Computer Engineering and Intelligent Systems WWWw.iiste.org
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online)
Vol 2, No.6, 2011

Application of sophisticated look-up tables with 12-sectors

for vector control of induction motor drive

M. Siva Sathyanarayana

Department of Electrical and Electronics Engineering, G.Pulla Reddy Engineering College
(Autonomous), Kurnool, Andhra Pradesh, India

Tel|:9440786996 E-mail:sathya_varma@rediffmail.com
D. Subbarayudu
Department of Electrical and Electronics Engineering, Brindavan Institute of Technology and Science
Kurnool, Andhra Pradesh, India
T. Brahmananda Reddy

Department of Electrical and Electronics Engineering, G.Pulla Reddy Engineering College
(Autonomous), Kurnool, Andhra Pradesh, India

Abstract: The control of Induction motor drives constitutes a vast subject and with the advent of latest
technologies like vector control, direct torque control etc., these drives have been playing a vital role in
the industries for variable speed applications. The control strategies of induction motor drives are more
complex than DC drive control strategy. This is because in AC drives variable frequency, variation of
machine parameters occurs. The various control strategies for the inverter fed induction motor have
provided good steady state but poor dynamic response. To overcome the problem of undesired ripples
in current, torque and flux during steady state in FOC, a new method is employed in this paper that
generates the stator current more accurately by applying the active voltage vector or zero voltage
vectors using switching table within a sampling interval. Based on the output of controllers and
position of stator current, an optimum look-up table is constructed. This approach gives faster torque
response like in vector control methods and it also reduces ripples as in DTC method. To validate the
proposed method numerical simulations have been carried out and compared with the existing
algorithms. The simulation results confirm the effectiveness of the proposed method.
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1. Introduction

Many of the industrial applications cannot utilize the line power directly and requires various
devices to processes the power according to application requirements. This has led to the development
of the power electronic field. With the advent of DSP kits which can operate at a processing rate of up
to several hundred Mega Hertz., it is possible to have real time digital control of power converters.
But, for medium and low power range applications it is more desirable and economical to use pulse
width modulated voltage source inverter. A variable frequency is required because the motor shaft
speed depends on the rotating magnetic field speed. A variable voltage is required because the motor
impedance reduces at low frequencies and consequently the current has been limited by means of the
supply voltage. 3-phase Voltages of variable frequency and variable amplitude can be produced by
employing PWM techniques for switching the devices in a voltage source inverter. Vector control over
Induction motor drives will provide decoupling effect between torque and flux for better performance.
With this proposed vector control strategy, the complexity of induction motor drives is reduced. This
proposed work of vector control of Induction motor using sophisticated lookup tables is quite
advantageous than conventional control techniques like PWM, SVPWM etc. This method proposes a
new vector control method that uses a predetermined switching table instead of a Pulse Width
Modulation (PWM) procedure to produce inverter gate signals.

2. Mathematical Modeling of Induction Motor
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The voltage expressions of a three-phase induction motor in stator reference frame are given as in (1)

_ - dA
Vs = Rglg +d_ts )
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The dynamic equations of the induction motor can be represented by using flux linkages as variables,
which involves the reduction of a number of variables in the dynamic equations. The stator and rotor
flux linkages in the stator reference frame are defined as in (2).

As = Lgig + Ly 3)
Ar = Lpis + Ly (4)

The electromagnetic torque and electromechanical expressions of the induction motor are given by
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3. Vector Control of Induction Motor

(6)

In the vector control algorithm, the machine torque and rotor flux linkage are controlled
through stator current vector control. The stator current vector is divided into a torque producing

component (ias) and flux producing component (ids) in a rotating frame of reference. The flux

-k x
component lys is along the machine flux linkage vector and the torque component Igs is

perpendicular to the flux component. This represents the decoupling effect between torque and flux.
The electromagnetic torque expression for an induction motor is given by

*
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For decoupling control, the g-axis flux component must be made equal to zero. Then the torque
expression can be modified as given in (8).

_3PLy

e —EEL_r(ﬂdriqs) (8)

Hence, the total rotor flux equal to A, = A4, and given as in (9).
Ar = Adr = Limids ©)
From (9), it can be observed that the rotor flux is directly proportional to ids and is maintained

constant. Hence, the torque linearly depends on iqs’ and provides a faster torque response than the
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current (iqs) response. Then, the slip frequency (5] is added to the rotor speed to generate unit

vectors. The block diagram of indirect vector controlled induction motor drive is as shown in Fig.1
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Fig. 1 Block diagram of indirect vector controlled induction motor drive

The d-g axes currents then transformed from rotating to stationary and then converted from two-phase
to three-phase currents. Then, the reference three-phase currents are compared with the actual three-
phase stator currents in the hysteresis band type current controller, from which the pulses can be
generated and given to the voltage source inverter.

4. Proposed Vector Control Algorithm for Induction Motor

The electromagnetic torque expression for an induction motor, which is given in (7), can be
represented as

3P Ly =
Te =EEL—T‘/1rH|S|sm77 (10)

where 77 is the angle between stator current and rotor flux linkage vectors as shown in Fig. 2.

Jigs

Fig. 2 Representation of stator current vector and rotor flux linkage space vectors

From (10), it can be observed that the torque dynamics depends on the variation of 77. Hence, fast
torque control can be achieved by rapidly changing ‘77’ in the required direction. This is the basic

objective of “proposed vector control”. During a short transient, the rotor flux remains almost
unchanged, thus rapid changes of electromagnetic torque can be produced by rotating the d and g
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components of stator current vector in the required direction. By ignoring the stator resistance drop, the
stator voltage expression can be represented as

Ve = d/s (11)
ST odt
From (3) and (4), the stator flux linkage space vector can be represented as given in (12).
2
_ - L Ly -
Ag = Lglg + 0 4, — 0 j (12)
S s's L, r L, S

Then the stator voltage expression can be represented as given in (13).

Cdig  dig Ly d2, LA dig
Vg=—>=Lg—>+———F-——> (13)

dt dt L, dt L, dt
As the rotor time constant is high, the rotor flux linkage space vector will move slowly. Hence, for
short time durations, the rotor flux linkage vector is assumed as constant. This simplifies the voltage
expression as follows.

J— 2 - =
go= 9 [ _Lm|dis _, dis (14)
dt L, ) dt dt
For a short time interval of At the stator current expression can be represented as given in (15).
- 1 _
ols

Thus, the stator current space vector moves by Ai_s in the direction of the stator voltage space

vector at a speed proportional to magnitude of voltage space vector (i.e. dc link voltage). By selecting
the appropriate stator voltage vector step-by-step, it is then possible to change the stator current in the
required direction. Decoupled control of the torque and stator flux is achieved by acting on the radial

(flux component current i_ds) and tangential components (torque component current i_qs) of the stator

current vector in the locus. These two components are directly proportional to the components of the
stator voltage vector in the same directions. By assuming a slow motion of the rotor flux linkage space

vector, if a forward active voltage vector is applied then it causes rapid movement of iS and torque
increases with ‘77 ’. On the other hand, when a zero voltage vector is used, the i_s becomes stationary

and the electromagnetic torque will decrease, since Ir continues to move forward and the angle ‘77’

decreases. If the duration of zero voltage space vector is sufficiently long, then the rotor flux linkage
space vector exceeds the stator current vector, the angle ‘77 > will change its sign and the torque will

also change its direction. Thus, it is possible to change the speed of stator current vector by changing
the ratio between the zero and non-zero voltage vectors.

Considering the three-phase, two-level, six pulse voltage source inverter (VSI), there are six
non-zero active voltage space vectors and two zero voltage space vectors as shown in Fig.3. The six
active voltage space vectors can be represented as

Vi =§de exp[j(k—l)%] k=12,.6
(16)

Depending on the position of stator current vector, it is possible to switch the appropriate voltage
vectors to control both d and q axes stator currents. As an example if stator current vector is in sector I,

then voltage vectors \72 and \76 can increase i_ds and \73 and \75 can decrease the i_ds- Similarly
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V5 and \73 can increase the torque component current i_qs and \75 and \76 can decrease the i_qs-

Similarly the suitable voltage vectors can be selected for other sectors.

V3(010) V5 (110)

V4 (011

Vo (000
V7 (11D)

V5 (001) Ve (10D)

Fig. 3 Inverter voltage space vectors

The block diagram of proposed vector control algorithm is as shown in Fig.4.
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Fig. 4 Block diagram of proposed vector controlled induction motor drive

As in conventional vector control, the proposed vector control algorithm generates d- and g-
axes commands. Then as in DTC, the proposed algorithm uses hysteresis current controllers and
switching table. Thus, the proposed algorithm eliminates time consuming PWM procedure. The

generated d and  axis current commands are compared with their actual current values obtained
from the measured phase currents. The current errors are used to produce d and q flags as inputs to the
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switching table. A third input to the table determines the sector through which the current vector is
passing. It is produced by having the d and g axis currents and the rotor position. The switching table
provides the proper voltage vectors by deciding on the status of the inverter switches. In field oriented
control, the current decoupling network is a feed forward (indirect) method to produce flux orientation.

In proposed control system, Current decoupling means to determine the reference current
R * *
space phasor Ids lgs based on reference rotor flux A, and torque T, . Based on the outputs of

hysteresis controllers and position of the stator current vector, the optimum switching table will be
constructed. This gives the optimum selection of the switching voltage space vectors for all the
possible stator current vector positions. As in DTC, the stator flux linkage and torque errors are

restricted within their respective hysteresis bands, which are 2Ai_d5 and 2Ai_qs respectively. For the

current control strategy it is enough to analyze only signs of voltage vector components V gd and
Vsq -

In order to utilize all six active states per sector the stator flux locus is divided into twelve
sectors instead of six. This novel stator flux locus is introduced in Fig. 5. However, it is necessary to
define small and large variations. It is observed that V1 will produce a large increase in flux and a
small increase in torque in sectorS12. In contrast to this,VV2 will increase the torque in large proportion
and the flux in a small one. The hysteresis block should consist of four levels so that the torque error
can be divided in the number of intervals that are measured later. The look up table for 12-sector is
shown in Table.1

Fig. 5 Inverter voltage space vectors divided into 12-sectors
Table 1 Optimum voltage switching vector lookup table

Sector
1 2 3 4 5 6 7 8 9 10 11 12
F T
FI TI V, Vs Vs, V, V, Vs Vs Vi Vi V, A V,
Fl Tsl *V, V, *V/3 Vs *V, V, *Vs Vs *Vg Vs *V, V,
Fl | TsD | Vi | *Vi | Vo [ *Vo | Vo | *Vo | Vo | *Vu | Vs | *Vs | Vs | *Ve
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Fl TI Vs Vi Vi V, V, Vs V3 V4 V4 Vs Vs Vs

FD | TI Va | Vo | Va | Vs | Vs | Vs | Vo | Vi | Vi | Vo | Vo | Vs

FD | Tsl | Va | *Va | Vs | *Vs | Vs | *Vs | Vi | *V1 | Vo | *V, | V5 | *Vs

FD | TsD V7 Vs Vo Vs V5 Vo Vo V, Vs Vs Vo V4

FD | TI Vs | Ve | Vo | Vi | Vi | Vo | Vo | Vs | Vs | Va | Va | Vs

5. Simulation Results

To verify the proposed algorithm, a numerical simulation has been carried out using
MATLAB-Simulink. The induction motor parameters are: R,=4.1Q, R, =2.5Q,L;=0.545H, L, =
0.542 H, L, =0.51 H, number of poles =4 and J=0.04 Kg-mz. The results of conventional vector
control and proposed vector control algorithms are presented and compared. The simulation studies
have been carried for various conditions such as starting, steady state, load change and speed reversal
with a Pl type speed controller. The results of conventional vector control algorithm are given in Fig. 6
— Fig. 11 and the results of proposed algorithm are given in Fig.12 — Fig.17.
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Fig.8 transients during load change in conventional
vector control algorithm
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1. From the results shown, it can be observed that for 2 cases of conventional control and using look up
tables with 12 sectors. The starting period is considered from time t = 0 — 0.3 sec. Initially speed increases
linearly till 0.17 sec., and goes to steady state after overcoming the rotor inertia. The stator current is initially
high and decreases slowly. The torque linearly increases and rapidly reaches to maximum point at 0.02 sec till
0.17 sec., and then decreases to zero and remains same. But the starting transients are reduced in stator
currents using look up tables compared with that of conventional control.

2. The steady state period is considered from time t = 0.3 to 0.5 seconds and in the 2 cases, the motor
speed, stator current and electro magnetic torque are maintained constant. The main advantage of using look
up table with 12 sectors is that the torque ripples are reduced which are found to be high in conventional
control.

3. The case of load variation is considered fromt = 0.5 — 0.9 sec. The step load is applied at t = 0.6 sec.,
and removed at 0.8 seconds. During this period, the speed decreases, the stator current and torque increases as
they are directly proportional to each other but speed is inversely proportional to load. After 0.8 sec., all
parameters came to original state. In conventional control, the stator current decreases and came to original
state but using look up table with 12 sectors the stator current directly comes to original state with any change
and some ripples are observed in torque due to the presence of stator torque.

4. In case of speed reversal from positive to negative during t = 0.9 — 1.5 seconds. The speed varies
from positive to negative during t = 1 — 1.33 sec., the stator current increases but torque decreases. But the
value of current 1, during the period is higher in case of proposed algorithm with 12 sectors and the current I,
remains in steady state for more time than in conventional vector control.

5. The case of speed reversal from negative to positive at t = 1.5 — 2 sec. During t=1.6 — 1.93 sec., the
speed varies from negative to positive, the sector current and torque increases. The current 1. is small in case
of proposed algorithm with 12 sectors and the current I, remains in steady state for less time than in
conventional vector control.

6. It is observed that with the proposed 12-sectors, the harmonic distortion in stator current is
considerably reduced.

From the simulation results it can be observed that the proposed algorithm gives better performance than
in conventional vector control algorithm. As the proposed algorithm eliminates the reference frame
transformation and PWM procedure, the complexity involved in proposed algorithm is less. The steady state
ripple in current is slightly more than that of conventional vector control algorithm. Thus, the proposed
algorithm is simple and gives good performance.
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6. Conclusions

A novel vector control algorithm is presented in this paper for the VSI-fed induction motor drive. The
proposed algorithm combines the basic principles of vector control and direct torque control algorithms. It uses
the instantaneous errors in d-and g axes stator currents and sector information to select the suitable voltage
vector. Hence, the proposed algorithm uses a predetermined look-up table instead of a much more time
consuming PWM procedure in conventional vector control algorithm. The proposed algorithm is validated
through simulation results. From the results, it can be concluded that the proposed method is simple and gives
good transient performance with slightly increased steady state ripple in stator current.
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