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A simulation model is developed and transient modes of a double-module induction machine with a common external
solid rotor are researched. It is established, that with the counter rotation of magnetic fields, a gearless mode of the
steady operation of a double-module induction machine is provided at low rotational speeds of the solid hollow rotor,
combined with a screw actuator. References 14, figure 1, table 1.
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One of the perspective directions of increasing energy efficiency and productivity of technological systems for
the processing of coarse substances is the structural and thermal integration of separate elements of equipment, the use
of a double-motor system with a common rotor-shaft and a dissipative component of the energy of these elements, as
well as the application of the principle of low-speed low rotation speed and multiple amplification torque [1, 2]. In the
papers [3—6] double-stators converters are considered and an analytical approach using an equivalent circuit for
replacing an induction machine (IM) with a solid rotor (SR), as well as calculations using a finite element model is
presented. For the generalized electromechanical converter (GEC) the known equations are equitable [7-10, 14], but the
simulation of induction machines with a common rotor-shaft is carried out without mutual coordination of processes in
individual machines, standard but not interconnected substitution schemes are used, which leads to the analysis of
electromechanical processes in transient modes of operation to significant errors. There is no single approach in
modeling of IM with SR, on the basis of which it would be possible to form a simulation model (SM) by the method of
inheritance, based on the initial generalized SM. This is especially true for induction machines with a common rotor,
which is also has a function of an executive mechanism.

Therefore, the aim of the work is the development of a simulation model and the study of transient modes of
operation of induction machines with a common external solid rotor.

Consider the formation of a simulation model of an electromechanical converter with a SR from a well-known
generalized model, given in a two-phase coordinate system af3. The equations system of IM with SR in a steady state
mode, according to the T-shape substitution circuit [9], taking into account the presents of short-circuit winding inside a
solid rotor [10], has the next view:

U1 =—E.'0+I.1 (rl +jx1)
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where U, is the stator voltage; E, is the EMF; r is the stator winding resistance; x; is the stator winding reactance; ¥y is
the rotor reduced resistance; x5 is the rotor reactance; I, is the idle mode current; 7, is the stator current; 7, is the rotor
reduced current; s is the slippery.

The second equation of the system (1), written for the rotor circuit, differs from the one for induction motor
with short circuit rotor, since the transformations for the stator circuit are analogous to those, known for the generalized
electric machine [11].

After transformations the second equation of sysytem (1), described in detail in [10], we write the expression
for the instantaneous values in the two-phase coordinate system o, . Considering x'5) = 0 for IM with SR without a
short-circuited winding for the given problem [2], we obtain
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where r, is the rotor resistance; L, is the rotor self-inductance; L,, is the rotor leakage inductance; M is the mutual
inductance; iy, i are the o, P axes stator currents; iy, irp are the o, B axes rotor currents; @, :1—\/§ is the rotor
reduced speed.

.ood . N . . d . . .
In (2) expression E(erm +Mlm) is linkage differential E‘Pm on axis o and (Lri,, 5+ Mi ﬂ) is rotor linkage
W, ; onaxis B [11].

In the final form for AM with SR the equations system for the instantaneous values in a two-phase coordinate
system that rotates with the rotor speed, considering (2) has the form [10, 11]
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where ., g are the o, B axes stator linkages; .., g are o, B axes rotor linkages; ug,, usp are the o,  axes stator
windings sine voltages; 7, is the stator winding resistance; o, is the field synchronous speed; w, is the coordinate system
rotation speed; w is the rotor rotation speed.

Stator flux linkages for model axes o, 3 can be obtained by the next equations [12]:

Y _ =Li +L,ji,
VY, =Li,+Li @
sp s'sp merp>
where L, is the magnetic circuit inductance.
Rotor flux linkages for model axes a, B can be obtained by the analogical equations [12]
\Pra = Lrira + Lmisa;
VYoy=Liz+L,i, %)

Parameters of the stator winding (active resistance and inductance) are based on known equations for three-
phase windings of induction motor [11]. Parameters of the ferromagnetic rotor are according to the equations given in
[9] and specified in [13]. Supplementing the system (3) with known equations of motion and torque [11, 12], we obtain
a complete system of differential equations for IM with SR.

Using system (3) we can make the following conclusions: the total resistance of the rotor differs by the
magnitude of the ferromagnetic body leakage inductance, taking into account the speed approximation factor w;
nonlinear change of machine parameters is taken into account by the introduction of a speed approximation factor .
By completing the system with equations of motion and moment, we obtain a complete system of differential equations
for IM with SR.

Let's consider an example of forming an induction motor with solid rotor model in the Simulink MatLab
package, using (3) for double-stator IM with SR [3-6]. In such machine, the two stators are located inside the steel rotor
tube and operate in the counter mode, forming the motor module and the brake module. To study the transient
characteristics of GES with SR in the Simulink MatLab package, it is convenient to develop a model for rotation of the
coordinate system with rotor speed @, = ®,. For simulation, the parameters of the electric motor of the screw type
EDSH-1, shown in the Table, are used. It should be noted that the EDSH-1 stator is structurally similar to a rotor of
induction motor with a phase rotor. This feature should be considered while finding the parameters of the three-phase
stator winding [13].

In the considered mathematical model, a two-mass model of an electric drive with rigid constraints is
calculated. In the dynamics calculation subsystems, a model for calculating the electromagnetic part is compiled for
each of the two machines (driving module and braking module). The electromagnetic torque of both machines is
summed and applied to the mechanical part. As a result of integration, we obtain the resulting speed with a time
constant equal to the sum of the time constants of both machines. The resulting speed is applied to both machines to
calculate the EMF. The advantage of the developed model is that it is adequate even for the machines with different
powers, i.e. you can see how the load is distributed between them. To the load of each of the modules, the transporting
substance loading torque is also added.

The mode of consonant rotation of the fields is used only in cases when the EDSH-1 is switched on when the
screw is blocked or the high viscosity mass is transported. Thus, the main mode should be considered to be the
reciprocal rotation of the fields, under which the BM operates with slip s, > 1, i.e. in the electromagnetic BM. For the
EDSH-1 driving module, the given output power is selected based on the sum of the thermal and the mechanical power.
For the EDSH-1 braking module, operating in the resistance mode, only the thermal power is considered.

The subsystem for supplying the BM has the following features: a) the supply begins to be applied from the
time 25 ms, when the DM at idling mode is accelerated to 1/5 of its synchronous speed; b) the sign of phase voltages is
changed to the opposite in comparison with the power supply system of the DM. The simulation results of a double-
module GES with SR (DM and BM stator currents, rotor rotation speed) are shown on Figure.
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Conclusions.
A mathematical model of an induction : : . . : ———
machine with a solid rotor is developed, which 200 0 200 400 600 800 1000
takes into account the dependence of the solid Torque, Nm
rotor parameters on its rotational speed. The
resulting mathematical model was used in
constructing a mathematical model of a double-stator induction motor with a common hollow solid rotor.

It is established that, with the counter rotation of magnetic fields, a gearless mode of the steady operation of a
double-module IM is provided at low rotational speeds of the solid rotor combined with a screw actuator.

A sufficiently high convergence of the simulation results for the IM with SR start mode with experimental one
is demonstrated. The error in the simulation results in comparison with the data, obtained experimentally does not

exceed 10%.
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