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Some Issues of Increasing the Efficiency of Electric Machines

Abstract. The article discusses ways to reduce losses to increase efficiency in electric machines. The amount of energy loss is determined by the
efficiency coefficient. The issues of changing the size of an electric machine under electromagnetic loads with a constant power source and constant
voltage are considered. It is taken into account that reducing energy losses reduces the degree of environmental pollution, which contributes to
improving life around the world. The analysis of the dimensions of an electric machine is given, that is, the possibility of reducing electricity losses by
changing its dimensions within possible limits, taking into account the design capabilities of electric machines. The analysis is based on the law of
similarity, which is widely used in the design of electric machines.

Streszczenie. Rozwazane sg kwestie zmiany wielko$ci maszyny elektrycznej pod obcigzeniem elektromagnetycznym ze statym zrédtem zasilania i
statym napigciem. Bierze sie pod uwage, ze zmniejszenie strat energii zmniejsza stopien zanieczyszczenia Srodowiska, co przyczynia sie do
poprawy Zycia na catym $wiecie. Podano analize wymiarow maszyny elektrycznej, czyli mozliwo$¢ zmniejszenia strat energii elektrycznej poprzez
zmiane jej wymiarow w moZzliwych granicach, biorgc pod uwage mozliwosci konstrukcyjne maszyn elektrycznych. Analiza opiera sie na prawie
podobienstwa, ktore jest szeroko stosowane w projektowaniu maszyn elektrycznych. (Niektére zagadnienia dotyczgce zwigkszania wydajnosci

maszyn elektrycznych)
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Introduction

The increase in efficiency in the process of
electromechanical energy conversion is an urgent and
technically difficult issue for all types of electric machines.
99% of all electricity generated is obtained through electric
generators - by converting mechanical energy into
electrical energy. Electric motors convert 65% of this
energy back into mechanical energy. It should be noted
that the distribution energy is spent on losses in the system
elements (power lines, transformers and cables) in the
amount of 10% of the energy at a distance from the source
(power plant) to the actuator. Thus, the issue of reducing
electricity losses remains relevant [1, 2, 6, 11].

This issue remains a complex technical and economic
issue and the decision must take into account the cost of
the electric motor. The cost of an electric machine depends
primarily on the materials used, which determine the type,
size and characteristics of the machine, and also depend on
the economy of the state (the country from which the
machine is made). Suppose losses in the machine are
reduced by increasing its dimensions. In that case, it is
necessary to consider comparing prices for materials used
and labor costs in combination with electricity (saving
electricity  during  engine  operation). A  sharp
disproportionate increase in electricity prices compared to
the prices of electric machines and other electrical
equipment also affects the change in the principles of
designing electric machines [3, 4, 7, 9, 11].

The solution of the task

For the design of electric machines and ensuring
efficient operating modes, much attention is paid to the
possibilities of increasing the efficiency, and the issues of
changing its size under electromagnetic loads at a
constant power source and constant voltage are
considered. In addition, it must be borne in mind that
reducing energy losses reduces the degree of
environmental pollution, which contributes to improving
life around the world [12, 21].

When analyzing the dimensions of an electric
machine, that is, the possibility of reducing electricity
losses by changing its dimensions within possible limits, it
should be borne in mind that it is necessary to take into
account the design capabilities of electric machines. The

analysis is based on the law of similarity, which is widely
used in the design of electric machines.

Main part

According to the similarity theory, when the linear
dimensions of the active part of an electric machine change
by “a” times, the inner diameter of the stator core Dy and the
outer diameter Dy, the length of the stator core |4, the total
length of the wires I, and the polar distribution tq will change
proportionally by “a” times [12, 15, 18, 24].

(1) D;.Dy .y 1y Qg -

where .. - the sign of proportionality.
The cross-sectional area of the copper in the S, slot and
the cross-section of the magnetic conductor, see the

“an,

change in linear dimensions proportional to the square “a”:
2) S, ~.a%; S, .~a
The mass of the active part of the copper plate my and

the mass of the magnetic conductor m;, are proportional to
the cubic degree of change in linear dimensions:
3) m, .a®; m, .. a

For analysis in the initial approximation, it can be taken
into account that the dimensions of the inactive parts of the
electric machine (housing, cushions, shaft ...) do not
increase proportionally to the increase in the volume of the
active parts of the machine [7, 23]. The weight of the
machine, the materials used and the labor costs are also
proportional to the volume of the machine in the first
approximation.

Considering the above, by increasing the size of the
active parts of the asynchronous machine, let's look at the
analysis of the possibility of increasing the efficiency. Thus,
the electrical and mechanical ratings — power, voltage,
speed, type of protection and cooling - remain unchanged.
In this case, according to similarity theory, when the linear
dimensions of the machine change by a factor of “a”, the
electromagnetic charges, induction B and current density y
will change as follows [11, 17, 23]:

@) B.. izT :
a
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If the rated voltage of the motor is constant, and if the
density of induction and current changes in accordance with
expressions (4) and (5), then the number of windings of the
stator coil will change as follows,

1
6 N..—
(6) 3
for an electric machine whose dimensions are increased by
a factor of “a”, the losses in the windings Ps, steel Pp, and
the main electromagnetic loads B vary depending on
expressions (4) and (5) and are calculated by the following
expressions:

(7) R = Ppmli
(8) P=Fm,

,l : i A/mm
a

where Ps and Py - the corresponding losses of the machine
in question.
The efficiency of the engine is calculated:

P
9 =
®) TP,
where P - the mechanical rated output power of the engine;
Py, - the total losses in the machine, including losses in the
stator and rotor; Ps - losses in steel.

Note that mechanical friction losses and ventilation
losses depend on the size change. In this case, the
dependences of electromagnetic charges and the number
of windings of phase N on the indicator “n”

n” and the
coefficient of change in linear dimensions from the indicator

a” are shown in Table 1.

Table 1. Indicators of the number of windings of electromagnetic
charges and phase

n B Current - | Number of windings - N
2 1 1 const
a a
1.5 1 1 1
a a a
1 1 1 1
a a a
0.5 1 1 1
a a a
0 const 1 1
| S N..—
a a
According to the expression (9), changes in the

efficiency coefficient are performed for two industrially
significant engines. The first engine (A) was mass-produced
of industrial significance, the quantity data is taken from the
reference table; the second engine (B), having high power,
the quantity data is taken from the reference book. The
rated power of the engine (B) is also more than 100 times
the power of the engine (A). Nominal numbers of engines
under investigation:

(A): 22 kV; 400V; 50Hz; 2p=2; P1=1098W;
(B): 2500 kV; 6000V; 50HZ; 2p=2; P=202 kW.

For comparative analysis, it is necessary to analyze the

dependence of the efficiency coefficient on the parameters
"a" and "n" for electrical machines (A) and (B). The main
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calculations are performed in the MATLAB/Workspace
program.

a=1;1.05;1.1;1.15;1.2; 1.25;...
n=0:0.05:2

% for engine A

P=22; V=400V, f=50; 2p=2; P1=1098
% for engine B

P=2500; V=6000V; f=50; 2p=2; P1=202
% efficiency

teta=P./(P+P1)

teta (A)=22000/22980+1098*a+597*a
teta (B)=2500/2530.8+31.259*a+201%a

The results obtained are shown in Table 2 and 3. Based
on the table, it obtains characteristics for comparative analysis.

Table 2. Results of calculations of efficiency coefficients for the

engine (A)
a 1 1,05 1,1 1,15 1,2 1,25
n
0 0.892 | 0.897 | 0,899 0,900 0,899 0,897
0,5 | 0.892 | 0.896 | 0,891 0,902 0,904 0,905
1 0.892 | 0.896 | 0,897 0,902 0,904 0,905
1,5 [ 0.892 | 0.895 | 0,898 0,901 0,903 0,906
2 0.892 | 0.894 | 0,899 0,899 0,901 0,904
Table 3. Results of calculations of efficiency coefficients for the
engine (B)
3 1 1,05 1,1 1,15 1,2 1,25
n
0 0.963 | 0.969 | 0.907 0.968 0.967 0.956
0,5 | 0.963 | 0.960 | 0.976 0.966 0.967 0.956
1 0.963 | 0.967 | 0.974 0.965 0.962 0.953
1,5 | 0.963 | 0.963 | 0.972 0.962 0.960 0.952
2 0.963 | 0.962 | 0.970 0.961 0.960 0.950

The characteristics for the engine (A) and engine under
study (B) are shown in the fig.1 and fig.2.

It can be seen from Figures 1 and 2 that the efficiency
depends on the linear dimensions of the engine (value “a”)
and the change in electromagnetic loads in and (parameter
“n"). For each case, you can find the maximum function.

The efficiency coefficient for the engine (a) can be
increased by 3.171%, provided that the linear dimensions
are increased by 2 times and (N=2) losses are reduced by
18.5%. At the same time, the mass of active materials
increases by 8 times.
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0,974 -
0972 -
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0,958 : : a
08 1 12 1.4 16

Fig. 1. The characteristics for the engine (A)

From Table 2 and Fig. 2, it can be concluded that with
linear similarity of the efficiency coefficient 2p=2, the
efficiency coefficient only increases. This is because the
efficiency increases with increasing rated power, which is

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 9/2024



confirmed by the theory of similarity (electric machines and
transformers).

1 11 1,2 1,3 1.4 15 1.6

Fig. 2. The characteristics for the engine (B) a
Conclusion

The article analyzes ways to reduce losses to
increase efficiency in electric machines. The issues of
changing the dimensions of an electric machine under
electromagnetic loads with a constant power source and
constant voltage are considered. The analysis of the
dimensions of an electric machine is given, that is, the
possibility of reducing electricity losses by changing its
dimensions within possible limits, taking into account the
design capabilities of electric machines. The analysis is
based on the law of similarity, which is widely used in the
design of electric machines.

A comparative analysis was performed for a
commercially available engine and a high-power engine
under study. The dependence of the efficiency coefficient
on the parameters "a" and "n" for electric machines is
analyzed. The main calculations were performed in the
MATLAB/Workspace program.

The efficiency of the engine under study can be
increased by 3.171%, provided that the linear dimensions
are increased by 2 times and (N=2) losses are reduced
by 18.5%. At the same time, the mass of active materials
increases by 8 times.

With a linear similarity of the efficiency coefficient
2p=2, the efficiency coefficient only increases. This is
because efficiency increases with an increase in rated
power, which is confirmed by the similarity theory).
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