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MULTIGRADIENT OF FIELDS IN THE ARRAY OF ROTOR SCREWING
ELECTROMECHANICAL CONVERTER

Made by numerical modelling analysis of quantities characterizing multiphysics processes in the
active parts of polifunctional screwing electromechanical converters.
Key words: polifunctional electromechanical converter, array of rotor, electromagnetic field,

temperature gradient.

The problem and its relation to scientific
and practical tasks. Windings, magnetic cir-
cuits of electrical machines represent a multi-
layer system of active and dielectric bodies
thermally interconnected. Thermal elements
in a non-uniformly distributed over the coor-
dinates [1]. It is therefore of interest to find
practical solutions to the generalized coordi-
nates for variable internal thermal sources to
justify the selection of the geometric dimen-
sions of the thermal elements, their thermal
properties, the cooling conditions, the permis-
sible thermal loads. For a new class of poli-
functional  electromechanical  converters
(PEMC) in which the active moving parts at
the same time experiencing the combined im-
pact of several types of loading, there is an
urgent need to address the problems of fore-
casting and monitoring the change of parame-
ters and characteristics [2]. Preliminary
evaluation process indicates that the hollow
ferromagnetic rotor screwing PEMC located
in electromagnetic and thermal fields can
arise significant internal stresses and manifes-
tation of the effects of Matisse, Wiedemann,
Villari. Accurate modeling of PEMC requires
joint decision electromagnetic, thermal and
mechanical problems. To date, there is a
small amount of finite element software
packages that contain the physical modules,
and even fewer that address the interrelated
challenges [3-6].

Development of analytical methods and
mathematical models for numerical experi-
ments requires careful assessment of the po-
tential gradient fields acting in the array
PEMC rotor.

Statement of the problem. Determination
of the distribution of scalar and vector quanti-
ties characterizing the magnetic, electrical
and thermal field and stress field, score inter-
connectedness gradients of these quantities in
the marginal and active zones of massive ro-
tor PEMC.

Presentation of the material and its re-
sults. In the array of hollow ferromagnetic
rotor screwing PEMC act four types of inter-
related potential fields: magnetic, electrical,
thermal and mechanical stress field. However,
conventionally the rotor entire array consists
of individual thermal elements are unevenly
distributed in the coordinates in the general
case — a distribution function q.(R, ¢, Z).

Even within the thermal element heat dis-
sipation constant (mean integral) value re-
quires its own justification. Analytical solu-
tion of unsteady heat conduction problem is a
problem even with zero initial conditions.
Figure 1 shows the scheme screwing PEMC
with its working structure in which there are
three types of characteristic regions.

Regions I and II are bounded at the ends of
the Z-axis of the rotor and the stator yoke, for
R - the outer surface of the rotor and the inner
surface of the stationary shaft. Areas III, IV
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limited ends of magnetic stator motor and
brake respectively modules coordinate Z. Re-
gion V — intermodular space bounded by the
Z-axis ends of magnetic motor and brake
modules.

All in the coordinate R area bounded rotor
outer surface and the inner surface of the sta-
tionary shaft.

Electromagnetic problem is solved with re-
spect to the magnetic vector potential, and the
calculation of the deformation of the rotor
associated with magnetoelastic, conducted by
the method [7].

Temperature field and thermal conductiv-
ity of the stationary problem we consider a
composite wall of an arbitrary number of
thermal elements and cooling material:
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There R, R; — coordinate respectively of
the composite hollow cylinder and the coor-
dinate at the interface between the layers;
0(R), 0(2), 0(p) — temperature in the j-th
layer of the coordinates R, ¢, Z; q.,(R, ¢, Z)
— heat of the thermal element in the j-th
layer; a, ao — heat transfer coefficients; A,
A; — coefficients of thermal conductivity; 6,1,
0. — temperature cooling materials; m —
total number of layers of the composite cylin-
der. Taking the assumption of isothermal
temperature field in the j-th layer in the coor-
dinate ¢, calculation is carried out in an

0%, asymmetrical setting. Modelling plane —
+ig—+4y(R.0.2)=0, (1) plzne iy 8 &P
Ri<R<Rj+1,j=1,2,3,...m, Figure 2 shows the distribution function of

the normal component of the electric intensity

X @ Rop =0 (91‘ rp.—0. 1) E, tangential component of the magnetic
dR 1 ¢ . -

vector potential 4, stress o, temperature 6,

do, do, conductance y along the hollow ferromagnetic

UJr R=R, ~ Azd_R R=R,> rotor (Z-coordinate). In the problem consid-

ered rotor with a relatively small thickness of

91‘ Rk :92‘ Rk 12 mm, so all of this information, except for

? ? the electric intensity, registered in the midline
do, do.,, and the thickness of the rotor, as we shall see,
—4 d_R‘ R=R;,; — i+l dR |B=Ris1> significant fluctuations of the thickness do
not. E values were taken for the rotor from
the stator bore and tested five-fold change in
thickness of the rotor.
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Figure 1 — Scheme screwing PEMC
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The majority of functions for individual
modules can be attributed to the harmonic
analysis of which is possible, and analytical
methods. In the theory of the electromagnetic

field vector magnetic potential A entered us-
ing the following relationship:

rot A=B. (2)
Difterentiating (2) with respect to time and
taking into account the known ratio
rot E =-0B/0t we obtain:
04 .
rot— = —rotE. 3)
ot

Thus, the values of two functions 64/ ot

and E may differ from one another only by a
constant independent of the coordinate value.
However, the coincidence of the distribution
along the Z coordinate extrema shown in fig-
ure 2 function allows you to search the gradi-
ents of generalized functions (vector and sca-
lar) for solving the structural and functional
integration and thermal PEMC.

The distribution function of the mechanical
compressive stresses along the ferromagnetic
rotor formed as a result of two factors: the
temperature axial strain and magnetostriction.

Quantitatively, the effect of the first factor of
three orders of magnitude higher than the me-
chanical stress arising from the effects of
magnetostriction, but efforts arising from the
extremely noticeable magnetostriction
(0,4 MPa) in combination with the frequency
of the ultrasonic oscillations is formed sub-
stantial impact on the work environment
PEMC. At this stage of the research is not yet
accounted for torsional strain. It should be
noted substantial temperatures (up to 320 °C)
in an array of rotor in areas I, II, V, corre-
sponding to the marginal zones of magnetic
stator motor and brake modules.

Figure 3 and 4 respectively show the dis-
tribution of the vector magnetic potential,
electric field, conductance, mechanical
stresses, temperature and gradients of these
quantities. Calculation of the temperature
gradient in the depth of the rotor, as well as
for other variables being deflated by the
Z-component of the gradient layers:

_lreegY (06,Y
gradQ—\/[ aR] +[62] R

o+10° E  a*10, P10t @

N;mi'i vimwom) sm | °c |
107 25 2.351 400
§ 51 237 380
sl 21 4l 2251 360
7 31 227 340-
6l 151 21 2451 320
5 11 241 300
o 41 ol 205l 280
3 -1 21 260
2l o5 21 1951 240
1 .37 1.97 220
ol ol 4! 185l 200

0.3 0.4

o 01 02

05 06 07 08 09 1

" n i
.1 1.2 13 14 1.5 L m

Figure 2 — Distribution function of electromagnetic, thermal
and mechanical values along the rotor PEMC
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Figure 3 — Distribution of vector magnetic potential of the electric field, conductance, temperature and
mechanical stress on the rotor depth
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Figure 4 — Temperature gradient, mechanical stress and conductance over the depth of the rotor
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Maximum multigradient of fields have I,
II, and V region PEMC, the latter may be ad-
justed to major components of the electro-
magnetic field and heat during operation by
switching PEMC brake and motor modules
for different directions of rotation of the main
magnetic field, changing its frequency and
voltage level. Target changes multigradient
distribution are also possible at the design
stage and the subsequent production PEMC
nudge by one of the stator coordinate ¢. Fig-
ure 5 shows one of the fragments of the dis-
tribution of the temperature gradient in the V,
confirming the possibility of concentrating
the heat generation in the intermodule area
where no magnetic flux passes basic.
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Figure 5 — Distribution of the temperature
gradient in the intermodule region

Actually ferromagnetic rotor is the main
element of the system, adjust the direction of
thermal gradient. Along with the above values
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of the electromagnetic and thermal fields in-
vestigated one of the basic integral quantities
— the magnetic energy density. Gradient vec-
tor of energy is nothing but the force vector
acting on a certain amount of the active part
PEMC: F = —gradW. It is an expression of

the general covariance, does not depend on
the reference system.

PEMC belong to the class of electrome-
chanical converters technological applica-
tions, and work environment acts as a rule, in
the role of load-cooling medium, having di-
rect contact with live parts PEMC.

Of course, evaluation of the entire system
must be carried out as early as three-
dimensional formulation of the problem in-
volving more than one type of gradient —
gradient of concentration of the substance,
which characterizes the magnitude and direc-
tion of the concentration of a substance in the
environment.

Conclusions and directions for further
research. Conducted by numerical simulation
analysis of quantities characterizing mul-
tiphysics processes in the active parts of poli-
functional screwing electromechanical con-
verters, showed the possibility of establishing
the gradients of (vector and scalar) to solve
problems of estimating the intensity and lo-
calization of the areas of energy conversion.

Further research should be aimed at find-
ing methods to identify the gradients of gen-
eralized functions, including integral to solv-
ing the structural-functional and thermal inte-
gration of electromechanical converters.
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MYJABTUTPAIEHTHICTD MMOJIIB Y MACHUBI POTOPA HITHEKOBOI'O
EJEKTPOMEXAHIYHOT'O IIEPETBOPIOBAYA

Ilpogedeno memooamu yucenrbHO20 MOOENOBAHHA AHANI3 8ETUYUH, WO XAPAKMEPUIVIOMb MYIbIMU-
@izuuni npoyecu 8 AKMUBHUX YACIUHAX WIHEKOBUX NONIQDYHKYIOHATbHUX e1eKMPOMEXaHIYHUX nepe-
meopioeayis.

Knwuoei cnoea: nonigyynkyionanvhull enekmpomexaniyHuil nepemeopiosay, Macug pomopa, eneKkm-
poMazHimHe noae, epadicHm memnepamypu.

A.T.H. 3a0aoackuii H. H., k.1.H. [Lmtorun B. E., k.T.H. I'puniiok B. FO., ®etucos WU. B.,
PoBenckas A. K. ([[onl TV, 2. Anuesck, Ykpauna)
MYJbTUTPAJJUEHTHOCTD ITOJIEM B MACCHUBE POTOPA IIHEKOBOTI'O
SJEKTPOMEXAHUYECKOI'O IIPEOBPA3OBATEJISI

Ilposeden memoodamu HucienHo20 MOOETUPOBAHUSL AHANU3 ETUYUH, XAPAKIMEPUIVIOWUX MYTbmuUdu-
3UYeCKUe NPoYeccvl 8 AKMUBHBIX HACMAX WHEKOBbIX NOMUQVHKYUOHANBHBIX NEKMPOMEXAHUYECKUX
npeobpazosameinci.

Knrouesvle cnosa: nonudynkyuoHanbuvlil 31eKmMpoMexanuieckKull npeobpazoeamenb, MAccué pomo-
pa, INEKMPOMASHUMHOE NOJe, 2PAOUCHI MEeMNePamypbl.
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