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Abstract

In this work, the temperature dependence of motor resistive losses has been analytically evaluated by using a quantum
mechanical approximation. It is well known that the Bloch-Gruneisen approximation is a fundamental quantum theory to
the study of the resistivity of the conductor with the change of temperature by using analytical formulation. By using the
proposed method, the motor resistive losses can be controlled with respect to the temperature changes. The accuracy of
the proposed algorithm has been tested by comparison with different theoretical approaches. It is demonstrated that the
new analytical method for the motor resistive losses controlled with the change of temperature will be used for improving

motor power and mechanical systems.
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1. Introduction

It is well known that the accurate study of the
physical origin of power losses in electric
motors is important. The power and mechanical
transmission performance of the rotating
electrical motor can be strongly influenced by
the change of winding temperature. There are
many efficient experimental and theoretical
methods [1-12] available on this subject,
including fundamental books [17]. The different
theoretical approaches are wuseful for the
accurate assessment of power losses in the
motors; therefore, we can control the power
losses. It seems that the proposed methods are
not successful in calculating the power losses of
motors because they are all based on classical
physics approaches. Since the temperature
range of the materials used in motor windings is
smaller than the Debye temperature, the power
losses should be investigated using the
assumptions of modern physics. Therefore, this
study introduces a new perspective on the

accurate investigation of power losses,
efficiency, and other characteristics, depending
on the temperature changes of the power
machines.

There are various types of losses in the
motor such as mechanical losses, iron losses, and
copper losses. In this study, the examination of
copper losses to the variation of temperature
was carried out by the Bloch-Gruneisen method,
which is the approach of modern physics. The
method is based on the idea of modern physics
assumptions and analytical description of the
temperature dependence of resistive losses by
interpretation formulas. Note that the Bloch-
Gruneisen approximation is one of the efficient
methods to evaluate the temperature
dependence of metals’ resistivity. This is
particularly important because the
effectiveness of a motor technology strategy
depends on the possibility to control the power
losses. The proposed method for the evaluation
of the temperature dependence of motor
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resistive losses is simpler than existing
theoretical and experimental approaches.

2 Basic formulae and definition

The resistive losses in a motor winding are
defined as following form [13]:

2
P, =mI“R,. , (1)
| is the

current. Here R, is the resistance winding and
defined by

where M is the winding phases,

NI
R =k av ’
AC R O'S

(2)

c

where kR is the resistance factor, N is the
number of turns, ¢ is the specific conductivity

of the winding material, S, is the cross-

c
sectional area of the winding material and |av is

the average length of turn [13]. The mass of the
conductors is defined as:

mCu = pd Nlach ' (3)

where p, is the density of the conductor.

Inserting Egs. (2) and (3) in Eq. (1), we have
formulae for the resistive losses:

k
2 R ;2
P. =mI“R. _ =—R _3%nm (4)
Cu AC Jon Cu
. Lo
where J =— is the current density in the
C
winding material. Now, substituting the

formulac(T) = into Eq. (4), we can obtain

the resistive losses in the following form:
mko o(T)
) = R— J 2m
Pd

P

Cu (5)

Cu

As seen from Eq. (5) the temperature
dependence of resistive losses can be evaluated
directly for arbitrary temperature ranges. The

temperature  dependences of electrical
resistivity p(T) are explained by the Bloch-

Gruneisen theory or classical physics formula
and defined as, respectively [14-16]:

p(T) = py+(Mm-1)p'6, (;—Dj I (HT—D] (6)

p(T) = A+a(T-Ty)) (7)

where p’ is the temperature coefficient of
resistivity, p, is residual resistivity, T is the

temperature and @, is the Debye temperature.

In Eq. (6) the quantity j {lj, is Bloch-
m HD

Gruneisen function and given by [15]

Jn(lj= I xx—nfxdx
o) 3 @ -na-e”)

0

(8)

where the index N takes noninteger and integer
values. By applying Bloch-Gruneisen theory, in
the study [17] an efficient method for the
evaluation of electric resistivity of metals is
described as:

T? T
o+ p T24Pa! 3| L
p(T) pl pee 7212 3(0[))

[z

where the parameters O, O, , Py and O

P’

124.14

(9)

are determined for

p,=7.6.107 zQ.cm,

cooper as:
pee = psd = 0’

_10 H2.CM
P =2.38.10 10—5.

We see from Egs. (3), (5) and (6), it is necessary to
have an accurate evaluation of n-dimensional
Bloch-Gruneisen functions for determination of
the electrical resistivity of solids. In a study [18],
the authors obtained a new formula for the
correct assessment of the Bloch-Gruneisen
functions is given by:
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where Fi (—p) are the binomial expansion

coefficients:

n(n-1)....(n—-m+1)
m!

(-)™r(m-n)
mIT(-n)

for integer n

Fn(n) = (11)

for noninteger n

And y(n+L (i + £)X) are incomplete Gamma
functions [19]:

y
y(a,y)= Jt“*le’tdt (12)
0

In Eq. (10), the quantity N’ is the summation
limit.

Numerical results and Discussions

We proposed a new approach for the
analytical calculation of motor resistive losses
using Bloch-Gruneisen and classical physic
approximations. The developed method can be
used to compute motor resistive losses with
improved accuracy. To verify the accuracy for
various cases we obtained the exact analytical
formulae and compared them with the results of
adirect classical physic approach. It is clear from
Table 1, the comparison results between Eq. (7)
and the proposed Bloch-Gruneisen method (Eq.
(9)) are in agreement with all sets of parameters.
But, as can be seen from the experimental
results [20], the Bloch-Gruneisen method is very
convenient in practical applications. It is well
known that at low temperatures ( T <g, ),

classical physics theories cannot explain the
heat capacities of solids.

Table I1: The evaluation results of resistive losses
of ASM motor by considering Bloch-Gruneisen
and classical methods (6, =340, k, =1.3, m=3,
J =6x10° A/m*, m., =9.02kg, p, = 8960kg / m*)
(kwatt(kw))

T °K t°C Eqg. (7) Eg. (9) IrE]?F;éime
293 20 2.4367 2.4244 2.4106
298 25 2.5225 2.4842 -
300 27 2.5032 2.5417 2.5664
303 30 2.5317 2.5706 -
308 35 2.5792 2.6186 -
313 40 2.6267 2.6665 -
318 45 2.6743 2.7143 -
325 52 2.7408 2.7811 2.7784
328 55 2.7693 2.8097 -
333 60 2.8168 2.8574 -
338 65 2.8643 2.9049

343 70 2.9119 2.9524

350 77 2.9784 3.0188 2.9945
353 80 3.0069 3.0473

358 85 3.0544 3.0946

363 90 3.1019 3.1419

368 95 3.1494 3.1891

375 102 3.2159 3.2552 3.2713

This phenomenon was observed firstly by
Einstein based on quantum theory and he
formulated the heat capacity of a solid which
had been a problem until the beginning of the
twentieth century. Subsequently Debye, on the
basis of Einstein’s approach, proposed the
general theory, for the exact definition of the
heat capacity of solids in all temperature ranges.
Therefore, the recommended approach provides
adesired rate of numerical stability over abroad
range of parameters, especially in the range of
T <6, . In this study, all results are obtained

with the summation upper limit value N = 200.
Also, this work represents progress in the
direction of developing good approach for an
accurate estimate of motor losses. As a
conclusion, on the basis of the proposed method,
using this approach allows us to accurately
estimate the efficiency performance of motor
power and mechanical systems.
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Conclusions us to accurately estimate the efficiency
In this study, we have presented performance of motor power and mechanical

implementation of quantum theory to the Systems.
calculation of motor resistive losses with
changing temperature. As a conclusion, the
proposed method and the approach used allows
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