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Abstract:This paper presents a discrete space vector
modulation (DSVM) algorithm based vector controlled
induction motor drive for reduced torque and current
ripples in steady state. The classical vector control
algorithm gives good transient and steady state response.
But, the complexity involved in the classical vector control
is more due to the reference frame transformations. To
reduce the complexity, later direct torque control hasbeen
developed.But,itgiveslargesteadystateripple.Hence,to
overcomethedrawbacksofvectoranddirecttorquecontrol
algorithms, a simple and novel vector control algorithm is
proposed in this paper. The proposed algorithm combines
the principles of both control algorithms. The reference
currents are calculated based on the vector control. Then,
the current error signals will be generated by comparing
the actual and reference currents. By using the current
error signals, sector information and lookup table, a
suitable voltage vector is selected in order to keep the
current errors within the hysteresis bands as per the
principle of direct torque control. In the proposed
algorithm, a 5-level hysteresis controller is used forg-axis
current and 2-level hysteresis controller is used for d-axis
current. To validate the proposed lookup tables based
vectorcontrolalgorithm,numericalsimulationstudieshave
been carried out and compared. The results show the
effectiveness of the proposedalgorithm.

Keywords:discretespacevectormodulation,lookuptable,
induction motor drive, vectorcontrol.

1. Introduction

The induction motors are becoming popular in
adjustable speed drive applications due to their
numerous advantages. In order to control the induction
motor similar to that of a separately excited dc motor,
the field oriented control (FOC) or vector control
algorithm was developed in 1971 by Blaschke [1]. The
discovery of FOC brought revitalization in the field of
high performance ac drives. Later, so many
developments were proposed for FOC as discussed in
[2]-[4]. Though, the FOC gives good dynamic and
steady state response, the complexity involved is more
due to the reference frame transformations.

To reduce the complexity involved in vector control

algorithm, Takahashi proposed direct torque control
(DTC) algorithm for induction motor drives [5]. The
DTC is simple for the real time implementation and it
directly regulates the both torque and flux. In the DTC,
in order to maintain the magnitudes of torque and flux
errors within the hysteresis bands, a suitable voltage
vector is selected by using the outputs of hysteresis
comparators and lookup table. A detailed comparison
between FOC and DTC was given in [6]. Though, the
DTC gives good transient performance, it gives large
steady state ripples in torque, flux and current during
the steady state operation.

The classical DTC uses only limited number of
voltage vectors in each sector, which leads to more
ripple in steady state. Hence, to reduce the steady state
ripple, a 12-sector based DTC was proposed in [7]. For
the reduction of ripple further, a discrete space vector
modulation (DSVM) algorithm has been proposed for
DTC in [8]-[9]. The DSVM technique uses three
voltage vectors in each sampling time interval. To
reduce the complexity involved in the current
controlled algorithms, a simple and novel lookup table
based approach has been developed in[10].

To overcome the demerits of both FOC and DTC,
the proposed algorithm combines the principles of both
DTC and FOC. In the proposed vector control
algorithm, the d-axis and g-axis reference currents are
generated based on the principles of vector control.
Then, by comparing the actual and reference currents,
current error signals are generated. In order to reduce
the steady state ripple, the proposed vector control
algorithm uses DSVM technique. In the DSVM
algorithm, a 5-level hysteresis controller is used for g-
axis current loop and a 2-level hysteresis comparator is
used for d-axis current loop. Based on the outputs of
hysteresis comparators, speed and sector information,
the DSVM algorithm selects a suitable voltage vector
in order to maintain the errors within the specified
limits.

2. Proposed VectorControl

The electromagnetic torque of a three-phase

induction motor can be expressed as
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where 6is the angle between A, and is. From (1), it

can be concluded that the T, can be changed by
changing the 6. Hence, fast torque control can be
achieved by changing &in the required direction. As
the rotor inertia is more, the rotor flux is almost
constant for a short time interval. Hence, the torque can
be controlled by varying the stator current vector ( iy )
in the required direction, according to the reference
torque. By ignoring the stator resistance drop, the stator
\éoltagecanbeexpressedasgivenin(2).

[// —

d tvs=—S (@)

The stator flux linkage vector of an induction motor
,can be expressed as in(3)
oL L
Ws =Lsis +_m¢'r— 4 3)
L Lr
For short time interval, by assuming the y; as constant,

the stator voltage expression can be simplified as
follows:

dy [ — 2Mdidi - -
Ve sy mas 08 (@)
d [ Leg dt

where ¢ is the leakage coefficient of induction motor.
For a short time interval of At , the stator current vector
can be oiatained from (4) as

A= Vs At ®)

S
Thus, the stator current vector moves by Aig in the
direction of the stator voltage vector at a speed
proportional to magnitude of voltage vector. By
selecting a suitable voltage vector it is then possible to
change the stator current in the required manner.

Decoupled control can be achieved by acting on i_dS and
igscomponents of the stator current vector. The
movement of stator current vector can be represented

as shown in Fig. 1. This is the basic principle of
proposed vector control technique.

Movement with active forward
vector

Stops with zero vectors

Movement with active
backwardvector

Rotatescontinuously

_____________________.»

Fig. 1 movement of stator current vector under the
influence of voltage vectors

The block diagram for the proposed vector  control

algorithm is as shown in Fig. 2. The reference currents,
which are at synchronously rotating reference frame,
are generated by using the principle of classical vector
control. Then, by comparing the reference currents and
actual currents, the current error signals are generated.
These error signals are the inputs to the two hysteresis
comparators. Based on the digitized outputs that are
generated from hysteresis comparators and sector
information, suitable voltage vector is selected from the
lookup table so as to keep the current error signals
within the specified limits.

Fig. 2 Block diagram of proposed vector controlle% induction motor drive



International Journal of Research

International Journal of Research

Available at https://edupediapublications.org/journals

p-1SSN: 2348-6848
e-1SSN: 2348-795X

i
’/é#::.'
e

Volume 03 Issue 12
August 2016

3. ProposedDiscreteSpaceVectorModulation

The classical vector control algorithm gives more
harmonic distortion and also more complex for real
time implementation. To reduce the complexity and
harmonic distortion the discrete space vector
modulation (DSVM) technique is proposed for the
proposed vector control. The proposed DSVM [8]-[9]
uses a two-level hysteresis controller for d-axis current
loop (DHC) similar to that of classical DTC algorithm
and five-level hysteresis comparator for g-axis current
loop. The DSVM technique uses a standard voltage
source inverter and synthesizes a higher number of
voltage vectors than those used in classical DTC
algorithm. In the DSVM technique, each sampling time
interval is divided into ‘k” equal time intervals and any
one of the voltage vector is applied in each sub-
interval. The number of voltage vectors that produced
is directly proportional to ‘k’. if the number of sub-
intervals is more, then the complexity involved in
constructing the switching table is also more. A good
compromise between the errors compensation and the
complexity of the switching tables is achieved by
choosing k=3 [8]. By using the DSVM algorithm, with
k=3,atotalof36synthesizednon-zerovoltagevectors

can be generated. If j is assumed to be in thefirst
sector, then 19 voltage vectors can be used, as
represented in Fig. 3. The black dots represent the ends
of the synthesized voltage vectors. As an example, the
label “23Z” denotes the wvoltage vector which is
synthesized by using the voltage space vectors Vs, V3

andVz,eachoneappliedforonethirdofthesampling
period.

+1
333

332

556

555 665 666

Fig. 3 Synthesized voltage vectors obtained by using
DSVM algorithm

The advantage of using the DSVM algorithm is that
onecanselectasuitablevoltagevectoramong19

voltage vectors in sector-1. As a consequence, the use
of the DSVM technique improves the  drive
performance in terms of torque, flux and current ripple,
with an increase of the inverter switching frequency.
Moreover, in the DSVM technique, the voltage vector
selection depends on the operating speed also. When
the rotor speed is greater than one half of the
synchronous speed, it belongs to the high-speed range.
When the rotor speed is in between half of the
synchronous speed and one sixth of the synchronous
speed, it belongs to the medium speed range and when
the rotor speed is lower than one sixth of the
synchronous speed, it belongs to the low speed range.
The DSVM algorithm uses a 2-level d-axis hysteresis
current controller (DHC) and 5-level g-axis hysteresis
current controller (QHC), which are described in Fig.4.

Sd
1 €
:idso_i N Aligg ds
""""" T JA\| _____"">
ds
(@)
Sq
+2 |
"""" : Cd I""""} N
L < Alqszlqs—l qs
- 0
(b)

Fig. 4 (a) d-axis current controller (b) g-axis current
controller

The output of the DHC, Sy, has two levels. S4=0
means that the amplitude of igs should be reduced and
means that the amplitude of iy should be
increased. The output of the torque hysteresis
controller, Sy, has five levels. When Sy=1or -1, the
needs limited or small variation and these levels

will be involved in steady state operating conditions.
sqzzor_z,the igs is far away from its

reference value and needs a large, rapid change and
these levels will be involved during high dynamic
transients. When Sq = 0, the i is equal or close to its
reference value and should keep its value unchanged.
Thus, based upon the outputs of the QHC, DHC and
operating speed range, a suitable synthesized voltage
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vector will be selected from the lookup table given in
Table 1.
Table 1 Optimal switching table for DSVM

algorithm (stator flux in sector 1)

Speed Sd Sq s0E o T 1. .. = . _ME

range > T a1+ : 2 . , Tirae( ) ‘ 7

Low 0 555 | 577 | 777 | 3ZZ | 333 g q """""""""'""""‘
1 666 |6ZZ |ZZZ |2ZZ |222 53 _

Middle 0 | 555 |ZZZ | 3Zz |33Z |333 S gl L -~ e
1 666 |ZZZ | 2ZZ |22Z |222 1020 . Titnets)

High 0 555 |3ZZ |33Z |333 |333 g :

sector 1+ | 1 666 |2ZZ |23Z |223 |222 3

High 0 | 555 [3zz [23Z [332 |333 T i ‘

sector 1- 1 666 |27Z |22Z |222 |222 U3 03 Thustss o4 042

4. Simulation Results andDiscussion

To confirm the effectiveness of the proposed DSVM
technique based vector controlled induction motor ’
drive, simulation studies have been carried out and S T ) T
results are presented. For the numerical simulation __ Time(s)
studies the induction motor parameters are taken as Fig. 6 steady state plots of classical vector control
R<=1.57Q, R=1.21Q, L,=0.165H, Ls=0.17H, algorithm based induction motor drive
L,=0.17H and J=0.089Kg-m’. The simulation results of . .
conventional vector controlled induction motor drive 0.04F .
are shown in Fig.5-Fig.10. The simulation results of
proposed DSVM based wvector controlled induction
motor drive are shown from Fig. 11 to Fig. 16. From
the simulation results, it can be concluded that the
proposed DSVM based vector control algorithm gives
fast transient response like conventional vector control
algorithm. From the steady state simulation results and
harmonic spectra of line currents, it can be concluded i 0 10000 15000 000
that the proposed DSVM based vector control Fraquency (Hz)
algorithm gives reduced harmonic distortion when Fig. 7 Harmonic spectra of stator current in classical
compared with the conventional vector control vector control algorithm

algorithm. 510
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Fig. 10 Transients during the speed reversal (from - 1000 rpm
to +1000 rpm) for classical vector control algorithm based
induction motor drive

Fig. 11 starting transients of DSVM algorithm based
vector controlled induction motor drive
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Fig. 12 steady state plots of DSVM algorithm based
vector controlled induction motor drive
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Fig. 13 Harmonic spectra of stator current in DSVM
algorithm based vector controlled induction motor drive
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5 ol 5 e S ] load is applied at 0.5 sec and removed at 0.7 sec) for DSVM
% algorithm based vector controlled induction motor drive
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Fig. 15 Transients during the speed reversal (from
+1000 rpm to -1000 rpm) for DSVM algorithm based vector
controlled induction motor drive
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Fig. 9 Transients during the speed reversal
(from

+1000 rpm to -1000 rpm) for classical vector control
algorithm based induction motor drive

540

Freguency (Hz)

Vah (VY

[x]

"V‘Q""""Q‘Q""‘V

2]
=
=

Time(s)
1020

o]
=
=

Speed (rpm)
=

Speed (rprm)
o
8

=
=
=

17 18 19

P
-
_

o
=

Torgue (M-m)
o
b

13 1.4 15 16 17 18 19




International Journal of Research

o~

=
g

International Journal of Research

Auvailable at https://edupediapublications.org/journals

p-1SSN: 2348-6848
e-1SSN: 2348-795X
Volume 03 Issue 12

g’% = Al t 2016
-I]-R ugus

0.45 05 0.55 065 0.7 075
4
0
-4
i) .
0.45 05 0.55 06 065 0.7 076 g am
Tirme(s] Y
1020 :{) E oo
= e
\% : o]
= 1000 B =
i q
. : ¥
& : =
580 1 1 i i i FE
0.45 0.5 0.85 05 0.65 0.7 075 ]
Tirme(s)
T T T r [ o
PN SSTRRRR: ceererened
gk : B
Z ]
> :
o : 4
o H
o :
1 i 1 L L
0.45 05 0.55 05 065 07 075
Tirre]s)

Fig. 16 Transients during the speed reversal (from -

5. Conclusions
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1000 rpm to +1000 rpm) for DSVM algorithm based
vector controlled induction motor drive

The vector controlled induction motor drives are
popular in high performance variable speed drive
applications. In order to reduce the
involved in the classical vector control algorithm, a
simple lookup table based vector control algorithm is
presented in this paper. Moreover, to reduce the
harmonic distortion a DSVM based vector control

complexity

2001.

5. lIsao Takahashi,_ Toshi_hi_ko Noguchi, “A new quick

algorithm is presented. To show the effectiveness of
the proposed DSVM based vector control algorithm,
several simulation results are presented and compared.
From the simulation results, it can be observed that the
proposed DSVM based vector control technique gives

good transient

response with reduced harmonic

distortion and complexity when compared with the
classicalvectorcontrolalgorithm
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