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Abstract

There has been a new current-source in-
verter (CSI)-fed induction motor drive de-
veloped, designed and put into practice by
a project headed by the authors. Under dis-
continuous current conduction the revolving
magnetic field can be maintained in a con-
tinuous way by the new electronic control.
The pattern of the revolving magnetic field
plays a great role in the favourable perfor-
mances of the drive, thus computer-aided
design of the new drive is based on equi-
valent circuits, space-phasor presentations
and it incorporates the current-phasor
dancing plus significant characteristics as
well. New equation has been developed parti-
cularly for CSI-fed, reactor-less induction
motor drive in order %o present the behaviour
of magretic flux.

Introduction

There is the advent of variable-speed
induction motor drives in industry taking
the excellent performances of Csl-fed in-
duction motor drives into account. The first
product of the new and patented drive was
exhibited at Budapest International Fair in
May 1988. There are 4 closed-loop electronic
controls working simultaneously such as
speed control with subordinate current con-
trol, slip-Ffrequency and torque-angle con-
trol as well.
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Fig. 1. Equivalent circuit for magnetic flux
of induction motor
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Fig. 2. Equivalent circuit of induction mo-
tor both for fundamental and harmo-
nics (transformed circuit)
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Due to the advanced control electronics,
reactor is not needed in the d-c link, re-
volving magnetic field can exist continuous-
ly, 4-gquadrant operation, emergy-saving cha-
racter, minimised current-input are also
provided.

The. revolving magnetic field contributes
to the aignificant performance of the drive,
thus it is being kept in the focus of scien-
tific interest.

Equivalent circuit for magnetic flux of
induction motor

The operation of induction motor can be
described by the following equations keeping
in mind that voltage, current and flux are
presented in spgﬁf-phasor form:

u, = f R + + w q;
s ——+ ] @,
_ . d¥ :
u, = 1R+ 3 + j(w, -w) ¥
Y= ib+ L,
q; = i Lm + lrLr
where

stator voltage space phasor

rotor voltage space phasor

~ stator current space phasor

-~ rotor current space phésor

- stator resistance

- rotor resistance

- stator flux linkage space phasor

- rotor flux linkage space phasor

- angular frequency of Frequency comverter
- protor angular speed in electric degrees
- stator inductance

- magnetizing shunt branch inductance

- rotor inductance
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Fig. 3. The contribution of magnetic flux to
torque development
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Fig.4. Block-diagram of current-source inverter-fed induction motor with chopper in the d-c
link, provided with electronic logic for field stepping of 30/60 degrees

CFP - Converter Firing Pulse,

CISU ~ Converter=Inverter Synchronizing Unit, CR - Current

Re?ulator/COntrol Unit, CTFL - converter Thyristors Firing Logic, CHFP - Chopper Firing
Pu

se, 1 = current control signal, Ie - current error signal, 1
ICTFL - Inverter~Chopper Thyristors Firing ngic, IFP - Inverter Firing
PH - Phase Angle Switch for Field Stepping of 30/60 degrees,

principal signal,
Pulse, IM - Induction Motor,

~ current reference or

REC - Reversal Code, RFS5 - Rotor Freguency Signal Generator Unit, RR - r.p.m. control/re-

gulator, RSPC - Reference Signal Pro
T - motor torque, T - load torque,

signal, B - torque angle, ¥ = 30/60 degrees,
signal proportional to speed, f, - digital

digital signal proportional bo rotor frequency, f

ucing Circuit, 5SM - Synchronous Signal from Mains,
SPS - Speed Sensor. --- a- firing angle adjusting
field atepping electronic logic, f - digital
signal proportional to synchronous speed,

f. -
- digital signal proportional to reference

signal, n - actual speed in r.p.m., ng - r.p.m. ebror signal, np = r-pem. reference signal.

Based on the equations presented on
the previous page the equivaTent circuit
for the magnetic flux of an induction motor
can be constructed (Fig.l.). The equivalent
circuit of an induction motor which is
suitable both for the fundamental and the
harmonic components (Fig.2.) will be avail-
"able by the transformation of the flux
equivalent circuit assuming that (L. - L,)=

of 60 degress. (a) ideal diagram, (
oscilloscope record at 50 r.p.m.,
50% load

Fig.5. Current space phasor by field stemﬁg%

=L¥ must be zero. Substituting the fundamental
qaantities_by a source-voltage of a voltage
generator U and taking the transient induc~
tance of an induction motor into account,

we obtain the magnetic flux from Fig.2. as

-— — - — , di
IP= (US—IR)dt= (U-I'L—-a-E-)dt
current-source inverters can be considered
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Fig.6. Current spoce phasor by field steppin
of 30 degrees. (a) ideal diagram, (ﬁ%
oscilloscope record at 50 r.p.m.,
50% load
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Fig.8. Development of resultant flux deri- 5
vative taking equivalent circuit into =
account [ 1Y 1T, p—= 1 |5&]
harmonic sources viewed from the induction N ! Y
motor. Torque load must be balanced by the |T - T > AT
vectorial product of flux and current vectors
(Fig.3.) T= ¥x1 |
Electronic control can transmit _the same I T, T, - Aa I 7 ]
torque by various torque angle p and it can T
be influenced by f., hence
tan =k f - | -
b o 'r I - i(t), i lsl
Electronic control equipment rotates the mo- I
tor at the required speed and the load must v
be taken up by the mobtor. I —— ua(t), uﬂ ! 9 ]
- (]
D-C link (Fig.4.) has neither reactor
nor capacitor, the currents carrying in the I e "?V(t), W IIO l
stator windings are oriented b}; chopper and = []
electronic control ensures continuous current L : .
conduction. Current compulsions are imple- /)/ Results to be pr‘iq‘tey
gented bz field stepping of 30 or 60 degrees v [} ) N
ve to the fact that the motor terminals are < e 4 >
connected to the mains through the converter Is modification required?

and the inverter.

) .. . Fig.9. Flow chart
The magnetic flux created in induction for computation of
motor can be treated by space phasors which revolving mag-
are derived from current space phasors (Fig. netic Field
5. and 6.). '
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The flux in phase "a” can be computed by the equation developed for this project as

£,(360°-8)
.Y _j(3+£2;f§) 60° .
%(t) = Z . Re [er Yo [UMmSin(600+a+nA§) AL - Uso+aUCH:| S )}
¥ 5 n=0
o

where k denotes the valués belqnging to the values of the actual "m" such as -1, 0, 1, 2, 3,
4, 5, then a is a constant taking the chopper into account, U is the chopper voltage and
Al means tFe sampling angle of the mains. To solve the equation flow chart is presented in
Fig.9.

Space phasors and time functions of magnetic Fflux plotted by computer
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Space phasor Time function Space phasor Time function
20% load Rated load

Oscilloscope records

Field Sstepping of Field Sstepping of
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Flux space phasors Flux space phasors
Small load 50% load
50 r.p.m. 50 r.p.m.
Flux versus time functions Flux versus time functions
Small load 50% load
50 r.p.m. 50 r.p.m.
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