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Abstract:

In this article, features of using bridge converter circuits to control AC motors in railway automation
computer systems are discussed. Special attention is paid to evaluating the efficiency of converter
circuits. It is shown that utilizing low-frequency operation modes of power switches can significantly
increase converter efficiency as part of the coupling devices. A technical solution is proposed for
implementing five-wire AC motor control circuits consisting of a five-phase bridge conversion circuit.
A brief overview of the modern element base used to construct inverters is provided, along with an
assessment of electronic components from the perspective of analogous device selection potential.
Additionally, the use of electromagnetic relays as functional converters is considered, providing

increased reliability and electrical safety.

Keywords: functional converter; electric drive; three-phase asynchronous motor; safe control; inverter;
bridge circuit; efficiency; pulse width modulation; transistors with isolated gate; small-sized relays;

mechanical circuit opening.

1. INTRODUCTION
The management of floor objects in computer systems for railway automation requires the use

of special interface devices which have an asymmetric failure characteristic. Such devices can be
created based on elements with an asymmetric failure, with electromagnetic relays of the first
reliability class most often considered as candidates. However, a more technologically advanced
solution is the use of contactless circuits utilizing a semiconductor element base. Safety in this case is
ensured through one of two methods:

1) The use of functional converters with an asymmetric failure, allowing activation of the

executive object only when the semiconductor elements are confirmed to be in dynamic operation;
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2) Periodic checks on the functionality of the semiconductor switches, with disconnection of

power from the executive objects in case failure is detected.

2. BASIC PART
In modern converter circuits for capacities up to several tens of kilowatts, field-effect transistors

with an Isolated Gate or Isolated Gate Bipolar Transistors (IGBTs) are used as switching devices. The
main advantage of transistors with an isolated gate is their insignificant power consumption from the
source of control signals. This makes it possible to use relatively simple circuit solutions for the
formation of control signals which are implemented, as a rule, in microelectronic design. When
developing converters for electric drives, it is preferable to use IGBT transistors. These transistors
combine the positive qualities of field and bipolar devices and, at operating voltage values of the order
of several hundred volts, have a smaller static loss than that of MOSFETs. The diodes connected in
parallel to the transistors are designed to recover the energy stored in the inductive component of the
converter load. These diodes, as a rule, are part of modern power transistors designed for use in

converter circuits.
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It should be noted that converters are often performed in the form of micro assemblies that
include the necessary set of power components [6] and not on individual transistors. In some cases,
such micro assemblies include control signal generation circuits and converter protection circuits for
use during emergency operation. Such micro assemblies are commonly referred to as Intellectual Power
Modules (IPM). The use of IPMs instead of individual transistors and microcircuits is a progressive
option, since it simplifies product circuitry and reduces dimensions. However, it is necessary to
consider that presently the design and circuit layouts within these micro assemblies are not
standardized. This factor significantly complicates the process of selecting analogous power elements

for the converters. Therefore, according to the authors, the use of separate power switches remains
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relevant as it reduces developer dependence on specific electronic component manufacturers’ products.
Theoretically, the control signals for the power switches of a three-phase bridge converter can be
generated by the computing means of the automation system. However, in practice it is preferable to
utilize a separate control signal generator. This can be explained in terms of improving computing
efficiency within the system, as well as mitigating damage to power components in case of malfunctions
in the control computing complex operations. Previously, transistor and microelectronic circuits with
"rigid logic" were utilized to construct such generators. Nowadays, microcontrollers are leveraged for
this same purpose significantly simplifying circuit solutions, enabling advanced operating algorithms
and facilitating easy reconfiguration of control signal timing parameters without hardware changes.
Safe control of the generator can be provided through various methods—for example, by supplying
power to the generator from a low-power functional converter with an asymmetric failure operating

under the influence of dynamic signals from the control computing complex.
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Developing railway automation systems necessitates highly reliable equipment, with hardware
redundancy being one of the ways to improve reliability. When reserving interface devices, it is
necessary to consider that the outputs of the main and backup sets of equipment are essentially
combined with each other since they work on the same outdoor objects. This negatively impacts the
efficiency of redundancy, since failure of one equipment set can affect the performance of another set.
To alleviate this influence, a preferred approach involves the mechanical opening of the output circuit
in presently unused hardware. Furthermore, mechanically opening the circuit can serve as an
independent method of enhancing the reliability of equipment subjected to overvoltage from cable
lines connecting interface devices and executive objects. Finally, the use of mechanical opening is an
effective method of ensuring electrical safety for service personnel. This holds particularly true when
transformers are absent at the output of power circuits. In the event of power switch failures, the
appearance of a constant voltage hazardous to humans on cable network elements and floor objects

becomes a potential concern.
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The only method of implementing mechanical circuit breaking is the use of electromagnetic
relays or similar devices (for example, contactors). In the presence of a functional converter with an
asymmetric failure, there is no need to use relays that meet the requirements of the first class of
reliability. Widely distributed and inexpensive small-sized relays designed for mounting on a printed
circuit board can be used. The only requirement for these relays being their contact system is designed
for the operating current flowing in the circuit of the measuring object. The control of these relays
should be implemented in such a way that the relay is switched on before the converter starts working
and the switch—off is after the end of the converter circuit. This will allow the relay to operate in
switching mode at zero current, thereby eliminating the formation of an arc and sparking at the
contacts. As a result, the service life of the relay will correspond to its mechanical resource, which is
usually much longer than the electrical resource of the relay at rated load. Therefore, in most cases, the
relay resource will not be a limiting factor in determining the service life of equipment. Thus, the use
of electro-magnetic relays as part of interface devices based on functional converters can be considered
appropriate, since this contributes to increased reliability and electrical safety. At the same time, the
term "contactless interface device" will have a relative character and mean that the semiconductor
element base in such devices ensures control safety and takes on the task of switching the operating

current in the circuit, eliminating the main disadvantages of traditional relay circuits.

3. CONCLUSIONS
One of the most important criteria for the efficiency of interface devices based on functional converters

used for high-power loads, such as electric drive motors, is the efficiency coefficient. In order to achieve
a higher efficiency as well as improved weight and size parameters, such technical solutions should be
chosen that do not require the use of transformers and avoid high switching frequencies of the
switching elements. Accordingly, bridged conversion schemes are the most suitable solution. One
example of a practical implementation of this concept is the safe coupling equipment for controlling
AC switch drives in the MPC-MPX system.

The use of PWM, which provides for a high switching frequency of switching elements, should not be
an end in itself for the developer. Rather, using PWM is only justified when truly required for specific
tasks—such as voltage scaling or ensuring operation of elements sensitive to the form of the alternating

voltage.

The use of bridge converters provides extensive possibilities for implementing multi-wire motor
control schemes. This is especially important for controlling electromechanical hitching drives on

subways, which require separate wires for different operational zones
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MopepHusanusa QyHKI[MOHATBHBIX IIpeoOpa3oBaTesie, MCIOIb3yeMBIX JJIA YIIPaBIeHUA

3JIEKTPOIIPUBOZIAMH
M.W. Yanaaze, A.A. lyagya, M.M. Ilanackupu, I11.3. Jlomcaaze, I'M.T'enennzse.

Pestome: Opaym u3 BaxHeHmMUX KpuTepreB 3bGeKTUBHOCTU YCTPOICTB CONPaskeHH A Ha OCHOBe
GbYHKIIMOHAIBHBIX ITpeoOpa3oBaTesiell, HCIIOIb3yeMbIX [T MOLIHBIX HATPY30K, TAKUX KaK
3JIEKTPOABUTATENN IPUBOJIA, ABIAeTCA KO3bdUIINEeHT MoIe3Horo AeiicTBus. [I1a ocTimkeHNS
BrIicokoro ypoBH:A KIIJI (sbdexkTuBHOCTH) U yIydIIeHNA MacCOrabapUTHBIX II0Ka3aTeseil caesyer
BBIOMPATh TeXHUYECKHe pelleHNs, He TpeOyroliye NCIOIb30BaHIA TPaHCHOPMATOPOB, U 130eraTh
BBICOKOM 9aCTOTHI IIepeKTIOUeHNA KOMMYTallHOHHBIX 3IeMeHTOB. B cooTBeTCcTBHU € 3TUM Hauboiee
HOJXOAAIIMM PellleHUeM SIBJISIOTCA MOCTOBbIE CXeMbI IpeoOpasoBaHua. OJHUM U3 IPUMEPOB
IPaKTUYECKOH peau3alliy STOH KOHIEIIINY IBIIeTCs 000pyAoBaHNe 0e30I1aCHOTO COeITUHEHUS I
yIpaBIeHusA IPUBOJAMU BBIKIIOUaTesneil nepemenHoro Toka B cucreme MIIC-MIIK. Vicnosrs3oBanue
IMM, obecmeunBaroniero BBICOKYIO 9aCTOTY IepeKTIoueHNa KOMMYTUPYIOIINX 9JIeMeHTOB, He
TOJDKHO OBITH CAMOIIEJIBIO /I pa3pabOTYMKaA U OIIPABIAHO TOABKO B TeX CIy4adx, KOTZA 3TO
IeCTBUTEIPHO HeOOXOA MO /I pellleH!A KOHKPeTHBIX 33/ja4: HallpuMep, MacIITabMpOBaHHA
HAIpsKeHUA WIN obecIieyeHUs paboThI 5JIEMEHTOB, YyBCTBUTEIBHBIX K (hOpMe ITepeMeHHOTO
HaIpsDKeHHe.

Vicnorp3oBaHMe MOCTOBBIX IIpeoOpa3oBaTesieil OTKPhIBAaeT IUPOKKIE BO3MOXHOCTH I

pean3anyi MHOTOIIPOBOAHBIX CXE€M YIIpABI€HHA ABUTATE/IIAMU, YTO 0COOEHHO BaXXHO IIipu
YIIpaBJI€EHUH 3JIEKTPOMEXdHUIE€CKHNMH IIPHUBOIdMH dBTOCTOIId B METPO, I'/l€ TPE6YIOTC}I OTAeJIbHbIEe

IIPOBOZA AJIA Pa3TUYHBIX YYaCTKOB pabOTHI
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