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Abstract — The article studies the dependence of active
power losses in contacts and contact systems of circuit
breakers, contactors, and magnetic starters from the main
parameters of electrical equipment. Models of functional
dependencies of active power losses on nominal current for low
voltage switching devices of some manufacturers were
developed. Approximation functions of these characteristics
have been compiled and the value of determination coefficient
of the obtained functions of active losses and approximation
error have been calculated. Graphical presentations of the
investigated parameters of low-voltage equipment are shown in
relation to the commutated variables.

Keywords — low-voltage switching devices, contact
connections, power losses, approximating functions, design
features.

1. INTRODUCTION

At present, the low voltage apparata are been intensively
developing all over the world. New materials and designs of
devices are being applied, and the functions they perform are
becoming more complex. There are more stringent
requirements for low voltage switching devices, they must
have a sufficient level of reliability and function
effectiveness throughout the entire period of operation [1; 2].
At the same time, low voltage switching devices are one of
the main elements of control systems for electric drives and
control systems for electric machines [3]. For the correct
choice of the type and nominal parameters of the low voltage
switching devices, it is necessary to have reliable information
about the magnitude of the calculated loading of the
consumed power from the commutated objects [4; 5].

In general, the lines of intra-workshop power supply
networks contain many contacts and contact connections of
devices. To analyze and evaluate power and electricity losses
in low voltage electrical networks, the magnitude of the
losses in the contact connections of the switching devices are
required [6; 7].

The main factors determining active power losses in
switching devices are: the value of the rated current;
geometric shape and contact area; device switching
frequency; contact material: their shape and uniformity of
structure; sections of the conductive parts of the apparatus
and the operating environment of electrical equipment.

At this stage of development of the electric power
industry, the requirements for the power and electricity
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losses in intra-workshop power supply systems are changing.
At the same time, obtaining reliable information is associated
with the complexity of determining the parameters and the
regime data of power supply systems. The trustworthiness of
the information about the parameters of electrical equipment
significantly increases the possibility of making correct
decisions for increasing the energy efficiency of the
operation of power supply systems [8].

For modern conditions of development of the electrical
industry, an increase in the range of low-voltage devices
produced is characteristic. Developments are being actively
carried out to create both domestic and foreign devices. New
designs of devices with additional functionality are being
studied [2]. So, for example, modern molded case circuit
breakers can perform switching operations without the
intervention of operating personnel, that is work in
combination with a program logic controller [9].

Most of the devices are designed to operate with a long-
term closed state of contacts, so it is necessary that the
devices function with a stable value of the contact resistance
of the contact groups.

As a rule, the technical literature does not provide
information about the power losses of most devices, in
connection with this, it becomes necessary to study the laws
of change in power losses in contacts and contact
connections of various groups of devices.

II. MATERIALS AND METHODS

We will analyze and study the technical parameters of
automatic switches, magnetic starters, and contactors, which
are most common in national industrial enterprises. The
devices of the Kursk Electrical Apparatus Plant (KEAZ) and
of some foreign manufacturers (Schneider Electric, ABB,
Legrand) were selected for the study.

Depending on the rated current of the device, its power
loss will be different. According to the catalog data of low
voltage switching devices, we study the dependences of
power losses AP on the rated current I, for automatic
switches (Fig. 1), magnetic starters (Fig. 2) and contactors
(Fig. 3) of various manufacturers.
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Fig.1. Graphical dependences of active power losses on the rated current of
circuit breakers from various manufacturers
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Fig.2. Graphical dependences of active power losses on the rated current for
magnetic starters
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Fig.3. Graphical dependences of active power losses on the rated current for
contactors

Data analysis shows that the main technical parameters of
automatic circuit breakers manufactured by KEAZ,
Schneider Electric, ABB and Legrand have similar values,
however, there are differences in the values of active power
losses per pole.

Based on the statistical data of failures of magnetic
starters, it was revealed that the weakest element is its power
contacts [10]. When comparing the characteristics of
domestic and foreign magnetic starters, similarities in
technical parameters were established - for example, starters
of the PML (KEAZ), KMI (IEK) and EasyPact TVS
(Schneider Electric) brands are characterized by the same
values of active power losses in power contacts.

An approximation of the constructed functions to find the
dependences of power losses on the rated current [11; 12].
For the functions under study, we determine the coefficient
of determination R? and the average approximation error A.

Approximation is the replacement of some mathematical
objects with others that are close to the original ones [13]:

AP=F(I,,) 1)

where F(I,) — functional dependences of active power
loss values on the rated current value; I, — is the rated
current.

The coefficient of determination R? is a statistical
measure of agreement, with which you can determine how
the regression model fits the data on which it is built. The
coefficient R? corresponds to the values in the range from 0
to 1 [14; 15].

R? is calculated by the formula:

CSi-9)? )
Si-»?

R2

=1
where y; - actual values of the variables;

¥ - calculated values of the investigated quantity;

V= 2iYi - the average value of the investigated value;
n

Si(yi—$)? - sum of squared regression errors;

3i(yi—¥)? - sum of squared deviations of data points from
the mean [16].

III. RESULTS AND DISCUSSIONS

The parameters of VA04 (KEAZ) are examined. In this
case, approximating functions are obtained, which are
represented by the following expressions:

- exponential
APya; =1.9379¢ (0-01121,) 3)
- linear
APy A2 =0.0869 - I, -0.3237 (4)
- logarithmic
APy A3 =6.6325-In(I) ) - 20.065 )
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- polynomial

APy a4 ==8:100) 1,2 +0.0673 -1, +0.3855 (6)
- power function
APyps =0.1014 .In(0.9518) ™

Here is calculated the coefficient of determination by
expression (2) for the polynomial function:

(51487 4.+ (21.9-222D0% 859
(1.5-7438)% +..+(21.9-7.438)2 51511

rR2=1 —0,9833

The closer the value of the coefficient to 1, the more
significant the dependence and the more accurate the
approximation function.

Next, we calculate the average approximation error:

n (8
K:lzi i~V 100%

n Vi

A:L. [1.5—1.48j+m+(21.9—22.21j 100% = 11.45%

13 1.5 21.9

The error was less than 15%, which indicates a fairly
high approximation accuracy. The calculation results are
shown in Table I.

TABLE I. THE RESULTS OF CALCULATING THE COEFFICIENT OF
DETERMINATION FOR A POLYNOMIAL FUNCTION

i hi J | =) | =) | Ti0i=0) | Y=’ | R A, %
1.5 1.48 0.0003 | 35.265
24 1.76 0.4051 |25.381
2.4 2.13 0.0795 | 25.381
2.2 2.62 0.1773 | 27.437
3.5 32 0.0867 | 15.508
3 3.95 0.9035 | 19.696
44 | 494 | 7.44|( 0.2948 | 9.229 8.59 515.1 |0.983|11.45
6.2 6.28 0.0066 | 1.533
8 7.92 0.0071 | 0.316
11.7| 10.05 2.7291 | 18.165
11.5] 13.2 2.8951 | 16.500
18 | 17.04 09111 |111.55
21.9(22.21 0.0964 |209.15

Table II shows the approximating functions for the circuit
breakers under study, their coefficient of determination and
the approximation error.

Through the data that are presented in Table II it will be
seen that the highest accuracy of the approximating
expressions for the parameters of the circuit breakers under
this study, have most of all, the polynomial functions,
describing the dependence AP=F(l,). It is seen also that the
least accurately studied parameters, are described by
exponential functions.

Thus, the functional dependences of the changes of
power losses per pole, on the rated current are determined by
approximating functions. Those functions have the largest

values of the determination coefficients and the smallest
values of approximation errors. For circuit breakers
operating at a loading factor of 1, the dependences under
study have the form shown in Fig. 4.

TABLE II. APPROXIMATION FUNCTIONS OF POWER LOSSES FOR THE
STUDIED CIRCUIT BREAKERS
Approximation function | R A%
VA04 (KEAZ)
exponential APy Al =1.9379% (0.0112 -Iy) 0.762 | 19.65
linear APy A2 =0.0869 -1, -0.3237 0.979 | 16.36
logarithmic APy A3 =6.6325 - In(Iy ) - 20.065 0.821 55.9
polynomial | APy, =-8-109.1,2+0.0673-1, +0.3855 | 0.983 | 11.45
power _ (0.9518)
function APyaAs =0.1014 -1, 0.964 10.4
ComPact NSX (Schneider Electric)
exponential APNSX] =3.6152e (0.0076 I, ) 0.828 | 18.3
linear APNSX2 =0.0668 -1, +2.4667 0.969 10.71
logarithmic APNSX3=5.3394In(I)-13.71 0.891 |22.73
polynomial | APNgx4-6-107)1,2+00821,+1928 | 0.972 | 10.17
power _ 0.6584
function APNSX5 = 0.4648 'In( ) 0.967 | 10.4
Tmax XT (ABB)
exponential APTmax = 2.0861¢ (0-0107-1n) 0464 |32.27
linear APTmax2 = 0.0761 -1, + 0.6608 0.931 13.89
logarithmic APTmax3 =6.1907 -In(Iy ) -18.209 0.885 |39.42
polynomial APrmaxa=—2-100%.1,2 +0.1209- 1, —0.9538 0.954 | 13.27
power _ 0.9625
function APTiaxs =0.0999 -1, (0-9625) 0.931 | 8.45
DPX (Legrand)
exponential APppx] = 2.692¢ (0.0099 -1Iy,) 0.664 | 19.54
linear APppx2 =0.0924 -1, +0.4753 0,964 | 12.34
logarithmic APppx3=7.16-1n(1;;)-20.82 0.826 | 43.70
polynomial APppx4 =—5-1009) 1,2 +0.1044 1, +0.0142 0.966 | 13.53
power _ 0.8492
function APppx5 =0.1949 'ln( ) 0.948 | 15.37
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Fig.4. Graphs of approximating functions of active power losses for circuit
breakers

The next step was to study the technical characteristics
of the magnetic starters of the PML (KEAZ), KMI (IEK),
EasyPact TVS (Schneider Electric), ABB A (ABB), CTX
(Legrand) brands, the results are presented in Table III.
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TABLE III. APPROXIMATION FUNCTIONS OF POWER LOSSES FOR
MAGNETIC STARTERS OF VARIOUS MANUFACTURERS

TABLE IV. APPROXIMATION FUNCTIONS OF POWER LOSSES FOR
CONTACTORS OF VARIOUS MANUFACTURERS

Approximation function | R [A% Approximation function | R A%
PML (KEAZ); KMI (IEK); EasyPact TVS (Schneider Electric) PML (KEAZ); KTI (IEK); EasyPact TVS (Schneider Electric)
exponential | APppp = 0.3607¢ (0-0363 In) 0.504 | 46.08 exponential APy = 5.5¢0-0042 In) 0.406 {28.03
linear APpp12=0.0773-1, -0.5701 0.984 | 9.26 linear APpppL7 =0.0922-1j -2.9528 0.929 [15.05
logarithmic | APpyp13 =2.697-In(I;)-6.7099 | 0.881 | 78.93 logarithmic APppML8 =27.167-In(I)-126.6 | 0.939 | 25
polynomial | APy 0-10-91,2+00681,-0412 | 0985 | 7.23 polynomial | APpppo=-11004-1,2+0.17991,-1552 | 0.972 | 14.8
power = .1,,(1.4646 power - 13517
R, APpML5 = 0.0101 -T,( ) 0.948 | 13.87 i APpML10 = 0.0105 T, ) 0.843 | 11.1
ABB A (ABB) ABB A (ABB)
exponential APABR] = 0,853e(0~0272'1n) 0.67 | 22.58 exponential APABB6 = 6.2703¢ (0.0045 -Iy) 0.828 | 17.82
linear APARR2 =0.0877 -1, -0.1078 0.964 | 11.94 linear APABR7=0.0969- 1, -1.604 0.967 | 8.02
logarithmic | APARR3 =3.1114:In(I;)-7.2501 | 089 |41.45 logarithmic | APABBg =24.528-In(1,)-110.13 1 0.979 | 7.66
polynomial | APApp4=-3-1004-1,24+0.1211, -0.666 | 0.972 | 17.5 polynomial | APpgpo=-11004-1,2+0.178.1,~10411 | 0.984 | 4.7
power = .1.(1.0452 power _ 1 (1.1926)
function APABBs = 0.0703 I ( ) 0962 | 11 function AP ppio =0.0304 -1, 0.946 | 9.54
CTX (Legrand) CTX (Legrand)
exponential APCTX] = 0_2751e(o~0377'1n) 0.794 | 29.36 exponential APCTX6 =3.0389%¢ (0.0068 -1,,) 0.968 10.7
linear APCTXZ =0.0762-1; -0.9405 0.957 52 linear APerx7 =0.1003-1; - 6.7492 0.898 | 18.5
logarithmic AP(py3 =2:5181-In(I,)-6.5 0768 | 114 logarithmic APCTXg =18.56-In(I,)-84.04 0.787 | 25.92
polynomial | aPcrxa=6:10091,2 100131, +0.2 0992 | 1248 | | polynomial | APpyo=5100 1524012041, 414614 | 0.988 | 62
power _ . 1.4428 power — . (1.291 1)
R, APCTY5 =0.0088 -1, ( ) 098 | 11.45 S, AP 1yjo =00137 1, 0.889 | 16.34

The approximating functions of the studied magnetic
starters with the highest determination coefficients are shown
in Fig. 5.
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Fig.5. Graphs of approximating functions of active power losses for
magnetic starters

Table IV shows the approximating power loss functions
for the studied contactors of the brands PML (KEAZ), KTI
(IEK), EasyPact TVS (Schneider Electric), ABB A (ABB),
CTX (Legrand).

The research results (Tables III and IV) show that the
dependences of power losses on the rated current of magnetic
starters and contactors are most accurately described by
polynomial expressions, and the least reliable are exponential
and logarithmic functions. The approximating functions of
the investigated contactors with the highest determination
coefficients are shown in Fig. 6.
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Fig.6. Graphs of approximating functions of active power losses for
contactors

IV.CONCLUSION

In the presented article, a study was made of the
dependences of the value of active power losses in automatic
switches, magnetic starters, and contactors on the main
parameters of the equipment. Comparative analysis of the
technical characteristics of circuit breakers VA04, ComPact
NSX, DPX, Tmax XT showed that there are differences in

458
Authorized licensed use limited to: Stanimir Valtchev. Downloaded on August 15,2023 at 05:10:50 UTC from IEEE Xplore. Restrictions apply.



5th Global Power, Energy and Communication Conference (IEEE GPECOM2023), June 14-16, 2023, Cappadocia/Turkey

the values of active power losses per device pole. Active
power losses in contact systems of magnetic starters and
contactors of PML, KMI/KTI and EasyPact TVS brands are
the same.

For the investigated circuit breakers of low-voltage
equipment manufacturers - KEAZ, Schneider Electric,
Legrand and ABB, in accordance with the catalog data,
functional dependences of active losses in the contact
systems of devices on the rated current have been developed.
Similar dependencies have been developed for magnetic
starters and contactors from KEAZ, IEK, Schneider Electric,
Legrand and ABB. Dependences of power losses change in
contacts and contact systems of automatic switches,
magnetic starters and contactors on the rated current are
modeled - approximating functions with the largest
determination coefficients and the smallest approximation
errors. The developed models can be recommended to clarify
the magnitude of electricity losses in intra-workshop power
supply systems.
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