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Abstract:

Asynchronous motor is considered to be the best alternative for variable speed drive among ac motors
due to its low cost maintenance and rugged performance. Variable speed drive of asynchronous motor
is achieved by power electronic devices using V/F method which uses sinusoidal pulse width
modulation and effective utilization of dc bus bar voltage is not accomplished. In this paper a new
control technique for variable speed drive of asynchronous motor is achieved by using Direct Self
Control-Space Vector Pulse Width Modulation Technique for Speed Control of Induction Motor using
five level NPC and Sample Reference Phase Voltages. The above technique decouples flux and torque
independently thereby controlling each variable separately and also space vector pulse width
modulation improves the effective utilization of bus bar voltages. The above technique is simulated in
Mat lab/Simulink which shows superior results when compared to conventional speed control
technique.
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Introduction

Asynchronous machine (Induction motor) have been playing vital role in industries due to its
superior performance. Asynchronous motor drive finds numerous applications in ventilation of huge
buildings, electric vehicles, reciprocating pumps etc. They are additionally utilized for siphon, elevator,
conveyor and machine apparatus drives. These applications require regular force control to control
speed of vehicle. This has brought about the need of control scheme with elite, quick transient and
precise control of force for enlistment engine drive.

Multilevel inverters developed with power electronic devices with suitable control algorithm
for drive [1] makes it suitable to behave as variable speed drive. The control technique of multilevel
inverter [2] varies reference and carrier wave. Hybrid multilevel inverter[3] with symmetrical and
asymmetrical voltages though produces less harmonics due to its complex structure in generating pulse
voltages are less seldom used. Variable speed drive [4] with sinusoidal pulse width modulation with
different carrier wave such as phase opposition, phase disposition etc. though give better [5]
performance but effective usage of [6] dc bus bar utilization is not achieved [7]. Considering the
performance of drive and effective utilization of dc bus bar, [8] direct self-control [9] along with [10]
space vector modulation with conventional technique gives better [11] results.

The above conventional technique for multi-level inverter [12] is complex and requires 125
states in determining the location of reference voltage. The reference voltage is obtained converting
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[13] arbitrary abc frame tod-q frame [14-16] rotating frame, and trying to make the flux and torque to
operate independently (stator variables). In this paper a new control scheme of space vector pulse width
modulation using imaginary reference phase voltages with direct self-control technique is proposed and
simulated in matlab/Simulink environment. The proposed results offers better utilization of dc bus bar,
with quicker transient response which constitutes lesser harmonics in current and torque.

Five Level Inverter topology

Significant upgrades have been accomplished in the plan of quick full-controlled
semiconductors like IGBTs. These enhancements have permitted the expansion of most extreme voltage
and current evaluations; however a significant restriction on the taken care of force actually exists. In
addition, the utilization of IGBTs with quick exchanging under high voltages might create high dV/dts,
which might increment Electromagnetic obstruction and windings protection stress. To defeat these
disadvantages a development toward new also, more proficient transformation structures, for example,
staggered inverters, has been seen in the field of medium voltage drive applications (up to 6.6 kV rated
motors).
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Figure 1.Fivel level NPC inverter

With above five levels multilevel inverter which requires six IGBT’s and six feedback diodes
with equal dc voltage source produces approximate sinusoidal structure with less harmonics. Switches
starting from S1, S2,55,56,53,54,S7, and S8 are used for phase A. Similarly for phase B and Phase c
suitable switches specifically IGBT’s are used proper sequence or suitable algorithm is developed for
speed control of Asynchronous motor.
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Figure 2. Space vector representation of five level inverter

The reference voltage of five level inverter is derived from above space vector which has a total
of 125 switching states and can be obtained by selecting suitable sector location and nearest switches
devices which utilizes null vector to reduce switching losses, and the conventional SVPWM requires
angular position and nearest switching state which requires complex algorithm for implementation.

Induction motor modeling for DTC SVM Technique

The dynamic behavior of an asynchronous motor is defined in particular to space variables used in the
sequel

df;fs = Vas ~ Rsias(1)

T e~ Rl (2)
df;;” = —Ryigr — Windpr(3)
d:fr = —Ryigy — Wndar (4)

The above script S refers to stator of asynchronous motor and r corresponds to rotor. @ and S typically
indicates (« , §) frame which are orthogonal with respect to each other v,i indicates voltage and currents
corresponding to stator and rotor respectively.

Currents and fluxes are related as

Gas = Lsiqs + Mig, (6)

Gar = Lsigs + Liqr (7)

¢BT = Mlﬁs + LTiBT (8)

¢Bs = Lsiﬁs + MiBr €©)
Where L and M represents self and mutual inductances which exists between stator and rotor of
asynchronous motor.

The torque equation of motor is given by T, = G) P(Pasipr — bpsiar) (10)
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Proposed direct self-control space vector pulse width modulation:

Asynchronous motor in general have mutual flux linkages and control of variables is not easy
for variable speed drive. Scalar control uses the principle of keeping (v/f) flux as constant and hence
variable speed drive operation is possible. Scalar control does not improve transient response. To have
good dynamic response vector control techniques are used among them better performance of drive is
obtained by direct self control technique. Direct self control also called as direct torque control
technique is vector control technique which uses stator arbitrary reference frame values abc, to d —
qreference frame where the variables remains stationary and hence independent control of flux and
torque is obtained. Stator variables are transformed to d — g reference frame using Park and Clark
transformation. In this technique independent torque and flux control is obtained similar to the dc
separately excited motor. Though this technique improves dynamic performance suffers from toque and
current ripples. To reduce torque and current ripples Space vector pulse width modulation with five
level inverter is used, the control algorithm is as follows.

Algorithm
» Sample V,,, Vp, and V.,

Ty Ty Ty
> Tas = Van X E,Tbs = Vbn X ﬁ and TCS = Vcn X n-1)
> T _ _ [max(Tas T Tes) +Min(Tas, Tps,Tes)]
of fsetl — 2
» T =Tas + Toffsetl: T*ps = Tps + Toffsetl and T* ;s = Tes + Toffsetl
» Determine the carrier indices I, I, and I for A, B and C phase respectively
* -1
B T, =T+ ((Ia - ”T) x Ts)
* -1
> Ty, =T hs+ ((Ib - ”T) * TS>
. n—1
> T, =T+ ((IC —2) TS)
» Where n is odd
T. *
> Ta_cross = (;S) +T s+ ((Ia - (Tl - 1)/2) * Ts)
Ts *
> Ty cross = (;) + T s+ (Up — (n—1)/2) * Ty)
> Tecross = () + T es(Ue— (n—1)/2) * Ty)  Where nis even
> Tga = Ta_cross + ToffsetZ,Tgb = Tb_cross + Toffsetz, and Tgc = Tc_cross + Toffsetz,

For a five-level npc inverter, the aforementioned approach is utilized to generate space vector
pulse width modulation. When compared to the sinusoidal pwm technique, the above technique
improves dc bus bar usage by 15% in the essential component. The above SVPWM technique is used
in conjunction with Direct Self Control or Direct Torque Control, as shown in block diagram.

6726



Y. Laxmi Narasimha Rao !, Dr.G.Ravindranath ?*

Inverter ( peA Drom
Wdc T |

F D Wl W \L
Clark Transformation

Space vector
Modulation isc i, l' isp Vsa l' ‘L Vs
* WsB | staor flux estimator | Torque estimator |

ejB

1 -
Flux
controller '

Speed
€ ccontroller

.
7

Torque
controller

Tem

Figure 3. Block Diagram of Direct self-control space vector pulse width modulation for five level
inverter.

In the block diagram above, stator variables such as currents and voltages of three phases a,b,c
are converted to the operating value of flux and torque using the clark transformation and compared to
the reference values. The error is fed into a Controller that produces Vs phasor voltage and suitable
gating signals by using svpwm technique. The above technique is implemented in Matlab/Simulink
environment.

Results

DTC-SVPWM or direct self control technique produces the three phase space vector reference phasor
as shown in the figure 4.
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Figure 4.Modified reference voltages and triangular carriers for a five-level SVPWM scheme
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Figure 6.Modified the inverter switching vectors and their switching time durations with modulation
index >0.43 and <0.8.
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Figure 7.Plot of Tga and Toffset time with modulation index of 0.63 for phase A
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Figure 8. Speed of asynchronous motor drive fed with dtc-svm for five level inverter

Conclusions

Direct self control with svpwm reduces sector identification when compared to conventional

svpwm that improves dc bus bar utilisation by 15% more when compared to sinusoidal pulse width
modulation, according to those findings. Torque and current ripples are reduced. Dynamic performance
has improved.
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