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ABSTRACT

In this paper the steady state characteristics of a self tuned field oriented control induction motor drive are presented.
The induction motor will be self tuning after one or more of its parameters varied. Both basic types of field oriented
control have some sensitivity to machine parameters and provide non-ideal torque control characteristics when
control parameters differ from actual machine parameters. In general, both steady state torque control and dynamic
response differ from the ideal instantaneous torque control achieved by a correctly tuned controller.
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1. INTRODUCTION

Field oriented control (FOC) or vector control
(VC) has made a fundamental change with regard to
dynamic performance of induction machines (IM).
Vector control makes it possible to control induction
motor in a manner similar to control scheme used for
the separately excited dc motor. But both basic types of
field oriented control have some sensitivity to machine
parameters and provide non-ideal torque control
characteristics when control parameters differ from
actual machine parameters.

In indirect FOC, the major problem is the rotor time
constant which is sensitive to both temperature and flux
level. When this parameter is incorrect in the controller
the calculated slip frequency is incorrect and the flux
angle is no longer appropriate for the field orientation.
This results in an instantaneous error in both flux and
torque. There is also a steady state torque error since
the steady state slip is also incorrect. In addition steady
state slip error cause additional motor heating and
reduce efficiency.

Direct field oriented (DFO) systems are generally
sensitive to stator resistance and total leakage but the
various systems have individual detuning properties.
Typically, parameter sensitivity is less than in indirect
field orientation (IFO), especially when a flux regulator
is employed. In all cases, for both IFO and DFO, large
high efficiency machines tend to have high sensitivity
to parameter errors and field weakening operation
further enhance this sensitivity. Typically, parameter
sensitivity in small machines is low enough that
regarding problems are less serious.

Vas [1] concluded that if incorrect modulus and angle
of the flux-linkage space vector are used in a vector
control scheme, then flux and torque decoupling is lost
and the transient and steady state responses are
degraded. Low frequency response, speed oscillations,
and loss of input-output torque linearity are major
consequences of detuned operation, together with
decreased drive efficiency.

If one or more parameter is varied, this will produce
errors in the rotor position. Since the angle is used for
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field orientation, it is clear that the Park transformation
is done with an incorrect angle. The immediate
consequence is that the torque dynamics is
compromised. The d-q currents are not correctly
aligned to the real rotor flux vector. The attempt to
regulate one of the currents will change the other one
and vice-versa (decoupling is lost). The torque
produced suffers and the speed dynamics may show
oscillations or even instability depending on how large
the angle error is.

Since most methods require the knowledge of machine
parameters, many research efforts are focused on
robust control that not depends on parameter variations
of induction machines. In [2] a new stator current
sensorless position—flux tracking control algorithm,
which is robust to electrical motor parameter
variations, is presented. The salient advantage of the
observer [3] is that it does not need the information of
any machine parameter. From simulation results, fuzzy
logic control (FLC) is more robust to parameter
variation [4]. The proposed adaptive fuzzy sliding
mode control [5] has the advantage of online adaptation
ability to handle the plant variations or changing
environments. Also a FLC based on-line continuous
tuning method of slip gain of FOC IM drive has been
proposed [6]. In order to counter parameter sensitivity
issue and to develop more robust control method,
reference [7] proposes a self tuning adaptive control
strategy for VC IM drives. The proposed methodology
in [8] shows that exact electrical and mechanical
models of the induction motor are not necessary.
Online self tuning neural network (NN) controller for
induction motor drives was presented [9].

The impact of parameter variations has been studied in
detail. The consequence of any mismatch between the
parameter values used in the controller and those in the
motor is that the actual rotor flux position does not
coincide with the position assumed by the controller.
Therefore the drive performance is wrong, and it is
necessary to update the parameter values. Parameters
estimation can be done by means of measuring, in the
drives initialization, or by tests based on an inverter
supply as in the off-line parameter identification. On
the other side, there exist methods to update the
parameters value during the drive operation. In [10] the
two-layered neural estimator is used to provide a real-
time adaptive estimation of IM unknown parameter.
Online parameter estimation has been proposed [11].
Estimation of stator and rotor resistances and rotor

leakage inductance taking thermal and skin effect (for
rotor resistance only) in IFOC has been presented [12].
In [13], two techniques have been demonstrated, one
which requires no a priori knowledge of the machine to
allow online estimation of all the required electrical
parameters and a second technique which eliminates
the need for signal injection at the expense of requiring
an offline estimate of the stator transient inductance.
Automatic tuning machine parameter estimation
schemes has been presented [14], [15]. Automatic
tuning of stator resistance and inductance as well as
rotor resistance and inductance has been proposed [16].
In [17] four schemes for the real-time identification of
the rotor and stator resistances of IM based on the
MRAS approach are proposed.

2. INDIRECT VECTOR CONTROL

In this section, the indirect vector controller is
derived from the dynamic equations of the induction
machine in the synchronously rotating reference
frames. The rotor equations of the induction machine
are given by:

Rri:r+pﬂ:r+a)5|/1§r =0 (1)

Ri; +pA;, +o,4, =0 2)

sl “fgr

Where
W, =0, -0, 3)
lqer = LmiqeS + Lri:r 4
Ag =L g +L,i; %)

In this equations, R, the referred rotor resistance per

phase; L _, the mutual inductance per phase; L, the

e
dr

the referred direct and quadrature axes currents

referred rotor self inductance per phase; i, and i qer ,

. . . e . e .
respectively; i, and i, , the stator direct and
quadrature axes currents respectively; p , the
differential operator; o

sl !

synchronous speed and electrical rotor speed in rad/sec,

o, and o, , slip speed,

and 4; and /1:r are rotor direct and quadrature axis

flux linkages. Aligning the d-axis with rotor flux
phasor yields:
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b= 2 (6)
de =pA. =0 (7)

Substituting equations (6) and (7) in (1) and (2) and
using equations (4) and (5), the followings are
obtained:

. e A
e =1y =L—(1+ pT,) 3
. e A
=1y =L—Tra)SI 9)

Where T, the rotor time constant and equal to:
T =L /R, (10)

The g- and d-axis currents are labeled as torque and
flux producing components of the stator current phasor,
respectively. The induction machine torque equation
can be obtained as:

3PL . 3PL . .
T, =,77m(,1r|qs)=7f7m/1r|t =K, 4i, (11
221L, 22 L,

Where K, is torque constant and equal to:
P m
K =——-T1 (12)
22

From previous equation, it can be noted that, the torque
is proportional to the product of the rotor flux linkages
and the stator g-axis current. This resembles the torque
expression of dc motor, which is proportional to the
product of the field flux linkages and the armature
current. If the rotor flux linkage is kept constant, then
the torque is simply proportional to the torque

producing component of the stator current (i, ), as in
the case of the separately excited dc machine.

3. SIMULATION RESULTS

A matlab program is developed based on the
equations of the induction motor in FOC; this program
calculates and plots the characteristics of class H
induction motor. In this class, the maximum allowable
increase in temperature is 130° C for a room
temperature of 40° C and the temperature coefficient of
a copper at 40° C is 0.00364, so the new resistance due
to increase in temperature (maximum) can be
calculated as follow

R, =R_(1+0.00364*130) = 1.4832*R_ (12)

Where R and R, are the original and new resistance
due to temperature increase.

In Figure (1), R1o and R20 are the original stator and
rotor resistances respectively at room temperature, and
R1n and R2n are the new stator and rotor resistances
respectively at maximum temperature at which the IM
can operate.

In all the next figures, there are three cases as the
following:

Case 1. Field oriented control with no parameter
variation in solid line.

Case 2: Detuned field oriented control with parameter
variation in dotted line

Case 3: Well tuned field oriented control with
parameter variation in dashed line
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Fig. (1) Variation of stator and rotor resistance with speed
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From Fig. (2), the starting torque for detuned case is
decreased by 27.13% of its original value, but for tuned
case this decrease is 14.61%. The difference between
original, tuned and detuned torques is decreased as the
speed increase. For the same stator current in detuned
and tuned cases, the starting torque of tuned case
increased by 17.19% of that for detuned.

When the motor temperature is increased the stator and
rotor resistances are increased, thus reducing the stator
and rotor currents for both detuned and tuned cases as
shown in Figures (3) and (4).

From Fig. (3), the starting stator current for detuned
and tuned cases is decreased by 17.97% of its original
value. The difference between original and new stator
currents is decreased as the speed increase.

From Fig. (4), the starting rotor current for detuned and
tuned cases is decreased by 18.42% of its original
value. The difference between original and new rotor
currents is decreased as the speed increase.

From Fig. (5), the starting torque per ampere for
detuned case is decreased by 11.17% of its original
value, but for tuned case it increased by 4.1%. The
difference between original, detuned and tuned torque
per ampere is decreased as the speed increase. For the
same stator current in detuned and tuned cases, the
starting torque per ampere of tuned case increased by
17.19% of that for detuned case.
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From Fig. (6), the motor losses for detuned and tuned Appendix

cases are less than that of original losses. ) )
Induction motor details:

From Fig. (7), the difference between tuned and 2Hp,380 v, 4 — pole,50Hz ,R_ = 3.41 Q
original input power is smaller than that between ' ' ' s T '
detuned and original. For stable region, the difference R =45+857S° QX =737 QX =1177 Q,
between original, tuned and detuned input power is ' s §

decreased as the speed increase, and the difference X =195 Q,R_=1700 Q

between tuned and detuned input power is very small.

From Fig. (8), the difference between tuned and
original output power is smaller than that between
detuned and original. For stable region, the difference
between original, tuned and detuned output power is
decreased as the speed increase, and the difference
between tuned and detuned output power is very small.

From Fig. (9), the difference between tuned and
original efficiency is smaller than that between detuned
and original. For stable region, the difference between
original, tuned and detuned efficiency is decreased as
the speed increase, and the difference between tuned
and detuned input power is very small.

From fig. (10), the starting power factor of tuned and
detuned cases is the same and its value is higher than
that of original one. For stable region, the difference
between tuned, original and detuned power factor is
decreased as the speed increase, and the difference
between tuned and detuned power factor is very small.

From fig. (11), the actual angle is increased by 22.01%
of its original value. This difference is decreased as the
speed increase.

4. CONCOLUSION

A self tuned class H induction motor is presented.
The effect of temperature increase on the value of
stator and rotor resistance is taken into account. In
addition, the skin effect is taken into account for rotor
resistance. The performance characteristics of motor
are explored for original, detuned and tuned cases. The
motor will be detuned if any one or more of its
parameter vary. The performance under detuned is
sluggish and to improve it, the motor has to be self
tuned. The characteristics of tuned motor are better
than that of detuned one.
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