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The given research paper sees into AC energy saving electric drive control system, based on current inver-
ter with a relay regulator of stator current. Application field of this system is lifting and handling machines and
also special purpose industrial vehicles. Using recent hardware components, which provides new control algo-
rithms application, extends electric drive control system functionality and advances energy loss enhancement.
Frequency converter with self-commutated current inverter (SCSI) based on IGBT-transistors contains addi-
tional cutting diodes and buffer condenser blocks is developed and researched. Frequency converter ensures
a near-sinusoidal output voltage curve form. Researches of designed AC electric drive control systems were
performed, comprising analytic survey and mathematic simulation. Analytic surveys and simulation results con-
firm and show that control system meets specified requirements and is high-performance power system.
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Introduction

Using variable-frequency AC electric drives on
general and special purpose industrial vehicles, for
example, in metallurgy, brings about a considerable
energy saving effect and functionality enhancement.

Asynchronous electric drive systems equipped
with frequency converters (FC) based on self-
commutated voltage inverters (SCVIs) have currently
become most widespread in low and average power
vehicles. However, an electric drive supply voltage
rippling is considered to be one of the main drawbacks
of above mentioned inverters. As a rule, FCs based on
self-commutated current inverters (SCCls) are used in
high-power electric drives [1]. Improvement of FCs
based on SCClIs due to replacing of conventional thy-
ristors with high-frequency switchers provides the
following advantages in comparison with FCs based
on SCVIs:

— elimination of additional recuperation blocks;

—loss reduction and electric drive lifetime in-
crease due to high quality of power supply provided at
3—-4 kHz frequency of the inverter switcher commuta-
tion [2, 3].

The given research paper sees into a new type of
a frequency converter based on power IGBT transis-
tors with a relay current regulator which provides
supply voltage quality improvement for AC variable-
frequency control electric drives.

Control system description

To develop a current inverter, a conventional
IGBT transistor bridged with a bypass diode, and a
cutting diode in series (Fig. 1) can be used as a gate-
controlled element with unilateral conductivity. Using
a cutting diode (D) enables the three-phase inverter to

avoid flow of instant values of compensating currents
via the bypass diodes.

N —

Fig.1. IGBT transistor connected
in series with cutting diode

The power circuit of a frequency converter with a
self-commutated current inverter contains additional
cutting diodes (CD) in series with IGBT transistors
(TB), and additional buffer condenser blocks (BCB).
The condenser battery (CB) is connected to inverter
ports. Fig. 2 shows AC electric drive control system
with frequency converter (FC) based on self-
commutated current inverter (SCCI) equipped with
relay current regulator (RCR).

In variable-frequency control systems of AC
electric drive with the relay current regulator, instan-
taneous phase current values of a stator are formed,
with these signals being compared with the measured
values of these currents from current sensors (CS),
and in case if difference of currents exceeds its thre-
shold value the relay regulator activates a correspond-
ing arm of circuit. The flowchart of the on-off hystere-
sis regulator of current is given below (Fig. 3).

The basic principle behind the electric drive work
is as follows. Amplitude /, and frequency f; of the
electric motor current are converted by a signal con-
verter into three sinusoidal signals i ,, iz, i cor-

respondingly according to the given equations:

44

BecTtHuk KOYpl'Y. Cepus «dHepreTukar



Mewepsikoe B.H., Boekoe B.H. lMocmpoeHue cucmemsbl ynpassieHusi MeHO8EHHbIMU 3Ha4YeHUsIMU

moKa cmamopa 8 3nekmponpueode nepemMeHHO20 MmokKa

N N CDB
_>Id_fW\/°\ BCB
Y ¥ ¥l
el CB
NG IEINE: |V
‘ CR L%} Cs
Power line E (
NINSINE
r _T‘_I
cs iV v v ,_,_1__1_;
I < ilaa ilb ) ilc
d CDB
iy PPRC |Uy
MB
i
cu -
i'la I

o ¢ . % i
. o scu>
| '63’@ ]

Fig. 2. A block diagram of an AC electric drive with FC based on CSI equipped with a relay current regu-

lator (RCR). SCCI - self-commutated current inverter; CDB - cutting diode block; SCU — switchers con-

trol unit; CR — controlled rectifier; TB — transistors block; CS — current sensors; CB — condenser battery;
BCB - buffer condenser blocks; CU — conversion unit; MB — multiplication block; ACM — AC motor

The above mentioned sinusoidal signals for phase

i 3 . . . . .
i = 1y sin(2nf; -1); currents of the electric motor #,, i/g, i reach the

input terminals of the relay regulators (RR), where the

i’ =1 sin| 2nf, - t+2_n . 1 difference between preset and actual magnitude of
1B 1 fl > ( )
3 instantaneous phase currents Aj; 4, Afjz, Aijo is given:
. 2n . v s
e =1, SlH(ZTCf] -t—?j, Ay g = Alyy =i g5
h he eiven ti Aiyp = Nijg —ijp; ()
where ¢ — the given time. . . .
g Aijo = Aij- —ijc.
" _ 7 | The current status of the output terminals of relay
- W» \alll - regulators Qy, Op, Oc is determined by the following
- Jg_ _é fy algorithm:
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0, =1 ecnu Ai 4 25; 0, =0, ecnu A 4 SE;
I*p N EL A RN . h . h
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e |y Diic ;—y—]’f 75 where & — modulus of hysteresis, which is assumed to
£y be 0,5 % from the amplitude of the rated current of the
Le Jr—é > electric motor.

Fig. 3. The on-off hysteresis regulator

High and low bound values of the current limi-
ting the magnitude of the current of each correspon-
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ding phase of the electric motor at any arbitrary mo-
ment of time are determined on the basis of the modu-
lus of hysteresis.

On getting the current signal /; the multiplier unit

generates the direct current magnitude i; . A propor-

tional-plus-integral action controller maintains the cur-
rent magnitude i; proportional to the current signal /;.

The relay current regulator produces an actuating
signal received by the current inverter, the power out-
put terminals of the latter being connected to the stator
windings of the asynchronous drive. The internal con-
tour of degeneration feedback of the stator current is
formed applying a relay current regulator and current
sensors in each phase correspondingly. This type of
contour supports high precision of a given instanta-
neous phase current value maintenance of the stator in
case if high commutation frequency is provided. The
characteristic feature of a system based on a self-
commutated current inverter is an invariable current
flow through the power load.

Current flow circuits in inverter components are
shown below. Fig. 4a illustrates the way of instant
current values distribution in inverter switchers, with
one top switcher open in phase b, and two bottom
ones open in phases a and c¢. When switching the
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regulator of current in phase a, the bottom switcher of
this phase interrupts the circuit while the top one
opens (Fig. 4b). In this case phase a capacitive current
consumed by the filtering condenser battery, and its
direct current are commensurable quantities. There-
fore, when currents in the two considered phases are
of the same polarity, the circuit in phase b formed by a
current curve is interrupted, because [, =i, +ip,
where i, — current in an inverter phase a, i, — current
in an inverter phase b and, as it is noted above,
i, =1, then i, — 0. As a result smoothness of cur-

rent components in the inverter phases gets broken
(Fig. 5).

The characteristic functioning feature of a self-
commutated current inverter with a relay current regu-
lator is commutation frequency instability during the
main current harmonica formation. A switcher fre-
quency commutation increase results in a condenser
battery consumption increase of a blind current. In this
case [, current value is too low to maintain the de-

manded value of output current in the inverter phase
(Fig. 5). To overcome the problem the 7, current value

is intentionally raised by 5-7 %, with the inverter
switcher frequency commutation slightly increasing,
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Fig. 5. Inverter output current curve with line disturbances

for one phase with I, value insufficiency

46

BecTtHuk KOYpl'Y. Cepus «dHepreTukar



Mewepsikoe B.H., Boekoe B.H.

MocmpoeHue cucmembl yrnpaeseHusi M2HO8eHHbLIMU 3HaYeHUSIMU

moKa cmamopa 8 anekmponpueode nepemMeHHO20 MmokKa

ALA
900t

800
700,
600
500
400
300+
200+
100+

t,c

-1001
200+
-3001
400+
-5001
600+
-7001
8001
9001

0 8.00m.01d.019.020{025.03.035.00|045.05].055.060,069.07. 075080 085.09] 095 0.1

Fig. 6. Inverter output current curve in good functioning
variable-frequency control system based on SCCI

but the preset value of the coefficient of nonlinear
output current sinusoidal distortions of the inverter
ensured.

Buffer condensers (BCB) are used as additional
source of the deficiency phase make up supply that
improves the smoothness component of the output
currents of the supplying electric drive inverter
(Fig. 6). Oscillatory character of the output current
high-frequency component can be accounted to energy
exchange between the electric drive stator winding
and the condenser battery (CB) filtering high-
frequency components of currents at the frequency
converter outputs, and also to the phases mutual influ-
ence at commutation. After opening one of the next
inverter switchers, the buffer condensers (BBK) are
charged ensuring current flow in all inverter activated
phases.

Additional cutting diodes (DB) prevent the buffer
condensers discharge on the other two inverter phases.
Introducing buffer condensers into an inverter allows
avoiding current smoothness component interruption
in inverter phases, that improves the stator current
curve form (Fig. 6).

The equivalent transfer function of the contour
with a relay regulator can be described by an aperiodic
link with a fast time constant [4].

The noncompensated time constant 7, is ac-

cepted to be the value inversely proportional to the fre-
quency of Pulse-Width-Modulator (PWM) comparison
operation. This frequency depends on the module of the
hysteresis, with the latter being estimated in accordance

with stator current maintenance precision and stability
of the control system functioning, as follows:

V2[IH

= ) 4
100 @
where — effective stator current rated value
1
I =——=0,0003s. 5
" 3000 )

The contour in question supports high precision
of a given instantaneous phase current value mainten-
ance of the stator which is defined by the preset ac-
ceptable value of a current deviation A (applied
A =0,05) and fast response. The transfer function of
the closed loop can be described as follows:

I
Wer () =7
n

(6)

Conclusion

The considered control system of instantaneous
stator current values ensures a near-sinusoidal output
voltage curve form.

The system presented can be integrated into a
standard variable-frequency control system of an AC
electric drive, for example, into a system with an ex-
ternal contour of speed regulation.

The considered frequency converter based on a
self-commutated current inverter with a relay current
regulator makes it possible to develop a close-loop
two-channel frequency control system of an asyn-
chronous drive with speed and torque regulating, pro-
viding energy saving electric drive behavior.
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NMOCTPOEHUE CUCTEMbI YINPABJIEHUA
MIrHOBEHHbIMU 3HAYEHUAMU TOKA CTATOPA
B SJIEKTPONPUBOAE NEPEMEHHOIO TOKA

B.H. Mewepsikos, B.H. Boekoe

OOBEKTOM HCCIIEAOBAHUS SIBIIETCSI SHEprocOeperaromniasi CHCTeMa YacTOTHOTO YIPABJICHUS IBUTaTENIeM Iie-
PEMEHHOTO TOKa, BHITONHEHHAsI HA 0a3e MHBEPTOPA TOKA C PEJICHHBIMH pEryiasaTopaMi Toka craropa. Obmacts
TIPUMEHCHUS — MOABEMHO-TPAHCIIOPTHOE 000pYyAOBaHME, a TAKKe MEXaHM3MBI IUKIMYECKOTO AEHCTBUS 0OIme-
MPOMBIIIIEHHOTO Ha3HaueHus. [IpuMeHeHne COBpeMEHHOM AJIEeMEHTHOM 0a3bl, MO3BOJLSIOIICH HCIIOIb30BaTh HO-
BBIC QJITOPUTMBI YIPABIICHUS, PacIIUpseT (yHKINOHAIBHBIE BOBMOXKHOCTH CHCTEM YyIpaBJIeHHUs IBUTaTeIeM Iie-
PEMEHHOTO TOKa 1 IIOMOTaeT JOOUThCs SHeprocoepexenns. Pa3paboTtaH n ucciaenoBaH NpeoObpa3oBaTeb YaCTOTE
¢ aBTOHOMHBIM HHBepTOpoM Toka (AWT) Ha 6a3e IGBT-TpaH3uCTOPOB ¢ AOMOTHUTEIEHBIMEA OTCEKAIOIUMH JIHO-
namu U Oy(epHBIMH KOHJEHCaTopaMu. JTOT IpeoOpa3oBaTellb MO3BOJSCT MOJIYYUTh BBIXOTHOE HalpsDKEHHE,
61m3K0e K cuHyconaabHOMY. [IpoBeaeH KOMITIEKC UCCIIeJOBaHHI pa3paOOTaHHBIX CUCTEM YIIPABIICHUS ABUraTe-
JIeM TIepeMeHHOro Toka. OHM BKIIIOYAIOT B ce0sl aHAINTHYECKHE MCCISIOBAHNS M MAaTeMaTHIeCcKOe MOIeINpOBa-
HHe. Pe3ynpTaTel MO#ENMPOBAaHKS COBIAJAIOT C AHAIUTHYESCKUMH HCCIICOBAHISAMI U TIOKA3bIBAIOT, YTO CHCTEMA
COOTBETCTBYET MPEIbABISIEMBIM TPEOOBAHHMM M 00J1a1a€T YTyUIICHHBIMH SHEPTeTHUECKIMHE TI0Ka3aTeIISIMH.

Kntouesvle cnosa: snekmponpugoo nepemenno2o moxa, agmoHOMHbI UHBEPMOP MOKA, Pelelinblil pe2yns-
mop moka, cucmema ynpagieHus, npeoopazosamenv 4acmomol.
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