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Introduction

In area of oscillating electrical drives in all known
research works, including the authors’ of this article, there
is one common feature — there is analyzed a drive with
single case of a motor [1, 2]. Therefore in individual case
of the same subject of research it is needed to create
different mathematical model. So, mathematical models of
reaction and pulsating current motors appear which also
have a lot of different mathematical models, depending on
different approximation function of permeance or separate
forms of supplying voltage. Such problem solving method
is expedient, when it is needed to find out common
regularity of individual case of drive by using analytical
methods, and absolutely unacceptable, when single case of
a drive is analyzed by numerical methods [3, 4, 5].

The aim of this paper is formation and application of
universal method of mathematical model of drives with
oscillating motors.

Research object and method

There are presented principles of formation of
universal method of mathematical model of drives with
oscillating motors applying formal methods, peculiarities
of its application investigating these drives in numerical
mode. The most universal construction of oscillating motor
is pulsating current motor of symmetrical construction.
Oscillating motors of all other well known constructions
are obtained simplifying this construction. Therefore this

type of motor is used when forming universal
mathematical model.
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Fig. 1. Scheme of drive with oscillating motor
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Symmetrical motor (Fig. 1) consists of two motors of
asymmetrical construction. Point of view exists, that in
process of investigation of drives with pulsating current
motors of symmetrical construction it needs to be content
with mathematical model of asymmetrical construction and
the driving force of another motor is evaluated by
increasing the driving force of the first one twice. Such
way of solving of that task limits analysis of properties of
drive. To start with work symmetrical motor oscillates
around a center of oscillation. But the center of oscillations
of asymmetrical motor makes a move. Therefore, the
mathematical parameters which depend on coordinate / are
changed with displacement of a center of oscillation. So, it
is needed to input fictitious force to return oscillation
center to the initial position. This solution is suitable only
in steady-state regime and absolutely wrong in transient
regime. Fictitious force has to stabilize a center of
oscillation. But way of changing of this force in transient
regime is unknown at all. Symmetrical mathematical
model of drive allows analyzing influence of asymmetry of
model to the drives characteristics.

Equation of balance of the first motor:
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Equation of balance of the second motor:
R +R) diy .
w==4"d| "=k il Ry, +
R dt
where u — supplying voltage, i; — inductance current of a
motor, R, — resistance of a motor, R, — resistance of losses
of core, ¢t — time, L — inductance of a motor’s winding —
function of coordinate % of a motor’s mover

L=f(n). 3)

where R, — resistance, evaluating change of inductance of
a motors,
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u, — voltage of non-linear element; it’s a function of
current of a motor

un:‘I’(l). (5)
The parameters of a second motor in expression (2)
are marked down with the same symbols as the first one,
only with lines.
The driving force of the first motor is a function of a
square of a current

(6)
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The driving force of the second motor also is a
function of a square of a current

od

’ .2
= -— . 7
fl=9 (IL ) > (7
The equation of balance of a load of a motor
f—m—d2h+R —dh+ch 8)
. dt2 mch dt >

where m — mass of a mover, R, — resistance of this
mover, ¢ — rigidity of this mover.

Velocity of a mover

dh
y=—. 9
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Thus, the equation of balance of a load of a motor:
f:m%+Rmchv+_[cvdt. (10)

This equation is analogous to a series LCR circuit,
therefore due to succeeding community of expressions
mechanical parameters can be written as general symbols
of electrical ones

(11
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Substituting (9), (11) and (12) to the expression (8) it
is obtained

(13)
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Thus equivalent resistance, that evaluates changing of
inductance, can be written
dL

Repy =v—r

e (14)

Considering to (1), (5) and (13) diagram of a drive
can be shown (Fig. 2). In this diagram functions (6) and (7)
are treated as dependent source, its output voltage is
marked down U, :

(15)
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Fig. 2. Diagram of drive with oscillating motor

Topology of electrical and mechanical parts of symmetrical
drive can be shown in Table 1.

Table 1. Topology of electrical and mechanical parts of
symmetrical drive
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Matrices of the main incisions of electrical and
mechanical parts
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Expression (18) shows the blocs of main incisions;
mathematical dependencies of the drive with symmetrical
synchronous oscillating motor are written in equation
system (19):
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where ip, X, X, ir x, — vectors of resistance currents,

variables of mode, independence sources and non-linear
resistances:
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Coefficients-matrices of resistance currents can be
written:
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Coefficients-matrices of mode equation:
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Matrices of parameters of scheme of a drive:
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Coefficients-matrices of non-linear equation can be
written:

Ml = lO _FUnRs JBI +lo _FUHLSJ’ ( 35)
M,=[0 —Fyr [B,, (36)
M;=[0 —Fy . [Bs. (37

Formation of matrices of vectors of non-linear

functions:

iy _(x,) (38)

Peculiarities of application of mathematical model

In process of design and analysis of drives with
symmetrical motors the formed universal mathematical
model has to be applied in all extent. Applying this model
to the drives with asymmetrical pulsating current motors

the element #' of the vector x,, of an independent

source has to be equal zero; in case of reaction motor
which has an asymmetrical construction, nay, x, has to

be equal zero.

Specific of program of mathematical model

Inductance (3) of winding of a motor is function of
coordinate £ of mover and equivalent resistance (14)

These parameters are the elements A,; and R, of matrices
(32) and (33). In particular case of drive there can be more
changing parameters. To reduce extent of calculation it is
needed to recalculate only these elements of matrix which
depend on changing parameters.

Applying mathematical model for drives with
reactive motor the equation of equivalent voltages of non-
linear elements is not solved, therefore it is required to
begin calculation from mode equation. In case of drives
with pulsating current motors function of non-linear
component is concretized with v-a characteristic of applied
diode. Thus solution of mathematical model (19) in i-
number of cycle of calculation process begins from
solution of non-linear equation system taking out the value
x(i-1) of mode vector which is obtained from previous
cycle.
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depends on velocity of mover as well as on rapidity of
changing of inductance, when coordinate / is changing.
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This paper deals with the principles of formation and investigation of mathematical model of drives with oscillating motors. In
individual case of the same subject of research it is needed to create different mathematical model. Many mathematical models of
different kind of motors are obtained which contribute to a lot of a different kind of mathematical models depending of changing
parameters of a motor. The principle of formation and application of universal mathematical model for drives with oscillating motors is
proposed. I11. 2, bibl. 5 (in English; summaries in English, Russian and Lithuanian).
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