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Abstract— In this paper, conventional direct torque control or capacitive elements are required, matrix comvert
(DTC) and DTC with matrix converter (DTC_MC) for allows a very compact design [21]. By combining the
induction motor (IM) drives are studied comparatively. The advantages of matrix converters with the advantages

advantages of DTC method are combined with the DTC schemes, it is possible to achieve fast toameflux
advantages of the matrix converter. Comparison beteen the responses in a wide speed range.
two techniques is made through computer simulations ) ) ) ) )

This paper aims to give comprehensive evaluation of

Keywords- Matrix converte; induction motor; direct torque the two techniques from several aspects, includiegdy

control method state, and dynamic performance, etc. Simulatiomltes
are presented to give a comprehensive comparison of
them.
I.  INTRODUCTION
The Direct Torque Control (DTC) method for AC Il DTCAND DTC MATRIX CONVERTER
machines is prevalently utilized in many variabfeeed (DTC-MC) STRUCTURES

drives, especially in case the torque control iSremo ||.1. DTC STRUCTURES

desired than speed control. The DTC method has the ) _ ) _
dominant advantages such as fast transient togpemee The basic model of DTC induction motor scheme is
and low calculation burden [1]. However because ofshown in Fig. 1. At each sample time, the two stato
“Bang-Bang”control characteristic and not using mlad currents iy, and i, and the DC bus voltag®,. are
regulators, conventional DTC has two drawbacksstFir sampled. Using the inverter voltage vector, thg8
the switching frequency is variable and dependerthé components of the stator voltage space vector & th
hysteresis bands and speed of the motor. Secoed, thstationary reference frame are calculated as fallow
torque ripples are considerable especially whensit

comparing with the Field Oriented Control method. v _2y (
Reducing the torque ripple in conventional DTC taes saref = 3 Vdc\Sa =
cost of small sampling interval that may lead tghhi
switching frequency [2]. In recent years, several
investigations have been performed with the aim of
improving steady state performance of the DTC natho
e.g., Direct Self Control (DSC) [3], utilizing Spa¥/ector
Modulation (SVM) [4], utilizing multi level invertes [5],

[6] or Matrix Converter [7] and Predictive Torquer@rol

sb+sc)

1)
1
Vsﬁref = EVdc(sb )

The a, 8 components of the stator current space vector
are calculated using

liq =0
[81-9]. { o e @
Recently, three phase matrix converters (MC) have sk V3 ) . .
emerged to become a good alternative to the welivkn The stator flux is a function of the rotor flux whi is

voltage source inverter (VSI). The matrix conveitemn  Provides from the flux observer.
advanced circuit topology capable of converting AC;

providing generation of load voltage with arbitrary <pm=aLSIsa+Lﬂ<pm
amplitude and frequency, bidirectional power flow, " 3)
sinusoidal input/output waveforms, and operatiorthwi @sp = 0Ll +L—r<.0rﬁ

unity input power factor. Furthermore, since nouciive



Then the magnitude of the stator fluxceculated b

Fig. 1.Block diagram of classical DTC

The electromagnetic torque is calculated by

3
T, = ;p(gosalsﬁ—(psﬁlsa) (5)

wherep is the number of pole pairs.
The torque and flux errors are defined as

{A(ps = |(psref| - |(ps| (6)
AT =Ty — Te

The inverter switching states adetermined by th
torque and flux errors according to the sector rdeiteec.

In order to maintain the estited stator flux
and torque within their boundaries whiete determined
by the two hysteresis bandwidths aswhan figure 2a &
2b, at each sampling period, the torque #rastator flux
are estimated and compared withe corrisponding
reference values before passinghet hysteresis
comparator.The position of the statorxflis detected,
and the most suitable space ctee among 8
space vectors generated by a VSI isesek from the
switching table given in Table 1 to coemnsate he load
torque and the stator flux.
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Fig.2. DTC definition of the voltage vectaaad comparats.
Table 1. Classical DTGwitchingtable.
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I1.2. DTC MATRIX CONVERTER (DTC-MC) STRUCTURES

Figure 3 shows a schematic block diagram of theirmat
converter has a simple topology and a compact desig
due to the lack of DC-link capacitor for energyratye.
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Fig3. Matrix converter schematic block dial

A. Matrix Converter Theory

The three-phase matrix converter module includes ni
bi-directional switches as shown in Figure 1. Thee 27
switching configuration states, which mean 27 jidss
space vectors can be used to control IM and casplie
respectively into 3 groups as shown in Table Giaup I,
two output lines are connected to one of the othput
lines; in Group I, all output Ilines are
connected to acommon input line; while in Gralup
each output line igonnected to a different input
line. The correspondingutput line-to-neutral voltage
vector and input line current vector have fixedediions
as represented in Figure 2. However, Group Il & n
useful. Only 18 non-zero space vectors in Group
(#1, 2, ., 19) and 3 zero spaceectors in
Group Il (Oa, Ob, Oc) can be usually employadthe
modern control techniques for the matrix convefsech
as the Space Vector Modulation, DTC methods, etc.)

a)
b)

Output line-to-neutral voltage vectors
Input line current vectors

Table 1 Possible Switching Configurations of MC
Group| Vector] AB C Vs o i Bi
+1c |@a b b 2/3v 0| 2W3isa  -T/6
-1 b a al|-2/3v 0| -2//3i -1/6
+25c |b ¢ c| 2/3w 0| 2//3isa n/2
2y |C b b -2/3w 0| -2/3iss T2
+3,c [c a a|2/3v 0| 2W3ia 7T/
Bue |@ € C|-2/3, 0| -2/V/3is, 7m/6
+4, |[ba b 23w 2n/3| 23, -6
4 |a b a|-2/3w, 2m3| -2W3iy -T/6
45 (C b C[ 23w, 2m3| 23y T2
' Bwe b c b|-28w. 2m/3| -2W3ip, T2
+6ye (@ € a|2/3va 2n/3| 23,  7T/6
Buc |C @ C|-2/3wa 21/3| -2W3is, 7T/6
+7we [b b a| 23wy 4m/3| 213ise -6
“Twe |@a a b|-2/3vy  4m/3| -2/4/3is  -T/6
+8c [C € b 2/3u 4n/3| 213 2
8w |b b c|-2Bw. 4m3| -2W3i, T2
+9.: [a a c|2/8v 4n/3| 2W3ise 7/
Swe ¢ ¢ a|-283v, 43| 243, 76
(0N a a a| 0 - 0 -
1] 0 b b b| O - |0 -
0c c c c| O - 0 -
X a b c| x X X X
X a ¢ b| x X X X
X b ¢ al| x X X X
i X b a «c| x X X X
X c a b| x X X X
X c b al x X X X

B. DTC Principles Using Matrix Converter

According to!, the basic DTC principles using matrix
converters can be briefly described as followseath
sampling period, the proper switching
configuration, which allows the compensation of
instantaneous errors in the stator flux magnitude a
torque, is selected under the constraint of tyuni
input  power factor. This last requiremerit o
the input side of the matrix converter is intriraig

satisfied if the average value of sig;) is Mmaintained
close to zero, wherap; is the displacemeningle
between the input line voltage and input line corrdhe
hysteresis comparator shown in figure 2a directigtiols
this variable and the average value of sjr) {s obtained
by applying a low-pass filter to its instantanewasue.
The average value of sinp() is controlled close to zero

because the input power factor is aimed eclos
to unity.

As a facultative example, after calculation at fingt



time of each sampling period and considering tlaost lll. SIMULATION RESULTS
flux vector lying in sector 1, the input voltagect@r lying
in sector 2, the output of the torque hysteresmparator,
the flux hysteresis comparator and the

hysteresiscomparator of the average value ~. ; . .

. . . _ _ simulated induction motor parameters are shownahbl&
of  sin ) are respectllvelye . +1’.C"P B 4. Figures. 5, 6 and 7 show the torque, steadg stiad
0 and 9: +1. As shown in Figure 4, first withy c = speed S|gnals of the DTC and DTC_MC, under
+1, ¢, = 0 and the stator flux in sector 1, the suitable (w,=100% rated speed ang=1L00% rated torque).
voltage vector Y. is the VSI output voltage vector by
the DTC algorithm in a given switching period frdrable 8

The classical DTC and DTC-MC are simulated and the
comparison between the results is performed. The

2. Then, with the chosen VS| voltage vectary ¢,= +1 , 51 777777777 o ]
and the input voltage vector in sector 2, the oppar ' o l T

matrix converter voltage vector is finathglected as Wuc W it Nn‘HIM\NHNTH‘\H il HH‘H U\'WW ‘mi\ il ‘”‘”‘U“\”‘\l‘”“””\ "H\W“\HM“‘\MW m”
from Table 3The schematic of the DTC method = o5l w\h H“M‘\H \N H\I\MH“W il ”H\M‘ ‘”\“m ‘\ il UH\HH Il
using the matrix converter fed induction motor is £ \ ‘
represented in Figure 4. The reference values ef th R T R i A
torque and the stator flux are compared with the R U R O A
estimated values and coordinate with the averatyeaf | ! !

the sin (b)) hysteresis comparator. In the lower part of the °l l l

block diagram, the estimators of the electromagneti 45— -------- e
torque, stator flux and the average value of g) are 6;185 019 OL)S 1
represented. These estimators require the knowleflge ' a) C o Time (s)

input and output of voltages and currents for thatrix
converter. However, only the input voltages and the
output currents of the matrix converter module are
measured by sensors, while other quantities sucthes
input voltages of the induction motor ande th
input currents of the matrix converter module
are calculated from the previous switching statés,
input voltages and the output currents of the matri
converter module.

Table 3 DTC Switching Table Using MC

Torque (Nm)

Secto
1 2 3 4 5 6
of —
Cy +1 -1 +1 1| +1 -1 +1 -1 +1 -1 +1 -1
Vl -3uc | +lwc| *2uc| -3wc| -Ivc | *2uc|*3uc | -Ivc | -2uc |*3uc | +1wc| -2uc b) Time (s)
VS|
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Figure 6. Simulation results of Steady state &t1®m
Figure 4. Block diagram of the DTC with MC :a) DTC, b) DTC_MC
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Figure 7. Simulation results of Speed reversaDE], b)
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IV. CONCLUSIONS

A direct torque control (DTC) and DTC with Matrix
converter (DTC_MC) are proposed and compared, th
torque ripples of DTC_MC method are as small as dha
in DTC.

The DTC_MC is reinforced by modifying the torque
error hysteresis comparator in order to distingbistween
small, medium and large positive and negative terqu
errors.

The simulation results prove the excellent trartsien
torque response for both proposed methods.
DTC_MC method has a better performance. Since th
torque control and torque ripples reduction wasrtgn
goal, the speed and steady
method possesses less ripples in compare DTC.
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