A » ISSN(Online): 2319-8753
IJIRSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor & UGC Approved Journal)
Website: www.ijirset.com

Vol. 6, Issue 8, August 2017

Development of Predictive Current Control
Technique Using ANFIS Controller for
PMSM Motor Drive

T.Sravya', P.Munigowri?

P.G. Student, Department of Electrical & Electronics Engineering, Sri Padmavathi Mahila University, Tirupati, India*
Assistant Professor, Department of Electrical& Electronics Engineering, Sri Padmavathi Mahila University,

Tirupati, India?

ABSTRACT: This paper proposes an effective Predictive current control(PCC) technique usingANFIS controller for
fast torque monitoring and high performance of permanent magnet synchronous motor (PMSM) involving constant
switching frequency. The conventional Proportional-Integral (Pl) speed control has been widely used in industrial
motor controls due to its capabilities in controlling linear plants. As, motor behaves as non-linear plant where the PI
speed control may not be able to provide precise speed responses. With the fast growing of artificial intelligent in motor
controls, the fuzzy logic and Adaptive Network Fuzzy Inference system (ANFIS) is available in more precise motor
controls.In the proposed controlling technique, PCC is a combination of both dead beat and direct predictive control
(DPC).In this paper PCC with ANFIS controller is developed in MATLAB SIMULINK and its results are compared
with simulation results of PCC without ANFIS controller. The analysis illustrates the faster dynamic response and
improved transient characteristics concerning speed changes as well as reduced current and torque ripples.

KEYWORDS: ANFIS controller, PCC, Permanent magnet synchronous motor, Dead beat and Direct Predictive
control.

I.LINTRODUCTION

The applications like robotics, machine tools and electric vehicle where high performance, high power density, fast
torque and speed charges are required, PMSM motors are mostly used. More than 85% of drive systems use Induction
machines at present but PMSM can replace them as they are more efficient which in turn can reduce the replacement
cost.Field Oriented control (FOC) is the standard method of control for both PMSM and induction machine. In recent
years new control strategies have been studied, among all those predictive current control technique is the most
effective method for PMSM drive.

The principle of predictive control is to use the system model to predict the future behaviour of the state
variable. Predictive control is mainly classified into four types [1], they are hysteresis based, trajectory based, dead beat
control and model predictive control. Model predictive control (MPC) is again classified into finest set MPC also
known as DPC and continuous set MPC.PCC is combination of dead beat algorithm and DPC. The advantages from
both dead beat and DPC are taken to design a new control technique PCC.

In dead beat, PMSM model is used to predict the stator voltages after one modulation period allowing
converging on desired current [2].PWM process drives the converter ensuring constant switching frequency, which is
main characteristic of dead beat algorithm. This dead beat control is sensitive to parameter mismatching error. System
delay and inverter non linearity [3]. This control does not demand cost function minimization, so it is computationally
less complex compared to DPC.
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DPC can handle system constraints like maximum output voltage limits from inverter and maximum motor
current. The most complex part of DPC is cost function minimization. Based on the application DPC can be designed
with fully different goals like minimizing power losses, switching frequency or common mode voltage, by adjusting
weighting factors introduced in each term utilizing just a single control law [4]. The main drawback of DPC is
switching frequency may vary which will lead to switching losses and which may also requires an EMI filter design.

PCC is a convenient combination of both dead beat and DPC. It is based on the optimization of an objective function
and the output of the controller is the reference voltage in the d-q frame and like set of pulses in DPC. In PCC this
reference voltage is given to pulse modulator as in dead beat scheme. Cost function chosen contains terms related to
current control square error. This PCC technique offers fast dynamic response and reduced torque and current ripples.

The paper is described in six sections in the present section control technique is explained with respect to
other methods encountered in literature. In section Il PMSM dynamic model equations are presented. In section Il
control scheme PCC for a PMSM drive is explained. In section IV the proposed control scheme PCC with ANFIS
controller is explained. In section V simulation results both the schemes are compared. Finally in section VI summary
and conclusions of present work are given.

. DYNAMIC MODEL OF PMSM

With respect to d-q reference frame rotating synchronously with rotor the electrical subsystem of PMSM can be
modelled and written in matrix form as

ld (t) we(t)L ld (t) i O Vd (t) O
dat l (t)J we(t)Ld l (t)J 0o L qu(t) - l%qmdj 1)
Lq

The d-g axes current components iq(t),iq(t) are used as state variables in the dynamic model of PMSM. The d-q axes
voltages Vd(t), V,(t) are taken as inputs of the system. The above state space model is treated as second order LPV
model. The third term in the equation which is proportional to the product of the electrical frequency and permanent
rotor magnetic flux is non controllable input. The electromagnetic torque of motor is given by

T,(t) =3 lAdl ) - Adld(t)l(z)
From (2) we can say that if d-axis current is set to zero, the rate N, to ampere ratio is maximized.so that the excitation
of the machine is achieved by the magnetic material of the rotor. The relation between electromagnetic torque,

mechanical load torque and the rotational speed is give as

I = 1,0 ~ Ty~ Fu(D(3)
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Il. PCCSCHEME FORPMSM

In order to optimize the performance, PCC replaces the linear PI controllers used in classical FOC scheme using PC
technique.

S
PCC Vi [k}. sv PwM | s | 3PH =
Vet () Modulation | <. ; Inverter l\ PMSM

Fig.1 main scheme of PCC, using PI control for speed control loop

Similar to other predictive controllers, deadbeat algorithm isbased on the motor model in order to obtain the voltage
reference that should be applied in order to obtain the desired current at the end of the switching period,igq ;. The
desired current is indicated by the referenceig,, . Rotational speed, ®, and d-q current measurements, i . are derived
from the rotor angle acquired by the encoder and the phase current measurements respectively, at every sampling
period. Some delay can be introduced in the system due to the computation time, sensors and actuation propagation
time. That is why delay compensation is introduced in dead beat schemes.

To implement PCC for each time step differential equation model of PSM should be transformed into discrete
model. After that cost function has to be defined. Control variables at each step should be controlled, in order to
minimize the cost function satisfying all the constraints.

Discretization of the machine model:By using discrete model, the next step time state of the d-q currents could be
predicted, by the present value of the d-g currents, the measured electrical speed and the input d-q voltages. The PMSM
can be modeled in discrete time by means of Taylor series expansion if sampling periodT, is taken short enough. State
space model (1) is transformed to discrete state space equation as:

|1- R T | IL o | 0
e S
lldk+1J — | qu | ldk |L . | deJ _ wekTsAd (4)
lgk+1 -
I l_wekTs 1- quJ l L_SJ qu

WhereL,, =Lq=Lg, is the stator inductance, which takes the same value along both axes, as the machine is
symmetrical. The described discretization method, assumes that the rotational speed is constant during a sampling
period, based on the fact that the mechanical time constant is much greater than the electrical one.

Predictive optimization method: On the next step, the problem of the controller design involves the computation of the
reference voltage that should be implemented at the present time step, ensuring that the current will follow the
reference at the next step. This goal can be expressed as the minimization of the predicted currents, i, ,,divergence
from theij,, reference value. A cost function that incorporates this objective is formulated as follows:
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~ * * . . “x 2
g (de’qu) = ldk+21 + (l(Uc+1 - le) ()

The cost function (5) contains the VoltagesV;, ,V;, as variables that have to be determined at each time step ensuring
that the function takes its minimum value. The prediction currents isigy.1, igk+1Can be expressed as function of the
reference voltages and the measured current and speed valuesiyy, igand w respectively through (4).

Finally, the cost function can take the following form:

G (we) = W 2w, + e (6)
The parameters of this cost function are determined as follows:
w=l] A=
M = (M1 Hzy ]
ty, = 2M(ayiq, + asig,)
Hz, =2 (—aig, + ayig, — U5 — WeADy)

_ RT; —
Q= , Ay =wTy
dq

A constraint imposed on the problem is that the current amplitude never exceeds a defined maximum value, for motor
safety and reliability reasons. The maximum current is selected by the technical specifications of the motor as the
maximum transient permissible current [8]. Finally the equations used for the design of PCC block are

v 1 [ . ,
de‘} (ld — qlgg — azlqk) @)

1. ) )
K = (l:{ +ayige — allqk)+wAd ®
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Fig.2 Simulink Model of PCC
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I1l. THE PROPOSED CONTROL SCHEME PCC WITH ANFIS CONTROLLER

In this proposed scheme PI controller in the speed loop is replaced with the ANFI controller. ANFIS uses the neural
network’s ability to classify data and find patterns. It then develops a fuzzy expert system that is more transparent to the
user and also less likely to produce memorization error than a neural network. ANFIS keeps the advantages of a fuzzy
expert system, while removing (or at least reducing) the need for an expert. The problem with ANFIS design is that
large amounts of training data require developing an accurate system. The objective of ANFIS is to adjust the
parameters of a fuzzy system by applying a learning procedure using input—output training data. Basic architecture of
ANFIS that has two inputs x and y and one output f. This allows the rule base to adapt

As a simple example, a fuzzy inference system with two inputs x and y and one output z is assumed. The first-order
Sugeno fuzzy model, a typical rule set with two fuzzy If-Then rules can be expressed as

Rule 1: If x is Al and y is B1, then fl=p1x+qly+rl

Rule 2: If x is A2 and y is B2, then f2=p2x+q2y+r2

The resulting Sugeno fuzzy reasoning system is shown here, the output z is the weighted average of the individual rules
outputs and is itself a crisp value.

SIMULINK MODEL

Discretz 5V FWM
Generator

—— thetam
i et i
T 3 BA
I J % m m—{mator Wm
’—“ £, L. 8
= il lac
!

demux1

i

Fig.3 Simulink Model of PCC with ANFIS controller
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V.COMPARISION OF SIMULATION RESULTS

Fig.4 Rotational speed response —P1-PCC

Fig.5Rotational speed response ANFIS-PCC

In fig.4 & fig.5, PI-PCC, and ANFIS-PCC simulation results were compared, concerning the system response under
sudden load torque change and reference speed increment or decrement. It should me mentioned thet in these
simulations, maximum trainsent motor current was considered for reliability and safety reasons. It is clear from these
two figures that ANFIS-PCC produces fast dynamic response compared to PI-PCC.

Fig.6 D-Q Current response - PI-PCC
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Fig.7 D-Q Current response -ANFIS-PCC

Fig.6 &Fig.7 shows the D-Q current responses for two types of control techniques. From these two figures we can
observe that ripple content in the d-q currents is less in ANFIS-PCC when compared to PI-PCC. Due to the decrease in
ripple content THD will be decreased.

Fig.8 Electromagnetic Torque response —P1-PCC

e

Fig.9 Electromagnetic Torque response —ANFIS-PCC

Fig.8 & Fig. 9 shows electromagnetic torque response by using both the techniques. From these figures we can observe
that ripple content in the torque response of ANFIS-PCC is less than that of PI-PCC. From Figs.6, 7, 8 and 9 it is clear
that torque and current involve similar changes during transients, as electromagnetic torque is directly proportional to
I4 current component.

These results illustrates that ANFIS-PCC can efficiently handle changes to external inputs such as the

mechanical load torque. Consequently, ANFIS-PCC prevents system from overshooting and gives faster speed
response.
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VI. CONCLUSION

In this paper, a constant switching frequency PCC based on a convenient combination of deadbeat and DPC techniques
has been developed for a PMSM drive system, designed for electric vehicle applications.The proposed method is
analyzed using MATLAB/SIMULINK software.From the above comparison of simulation results it is clear that ANFIS
controller gives fast speed response than PI controllerANFIS controller has significantly reduced the overshoot as well
as the settling time in comparison to rest of controllers. It also cancelled the disturbance effects such as speed and
torque change and maintained steady-state accuracy. Adaptive neuro fuzzy inference system has smaller overshoot and
less rising and settling time than conventional Pl controller and has better dynamic response properties and steady state
properties.
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