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Abstract— This Work is to achieve a Direct Torque Control of a
three phase induction motor using a two leg inverter. Actually a
three phase induction motor will drive using six switches
alternatively, this may leads to the increase in switching losses. In
order to reduce the switching losses, we are reducing the number
of switches, using four switches instead of six switches to run a
three phase induction motor. The Direct Torque Control of a
three phase induction motor can be implemented using space
vector modulation technique. Thereby, harmonics can be
eliminated. And also the overall cost will be reduced. This can be
implemented in the electric vehicles and electric hybrid vehicles
applications.

Index terms - Direct torque control, Two leg inverter topology,
Vector selection table, switching losses, harmonic distortion,
torque ripple.

|. INTRODUCTION

DIRECT torque control (DTC) strategies of induction
motor drives are widely used in variable speed applications.
The earlier DTC strategy has been proposed by Takahashi in
the middle of the eighties [1]. Since then, many DTC
strategies based on analytical foundations have been
developed so far.Two major classes of DTC strategies could
be distinguished: (i)strategies without controlled switching
frequency [2]-[7],and (ii) strategies with controlled switching
frequency [8]-[15]. Obviously, the second class of DTC
strategies offers higher performance in terms of torque ripple
reduction and efficiency improvement. However, these
strategies would nevitably require control systems with higher
CPU-frequencies in so far as their implementation schemes are
more complicated than those of the first class. The major
drawbacks of these latter are their high torque ripple and
switching losses .In recent years, several studies investigated
the possibility to associate space-vector modulation (SVM)
techniques with DTC strategies in order to control the
switching frequency[8], [13]-[15]. SVM is the most popular
real-time technique enabling the control of the inverter power
switches. They offer the lowest harmonic distortion of the
motor phase current associated with reduced inverter
switching losses [16]- [19].Further reduction of these losses
could be gained by combining SVM and two leg inverter
technique.

Basically, two leg inverter topology employ special
switching sequences in order to run the three phase induction
motor. Actually, the association of SVM to DTC strategies
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requires the six switches to run the three phase induction
motor, whereas in this technique we are replacing the two
switches by two capacitors and only four switches are used to
drive the three phase induction motor. Space vector
modulation used in this technique, leads to controlled
switching frequency DTC strategies.

Within this approach, the paper proposes a novel
DTC strategy which belongs to the uncontrolled switching
frequency class. Based on the two leg inverter topology, the
proposed strategy is characterized by low inverter switching
losses and low harmonic distortion of the motor phase current,
leading to reduced torque ripple in a wide speed range.

[I.LBACKGROUND OF DTC STRATEGIES

Introduced in the late 1980s by Takahashi, direct
torque control (DTC) strategies of induction motor drives have
revealed interesting performance. Basically, DTC strategies
allow a direct control of the motor variables through an
appropriate selection of the inverter control signals. This is
achieved according to the outputs of two hysteresis regulators:
(i) a two-level regulator providing the output csto control the
stator flux and (ii) a three-level regulator providing the output
crto control the electromagnetic torque. The selection of the
stator voltage vector for each control combination is based on
the variation of the stator flux vector @swhich is governed by
equation (1).

:_tq)s:\/s'rsls 1)

Neglecting the voltage drop r;lsacross the stator
resistance and taking into account that the voltage vector is
constant in each sampling period 75, the stator flux vector
variation turns to be proportional to the applied voltage vector.

Maintaining the stator flux constant, the variation of
the electromagnetic torque 7em depends on the direction of

the applied voltage vector, such that:

M
Islr—M?2

Tem = Np [|®Ps]|||®r]|sin 6 2

Where ®ris the rotor flux referred to the stator, #is the
angle between the stator and rotor fluxes, Apis the pole pair
number, and /s, /r and # are the stator self inductance, the
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rotor self-inductance and the mutual inductance, respectively.
The major drawback of the Takahashi DTC strategy is due to
the systematic application of zero voltage vectors to maintain
the electromagnetic torque (cr=0). The application of these
voltage vectors during a sampling period 75 yields a slight
decrease of the stator flux at high speeds. However, at low
speeds and especially for reduced DC bus voltages, the
application of zero voltage vectors leads to a high reduction of
the stator flux, yielding the so-called ‘“demagnetization
phenomenon” which affects the electromagnetic torque. An
approach to avoid this phenomenon consists in limiting the
application of zero voltage vectors to the cases where the
stator flux should be reduced which leads to the control
combinations (ca=-1, ¢;=-1) in the case of an anti-clockwise
rotation, and (ca=-1, ¢~+1) in the case of a clockwise
rotation. This approach represents the major rule of the
proposed DTC of a three phase induction motor using a two
leg inverter.

I.THE PROPOSED SYSTEM

A. ADTC of athree phase induction motor
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Figure.1.Block diagram of proposed DTC of a three phase IM

In the proposed DTC, the three phase ac supply is
given .the three phase rotating A,B,C, is converted into
stationary d,q transformation using a park’s transformation
method. This Vref and angle can be calculated from d,q
transformation. From angle sectors can be identified and
divided. Space vector modulation technique is used to divide
the sector and generate the gate pulses. The generated gate
pulses is given to the voltage source inverter. Induction motor
can drive through the voltage source inverter.
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B. SPACE VECTOR PWM:
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Figure. 2. SVPWM for two leg inverter

Space vector modulation treats the sinusoidal voltage
as a constant amplitude vector rotating at a constant frequency.
The PWM technique approximates the reference voltage v by
combination of the four switching patterns (vlto v,). The
coordinate transformation (abc reference frame to the
stationary dg frame) has been done. three phase voltage vector
is transformed into a vector in the stationary dgco ordinate
frame, which represents the spacial vector sum of the three
phase voltage. the vectors (v; to v,) divide the plane into four
sectors,each sector 90 degrees. Vs iS generated by two
adjacent non-zero vectors and two zero vectors.

C. Realization Of Space Vector Pwm:;
o stepl:Determine Vg, Vg, Vier and angle(«)
e step2: :Determine time duration T4, T, Ty,
e step 3: :Determine the switching time of each
transistor s;t0 S,
D. Determine time duration T1,T2,T0

Alpha

V1 *T1*c0s(-120)+v,*T,*cos(-

0)=v:*Ts*cos(180+60+e)

Vi* T *(-1/2)+v,* T,*(V3/2)=-v* T*cos(60+0) 3)

beta
V;*T1*c05(210)+v,*T,*cos(120)=v;* T *cos(180+30-e)

ViR T R (V3I2)+v,* T (-1/2)=-v*T*cos(30-0)  (4)
VsTs cos 6 VsTs sin 0
71 = 1 T2 = 7 ()
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Table.1 Phase voltage Line voltage
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F. Switching times for each sector:

Sa Sh Van Vbn Ven Vab Vbc Vca

Vi 0 0 -Vdc/3 | -Vdc/3 | -2vde/3 | O -Vdc | Vdc
V2 1 0 Vdc -Vdc 0 2Vdc | -vVdc | -Vdc
V3 1 1 Vdc/3 | Vdc/3 -2Vvdce/3 | 0 Vdc -Vdc
V4 0 1 Vdc Vdc 0 Vdc Vdc Vdc

E. Space Vector Representations

-
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©
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-

»
v, (01)

Figure .3 Space vector representations

The Phase voltage and the line voltage of the 3 phase
induction motor corresponding to the switching sequence is
seen in the table 1.

Table 2 Time period for each sector:

Sectorl Sector2
_ 3VrefTs cosa _ V3VrefTs sina
2Vdc T2 =- 2Vdc
\/3VrefTs sina 3VrefTscosa
T2 =—"F7"—"— T3=——"—"7"——
2Vdc 2Vdc

TO=Ts-(T1+T2) TO=Ts-(T3+T2)

Sector3 Sector4
_ 3VrefTscosa V3VrefTs sina
B=-——— T4=——"""-"""""
2Vdc 2Wdc
T4 = —\/3VrefTs sina _ 3VrefTscosa
a 2Vdc - 2Vdc

TO=Ts-(T3+T4) TO= Ts-(T4+T5)

The two active vector T1, T2 and the zero vector TO for each
sector has been calculated in the above table 2.

|
I

Figure .4 switching times for each sector

G. Sector for two leg inverter corresponding to the angle:

1

’\

Figure 5 Sectors for corresponding angle
H. Stator flux control:

In this proposed model, it is clear that the four switches are
used to drive the three phase induction motor based on the
space vector modulation technique. The torque equation for
the three phase induction motor is well known and is stated as

M
Islr—M?2

Tem = Np || ®s||||Pr]||sin & (6)

Where @ris the rotor flux referred to the stator, ¢ is the
angle between the stator and rotor fluxes, Apis the pole pair
number, and /s, /rand # are the stator self inductance, the
rotor self-inductance and the mutual inductance, respectively.
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Therefore from the above equation, we know that the torque
varies as the angle between the stator and rotor flux varies .
the rotor flux is completely depend upon the load applied to
the motor. But the stator flux can be varied by controlling the
switching sequence of the two leg voltage source inverter. The
gate pulses to these voltage source inverter can be generated
using a space vector modulation technique.

By giving the correct sequence of switching to the four
switches alternatively we can obtain a stator flux which is
predetermined. Thus the angle between the stator and rotor
fluxes is controlled thereby direct control of torque can be
achieved effectively.

IV. SIMULATION RESULTS

In order to perform a more detailed evaluationof theproposed
DTC of the three phase induction motor.. MATLABIs used.
Thecomplete topology is modeled using SIMULINK toolbox
andthe control logic is tested. Figure 6 shows theinput AC

supply.

A.Three phase AC supply:

—3

Vs (w)

Time(8) —
Figure. 6 Three phase AC supply

The given three phase AC supply is rotating A, B, C phases
which is converted into stationary d,qcoordinates by park’s
transformation technique. Then the voltages Vd,,Vq is been
converted into complex and then to magnitude and angle. The
magnitude is to determine the switching period for each sector.
And angle is used to determine the sector as shown in the
following figure 7.

B. sector separatlon correspondmg to the angle:

Angle (degres) ———>

Time (3)

 —
Figure.7 sector corresponding to the angle

As the sectors are divided, the time period for each sector is
calculated and the gate pulses are generated as shown in
figure7
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As the time periods are calculated , the pre-determined stator
flux is formed, which is supposed to be sinusoidal wave but
the actual wave contain harmonics and get suppressed as
shown in figure 8.

C. Stator flux:

Btator flux (wh)

Time (§) ————>
Figure. 8 stator flux of the induction motor

D. Sine triangular PWM:

Vs (v)

Time(S) — >
Figure. 9 Sine triangular PWM
The harmonic content of the stator flux can be eliminated by
comparing the fundamental sine wave with the carrier
triangular wave. So that the output voltage can be smoothed
and ripple content will be reduced. And also the output voltage

get boosted.

E. Gate pulse generation

o

: .
| i B IHII \I\ﬂl |

Figure. 10 Gate pulse generation

After the gate pulses are generated and given to the two leg
inverter switches, the induction motor start running. The
output parameters of the three phase induction motor can be
obtained as follows.
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F. Output voltage:

Va (v)}—2

T=(Nm) ——>

Tema () _
Figure. 14 Electromagnetic torque of the induction motor

J. Speed

T

Ve (v) —= Vb (v) —

Time () >

Figure. 11 output voltage of a 3 phase Induction Motor

i

Spaed (rpm)

G. Stator current:
Time (8} ————=

Figure 15 Speed of the induction motor

i

V. CONCLUSION

I

Conventionally, the direct torque control can be achieved
in the single phase induction motor using four switches and in

Tmefl) —— three phase induction motor using six switches. In this paper,
Figure. 12 Stator current of a 3 phase Induction Motor we ha_ve achlevt_ad the dlrect torque_control of three phase
induction motor just by using four switches. There by the fast

switching can be achieved. The overall efficiency can be
improved. The complexity of the circuit is reduced by
reducing the driver circuit .it is more economical than the
[O—— o convgntional one. The sw_itching Iosse_:s _WiI_I be reduced by
VO L reducing the number of switches. The limitation of paper, fast

i ! turn on and turn off switches should be used. Future scope of
this module can be used in the hybrid electric vehicles or

electric vehicle where the variable speed drive is essential.

H. Rotor current:

L
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