the influence of electrodynamic
repulsion forces in this case the ISVADS contactor
contacts will not be disconnected, but the contact
pressure is significantly reduced, leading to a sub-
stantial increase in contact resistance, instant in-
crease in contact energy losses and therefore to
increased contact fusing.

For electric locomotive ChS4 (contactor 7SP1)
the shock currents ijin the same condition, that

the short circuit is occurred at time point when
o, — @, =g, equal to [1, 2]
i}, =7076.8 A when U, =19 kV

i" =9313.4 A whenU, =25 kV
i" =10801.7 A when U, =29 kV.

For calculations we take F, =90 N,
ey =505-10° N/em®, D=3 cm [2].

According to (6):

r, =+/90/1-505-10% =0.024 cm.

According to (5):

¢.A.B

F" =2.107-10801,7*In 3 =96,5 N
2-0,024

b

when U, =29 kV.

F' . =2:107-:9313,4’In 3 =71,73 N
* 2-0,024
whenU, =25 kV.
F! ,=2-107-7076,8"In 3 =41,3 N
* 2-0,024

when U, =19 kV.
Thus, under the influence of electrodynamic
repulsion forces (F/, =41.3N<F =90 N and
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F!' =7173N<F =90N) the 7SP1 contactor

contacts of will not be disconnected, but the con-
tact pressure is significantly reduced, leading to a
substantial increase in contact resistance, instant
increase in contact energy losses and therefore to
increased contact fusion.

However the electrodynamic repulsion force
=96.5N>F =90 N and the contactor 7SP1

can disconnect liberally, bearing SC current. Thus
a powerful electric arc arises that first of all will
fuse the contacts. It should be noted that the
scheme does not provide the circuit breaking by
the contactors 1ISVADS8 and 7SP1 in current. Giv-
en that on the electric locomotives ChS8 and ChS4
the currents #,, i}, i are equal to several thou-
sand amperes, it can be stated that for the time
t=0.08 sec [2] (until the main switch deenergizes
the circuit of the electric locomotive) the fusion
process will pass its active phase. The fused metal,
spraying in all directions, can cause a fire in the
chamber, where contactors 1ISVADS and 7SPlare
mounted.

Let us consider the effect of the contactor con-
tacts pressure on the value of the electrodynamic
repulsion forces at SC in the heating circuit. For
example, we consider SC at U, =25 kV, when

F "

edr

T
oy — P, :E.

Contactor ISVADS: i, =i} =5239.8 A. When
F, =80 N according to (6):

7, =+/80/m-303-10% =0.029 cm.

F,,, =2-107-5239.8°1n 3 )6 N
“ 2-0.029

When F, =100 N

r, =+/100/7-303-10% =0.032 cm.

F, =2-107-5239.8’In SRS RUSY VAN
“ 2-0.032

Thus ensuring of the maximum allowable pres-
sure force F, =100 N during operation of the con-

tactor ISVADS reduces the electrodynamic contact
repulsion force F,, at SC in the heating circuit by

21.6-21.07
21.6

-100 % =2.45 % compared to the

value F,;, at the minimum allowable force
F, =80 N.
Contactor 7SP1: i, =i} =9313.4 A. When

F_ =90 N according to (6):

ry =+/90/7-505-10% = 0.024 cm.

3

F, =2-107-9313.4"In| ———— |=713 N
© 2-0.024

When F, =120 N
1y =+/120/7-505-10* = 0.027 cm.

F. =2-107.9313.4° ln[;j =69.5 N.
2.0.027

edr

Thus ensuring of the maximum allowable pres-
sure force F, =120 N during operation of the con-
tactor 7SP1 reduces the electrodynamic contact
repulsion force F,; at SC in the heating circuit by
71.3-69.5

69.5
ue F,, at the minimum allowable force F, =90
N. That is to say, both for contactor ISVADS and
for contactor 7SP1 ensuring of the maximum al-
lowable pressure force F, during operation does

-100 % =2.59 % compared to the val-

not significantly affects the value F,, compared

to the case when F, has the minimum allowable
value.

Findings

Taking the contactors 1SVADS (locomotive
ChS8) and 7SP1 (locomotive ChS4) as an
example, the authors conducted the calculations
and found that the peak pressure force increases
the currents 7, and [, for these contactors by

11.8 %; 15.5 %; 11.8 %; and 15.4 % respectively
(compared with the specified currents at the mini-
mum pressure force). Influenced by F,, the pres-
sure force of contacts for ISVADS contactor de-
creased by 13.8-31.8 %, and for 7SP1contactor the
value F,, may be greater than the pressure force;
this can lead to spontaneous shutdown of the
closed contactor that is not provided by the control
circuit. Ensuring during operation the maximum
allowable pressure force of the contacts F, slightly

affects the value F

edr

compared with the case
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when F has the minimum permissible value (in

event of a fault in the heating circuit F,_ for con-

edr

tactors 1ISVADS and 7SP1 is reduced by only 2.45
% and 2.59 % respectively).

Originality and practical value

The paper for the first time presented a quanti-
tative assessment of influence of contactor contact
pressure in power circuits of electric stock on their
plastic deformation and fusing using the proposed
engineering method.

The results obtained during the research allow
solving the problem for developing measures
aimed to improve the reliability of the heating cir-
cuits of electric locomotives ChS8 and ChS4. The
proposed method of determining /, and /, can be

used to quantify the influence of pressure of the
main electric contacts mounted in power circuits of
electric stock of all series, if during the operation
there are cases of plastic deformation, fusing,
welding of such contacts, in order to improve the
reliability of power circuits.

Conclusions

1. The proposed method of determining the in-
fluence of the contact pressure of contactors in the
power circuits of electric stock on their plastic de-

formation and fusing can be used for all series of
electric locomotives and trains.

2. Ensuring the maximum allowable pressure
force during operation of the contactors ISVADS8
and 7SP1 increases the value of current that does
not cause plastic deformation of contacts, respec-
tively by 11.8 % and 15.5 %, compared with the
value of this current at the minimum allowable
value of the pressure force. Herewith the fusion
current of the contacts increases respectively by
11.8 % and 15.4 %.

3. The electrodynamic contact repulsion forces
during SC in the heating circuits of the electric lo-
comotives ChS8 (contactor 1ISVADS) at the con-
tact network voltage of 19 kV, 25 kV, 29 kV are
respectively equal to 12.4 N, 21.5 N, 28.6 N,
which leads to a significant increase in contact re-
sistance, instant increase in contact energy losses
and therefore to increased contact fusing. These
forces in the heating circuit of the electric locomo-
tives ChS4 (contactor 7SP1) are equal to 41.4 N (at
19 kV), 71.73 N (at 25 kV) and at 29 kV the repul-
sion force is 96.5 N, that is more than the mini-
mum allowable pressure force of 90 N. Therefore,
the contactor 7SP1 can disconnect liberally, bear-
ing SC current, and that is not envisaged by the
scheme.

4. The results of the research can be used in the
development of measures to improve the reliability
of power circuits of the electric stock.
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EJIEKTPUYHUIA TPAHCITOPT

BIIVIMB HATUCHEHHS KOHTAKTIB KOHTAKTOPIB Y CUJIOBUX
KOJIAX EJIEKTPOPYXOMOI'O CKJALY HA IX IJIACTUYHY
JAEDPOPMAIIIIO TA IIVIABJIEHHSA

MeTa. Y po60Ti HEOOXIHO MPOBECTH JIOCIIPKEHHS JIsl OTPUMAaHHsI Pe3YJIbTATiB, SIKi JI03BOJIATH KiIBKICHO OLi-
HHUTH BIUIMB HATHCHEHHS KOHTAKTIB KOHTAKTOPIB Yy CHJIOBHX KOJaX CJICKTPOPYXOMOTO CKIIaay Ha 3HAYCHHs Haibi-

JIBIIOTO CTpyMy [, , IO He BUKJIMKAE TIACTHYHOI AedopMarlil KOHTAKTIB; Ta Ha 3HAYEHHS CTpyMy [, — MOYaTKy

TUIABJICHHS] KOHTAKTIB i3 ypaxyBaHHSIM YMOB eKcIuTyaTawii. ToMy Taki JOCIIKEHHs 3 METOI0 BCTAHOBJIEHHS IPUYNH
pO3IUIAaBJIEHHS KOHTAKTIB € akKTyalbHUMH. MeToamka. 3anpollOHOBAHO IHXKEHEPHMH METOJl BH3HAUCHHS

crpymis [, Ta [, i3 ypaXyBaHHSM BEJMYMHM HATHCHEHHS KOHTAKTIB, BU3HAYEHHs CJNEKTPOJAMHAMIYHUX CHJI

Bi,HHITOBXyBaHHH KOHTAKTIB F a TaKOX BIUIMBY HaTHUCHCHHS Ha 3HA4YCHHA TaKuX CHIIL.

€.J.B 2
PesyasTaTn. Ha npukiani koarakropiB 1SVADS (enextpoBo3 UCS8) ta 7SP1 (enextporo3 UC4) micist mpoBeneHNX
aBTOPaMHU PO3PaxyHKiB BCTAHOBIEHO, 1O 3a0e3MeYeHHs MaKCUMAIbHOI CHIIM HATMCHEHHS 30inburye ctpymu [, Ta

I . nus BraszaHux koHrtakropiB Ha 11,8 %; 15,5 %; 11,8 %; ta 15,4 % BinnoBinHo (B HMOPIiBHSHHI 3 BKa3aHUMH

CTpyMaMH TIpH MiHIMalbHil JoMmycTUMil cui HatucHenHs). Iin BiumBom F | | cHjla HATHCHEHHS! KOHTAKTIiB KOH-

takTopa 1SVADS 3menmyerbes Ha 13,8...31,8 %, a mus kontakropa 7SP1 3nauenns F,_ Moxe cratu Ginbiie

e.1.B
3a CHJIy HaTUCHEeHHs. Lle Mo)ke IpHU3BECTH O CaMOBUIBHOIO BIIK/IIOUEHHS KOHTAKTOpa MiJl CTPyMOM, IO HE Iepes-
6adeHo cxeMor0 KepyBaHHA. 3a0e3MedeHHs MpH eKCIUTyaTallil MaKCHMAaJIbHOI JOMYCTHUMOI CHJIM HATHCHEHHS KOHTa-

KTiB F, HEe3HAYHO BILUIMBAE HA 3HA4YeHHA F, Yy TOpiBHAHHI 3 BUMAAKOM, Komu [ Mae MiHiMaibHE JOMyCTHME

€. K

3Ha4eHHs (IIPH KOPOTKOMY 3aMHMKaHHi y Koqi onmanenns F_ . s kontaktopiB 1SVADS8 ta 7SP1 3meHunyeTbes

Bchoro Ha 2,45 % ta 2,59 % BignosinHo). HaykoBa HOBM3HA. ABTOpaMH BIIEplIe JaHa YMCEIbHA OILIHKA BILIMBY
HAaTUCHEHHS KOHTAKTIB KOHTAKTOPIB y CHJOBHX KOJaX €JIEKTPOPYXOMOrO CKJaay Ha IX IUIACTHYHY
nedopmarniro Ta TUIABJICHHSA 3 BUKOPHCTaHHIM 3aIpOIIOHOBAHOTO IH)KEHEPHOTO METOxy.
MpakTuyna 3HaYMMicTb. OTprMaHi B XOMi TOCTIKEHD Pe3yIbTaTH JO3BOJITIOTH BUPINTYBATH 33434y MO PO3pOOII
3axO[IiB MO0 MiIBUIICHHS HAIIHHOCTI poboTH Kin omaneHHs enekTpoBo3iB UCE ta YC4. 3anponoHOBaHUN METON

13 BU3HAUYECHHS [ﬂ Ta Irm MOXEC 6yTI/I BI/IKOpI/ICTaHI/Iﬁ JIIsL KIJIBKICHOT OI_[iHKI/I BIUIMBY HATUCHCHHS I'OJIOBHUX KOHTAK-

TiB €JEKTpOamnapaTiB, IO CTOATh Y CHJIOBHX KOJaX €JEKTPOPYXOMOTO CKJIaay BCiX Cepiil, AKIIO MpH eKCIUTyaTarii
MaroTh MicClle BUIIaJKH IJIaCTHYHOT AedopMallii, I1aBiIeHHs, 3BapIOBaHHs KOHTAKTIB [[UX alapaTiB i3 METOO ITiJBH-
IICHHS Ha{IHHOCTI pOOOTH CHIOBUX KiJI.

Knwouogi crosa: HaTHCHEHHA KOHTAaKTiB; CTPYM IDIaCTHYHOI nedopmanii; IUIABJICHHS; CHJIa HAaTHCHEHHS;
BIJIIITOBXYBaHHS; yJApPHUN CTPYM; OIip KOHTAKTiB
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BJIUAHUE HAYKATHUA KOHTAKTOB KOHTAKTOPOB B CHJIOBbBIX
OENAX SJIEKTPOIIOJABUKXHOI'O COCTABA HA UX
IINIACTUYECKYIO JE®@OPMAIINIO U IIVIABJIEHUE

Leanb. B pabore HEOOXOAMMO NMPOBECTH UCCIIEAOBAHUE ISl TIOJIyYEHUS PE3yJIbTaTOB, KOTOPbIE TIO3BOJIAT KOJIHU-
YECTBEHHO OIICHUTH BIJIMSHUAE HaXaTHsi KOHTAKTOB KOHTAKTOPOB B CHJIOBBIX I€Max 3JEKTPOIOABIKHOTO

cOCTaBa Ha 3HAYEHHE HAMOONbINEro TOoka [, KOTOPHIH He BHI3BIBAET IUIACTMYHOHN Jedopmalu KOHTAaKTOB;

U Ha 3HA4YCHHC TOKa 1 — HavJaJla IIJIaBJICHUS KOHTAKTOB C Y4YC€TOM yCHOBI/Iﬁ OKCIUTyaTaluu.

i

Meronnka. IIpenyosien uH)eHepHbIi MeTo onpenesienns TokoB [ u [, (C y4eToM 3HaueHMs aBJICHHUS KOHTaK-

TOB), QJICKTPOAMHAMUYCCKUX CHUJI OTTAJIKUBAHHA KOHTAKTOB F a TaKXC BJIMAHHUA JaBJICHHA Ha 3HAYCHUA

3.71.0
takux cuil. PesyabraTel. Ha npumepe kontaktopoB 1SVADS (anexktpoBo3 UCS) u 7SP1 (anektpoBo3 UC4) mocine
IMPOBCACHHBIX aBTOpaMU pacY€TOB YCTAaHOBJICHO, YTO 06ecnequI/Ie MaKCHUMaJIbHON CHIIbI JaBJICHUA YBCJIMYUBACT

Toku 1 L1 I . s ykasaHHbIX koHTakTopoB Ha 11,8 %; 15,5 %; 11,8 %; 15,4 % cOOTBETCTBEHHO (B CPaBHEHHH

C YKa3aHHBIMHU TOKaMU IIpU MUHHUMAJIBHO ,Z[OHyCTHMOﬁ CHJIe ,Z[aBJ'IeHI/IH). HO,Z[ BJIMSAHUEM F;.n.o cujia JaBJICHUSA KOH-

TakTOB KOoHTakTopa 1SVADS ymenbuiaercs Ha 13,8...31,8 %, a s kontakropa 7SP1 3nauenue £ & MOXeT cTath

0
Gosbllie cuibl AaBIEHUS.. DTO MOXKET IPUBECTH K CAMONPOU3BOJIBHOMY OTKIIFOUEHHIO KOHTAKTOpA MO TOKOM, YTO
HE TIPEeIyCMOTPEHO cxeMoi ympasieHus. OOecnieueHne TPH IKCIUTyaTalMM MAaKCHMAalIbHOW JOIyCTHMOM
CUIBl [aBJCHHS KOHTAKTOB [ HECYIIECTBCHHO BIMACT Ha 3HaueHue I/ B CPaBHEHHUM CO CIy4aeM, KOraa

3.4.0 °

F; UMEET MHUHHUMAJIBHOEC IOIIYCTUMOE 3HAYCHUE (HpI/I KOPOTKOM 3aMBIKaHUHW B MLE€NU OTOIUICHUA F;.;lo

s koHtakropoB ISVADS wu 7SPl ymenpmaercs Bcero Ha 2,45 % u 2,59 % COOTBETCTBEHHO).
Hayunast HoBU3Ha. ABTOpaMH BIIEpBBIC JlaHA KOJIMYECTBEHHAsI OLICHKA BIIMSHUS JaBJICHHUS KOHTAaKTOB KOHTaKTOPOB
B CHJIOBBIX IIETIaX 3JICKTPOIOBIKHOTO COCTaBa Ha MX IUIACTHUYECKYIO JAe(OPMAIHMIO U TUIABJICHHE C MCIIOJIb30BaHH-
eM MpEUIOKEHHOr0 HWHXeHepHoro Merona. IlpakTuyeckasi 3HAYMMOCTB. [loNMydeHHBIE NPU HCCICIOBaHUH
pe3ynbTaThl MO3BOJSIOT pelIaTh 3ajady pa3paOOTKH MEpPONPHUATHHA 0 IOBBINICHHIO HAJEKHOCTH paboThI

ueneil otornenus snekTposo3os UC8 Ta UC4. Tlpennoxenneiid meton nmo onpenenenuto [, u I MoxkeT GHITH

UCTIOJB30BaH Il KONMYECTBEHHON OLICHKU BIIMSAHHMS JABJICHUS TIaBHBIX KOHTAKTOB 3JIEKTPOANIApaTOB, KOTOPHIE
CTOAT B CHJIOBBIX LETIAX 3JIEKTPOIOJIBUKHOTO COCTaBa BCEX CEPHUil, €CIIM MPH SKCILIyaTallud UMEIOT MECTO CIIy4Yau
TUIACTUYECKOW JieopMaliny, TIIaBJIeHUs, CBAPUBAHUS KOHTAKTOB 3THX alllapaToB C IEJbI0 MOBBIIICHUS HaJle)KHO-
CTH pabOThI CHJIOBBIX LIETICH.

Knrouesvie crnosa: NaBieHHe KOHTAKTOB; TOK IUTACTUYECKOW AedopMaluy; IUIABICHUE; CHJIa JABJICHUS; OTTAN-
KMBAaHUE; YAAPHBIN TOK; COIPOTUBIIEHUE KOHTAKTOB
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