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Abstract— This paper develops a direct torque control
method (DTC) using a matrix converter fed induction motor.
The advantages of matrix converters are combined with the
advantages of the DT C technique; under the constraint of the
unity input power factor, the required voltage vectors are
generated to implement the conventional DTC method of
induction motor. The proposed DTC algorithm is applied to
induction motors and the simulation results are given in
steady-state and transient conditions, while the discussion
about the trend of the DTC method using the MC is also
carried out.
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I.  INTRODUCTION

In the past two decades, due to the need to iserea
the quality and the efficiency of power supply amshge,

when it is comparing with the Field Oriented Cohtro
method. Reducing the torque ripple in conventiddalC
has the cost of small sampling interval that magdI¢o
high switching frequency [7]. In recent years, sale
investigations have been performed with the aim of
improving steady state performance of the DTC nubtho
e.g., Direct Self Control (DSC) [8], utilizing Spa¥/ector
Modulation (SVM) [9], utilizing multi level invertes [10],
[16] or Matrix Converter [17] and Predictive Torque
Control [13]-[14].

By combining the advantages of matrix converters
with the advantages of DTC schemes, it is posdible
achieve fast torque and flux responses in a widmedp
range.

In this paper, a new DTC control for matrix coneeris
proposed which allows under the constraint of umigut
power factor, the generation of the voltage vectors
required to implement the DTC of three phase induact

the three phase matrix converter has become a majomotor. Depending on the induction motor operatiognp
modern energy converter and has emerged from th&uch vectors might be applied and consequently the

previously conventional energy conversion modulss a
one of the best substitutions [1], [2].

Matrix converter fed motor drive is superior to gaiwidth
modulation (PWM) inverter drives because it proside
bidirectional power flow, sinusoidal input/outpuircents,
and adjustable input power factor [3], [4]. Furthere,
matrix converter allows a compact design due toldk

of dc-link capacitors for energy storage. Howewsily a
few of practical matrix converters have been ajppiee
vector control system of induction motors (IM) ftre
reason: Modulation technique and commutation contro
are more complicated than conventional PWM inverter
[4].

Since the Direct Torque Control (DTC) method hasrbe
proposed in the mid 1980’s, The Direct Torque Gaintr
(DTC) method for AC machines is prevalently utitzim
many variable speed drives, especially in casedigue

control is more desired than speed control. The DTC

method has the dominant advantages such as fasiemna
toque response and low calculation burden [6]. Hawre
because of “Bang-Bang’control characteristic and no
using modular regulators, conventional DTC has two
drawbacks. First, the switching frequency is vdaadnd
dependent to the hysteresis bands and speed oidtwe.
Second, the torque ripples are considerable edlyecia
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electromagnetic torque ripple is reduced. Simutatio
results demonstrate the effectiveness of the przpos
control scheme was presented. Both, steady-state an
transient behaviour have been investigated.

II.  DTCAND DTC MATRIX CONVERTER

(DTC-MC) STRUCTURES
11.1. DTC STRUCTURES

The basic model of DTC induction motor scheme is
shown in Fig. 1. At each sample time, the two stato
currents i,, and iy, and the DC bus voltagd,. are
sampled. Using the inverter voltage vector, thgB
components of the stator voltage space vector & th
stationary reference frame are calculated as fallow

)

Sp+Sc

2
Vsaref = EVdc (Sa -
1 1)
Vsﬁref = EVdc(sb )

The a, 8§ components of the stator current space vector
are calculated using
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_isgH2igp (2

fss = V3 Qs = 0Ll +ﬂ¢
The stator flux is a function of the rotor flux wehi is sk ssB TR

provides from the flux observer.

=1 M
{Isa tsa Ysq = 0Lglsq + Zgaroc 3)

Then the magnitude of the stator fligxcalculated by

lps| = /(psza + 2 4)

o Vi
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Switching Table
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Figure. 1.Block diagram of classical DTC
The electromagnetic torque is calculated by 1
3 1 A 5
T, = ;p(gosalsﬁ—(psﬁlsa) (5) T
b 3¢ Pl AT,
'Fh Fy Th
wherep is the number of pole pairs. \ 4 ol 1 \4
The torque and flux errors are defined as i < -1
{A(ps = |(psref| — losl 6) (a) Flux comparator. )@hreelevel torque comparator.
AT, = Trer — T,
‘ rer e V3 (010) V2 (110)

The inverter switching states are determined by
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 corrsponding
reference values before passing tlgstéress comparator.
The position of the stator flux idetected, and the
most  suitable space vector @ 8 space
vectors generated by a VSI is selectexin the svitching
table given in Table 1 to compensate tbadl torque and V3 (001)
the stator flux.

V1(100)

hN Sec.1(—3.5)
. 6’6

Sec.6

V6 (101)

(c) Output voltage vector

Figure.2. DTCdefinition of the voltage vectoand comparators.
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Table 1. Classical DTC Switching table.
© Yo} < ™ N -
s s s s s s
(5] [S] (S} [S] [S] (5]
3] 5] 3] 5] 5] 3]
n n n n n n
N — — —
Ble g0 | —~ | € | E lo | &]
| N RN s e ~ e
Rl | BIC | ejo P & &
| [ — gl [ Slo | §le
- — S— SN———

Increas 100 110 010 011 001 101

Decrease | Torque

Flux Decreas 011 001 101 100 110 010

a) Output line-to-neutral voltage vectors
Torque b) Input line current vecto

Increas 110 010 011 001 101 100

Increase | Torque

Flux Decreas 001 101 100 110 010 011

Torque

I1.2. DTC MATRIX CONVERTER (DTC-MC) STRUCTURES

Figure 3 shows a schematic block diagram of theimat Table2.  Possible Switching Configurations of MC
converter has a simple topology and a compact desig
due to the lack of DC-link capacitor for energyratye.

Input Filter Matrix Converter Group Vector] ABC Vs oo i Bi
Rf | [y
L~ AAN, 3 +1MC a b b 2/3Vab 0 Z/Nf3|sa -6
L NI IS
i} | Sul Se kS 1 |b a al-23v 0| -2J3i -6
VW BRd B wen R wan DN +25c |b c ¢ 2/3u 0| 2/3isa 2
R le Sﬁa\\ SBb\‘\SBc '2MC c b b '2/3Vbc 0 -Z/Vf’3isa /2
L~ AAN, ' —-
L i S?;\\ SE\\ o\ +3,c |C a a|2/3a 0| 2//3isa  7m/6
Sl Sl T 8w |@ € C|-2/3\a 0| -21V3ia 7m/6
—— al Dl 4 +4. |b a b|2Bvw  2m3| 243w -6
Ia Ib Ic ]
4y (@ b al-23w 23| -2/3iy, -m6
| +Bye (€ b C 2/3u 21/3| 24/3ig /2
! B |[b ¢ b|-2Bw.  2m/3| 23, T2
+ a ¢ a /3i
Figure3. Matrix converter schematic block diagram B 2/3Vea 2mi3) 21y 3'51’ 6
Buc |C @ C|-2/3w. 213 | -2W3ip TT6
Matrix Converter Theory the b b 328w 4mB3| 23 -6
-Twe @ a b -2/3vyp  4m/3| -2/y/3i,  -T6
. , . +8c |C € b|2Bw.  4W3| 23 T2
The three-phase matrix converter module includes ni ° 5 i b
bi-directional switches as shown in Figure 1. Thene 27 B €| 23 4m3)| -2N3le T2
switching configuration states, which mean 27 jibss t9e |2 a €| 28w 4/3| 2W3ii  7T/6
space vectors can be used to contr_ol IM and c_aspb’e e |c ¢ al|-oompv.  4m3| 243k Tme
respectively into 3 groups as shown in Table Gioup I,
. (08 a a a| 0 - 0 -
two output lines are connected to one of the othput
lines; in Group I, all output lines are | I G (b b b O - |0 -
connected to acommon input line; while in Grolip 0. |lc ¢ c| o - o B
each output line igonnected to a different input <~ Ta b ol x <~ Tx "
line. The correspondingutput line-to-neutral voltage
vector and input line current vector have fixedediions X |2 ¢ b X X X
as represented in Figure 2. However, Group Il & n m x b c a|x X X X
useful. Only 18 non-zero space vectors in Group x |b a cf x x | x X
(#1, £2, ..., #9) and 3 zero spaceectors in < o a2 bl x < | x X
Group Il (0a, Ob, 0Oc) can be usually employadthe <~ o b al x <~ Tx "
modern control techniques for the matrix convegsech

as the Space Vector Modulation, DTC methods, etc.)
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A. DTC Principles Using Matrix Converter Table 3 DTC Switching Table Using MC

According to [9] , the basic DTC principles using Secto 1 2 3 4 5 6

matrix converters can be briefly described as fedloat of
each sampling period, the proper switching R R R E R
configuration, which allows the compensation of Vo | 50 | e 72| Bve | D | | Fowe | Duc | Bue | Fwe | Thue | B
instantaneous errors in the stator flux magnitude a
torque, is selected under the constraint of tyuni

V | *9c | -7mc | -8umc | *Owc| +7mc| 8w |-Ovmc | +7mc| +8wc|-Ovc | -Tmc | +8uc
2'VS|

input  power factor. This last requiremerit o Vg | B | +ue| +Oue| Buc| -duc | +5uc|+Buc | -4uc | Suc | +Buc | +Auc | -Suc
the input side of the matrix converter is intriradig Vo | 73] v | e | Fne] | 2uc | B | T | ¥nc| Bwe | e | uc
satisfied if the average value of sigp;) is maintained Vo | ] e T Suc | e | Fouc e | Tuc | Boc [ *Guc | e B

close to zero, wherap; is the displacemeningle

between the input line voltage and input line corr@he
hysteresis comparator shown in figure 2a directigtiols

this variable and the average value of sji) {s obtained

V6 +6 mc| -4uc | -Smc | +6wc| +4mc| -Swc | -6mc | +4mc | +5wc|-6uc | -4mc | +Swc
VS|

by applying a low-pass filter to its instantanewasue. %
The average value of sinp() is controlled close to zero u é & jEED
because the input power factor is aimed eclos ) ", .
to unity. - §
. . np e T e e
As a facultative example, after calculation at fingt -+ e
time of each sampling period and considering tlaost I
flux vector lying in sector 1, the input voltagect@r lying T HQ_E. ﬂl Tﬂm
in sector 2, the output of the torque hysteresiparator, f n ] —
the  flux  hysteresis  comparator and  the T, Focan Toraue |,
hysteresiscomparator of the average value v -
of  sin (1) are respectively ¢ =+1,¢c, =
0 and ¢= +1. As shown in Figure 4, first withyc = Figure 4. Block diagram of the DTC with MC
+1,¢c, = 0 and the stator flux in sector 1, the suitable
voltage vector Y. is the VSI output voltage vector by
the DTC algorithm in a given switching period frdrable [ll. SIMULATION RESULTS
2. Then, with the chosen VSI voltage vectat,y ¢,= +1
and the input voltage vector in sector 2, the opjer The classical DTC and DTC-MC are simulated and the

matrix converter voltage vector is finakbglected as ¥uc

from Table 3The schematic of the DTC method
using the matrix converter fed induction motor is
represented in Figure 4. The reference values ef th

torque and the stator flux are compared with the . e ) :
estimated values and coordinate with the averatye \a&t track.amplltude of t_rad|t|onal DTC _model 'S.VOIEt'lAt
certain parts, there is a clear deviation, fluxuiezeg for a

the sin (!)i) hysteresis comparator. In the lower part of th_e longer time to reach steady-state, the DTC Matrix
block diagram, the estimators of the electromagneti ~qnverter flux track has always maintained a vevgdy

torque, stator flux and the average value of §K) &re  round, flux is required for a short time to reach
represented. These estimators require the knowlefige steady-state, and flux amplitude fluctuation is kma

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

comparison between the results is performed.

Stator flux linkage comparing curves are shown igufe

5 and Figure 6.

Compared with two groups of flux waveform, the flux

. ; . _ 05
input voltages of the induction motor ande th =
input currents of the matrix converter module % 0
are calculated from the previous switching statés, B
input voltages and the output currents of the matri 2 0.5

converter module.

fsalfa [Wb]

Figure.5. Stator flux circle based Classical DTC
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Figure.6. Stator flux circle based DTC Matrix Cortee

From these results it can be seen a good torgpemess
for two methods,

However in DTC Matrix Converter technique shown
Figure.8, the ripple of torque in steady stateeduced
remarkably compared with Classical DTC (Figure 7).

\" | L{W I

Time (s)

Figure.7. Torque response based Classical DTC

il e il ummmmwm i H H W\M“H
\‘U\H i fil ‘H it H

Torque (Nm)

Time (s)

Figure.8. Torque response based DTC Matrix Converte

Figures. 9 and 10 show the steady state and spgealss
of the DTC and DTC Matrix Converter, under,{w100%
rated speed and ¥100% rated torque).

See figures, a good tracking performances can Iséll
achieved even at the steady state (see Figurarfii)good
speed reversal responses for two methods, HoweVé& D
Matrix Converter has a better performance; since th
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speed and steady state response method possesses le
ripples in compare classical DTC.

angle estimate (rad)

angle estimate (rad)

b) Tlme (s)

Figure 9. Simulation results of Steady state &t/pm
:a) Classical DTC, b) DTC Matrix Converter

angie esumazre (rad)

angie esumazre (rad)

b) Tme (s)

Figure 10. Simulation results of Speed revergaClassical
DTC, b) DTC Matrix Converter

V. CONCLUSIONS

This paper presents a Direct Torque Control with
Matrix Converter method for induction motor. The
advantages of the DTC method have been successfully
combined with the SVM method on matrix converteneT
simulation results prove the excellent transientue
response for both proposed methods. The DTC Matrix
Converter method has a better performance. Sinee th
torque control and torque ripples reduction was rten
goal, the speed and steady response of DTC Matrix
Converter method possesses less ripples in compare
classical DTC.
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