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Annotation: Results of research of energy flows circulating through the traction Converter of frequency. The re-
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AHAJIN3 PEXKUMOB PABOTBI TAT'OBOI'O INTPEOBPA3OBATEJIAA HACTOTDI

AHnnomayusa: Ilpusedenvi pe3ynomamel uccie008aHUsl YHEPLEMUYECKUX NOMOKO8, YUPKYIUPYIOUWUX CKEO3b MA20-
8blll npeobpazosamensv yacmomsl. [lonyuennsie pe3yromamsl MOJMCHO UCNONB308ANb NPU CUHmME3e U paspabomKe Cu-
cmeM agmoMamuyecKo2o YNpasieHus ms2o8vlX djeKkmponepeday O MUnOBblX MpaHCHOPMHLIX U 2PY30N00bEMHBIX
cucmem 21eKmponpuUBo008.

Knrouegbie cosa: cucmema asmomamuyecko2o ynpasieHus, msa2o8ulil UHGePMOop, Ms208as NeKmponepedayda,
pexynepayust
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AHAJII3 PEXKUMIB POBOTH TAT'OBOI'O NIEPETBOPIOBAYA YACTOTHU

AHomauia: Haseoeno pesynomamu 00CniodceH s eHepeemudHux NOmoKie, o yupKynoioms Kpizb msa2o8uil ne-
pemsopiosay yacmomu. Ompumani pe3ynomamu MOoACIUGO SUKOPUCMOBYEAMU NPU CUHMe3i ma po3podyi cucmem as-
MOMAMUYHO2O KepYSAHHS MAL0BUX elleKmponepeday 0as Munosux mpaHcnopmHux ma aHmadiConiOUOMHUX CUCHEM
eeKmponpugoois.
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Statement of the problem. In the system of traction  is determined mainly by the magnetizing current and the
power traction Converter can perform the role of a source  active component, which is determined by the time of
of voltage or current. The provision of a traction Converter  idling and loss in the engine. The reactive component in
of properties similar to the properties of an ideal voltage the system of the Autonomous voltage inverter — asyn-
source (DC) is provided by the introduction of the internal ~ chronous motor closed contour: the filter capacity of the
control loops of feedback voltage or current of the Con- inverter and motor windings, or in accordance with the
verter. The quality of the conversion of electrical energy  selected equivalent circuit, the magnetizing circuit. The
one can assess the ability of the traction inverter to repro-  active component of current flows through the rectifier. In
duce the change of control actions with minimal distortion  addition, the rectifier provides charging of the filter ca-
[1 —3]. When you build structures and traction control sys-  pacitor, compensating for the loss of flow through the
tems with frequency converters need to consider the elec-  filter reactive current component and leakage currents.
tromagnetic transients, the nature of which is determined That is, flows through the rectifier, the total current
by the mode in which the traction Converter [4 — 6]. There-  determined by the load and the losses in the Converter. In
fore, such studies are relevant. Noteworthy features traction  the generator mode of the induction motor changes the
drive in comparison with industrial drive: often this is a  direction of the active current component that defines the
standalone from a shared supply network of the device, and  following modes when braking, which are determined by
pulling the actuator is limited to the maximum torque and the rate of change of frequency inverter (slip frequency),
power to the drive shaft. The limitation of the maximum the magnitude of the primaries of mass and static moment
torque is primarily due to the requirements defined by on the motor shaft:

power electronics (maximum current of the power Con- — the energy stored in the rotor of the motor and the
verter); limit the hyperbole capacity is determined by the traction elements transmission, the braking process is
onboard power source (engine, buffer storage). completely dissipated in the active resistance of the wind-

The purpose of the study. The study of energy ings of the motor and the traction elements of the Con-
flows in a traction drive system to improve the manage-  verter without exceeding the values of currents and volt-
ment efficiency of the traction Converter. ages in excess of the permissible;

The main material. At no load induction motor — the energy stored in the rotor of the motor and the
consumes current, conventionally divided in the theory of  elements of the traction power returns to the power
electrical machines [7] for the reactive component, which ~ source, causing an increase in the voltage on the filter

capacitor and the currents through the keys of the traction
© Kulagin D.O., Chernetskiy B.S., 2015 inverter voltage in excess of acceptable values [8].
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The first mode is a characteristic for the case of slow
changes in the frequency of the stator with a significant
static torque given to the motor shaft [9]. The second
mode, as a rule, emergency and requires special measures
to prevent failure of the circuit elements. This mode oc-
curs when significant primaries masses and rapid changes
of frequency inverter, which causes a sharp increase in the
slip [10]. The active component of the stator current that
is proportional to the slip increases the charge of the filter
capacitor, which leads to saturation of the motor and fur-
ther growth of the reactive component of the stator cur-
rent. During recovery in the traction system on the basis
of the Autonomous voltage inverter can distinguish four
distinct phases, as shown in Fig. 1.

iy

Fig. 1. The selection characteristic areas of traction power
in the process of recuperation:
i, — current of the inverter; i,— the active component of
the current; Uc— voltage filter capacitor; @, — frequency

In this case we assume that the variation of slip oc-
curs abruptly at time #;. Thus, the active component of the
stator current (current of the traction inverter) i, changes
sign. Then the filter capacitor capacity Cy, decreasing
charging current of the rectifier i; and the current of the
inverter i,.

The section from time #; to time instant ¢, the fair the
following system of equations:

did i 1
ol o TU (0)-U,(1)];
+Td Ld I: l(t) ‘1’(t):|’

dt
- M
U= i)

where T, — is the time constant of the filter of the DC trac-
tion Converter with an inductance;

Uy(f) — the function of changing the voltage on the fil-
ter capacitor with time;

Ui(¢) — function voltage change at the output of the
traction rectifier with time.

In most cases, part of the participation of the rectifier
in the charging of the capacitor for practical calculations
can be neglected due to the fact that the descending cur-
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rent from time #; to time #, is considerably less time no-
current pause from time instant ¢, to time instant ¢;. The
section from time ¢, until time #;, the capacitor is charged
by a current of the traction inverter. We also believe that
the slip of the motor is unchanged. Then the charging
current of the capacitor is constant. The influence of the
ripple current due to reactive energy exchange between
the windings of the traction asynchronous motor and the
capacitor, the voltage on the capacitor is neglected due to
their smallness.

Taking into account the foregoing and on the basis of
the system of expressions (2) we write the following:

1
U¢(t)=C—”t+U(~O, )
[

where U, — is the initial value of the voltage on the filter
capacitors.

From the expression (2) can determine the condition
for determining the permissible value no-current pause
T

max *
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where U ;‘*"‘ — the maximum allowable value of the volt-
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age on the filter capacitor; /™ —maximum current of the

inverter during recovery.

The section from time point #; to time point #, turns
on the traction inverter starts operation.

When installed aboard the complex electrical energy
storage it is possible to regulate the amount of current
consumed by the traction synchronous generator, enabling
a storage device in the following modes:

— the mode in which the storage device is discharged
in the traction electricity since the launch of the power
plant;

— the antialiasing mode of the current consumed by
the traction synchronous generator. In this mode, the ac-
cumulator is charged during braking electrical complex,
and when driving on the coast. The discharge drive occurs
as the electrotechnical complex of a certain current set-
point, providing a more uniform shape of the current in
the traction power supply. Given the long-standing mode
of operation, the traction power of the generator can be
obtained via the so-called free power diesel. In operation,
electrical complex each of these quantities varies continu-
ously. Additional automatic control of a diesel engine
with a power of rejecting at least one of the three quanti-
ties (power of the traction generator, the effective power
of a diesel engine or the power required for the operation
of auxiliary drives of machines and equipment), ensures
the change of the excitation of the traction generator in
such a way as to establish compliance with the specified
capacity steady-state operating conditions of electrical
engineering complex. This ensures full utilization of die-
sel engine power and not allowed to overload.

When pulling electrical engineering complex of the
traction generator consumes significant current. In such a
process to reduce the load on the generator and provide
some form of current in the traction network, it is appro-
priate to connect the drive energy.



Kulagin D.O. Published in the Journal Electrotechnic and Computer Systems

No. 19 (95), 2015 92 -94

Electrical Machine and Semiconductor Converters

Conclusions

The results of a study of energy flows circulating
through the traction inverter. The obtained results may be
used in the synthesis and development of automatic con-
trol systems, traction power model for transport and lift-
ing. When installed aboard the complex electrical energy
storage it is possible to regulate the amount of current
consumed by the traction synchronous generator, ensuring
the operations of the storage device during all modes of
operation of the traction electric drive, while providing
uniform loading of power plants and resource saving.
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