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Abstract

In view of the speed control characteristics of induction traction motors and the problems of direct torque control (DTC)
algorithms in current applications, this paper presents a DTC algorithm characterized by a symmetrical polygon flux control and a
closed loop power control in the constant-torque base speed region and constant-power field-weakening region of induction traction
motors. This algorithm only needs to add a stator flux control algorithm to the traditional DTC structures. This has the benefit of
simplicity, while maintaining the features of traditional algorithms such as a rapid dynamic response, uncomplicated control circuit,
reduced dependence on motor parameters, etc. In addition, it obtains a smoother flux trajectory that is conducive to improvement of
the harmonic elimination capability, the switching frequency utilization as well as the torque and power performance in the
field-weakening region. The effectiveness and feasibility of this DTC algorithm are demonstrated by both theoretical analysis and

experimental results.
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I. INTRODUCTION

Traditional DTC algorithms have weaknesses such as a large
torque ripple, inconstant switching frequency, etc. One
comparatively effective solution is the use of the Direct Torque
Control Space Vector Modulation (DTC-SVM) algorithm.
Recent years have seen a continued importance attached to the
DTC-SVM algorithm among the improved traditional DTC
algorithms [2]-[8]. However, this kind of improved algorithm
weakens the simplicity of the traditional DTC structures and in
the case of a high power in the mid-high speed ranges and a
low switching frequency, the traditional DTC algorithms
generally perform better [9], [10].

For alternating current (AC) drive systems using the
traditional DTC technologies, the switching frequency of the
inverter is closely related to the band of the flux hysteresis
controller, the torque hysteresis controller and the motor
speed [11]-[13], where the switching frequency is proportional
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to the motor speed. In other words, the faster the motor speed is,
the higher the switching frequency becomes, and it is inversely
proportionally to the band of the flux hysteresis controller
and the torque hysteresis controller. Furthermore, the stator
current harmonic content is proportional to the band of the
flux hysteresis controller and the torque hysteresis
controller [11], [13]. Different bands of the flux hysteresis
controller lead to different flux trajectories [11]. Due to the
limitations of the low switching frequency of large-power
traction converters [14]-[17], different flux trajectory control
modes are used in different speed ranges when DTC algorithms
are used for induction traction motors [9].

Since the DTC theory was put forward, four traditional DTC
algorithms based on shape of the flux trajectory have been
presented, namely, the circular flux trajectory [18], the
thirty-corner flux trajectory [19], the eighteen-corner flux
trajectory [20] and the hexagonal flux trajectory [21]. The first
and the fourth were presented in the 1980s by Japanese
Professor 1. Takahashi and German Professor M. Dependbrock
respectively. The former was mainly applied in small and
medium power applications, while the latter was mostly
utilized in large-power speed control systems. The second and
the third were algorithms proposed on the basis of DTC
systems with a hexagonal flux trajectory for reducing current

© 2016 KIPE
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harmonic content. There are principally two symmetric
polygonal flux trajectory implementation methods now
available. One is based on the interval and switching table and
the other is based on the flux hysteresis comparator [10], [19].
However, it is comparatively complicated to wuse the
aforementioned methods to realize other symmetric polygonal
flux trajectories when the switching frequency allows.
Moreover, it is pointed out in reference [11] that it is
theoretically feasible to obtain more polygonal flux trajectories
by properly regulating the band of a flux hysteresis controller
based on the DTC algorithm with a circular flux trajectory. For
example, a circular flux trajectory can be gained by setting the
tolerance at its minimum value, and a hexagonal flux trajectory
can be realized by setting the tolerance at its maximum value.
This algorithm aims at making the flux deviation unaffected by
multiple voltage vectors. Therefore, it is difficult to obtain
hexagonal, eighteen-corner, thirty-corner and other symmetric
polygonal flux trajectories by only changing the band of the
flux hysteresis controller.

For a motor running at its base speed, the traditional systems
have to use a field-weakening control mode to increase the
motor speed. Based on the traditional DTC, reference [22]
explained using torque error to regulate a given flux value.
However, it is not verified by the square wave modulation
algorithm. In reference [23], an over—-modulation strategy is put
forward based on traditional flux regulation methods for the
purpose of expanding the constant torque region and improving
the steady-state torque performance. However, the dynamic
process neglects torque control and synchronous pulse-width
modulation (PWM) modulation is used rather than square wave
modulation returns in the steady state. Therefore, it is
inappropriate to use these methods in a traction converter that
aims at obtaining a constant power in the field-weakening
range with square wave modulation.

In view of the above problems, a simple and effective DTC
algorithm for induction traction motors is presented for the
purposes of smoothening the flux trajectory, fully utilizing the
switching frequency and improving the harmonic elimination
when the switching frequency allows. This algorithm
comprehensively takes into consideration and effectively
improves the shortcomings of the above mentioned traditional
DTC algorithms. It also extends the stator flux trajectory in the
whole-speed range of the existing DTC for induction traction
motors to the shape of: circle — symmetric polygon... —
symmetric polygon — hexagon. The second section of this
paper introduces the basic principles of two typical DTC
algorithms, namely the circular flux trajectory and the
hexagonal flux trajectory. Then it analyzes and discusses the
design and implementation method of the symmetrical
polygonal flux trajectory. In the third section, constant-power
square wave modulation control algorithm in the
field-weakening region is presented and experiment results of
the control algorithm are provided in the fourth section. The

last section is the conclusion.

II. DTC ALGORITHM WITH THE SYMMETRICAL
POLYGONAL FLUX TRAJECTORY

A. Basic DTC Principle

According to the mathematical model of an induction motor,
in a static stator coordinate system, the space vector equation of
the stator trajectory and electromagnetic torque can be
expressed as:

Vv =Ri +%2s (1)

sing 2)

where V; is the stator voltage space vector, i is the stator
current space vector, ¥, and ¥, are the space vectors of the
stator flux and the rotor flux, R is the stator resistance, L is the
sum of the rotor leakage inductance and the stator leakage
inductance, p, is the number of pole pairs, T, is the
electromagnetic torque, and ¢ is the angle between the stator
flux and the rotor flux, namely, the flux angle.

Equation (1) indicates that if the voltage drop R, of the
stator resistance is neglected, the vector ¥ of the stator flux
will move in the direction of the input voltage space vector at a
speed that is proportional to the input voltage value (namely,
the voltage acting time), when the input voltage is a non-zero
vector. The flux variation is |4 =Vt It can be seen in
Equation (2) that the rotor flux can be rated as unchanged in
the short process. As a result, if the amplitude of the stator flux
remains constant, the voltage vector ¥; can be used to control
the stator flux speed. Then the torque can be quickly controlled
by changing the flux angle. Based on the above, references [18,
21] presents the DTC algorithm.

Fig. 1 is a basic control block diagram of the traditional DTC
algorithm with circular flux trajectory (Swiching Table Based
DTC, ST-DTC) [24], and Fig. 2 shows the distribution of the
circular flux trajectory and voltage vector on the static stator
coordinate system. This control algorithm uses the checking
voltage vector table method to simultaneously control the stator

flux and the motor torque, as shown in Table I. 8(i) (i=1 ~6) is

the flux sector, and Cr and Cy represent the output signals of
the torque hysteresis controller and the flux hysteresis
controller, respectively (1 indicates increasing the regulating
variable, while 0 indicates decreasing the regulating variable).
In the DTC algorithm [18] first proposed by Takahashi and
Noguchi, two voltage vectors (the reverse voltage vector and
the zero voltage vector) are utilized to reduce torque. The
inverter requires a low switching frequency, and the inverse
voltage vector makes the torque decrease quickly in the
medium and high motor speed ranges, which results in a larger
torque ripple. Therefore, only the zero voltage vector is used to
reduce torque in this paper.

Fig. 3 is a basic control block diagram of a DTC algorithm
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Fig. 1. Block diagram of ST-DTC.

Fig. 2. Circular stator-flux trajectory and space voltage
vector.

TABLEI
VOLTAGE VECTOR SELECTION TABLE IN THE CASE OF CLOCKWISE
ROTATION
Cr | Gy | A1) a2) a3) a4) as) aA6)
2 Ve v 2 v, Vs
! (100)  (110)  (010) (011)  (001)  (101)
: Ve v, 12 v, Vs Vi
0 (110)  (010)  (011)  (001)  (101)  (100)
Ve 12 Vo 12 Vo 12
! (000)  (111)  (000) (111)  (000) (111
0 v Vo 12 Vo v, Vo
0 (111)  (000) (111)  (000) (111)  (000)

with the hexagonal flux trajectory (Direct Self Control, DSC)
[21], [24]). A stator flux hysteresis controller is used to
control 6 non-zero voltage vectors to control the stator flux
and make it a hexagon. A torque hysteresis controller is
adopted to control the two zero vectors and 6 non-zero
voltage vectors of the flux loop, where the former acts to
reduce torque while the latter acts to increase torque. Fig. 4
shows the distribution of the hexagonal stator flux and the
voltage vector on the static stator coordinate system.

B. Design and Implementation Method of the Symmetric
Polygonal Flux Trajectory

Induction traction motors using DTC algorithms must utilize
different flux trajectory control modes in the whole-speed
range. In order to enhance the switching frequency utilization
rate and to improve the sine degree of the stator current,
references [10], [19] extend the stator flux trajectory of the
existing induction traction motor DTC to the shape of: circle
— thirty-corner — eighteen-corner — hexagon in the
whole-speed range. However, it is comparatively complicated
to achieve more symmetric polygonal flux trajectories to
further reduce stator current harmonics, if the switching
frequency allows.

The results in reference [11] show that, based on the
ST-DTC algorithm, it is theoretically feasible to obtain
multiple polygonal flux trajectories such as the hexagon,
eighteen-corner, thirty-corner and so on by properly regulating
the band of the flux hysteresis controller. However, this kind of
trajectory is only approximate since there is an additional side
between the two adjacent sectors [11], [13]. Therefore, it shows
worse symmetry when compared with the corresponding
symmetrical polygonal flux trajectories and requires a greater
inverter switching frequency and more switching cycles during
implementation [13].

For induction motors, the stator current consists of two
components, namely, the active power that generates torque
and the excitation of the magnetic field, where the current
component that generates torque is determined by the load and
the current component that generates excitation is determined
by the stator flux trajectory. Thus, the flux trajectory can be
designed in terms of the excitation current component
performance indicator. In the traditional circular flux trajectory
control mode, the flux control focuses on making the flux
amplitude fluctuate within the deviation range and on making
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Fig. 3. Block diagram of DSC.

Fig. 4. Hexagonal stator-flux trajectory and space voltage
vector.

the positive and negative flux deviation values equal, which
explains why the excitation current component is characterized
by smooth changes. To solve the above problems, the
following symmetrical polygon flux trajectory is designed and
implemented based on the flux control idea of the ST-DTC
algorithm.

Fig. 5 shows the design of a symmetrical polygonal flux
trajectory with the second sector of the proposed thirty-corner
flux trajectory as an example. In Fig. 5, points Z, B, D and F
are on the same circle, while points A, C and E are on another
circle. Thus, the flux trajectory has a constant deviation. The
smaller A Y is, the smaller o becomes, the larger the number of
sides of the symmetrical polygon flux polygon trajectory and
the closer the trajectory becomes to a circle. The characteristic
of this flux trajectory design method is that only one non-zero
voltage vector between two adjacent sectors is selected. That is
why there is no additional side. The bigger A4 Y is, the bigger o
becomes, and the smaller the number of sides of the flux

Fig. 5. The second sector of proposed thirty-corner stator-flux
trajectory.

Fig. 6. The second sector of proposed eighteen-corner stator-flux
trajectory.

trajectory. Then comes the eighteen-corner flux trajectory. The
implementation of the trajectory corresponding to the second
sector of the eighteen-corner flux trajectory is shown in Fig. 6.
When AY is at its maximum and o=n/6, a hexagonal flux
trajectory is obtained. It can be seen in Fig. 6 that there are a lot
of other eighteen-corner flux trajectories that can be selected
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Fig. 7.

between the eighteen-corner flux trajectory and the hexagonal
flux trajectory. In addition, when switching trajectories are
required, the two can be switched directly instead of gradually
reducing o (the dashed line segment in Fig. 6). In fact, this
method makes the current waveform worse and the switching
frequency shows no advantages since the number of voltage
vectors to be switched remains unchanged [13].

In Fig. 5, the middle trajectory (ABCDE segment in Fig. 5)
in the sector is achieved by alternatively switching V, and Vg,
and the flux deviation in this area is fixed. The other two flux
trajectories (ZA and EF segments in Fig. 5) in the sector are
realized by V, and Vj, respectively. When the shape of the
flux trajectory is determined, 4% and o are also determined. It
can be determined from the control algorithm of the
traditional circular and hexagonal flux trajectories in the
previous section that design of the flux trajectory can be
obtained by combining the two flux trajectory control
methods. This means that the middle ABCDE segment
trajectory can be implemented by using the ST-DTC
algorithm when the band of the flux hysteresis controller is
set as [-4¥, 0] and the other two ZA and EF trajectories can
be implemented with the DSC algorithm. This approach is
simple and it is easy to realize multiple polygonal flux
trajectories.

Based on the above analysis, compared with the design
method of the traditional circular flux trajectory, the design
method of this flux trajectory maintains the feature of keeping
the flux trajectory deviation unchanged and solves the

Structure of the proposed DTC with the symmetrical polygonal stator-flux trajectory

problems in the existing references. As a result, it is more
suitable for systems using multi-flux trajectory control mode.

Fig. 7 shows the structure of the proposed DTC with the
symmetrical polygonal flux trajectory. It is obtained by adding
a simple stator flux control algorithm to the combination of Fig.
1 and Fig. 3. The “4%” module determines the number of sides
of the flux trajectory. 4% is used to calculate . Then the value
of ¢ is compared with a of the stator flux in each sector to
determine the switching time between the circular flux
trajectory and the hexagonal flux trajectory.

III. CONSTANT POWER CLOSED-LOOP CONTROL

ALGORITHM IN THE FIELD-WEAKENING REGION

With an increase of the motor speed, the stator voltage also
increases. In addition, when the motor reaches its base speed,
the direct current (DC) voltage is fully used. For traditional
systems to further increase the motor speed, the
field-weakening control must be conducted. It is a particular
issue to use the field-weakening control mode in motors with a
speed higher than the base speed in large-power applications
systems. After entering the
field-weakening region, in order to maximally increase the
utilization of the DC bus voltage, a traction inverter usually
conducts square wave modulation on the condition of a
constant power. Since it is impossible to control torque by
changing the output voltage vector in the situation of square
wave modulation, the torque control depends on the control of

such as traction drive
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Fig. 9. Structure of the DTC in weakening region.

the flux trajectory and the control performance rests with the
performance of the flux regulator. Therefore, operation in the
field-weakening region is quite different from that in the
constant flux region. First, it is constant power regulation rather
than constant torque regulation that is operating in the
field-weakening region. Second, full voltage works in the
field-weakening region, leaving no time for the zero voltage
vector, while the non-zero voltage vector is working in the
entire sector. This brings two characteristics of the
field-weakening region: 1) an increase of speed, namely, an
increase of the stator frequency. The accelerating rotation of
the stator flux space vector relies on the decreasing given flux
value, namely, the steady-state field weakening; 2) the
regulation of torque depends on the dynamic regulation on a
given value of the hexagonal flux instead of on limiting the
torque to within the tolerance by the alternating operating
voltage vector and the zero voltage vector or the reverse
operating voltage vector.

Fig. 8 shows the given flux regulation module in the
field-weakening region. The given torque value from the PI
regulation of the speed controller works as a given value for

the power in the field-weakening region. As a result, the
power in this region is controlled with the power controller.
The actual value P,is obtained through a calculation of the
torque 7, of the motor module and the speed w, of the
detection. The PI regulation of the power controller is
obtained by comparing the given power value with the actual
power value, and output of the power controller is the
dynamic component %7 of the given flux value. As a result,
the torque is controlled in the field-weakening region. The
steady-state component ¥, of the given stator flux value
meets the requirements of motor speed in the field-weakening
region and can be obtained via equation (3) with the
traditional field-weakening method.
w = ¥ et Poase 3)
@,
In this equation, Y. is the reference value (Wb) of the
stator flux in the contast torque region, wp,, is the motor
speed (rad/s) when the system enters the constant power
region and w, is the motor speed (rad/s).

Fig. 9 is a principle block diagram of the DTC in the
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TABLEII
EXPERIMENT PARAMETERS
Direct current V. 300 (V)
Reference stator flux ¥.r 1 (Wb)
Reference torque 7ot 10 (Nm)
DSP sampling time T's 50 (us)

field-weakening region. In the field-weakening region, the
stator flux rotates according to the hexagonal trajectory with
the full voltage operating, and the torque control relies on the
dynamic regulation of the given hexagonal flux value.
Therefore, this block diagram does not show contents such as
the control stator flux of the circular trajectory in the base
speed range or the selection of the torque hysteresis controller
and the zero voltage vector, etc. However, it shows that the
given flux control module is added to control the band of the
stator hysteresis controller in the DSC algorithm, and that the
output signal of the stator hysteresis controller directly forms
the inverter switching signal to control the motor speed. In
addition, the torque and the power meet the requirements.

IV. EXPERIMENTAL RESULTS

Small power induction motors are used to verify the
principle in this paper. The motor parameters include: the stator
resistance R=1.517 (Q), the rotor resistance R,=1.483 (Q), the
stator leakage inductance L, ;=2 (mH), the rotor leakage
inductance L,=2 (mH), the mutual inductance L,=172 (mH),
the number of pole pairs 7,=2, and the rotational inertia j=0.83
(kg.m’). Table II shows the experiment parameters from which

the motor’s base speed range (0 ~ 200 rad/s) can be calculated.

In order to verify the control algorithm of the improved flux
trajectory design, experiments on two control algorithms are
conducted by changing the band of the flux hysteresis
controller under the same experimental conditions. For ease of
comparison and distinction, the two algorithms are expressed
as followings:

1) DTCI: the traditional DTC algorithm with the circular
flux trajectory.

2) DTC2: the DTC algorithm with the symmetrical flux
trajectory proposed in this paper.

Based on the above, the effectiveness of the constant-power
closed-loop control in the field-weakening region is verified.
Experiments are conducted on the two control algorithm with
motor speeds from 0 to 500 rad/s. The reference algorithms are
listed below:

1) DTC3: the multi-flux trajectory control mode and the
traditional field-weakening control algorithm of the open loop
power [23].

2) DTC4: the multi-flux trajectory control mode and the
traditional field-weakening control algorithm of the
closed-loop power proposed in this paper.

The multi-flux trajectory control mode is used in the base

speed range. It is designed to achieve the flux trajectory shapes:
sixty-six-corner — fifty-four-corner — forty-two-corner —
thirty-corner — eighteen-corner — hexagon.

Fig. 10 shows experimental results of the stator-flux
trajectories of DTC1 and DTC2 with different bands of the flux
hysteresis controller. It can be seen from Fig. 10 that the
smaller the flux band is set, the larger the number of sides of
the flux trajectories, and the closer the shape is to a circle.
Further, Table III shows that the harmonic elimination
capability is improved. However, the switching frequency
becomes higher at the same time [11]-[13].

It can be seen from Fig. 10(a) that an additional side
(indicated as a circle in the Figure) appears in the
experimental result of the DTC1 algorithm, which is located
between any two adjacent sectors in the flux trajectory, which
is correspondingly obtained from each flux band. Apparently,
this method of changing the band of the flux hysteresis
controller can only realize approximate flux trajectories of
one sort such as the sixty-six-corner, fifty-four-corner,
forty-two-corner, thirty-corner, eighteen-corner, hexagon and
the like. However, they have poor symmetry. Moreover, it can
be calculated that when the flux trajectory deviation gradually
changes from small to large, the average flux switching
frequency is correspondingly 13f;, 11f., 9f., 7f., 5f. and 3f.,
where f; is the stator flux frequency [13]. Meanwhile, using
the DTC2 algorithm with the same setting of the flux
deviation, symmetrical polygonal flux trajectories such as the
sixty-six-corner, fifty-four-corner, forty-two-corner,
thirty-corner, eighteen-corner, hexagon and so on are
obtained, as shown in Fig. 10(b). The symmetry of the stator
flux trajectory in DTC2 is better than that in DTCI. Thus,
from Table III, it can be seen that DTC2 is better for
suppressing current harmonics when compared with DTCI.
When the flux trajectory deviation gradually changes from
small to large, the average flux switching frequency is
correspondingly 12f;, 10f;, 8f., 6/, 4f. and 2f;, which reduces
the requirement of the DTC1 algorithm in terms of the flux
switching frequency, improves the switching frequency
utilization and is of great significance to motor traction with
limited switching frequency resources.

Fig. 11(a) and Fig. 11(b) show experimental results of the
flux trajectories of DTC3 and DTC4, respectively. They show
that the stator flux motions in a trajectory of multiple shapes in
the constant-torque base speed region and it moves in a
trajectory where the hexagon shape and the amplitude
gradually reduce with an increase of speed in the
field-weakening region.

The motor power, motor torque, motor speed, stator phase
current and phase voltage of DTC3 and DTC4 are separately
shown in Fig. 12(a) and Fig. 12(b). The Fig. 12 indicates that
in the field-weakening square wave modulation region, the
DTC3 algorithm can meet the requirement of motor speed,
since it only regulates the motor speed. However, it cannot
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Fig. 10. Experimental results of stator-flux locus with different flux hysteresis band magnitude with DTC1 and DTC2.

d-nzis fux conmaponent.

TABLE III

ToTAL HARMONIC DISTORTION FACTOR OF MOTOR CURRENT
WHEN USE DTC1 AND DTC2 WITH THE MOTOR SPEED OF 160 RAD/S

0 0.5

g-axis fux component

(WE)

(a) DTC3.
Fig. 11. Experimental results of stator-flux locus with DTC3 and DTC4.

The control

Bands of flux hysteresis controller: AW

0.155 [ 0083 [ 0056 [ 0042 ] 0033 | 0028

algorithm
THD (Total harmonic distortion factor) (%)
DTC1 6.494 3.710 2.587 2.053 1.634 1.432
DTC2 6.450 3.676 2.574 1.978 1.606 1.415
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motor torque and stator phase current have a poor smoothness.
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When approaching its given speed, the motor enters a steady
state, but in a comparatively slow way, which costs about 3.6
s. The DTC4 algorithm meets the motor speed requirement
by changing the stator flux amplitude. It also controls the
motor torque by regulating the stator flux amplitude in the
dynamic process and gains a generally constant motor power.
In addition, the motor torque and the stator phase current
fluctuate in a comparatively uniform way. When approaching
its given speed, the motor reaches the steady state faster,
costing about 2.65 s. Therefore, the control performance of
the DTC4 algorithm with the closed-loop power is superior to
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Fig. 12. Experimental results of output power, output torque, motor speed, stator phase current, and stator phase voltage with DTC3 and

DTCA4.

19

(a) DTC3.
Fig 13. Experimental results of motor speed, stator flux, and output torque with DTC3 and DTC4 in field weakening range.

that of the DTC3 algorithm.

In order to compare the dynamic responses of DTC3 and
DTC4, Fig .13 shows experimental results when the rotor
speed is accelerated from 300 rad/s to 400 rad/s, and then
from 400 rad/s to 500 rad/s, continuously. This figure shows
that due to the contribution of the dynamic component
control of the stator flux, DTC4 can achieve a fast torque

1@

(b) DTCA.

response, and reach the steady-state quickly. In DTC3, the
accuracy of the speed control is low due to the open-loop
controller. Therefore, the actual speed is larger than the speed
reference. As a result, the actual amplitude of the stator flux
is lower than its reference value. This phenomenon can be
observed as shown in Fig. 13(a).
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V. CONCLUSION

With induction traction motors as the research object and the
traditional DTC technologies as the research methods, a DTC
algorithm with an improved flux trajectory and a constant
power in the field-weakening region is elaborated on in this
paper. This algorithm is characterized by the following:

(1) When compared with traditional DTC algorithms, the
proposed symmetrical flux trajectory design method maintains
the advantage of keeping the flux trajectory deviation
unchanged. It also improves the control effect on the flux
trajectory symmetry, reduces the requirement on the flux
switching frequency and increases the utilization of the
switching frequency. In comparison with the current design
methods of the symmetrical polygon flux trajectory, when the
switching frequency allows, this method apparently shows
increased simplicity and is more suitable for practice design if
more symmetrical polygon flux trajectories are to be obtained.
When using DTC technology, induction traction motors need
to control the flux trajectory in different regions. As a result, a
smooth gradual transition from the symmetrical polygonal flux
trajectory mode to the hexagonal flux trajectory mode is
achievable with an increase of the motor speed. In this paper,
the multi-flux trajectory control mode is sixty-six-corner —
fifty-four-commer — forty-two-corner —  thirty-corner —
eighteen-corner — hexagon.

(2) When the traction motor conducts square wave
modulation in the field-weakening region, the stator flux can be
controlled with the traditional field-weakening control method
in combination with the closed-loop power control so as to
improve the torque and power performance.

(3) The proposed algorithm possesses the features of the
traditional DTC algorithm, such as simplicity of the control
structure, insensitivity to motor rotor parameters, etc., because
this algorithm only adds a stator flux regulation algorithm to
the traditional DTC structure.

Although it is only verified by experiments on small power
motors, the algorithm proposed here can be applied to small
and medium power industrial systems and large power
alternating traction drive systems.
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