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ABSTRACT: This paper, presents speed control and torque control method for Induction motor, by using DTC based
fuzzy logic, it is applied in switching select voltage vector .The comparison with conventional direct torque control
(DTC), show that the use of the DTC_FL , reduced the torque, stator flux, and current ripples. The validity of the
proposed methods is confirmed by the simulative results
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1. INTRODUCTION

Induction motor drives controlled by Field Oriented control (FOC) have been till now employed in high
performance industrial applications, has achieved a quick torque response, and has been applied in various industrial
applications instead of dc motors [1-3] .It permit independent control of the torque and flux by decoupling the stator
current into two orthogonal components FOC[1-3], however, is very sensitive to flux, which is mainly affected by
parameter variations. It depends on accurate parameter identification to achieve the expected performance. During the
last decade a new control method called DTC (Direct Torque Control) has been developed for electrical machines.
DTC principles were first introduced by Depenbrock and Takahashi [1-2]. In this method, Stator voltage vectors is
selected according to the differences between the reference and actual torque and stator flux linkage. The DTC method
is characterised by its simple implementation and a fast dynamic response. Furthermore, the inverter is directly
controlled by the algorithm, i.e. a modulation technique for the inverter is not needed [1-4].However if the control is
implemented on a digital system (which can be considered as a standard nowadays), and the actual values of flux and
torque could cross their boundaries too far.

The main advantages of DTC are absence of coordinate transformation and current regulator; absence of separate
voltage modulation block, Common Disadvantages of conventional DTC are high torque ripple and slow transient
response to the step changes in torque during start-up [1-5]. For that reason the application of Fuzzy logic attracts the
attention of many scientists from all over the world. The reason for this trend is the many advantages, which have good
torque response, accurate speed control torque and flux are motor parameters are directly controlled, there is no need
for a modulator, as used in PWM drives, to control the frequency and voltage ,DTC also provides precise torque
control without feedback device, less overshoot. The theoretical Principle, numerical simulation procedures and the
results of these methods are discussed and compared with conventional DTC (C_DTC).
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1. MODEL OF THE INDUCTION MOTOR

The model of the IM is presented as follows:
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1. DTC PRINCIPL

DTC of IM is based on the direct determination of command sequence applied to the voltage inverter
switches. The command stator flux and torque magnitude are compared with the respective estimated values, and the
errors are processed trough hysteresis-band controller. The two levels voltage inverter has seven positions distinct in
the phase plane, corresponding to the eight sequences of the output voltage vector. In steady state, the stator flux can be
easily estimated from Is and Vs. The values of flux and torque are then calculated without complex loop, independently
of the rotor parameters. Since the DTC orders the switches directly, it’s clearly the dynamic performances improved of
the drive compared to the vectorial control [8].DTC can be schematized by the following figure:
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Figure I: DIT principle

In the reference frame (o, [ the equation of flux
is:

= o5 .dg

V.=RI +—V% (8)

dt

The electromagnetic torque is proportional to the
vector product of flux stator and rotor,

it is expressed by [6]-[7]:

C, =k(¥, x¥,) = k|¥.|¥,|sm(6) ®
Where:
P L g M
2 oL LL
O - Angle between the vector of stator and rotor
flux.

V. CONTROL STRATEGY OF DTC

The choice of the vector Vs depends on:
- The position of IP: in the reference frame

(2. B).

- The wvarnation desited for the module
ni‘@: (neglecting the stator resistance),

- The variation desired for the torque, and

- The direction of rotation Df‘I_’:, )

When the flux is in a zone 1, the control of flux and torque can be ensured by selecting one of the eight vectors
tensions as following:
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- If Vi 1s se]ected__@: increase, and Ce
increasze.
- If Vi iz selected. Tziucrease. and Ce
decreaze.
- If Wi s 5E]ected:¢:decrease_ and Ce
increaze.

- If Vin is selected. ﬁ__.daecrea-;e_. and Ce

decrease.

- If VO or V7 is selected, the rotation of flux is stopped; the torque decreases whereas the module of flux remains
unchanged.
p

Va i} e T, T2 (1103

Figure 2. Voltage space vector and sector location

The voltage vector table in figure 2 receives the input signals H¥Y, HCe, and S and generates the
appropriate control voltage vector (switching states) for the inverter according to the Table 1.

Aag lac s Isa [ ss [0S ] ss | se
1 [11o]oio] ot [oor | 101 ] 100
1 | o Jooo]ooo|ooo]ooo]eoo | oo
-1 [ 101|100 ]| 110|010 o1t ool
1 [ow ot oot | o1 | 100] 110
o [ o [ooo]ooo|ooo]ooo|ooo|ooo
-1 [oor [ 101|100 110 | o0 | o1l

Table 1: Status of switches

The flux and torque are controlled by two hysteresis comparator illustrated in Figure. 3.

Figure 3: hysteresis-band controllers

Copyright to IJAREEIE DOI: 10.15662/ijareeie.2015.0406111 4880



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 6, June 2015

The dynamic torque is generally faster than the flux. Therefore, the use of a comparator with two level hysteresis-bands
is justified in order to adjust the torque and minimize the frequency switching average [7].

V. FUZZY SPEED CONTROLLER

The motor speed can be controlled indirectly by controlling the torque with a fuzzy controller. Fuzzy logic is
based on the theory of fuzzy sets developed by Zadeh [9]. This is an extension of the classical theory for the
incorporation of fuzzy set. The proposed fuzzy controller has two inputs and one output as described in Figure 5.

Figure 5: structure of the fuzzy controller
VI. DTC BASED FUZZY LOGIC

The principle of direct torque control using fuzzy logic (FDTC). The fuzzy controller is designed to have three
fuzzy state Variables and one control variable for achieving direct torque Control of the induction machine[8][9][12],
there are two variable input fuzzy logic controllers, Speed error membership function, change in Speed error
membership function respectively the output it is the Current reference membership function. Fig (5) shows the
structure of fuzzy speed controller.

6.1 CURRENT REFERENCE SETTING

In this part, current reference is determined for the three phase’s currents hysteresis control. The FLC
generates current reference changes (dlref ), based on speed error (eN = Nref-Nactual) and its change (ceN = eN(k+1)-
eN(k)). dlref is integrated to achieve current reference. Thus, the limits for the universes of the antecedents and
consequents were initially settled.

The error has its minimal value when the motor speed has nominal value, +105rad /s, and is inverted to -
105 rad /s. So, we have eN =Nref-N= (-105) -(+105) =-310 rad /s. The maximum value, +310, is obtained in the
opposite situation.
The maximum torque obtained with the motor nominal current (5A) is 7 Nm, thus which we can calculate the
maximum absolute value for ceN:

ceN = eN(K) - eN(k - 1) 10
= (Nref - N (K)) - (Nref - N(k - 1)) 11
= (N (K) N (k - 1)) = -dN 12
J(N /dt)= 13
dN=( dt/J) © 14
CeN=( dt/J) t 15

So, the initial limits for the universe of the antecedents and consequents were the following:
eN:-310 to +310rad /s
ceN:-24 to +24 rad/s/s
diref: .5to 1 (Amp)
Both antecedents and consequent linguistic variables are represented by seven triangular membership functions as
shown in fig.(5), fig.(6) and fig.(7).

n
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6.2 RULE BASE

FE, FdE, FdU are gains called "scale factor”. They can change the sensitivity of the controller
without changing its structure. The fuzzy controller is composed of three blocks: fuzzification, rule bases, and
defuzzification.[10,11]show the function of membership of each input signals (E,dE). The fuzzy subsets are as
follows:NB(Negative Big), Nm (Negative Medium), NS(Negative Small), Z (Zero), PS (Positive Small),PM (Positive
Medium), PB (Positive Big). There are 7 fuzzy subsets for each variable, which gives 7 * 7 =49 possible rules, where a
typical rule is: "If E(pu) is PS and dE(pu) is PM Then dU (pu) PB". Table 2 shows the rule base of fuzzy controller.

Copyright to IJAREEIE

Clele |[NB | NM | NS | ZE |PS |PM | PB
NB |NB |NB [ NB | NM | NM | NS | ZE
NM | NB |NB | NM [ NS | NS | ZE | PS
NS NB |[NM | NS |NS [ZE |PS | PM
ZE NM | NS |NS |ZE [PS |PS | PM
PS NM | NS |ZE |PS |PS |PM | PB
PM |NS |ZE |PS |PS |PM | PB | PB
PB ZE |PS |PM |PM | PB | PB | PB

TABLE2: Rule data base
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VILI. RESULTS AND DISCUSSION

To study the performance of the fuzzy logic switching table with direct torque control strategy, the simulation
of the system was conducted using SIMULINK and Fuzzy logic toolbox[13]. Simulation results for a DTC system
when controlling the induction machine is following parameters:

PN = 15KW, Vn =230V, Fn =50Hz, Rs =2.890hm, Rr=2.390hm, P=6, Ls=Lr=0.225H, Lm=0.214H, J=0.005kgm.

The Sampling period of the system is 2microsecs.To compare with C_DTC, FLDTC for IM are
simulated. In two cases, the dynamic responses of speed, flux, torque and stator current for the starting process with [5,
7, 3] Nm load torque applied and a constant command flux of 0.6Whbs are shown in Figure from 8 to 11 respectively.
Figs.8 (a, b) shows the response of electric torque of the C_DTC, FL_DTC respectively. It can be seen that the ripple in
torque with FL_DTC control is less than 0.3 Nm and with conventional direct torque control the ripple is about 2 Nm at
the same operating conditions. Figs.9 (a, b) shows the response of stator flux magnitude of the C_DTC, FLDTC
respectively. By FLDTC technique shown Fig 9 (b) , the stator flux are the fast response in transient state and the ripple
in steady state is reduced remarkably compared with conventional DTC, the flux changes through big oscillation and
the torque ripple is bigger in C_DTC .Figs 10.1.(a and b) show the steady state current response of the C-DTC and
FLDTC, it shows the FLDTC has negligible ripple in stator current and a nearly sinusoidal wave form while as with
conventional DTC the stator current has considerably very high ripple. Fig 11(a,b)shows the speed response of the C-
DTC and FLDTC. it shows the speed response of FLDTC is very quick compare to C_DTC ,it can be seen that the
speed settling time of (FLDTC) is about 3.47 secs ,but C_DTC takes 4.27secs at the same operating condition.
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Fig.8a. Electromagnetic torque Response C DTC
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Fig.8b. Electromagnetic torque Response FLDTC
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Fig.10a. the stator current C_DTC
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Fig 11b Speed vs time characteristics FLDTC

VIII.  CONCLUSION

In this paper a FLDTC of induction machine have been proposed. An improved torque and flux response was
achieved with the FLDTC than the conventional DTC. The performance has been tested by simulations. Also, a
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command flux optimization scheme has been proposed to reduce the torque ripple. The optimization was tested using
simulation. The results show a reasonable improvement by flux optimization. The main improvements shown are:

* Reduction of torque and current ripples in transient and steady state response.

«.Swift speed response

* Fast stator flux response in transient state
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