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ABSTRACT REALIZATION OF VIRTUAL VOLTAGE SPACE VECTORS

This poster presents a direct torque control for five-phase induction motor with
constant switching frequency and reduced stator current distortion. M.
Depenbrock, |. Takahashi and T. Noguchi proposed Direct torque control (DTC)
for 3-phase induction machines in the mid 1980. DTC has been gaining more
popularity due to its exceptional dynamic response, less dependence on
machine parameters and simple control architecture. DTC utilizes the hysteresis
band control which is one of the simplest and popular control scheme. The
major problems in the conventional DTC scheme is large torque ripple, stator
current distortion and variable switching frequency. This project work presents a
DTC scheme for five-phase induction motor drive to achieve constant switching
frequency and minimum distortion in the stator current. The proposed DTC
scheme is validated by extensive simulation on a Matlab-Simulink platform and
experimental results. The DTC control algorithm was implemented using
TMS320F28377S digital signal controller
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61.8% of the total time is allocated to large space vectors and 38.2% to the
medium space vectors.
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SPACE VECTOR DIAGRAM OF FIVE PHASE INVERTER estimation
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PWM SCHEME FOR X-Y VOLTAGE ELIMINATION

Each inverter state in a-f has a

I I 1 - Fig.11 Simulation results of loaded condition: 1. Fig.13 Steady state experimental result : 1. Phase-A Voltage (Y axis
S| bl | ng VeCtO r N X y p I dne. Actual speed and reference speed(rpm) (b) Five 25V/div), 2. Phase-A Current (Y axis 5A/div), 3. Sector information (0-10), (X

SW|tCh|ng |S done by any 2 Iarge stator phase current (c) X -axis current i:ljji.\z_MS/_diV) 4. Stator X-ar\"xis Averamge Voltage(Y axis 1V/div),fX axis 5.0
and 2 medium Voltage Space . 0ov/ 2 5008/ 3 BODW 4 BOOW/ _ 30.77s 20,002/ Stop
g . - _ i . 1 b \ h
X-axis I I T ‘——Reference speed I K
vectors in such a way that their 2 200 o] TV Pl NINAEN

Actual speed / / \I \{ \|

> corresponding sibling space S P / |
vectors in x-y plane are Al AN AN oA AN
V V] v AR

VIRTUAL VOLTAGE SPACE VECTOR =-\I\\I\/\l\/\/l\l\/ /\/\/\I\I\l\/\/\l\l\l\ AR A

E_g —- i H—
Fig.4: Large and medium voltage space Fig.5: Sibling vectors of Fig.4 in x-y plane Opposite to each other. E{
L | 1 | /-\ \ /\‘: /‘\\U{/

vectors in sector-1 of a-B plane
.6 1.2 1.4 16 18 24 MOV Vo

Speed (rpm)

A phase current |
'F"\‘ y — B phase current
(W

.?J"\\\.i?lﬁ*\\ D pime curent

Fig.2: Space vector diagram in a-B plane Fig.3: Space vector diagram in x-y plane

Currents (A)
tl.ﬂ [— en

J =D phase current = '\‘\-\

~——E phase current

1.4 1.6 1.8 2

[y

I
th & th &
[T 1

=

el
| =X axis Current [ L.J—J— o=

3_!3
e B T s o L sy s s

Current (A)

l L I l 1 l L I l
02 0.4 0.6 0.8 1 12 1.4 1.6 1.8 2
Time (Seconds)

M Vi oeaxis

\ | | L1 Phase voltage

.6

MYON

Time (Seconds)

V,(01100) V3(11101)

. , Fig.12 Simulation results during no load operation: 1. Actual Fig.14 Experimental result during speed reversal: 1. Stator flux
V5(01110) v,(11000) speed and reference speed(rpm) 2. Phase voltage (Volts) angle (Y axis 3.14rad/div), (X axis 20.0 ms/div) 2. Phase-A current
| AN o 3. Flux (Weber) (Y axis 5A/div), 3. Alpha-axis stator flux,(X axis 20.0 ms/div) 4.
Ms M, Beta-axis stator flux,(X axis 20.0 ms/div).
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