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ELECTRIC DRIVE WITH FREQUENCY-REGULATED SYNCHRONOUS MOTOR
WITH HIGH PRECISION DIGITAL SENSORS
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The article studies an electric drive with a frequency-
regulated synchronous motor. The main advantages of
synchronous motors in comparison with asynchronous
ones are listed. The current state and the growth trends
in the production of AC electric drives are considered. It
is shown that two-link frequency converters have
received the greatest application for wide-range
regulation of rotation frequency of synchronous motors.
They convert the electricity from supply network into
electricity with the required voltage, current and
frequency in two stages. This transformation is carried
out by special devices — autonomous inverters. It has
been established that the efficiency of a two-link
frequency converter is quite high and about 96,5-98,5%,
which is due to the efficiency of the power semiconductor
devices used in the key operating mode. Modern trends
in the use of voltage and current inverters are
considered. It is shown that the use of new semiconductor
devices made it possible to fundamentally change the
topology of the power circuit and the principles of
inverter control. The approach of most manufacturers to
the topology of autonomous inverters in frequency
converters is considered. The most advanced structures
(matrix and hybrid) of AC converters, which are
produced by modern industry, are considered. Based on
the analysis, it is set that high-precision, reliable and
noise-resistant digital sensors are widely used in DC and
AC electric drive systems — absolute and incremental
encoders, as well as optoelectric attached sensors for
registering distances, angles of rotation or the number of
turns — resolvers. They are used together with numerical
control systems, drives and position determination
devices. The power supply circuit for synchronous
electric motors of the main drive of the rolling stand of a
thick plate mill 3000 based on ALPSA VDM 7000
converters from ALSTOM (Converteam) is considered.
The main task of control system of the converter network
part is to regulate the voltage of the DC link. The block

diagram of the control system for the rectifier and
inverter parts of the VD 7000 converters is given.
Keywords: synchronous motor, electric drive, frequency

converter, autonomous inverter, Sensor, current
regulator, voltage regulator.
Introduction.  Three-phase  synchronous

electric motors, due to their design features and high
technical and economic performance, are
increasingly used in industry. Synchronous motors
(SM) are used in electric drives of a variety of
mechanisms with a variable load, namely, cone and
hammer crushers, ball and rod mills of mining
enterprises, pumping units, shears and saws for
metal, continuous and reversing rolling mills,
compressors, mine hoists, powerful excavators and
many other mechanisms [1, 2].

The main advantages of SM in comparison
with asynchronous (AM):

— SM, regardless of the load, is able to supply
reactive power to the network, which is the simplest
and most effective way to increase the power
coefficient of the power system;

—the static overload capacity of the SM
depends linearly on the supply voltage; when the
voltage decreases, the operation of the loaded SM is
stable, since in the SM the voltage drop in the
network has less effect on the magnitude of the
electromagnetic torque;

—SM has a high multiplicity of maximum
torque, which allows to use SM both at a constant
or smoothly changing load, and at a sharply
changing load;

— a large air gap, due to which the reliability of
SM is higher and heat removal is better;
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— SM has a higher efficiency than AM;

Thus, SM has very valuable properties.
However, they are still not widely used, since it is
believed that the SM is more expensive and more
difficult to operate.

The objective. The current state of frequency-
regulated electric drives, both in terms of the
implementation of their power base — power
frequency converters (FC), and control and
regulation tools allow to replace unregulated drives
of a large range of mechanisms (for example,
centrifugal and piston pumps, compressors, etc.),
and also makes it technically feasible to replace the
variable DC drive. In addition, it became possible to
increase unit power and overload capacity, which is
unattainable during the use of DC motors due to the
limitation on switching conditions. This makes it
possible to develop units of increased productivity.

Research results. Almost all leading electrical
companies increase the annual output of AC drives.
The production of these electric drives is predicted
to grow by 20-30%. The growth of their production
and the validity of the forecast are mainly due to two
stable trends:

—automation of production processes using
automated process control system, which involves
the use of adjustable electric drives;

—the use of energy-saving technologies in
various areas of production, which provide a
significant economic effect.

An electric drive with a frequency-regulated
synchronous motor is the most versatile and
promising regulated AC electric drive in a wide
range of power (from tens of watts to several tens of
thousands of kilowatts) and rotation speeds (from
units to 12 thousand min™' and higher). They are
performed both with synchronous motors (SM) of
traditional design (turbo and hydraulic machines)
and special design (with permanent magnets,
halopolar, etc.).

Two-link frequency converter (FC) (Fig. 1)
(the so-called systems with double energy
conversion) have received the greatest application
for wide-range regulation of the rotation frequency
of synchronous motors. Such devices convert the
electricity of the mains into electricity with the
required values of voltage, current and frequency in
two stages. At the first, with the help of a rectifier,
the current and voltage of the network with a
frequency of 50 Hz are converted into direct current
and voltage. At the second stage, direct current and
voltage are converted into alternating current, but
with new values of current, voltage and frequency
necessary to ensure the desired mode of operation
of the electric motor.
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Fig. 1. Single-line power supply circuit
of SM from a two-link FC

This transformation is carried out by special
devices — autonomous inverters. The inverter is
named autonomous because its operation is not
directly connected to the power supply network. An
autonomous inverter can work, for example, from a
battery, and not only from a mains rectifier. Despite
the imaginary cumbersomeness of such a
conversion method, the efficiency of a two-link FC
turns out to be quite high — 96,5-98,5%. This is due
to the efficiency of the applied power
semiconductor devices in the key operating mode.

The type of power semiconductor device
affects the topology of the power circuit of an
autonomous inverter and FC as a whole. Current
inverters based on capacitor-switched
SCR - thyristors are being replaced by voltage and
current inverters based on fully controlled (turned
on and off by control signals) GTO, IGCT and
SGCT - thyristors, as well as on power insulated
gate bipolar transistors — IGBT.

The use of new semiconductor devices made it
possible to fundamentally change not only the
topology of the power circuit of the inverter,
primarily ASI, but also the principles of inverter
control. For autonomous voltage inverter (AVI) and
autonomous current inverter (ACI) on fully
controlled «high-voltage switches», different pulse-
width modulation (PWM) technologies are used:
PWM with a «detector» (relay type), software PWM
with selectable suppression of higher harmonics,
multi-level PWM, PWM in combination with pulse-
amplitude modulation, etc.

The approach of most manufacturers to the
topology of autonomous inverters in FC can be
reduced to the following fundamental decisions:

— implementation of ACI on a bridge circuit on
SCR-thyristors (which are switched on by control
signals and switched off with the help of
capacitors);

— performance of ACI on fully controlled
(turned on and off by control) symmetrical
thyristors (GTO, SGCT);

— implementation of AVI with three voltage
levels (3-level) and switching to a « star » (with a
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fixed zero point or a fixed neutral (Neutral-Point
Clamped - NPC));

— implementation of AVI with four voltage
levels (4-level);

— implementation of multi-level AVI (Multi-
level).

In recent years, due to significant progress in
the creation of high-speed power semiconductor
devices, there has been a trend towards the creation
of more advanced topologies of AC converters.
These topologies primarily include matrix and
hybrid structures.

The  matrix  structure  provides  the
transformation of the AC source parameters
(amplitude and frequency) into the voltage required
to power the load, without energy accumulation in
the intermediate DC link. Such converters belong to
direct power transmission systems. The absence of
large DC link capacitors, which occupy from 30 to
50% of the inverter’s volume, allows to create
small-sized converters. Also, they can operate over
a wider temperature range and have a longer life
because there are no electrolytic capacitors that are
sensitive to high temperatures.

Speed sensors are widely used in DC and AC
drive systems. The analog tachogenerators used in
the past are now replacing more accurate, reliable
and noise-resistant digital sensors — absolute and
incremental encoders, as well as optoelectric
attached sensors for recording distances, angles of
rotation or speed — resolvers. These sensors are
produced by foreign companies such as Heidenhine,
Leine&Linde, Siemens, Hubner, Omron, Schneider
Electric, Avtron, etc. They are used together with
numerical control systems (CNC), drives and
position detection devices [3].

Let’s consider the power supply circuit for
synchronous electric motors of the main drive of the
rolling stand of a thick plate mill 3000 based on
ALPSA VDM 7000 converters from ALSTOM
(Converteam) [4, 5]. Rolls are rotated by DMMYZ
3058-16V synchronous motors from VEM motors
Gmbh with a capacity of 4600 kW each.

The inverter part of the VDM 7000 converter
is built on the basis of a three-level AVI. In the
considered example, each converter is equipped
with a rectifier / network part with the possibility of
recuperating the kinetic energy of the rotating
masses back to the network, the so-called Active
Front-End system (AFE). In other words, the
converter consists of the same modules on water-
cooled GTO — thyristors for both the inverter and
rectifier parts.

The main task of the network part control
system of converter is to regulate the voltage of the
DC link. The DC link controller calculates the task
for the active component of the consumed current,
fig. 2.

Slave internal current controller operates in
orthogonal rotating coordinate system d/q, which is
determined by the linear voltage vector. In the
context of network part control, q axis means line
voltage direction, d axis is orthogonal to it. The
power coefficient controller controls the reactive
component of the consumed current. To improve the
quality of voltage vector tracking the phase-locked
loop device is used (PLL). Some elements of the
network part control system, such as the current
consumption regulator, the PWM device and the DC
link voltage regulator are similar in nature or even
identical to those of the inverter part of the
converter, which will be described below.
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Fig. 2. Structural diagram of the control system of rectifier (a)
and inverter (b) parts of converters VD 7000
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Torque and power coefficient controller.
Depending on the amount of torque 7* required for
process, the controller calculates the task for current
ir* using the general expression of the machine

torque and the calculated flux value ¥ I

3 . 3 .
T=EZ (\Ps’dlq—TS’qld)=EZp‘PMl,, )

P

where z, —is the number of pairs of SM poles; ¥,

— is the machine flux linkage vector associated with
the third orthogonal coordinate system m/l, which is
used in the construction of the control system (the
angle o between the d and m axes is the SM load
angle).

The value i, is used to correct the power
coefficient of the inverter. In addition, the
appropriate flux linkage task value W, is

calculated depending on velocity, required torque
and power factor.

Flux and excitation current controller. The
flow of the machine is controlled in a system with

feedback according to the calculated value ‘i’M.

PWM modulation control is also included in this
block to avoid voltage saturation. The regulator
generates the task for the excitation current ig,
which is processed by the slave excitation current
regulator (excit. curr. controller). The auxiliary
control signal i, is used by the flow controller to

instantly change the machine's flow when fast
acceleration is required. In static mode, this
additional signal is equals to zero, so the power
coefficient is not degraded.

Stator current controller of SM. The stator
current controller of SM is synthesized in a rotating
orthogonal system d/q. Since the task signals from
the machine torque and flux controller are
connected to the m/l coordinate system m/l, an
intermediate  coordinate converter is used,
controlled by the restored angle value § between
the d and m axes.

Flux observer and current predictor. The flux
observer is designed to restore coordinates that are
inaccessible to direct measurement, namely the
magnetic fluxes of the machine. The Kalman filter
is used as an observer. The observer restores the flux

value ‘i’M , the flux vector of the damper winding
Wy Dy, > and also restores the load angle 5 , which is

used in other modules of the control system.

All control algorithms in the converter are
implemented in software using the C language in
specialized controller boards equipped with

TMS 320C44-60 signal processors from Texas
Instruments, which implement 32-bit floating point
arithmetic. If necessary, complex computational
algorithms can be distributed among several
controller boards. The control part and the so-called
power interface boards (unlocking / locking pulse
generators, thyristor status monitoring, etc.) are
connected using an optical fiber, which ensures
maximum data transmission speed, ideal noise
immunity, as well as safety, since this makes it
possible to completely galvanically isolate the
controller from the converter.

Conclusions. The study of an electric drive
with a frequency-regulated synchronous motor
showed that two-link frequency converters were
most widely used for wide-range control of the
rotation frequency of synchronous motors. At
present the Converteam company offers frequency
converters of the MV7000 series based on IGBT
clamping transistors with 3-level NPC topology in
the power range from 4 MW to 32 MW with a
voltage of 3,3 kV and 6.6 kV.
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Pynues €. C., Pomanuenko FO. A.,
bpoxko P. M.  EaexkTponpuBox 3  4acTOTHO-
peryJiboBaHuM CHHXPOHHUM ABUTYHOM 3
BHCOKOTOYHMMHU HM(PPOBUMHU JaTYHKAMH

\% cmammi npoeeoeHo docnidoicenns
eneKmponpusooy i3 4aCmMomHoO-pecynbo8aHUM
cunxponnum osueyrnom. Ilepepaxosani ocnogui nepesazu
CUHXDOHHUX ~OBUSYHIE NOPIGHAHO 3 ACUHXPOHHUMU.
Posenanymo cyyacnuii cman ma menoenyii 3pocmanus
BUPOOHUYMBA  eNeKMPONPUBOOIE  3MIHHO20 — CIPYMY.
Toxaszano, wo Haubinbue 3aCmocy8amts
WUPOKOOIana3oHHO20 pezynosans yacmomu
00epMaHHs CUHXPOHHUX 08USYHI8 OMPUMATU 0BOLAHKOBI
nepemeopiogaui  uacmomu. Bouu nepemsoproioms
eleKMpOoeHepilo MepediCi HCUBNICHHS 8 eNleKMmpOoeHepito
3 HeOOXIOHUMU 3HAUEHHAMU HANPY2U, CIPYMY i Yacmomu
6 0ea emanu. Ile nepemeopenns 30ilCHIOEMbCS
cneyianbHUMu npucmposamu ABMOHOMHUMU
ineepmopamu. Bcmanoenerno, wo KKJ] 0eonanxogoeo
nepemegopiogaua uacmomu Oocums eucoxkuu — 96,5-
98,5%, wo 006YMOGNEHO epeKMUBHICIIO  CUTOBUX
HanienpogiOHUKOBUX NPunadie, sKi 3aCMOCOBYIOMbCI 6
KA04080MY  pedcumi pobomu. Pozensinymo  cyyacHi
menoenyii BUKOPUCMAHHS IHGEpMOpI6 Hanpyeu ma
cmpymy.  Ilokasano, w0  BUKODUCMAHHA  HOBUX
HanienpoGiOHUKOBUX NPUIadie 003601UN0 NPUHYUNOBO
SMIHUMU MONOJNIOZII0 CUNOBOI cXeMu mMad NPUHYUNU
Kepysanms ingepmopom. Pozenauymo nioxio dinbuiocmi

BUPOOHUKIE 00 MONON02II ABMOHOMHUX THBEPMOPIE y
nepemeopiogayax uacmomu. Posensinymo Hatibinbu
O00CKOHAN cmpykmypu (mampuyna ma 2ibpuoxa)
nepemeopiosayie 3MIHHO20 CIMPYMY, SKI 8UPOOIAIOMbCS
cyuacHoio  npomucnogicmio. Ha niocmasi  ananizy
BCTNANHOBNIEHO, WO 6 CUCMEMAx eleKmponpueoois
nocmiuHo20  ma  3MIHHO20 — CMpYMY  WUPOKO
3acmoco8yomuvcs B8UCOKOMOUHI, HaOitiHi ma
3aeadocmitiki  yugposi damuuku — abcomomui ma
IHKpeMenmanvhi eHKooepu, a MmaKodic ONmoeNeKmpuyHi
oamuuxku 01 peecmpayii 6iOpi3Kie WIAXY, Kymie
nosopomy abo uucia 060pomie — pe30abeepu.
3acmocoeyroms ix pazom i3 cucmemamu YUCIO08020
NPOSPAMHO20 YNPAGHIHHA, NPUSOOAMU MA NPUCTPOIMU
BUSHAUEHHSl NONOJICEeHHS. Po3ananymo cxemy dcugneHHs
CUHXDOHHUX — eleKMPOOBUSYHIB  20JI08HO20  NPUBOOY
npoxkamuoi knimi mogcmonucmosozo cmany 3000 ua
bazi nepemeoprosauiec ALPSA VDM 7000 ¢ipmu
ALSTOM (Converteam). Ocho8HUM 3A80AHHAM CUCTHEMU
VNPABNIHHA Mepedcesoi 4acmuHu nepemeoposaid €
Pe2yNoBanHa  HAnpy2u JAHKU NOCMIUHO20 CMpyMYy.
Hasedeno cmpyxkmypny cxemy cucmemu ynpasninHs
BUNPAMHOI Ma IHBEPMOPHOI YACMUHU NepemBopro8ayis
VD 7000.

Kniouosi cnoea: CUHXPOHHUI 08U2YH,
e1eKmponpueoo, nepemeoproeay yacmomu,
ABMOHOMHULL THBEPMOp, OAMUUK, De2YIAMOp CMPYMY,
peaynsamop Hanpyau.
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