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Stability Comparison of New Simplified Speed Sensorless
Vector Control Systems for Induction Motors

Glanny M. Ch. Mangindaan”, Mineo Tsuji" and Sin-ichi Hamasaki™"

Abstract — This paper discusses stability of new simplified sensorless vector control systems of induction
motors (IM). The simplified sensorless systems estimate the flux angle by using the output voltage of d-axis
Pl current controller to achieve the g-axis flux zero. Two simplified sensorless systems are studied. The
difference of two systems is the presence or absence of a g-axis Pl current controller. The systems stability is
compared by deriving linear state equations and showing root loci and unstable regions. Furthermore,
transient responses and experiment results make clear the stability of the proposed system.
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1. Introduction

A considerable amount of papers have been published in
order to improve the performance of an induction motor
control without speed sensor, and some of its publications
are in [1] - [6]. However, the disadvantage of these systems
is complexity. For example, a model reference adaptive
system (MRAS) based methods need a state observer and
many Pl controllers (d-q currents, speed and speed
estimation). Furthermore, the systems may become unstable
at low speed regenerating operations.

On the other hand, we have proposed a simplified
sensorless vector control method of IM in the previous
research [7] (we call system A). In this paper, we study the
system B in which the g-axis Pl current controller is
contained and we discuss the stability of systems A and B.
A linear model of the system B is derived in state space
equation by taking a small perturbation. Stability analysis is
performed by showing root loci of the linear models. By the
stability analysis, we can determine the gains of controller.
From the results of root loci, the unstable region of
regenerating operation is improved in both systems. The
experimental results of system A is shown to clarify the
stability analysis and to demonstrate the effectiveness.

2. Proposed Systems

In order to simplify the controller and to stabilize the
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system at low speed regenerating operations, we proposed a
sensorless vector control system shown in Fig. 1. [7].
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Fig. 2. Block diagram of system B.
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In this paper, we propose and analyze the system B in which the
rotor speed is estimated explicitly and the g-axis Pl current
controller is contained as shown in Fig. 2.

By neglecting the derivative of d-axis current and flux,
the following d-axis voltage model equation is obtained in
rotating reference frame [7].

ey =Rliy —w'oLii,—o' My, /L, )

By using the e; which is the output of d-axis Pl current

controller in Fig. 2, we have:

& =—w My /L, @
We estimate the flux frequency " to bring g-axis flux
., tozeroby using Pl controller as
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where,
Koo =sign(a)*)|pr| and Kiw:sign(a)*)|Kiw|

The estimated speed @, is computed by using slip speed
@, . In Fig. 2, the PI speed controller and the PI current
controllers are composed as conventional system. Flux
angle 6" is obtained by integrating @ as:

& =wls (4)

3. Analytical Model

In the previous paper, we analyzed the system A [7]. Therefore,
we analyze the system B in this paper. By using the d—q model of
IM which rotates synchronously with @" and the equations of

controller, a non-linear state equation of the system B is obtained
as

px = f (X, @, T,) 5)
where,
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The state variables e, and e, are necessary for Pl
current controllers, and e, and a, are necessary for Pl
flux speed estimator and P1 speed controller respectively. The
transient responses are computed by solving (5).

We derive a linear model to study the stability of system
B by considering small perturbation about a steady-state
operating point:
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We confirmed that the transient responses of the linear
model are in good agreement with those of the nonlinear
model around the steady state operating point. The linear
model can not analyze the discrete points caused by the
limiters.
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4. Transient Characteristics
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Fig. 3. Trajectories of poles (system A).

The proposed control system is implemented by a DSP
(TMS320C32)-based PWM inverter. A compensating
method is developed for the experimental system for dead
time and the non-ideal features of IGBT [8]. Parameters of
IM are: number of pole P=4, stator resistance R;=1.54Q,
rotor resistance R,=0.787Q, stator and rotor inductance
Ls=L,=0.115H, mutual inductance M=0.11H, and moment
of inertia J=0.0126 kgm?.

Figs. 3 and 4 show the root trajectories computed by the
linear models of systems A and B respectively. The speed
command N is 100 min™ in case (a), 50 min™ in case (b)
and slip speed N, is changed from —80 min™ to 80 min™
(T, =9.07Nm) as a parameter of load. The system is stable

at low speed regenerating operation. However, the system is
unstable at plugging region as shown in (b) by the poles on
real axis in both systems.
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Fig. 4. Trajectories of poles (system B).
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Fig. 5 shows the unstable operating region when speed
command and slip speed are changed with
parameters |K,|=5.0 , K, =200 and K, =10 for
system A. In earlier paper, we have only studied when
K, =0.0 [9]. The increasing value of speed control
proportional gain K can improve the stability region at
low speed of motoring and plugging operations [7]. Fig. 6
shows the unstable operating region of system B with
parameters; |pr| =200, |K,,|=20.0, and w, =20.0. The
@, is the cut-off angular frequency of the speed control. These
gains are selected to have wide stable operating points. By
comparing the results of Figs. 5 and 6, it is found that unstable
plugging region is almost same.
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Fig. 7 shows the transient responses of the system B — 300
computed by non-linear model (5). The speed command is £ 100 e
changed from 50min® to 150min™ and then to 50min™ =100 \ xperment s
when the system is operated at regenerating operation. -300 .
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Fig. 7. Transient responses of system B at T, =-4.0 N-m. Fig. 8. Transient responses of system A.
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Fig. 8 shows the experimental results of system A. Fig (a)
shows the responses when the speed command is changed
from 100min™ to -100min™ and then to 100min™ . N, is the
rotor speed and N is the synchronous speed. In Fig. (b), the
speed command is changed from 100min™ to 5min™. In
these cases, the system can be operated stably. On the other
hand, in Fig.(c), the speed command is changed from
100min™ to -25min™. The system becomes unstable at
plugging region and is operated using speed sensor for the
protection after t = 0.98s. This experimental result can
prove the unstable region of Fig.5.

Fig. 9 shows the simulation results of non-linear model of
system A for each parameters of load torque T, when the
speed command is changed from 50 min to 150 min™ and
then to 50 min™. The speed responses give almost the same
characteristics for each load torque. However, the iy, differs
from each parameter of T, . Fig. 10 shows the experimental
results corresponding to the simulation results of Fig. 9. It is
confirmed that the experimental results agree well with the
theoretical results except for high frequency ripples. The
high frequency ripples are caused by PWM voltage control
in experimental system.

5. Conclusion

We have discussed the comparison of proposed
sensorless vector control systems of IM. The results
obtained from this study are summarized as follows:

(1) Flux angle computation and control of torque- speed
are constructed by using the output voltage of d-axis PlI
current controller.

(2) The operation at plugging region which is computed
by using a linear model is almost unstable for both systems
Aand B.

(3) Both systems A and B can realize stable operation in
both motoring and regenerating operations.

(4) The experimental results could prove the validity of
the theory. Especially instability phenomenon of plugging
region is observed experimentally.

(5) Simpler structure of the system A is preferable than
the system B from the viewpoints (2) and (3).
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