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METHOD AND APPARATUS FOR
TRANSDUCERLESS FLUX ESTIMATION IN
DRIVES FOR INDUCTION MACHINES

This invention was made with United States Government
support awarded by NSF, Grant No. DDM 89-12361. The
United States Government has certain rights in this inven-
tion.

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of pending
application Ser. No. 08/173,405, filed Dec. 22, 1993, the
disclosure of which is incorporated herein by reference.

FIELD OF THE INVENTION

This invention pertains generally to the field of motor
drive and control systems and to the determination of
magnetic flux vector location for torque control in induction
machines.

BACKGROUND OF THE INVENTION

A variety of drive systems for AC machines utilizing
electronic switching to control the power applied to the
machines are presently available commercially. These AC
machine drives allow the torque and/or speed of the machine
to be controlled to meet various requirements. Such machine
drives typically require mechanical shaft transducers to
provide feedback of shaft position and/or velocity. Feedback
is generally required both for torque control (i.e., field
orientation or vector control) and trajectory tracking, espe-
cially for control at zero and low speeds. However, shaft
transducers and the associated wiring to provide the signals
from the shaft transducers to the electronic drive add sig-
nificantly to the cost and rate of failure of the system, and
also add to the total volume and mass of the machine at the
work site. Because induction machines are generally lower
in cost and more rugged than other machine types, to a large
extent the advantages of induction machines are the most
compromised by the addition of such transducers.

Consequently, the desirability of eliminating position or
velocity transducers in motor motion control applications
has long been recognized. Several approaches have been
proposed to allow estimation of the rotor position or veloc-
ity. However, if only torque control (and/or moderate accu-
racy speed control) is required by an application, knowledge
of the magnetic flux vector location (and/or amplitude) is
sufficient. Conventional methods of flux estimation that do
not rely upon measured shaft position or velocity feedback
fail at zero and low speeds.

SUMMARY OF THE INVENTION

In accordance with the present invention, a drive system
for polyphase induction machines provides power to the
- stator windings of the machine which includes a component
at the fundamental drive frequency and a superimposed
signal component which is at a higher frequency and lower
power than the drive power—preferably a frequency high
enough and a power low enough that the signal component
does not substantially affect the motion of the rotor. Satu-
ration of the magnetic flux paths within the machine will
create a saliency which affects the response of the stator
windings to the excitation signal at the signal frequency as
a function of the position of the magnetic flux vector.
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Preferably, the stator transient inductance in induction
machines, as seen by the stator windings change as a
periodic function of magnetic flux vector position. The stator
response at the signal frequency may then be detected and
measured to provide a correlation between the magnitude of
the response at the signal frequency and the flux vector
position. The information on flux vector position as a
function of time (and, thus, also information on the angular
velocity of the flux vector) can be utilized in a controller to
provide appropriate fundamental frequency drive power to
the motor to drive it at a desired torque and speed.

The present invention can be carried out utilizing AC
machines that are of a symmetric, non-salient rotor con-
struction, such as squirrel-cage induction motors with open
or semi-closed rotor and stator slots. Intentional operation of
such induction machines at a high flux level will cause
saturation of the main flux paths in the stator and the rotor,
thereby creating a variation in the stator transient induc-
tance, and hence impedance as seen by the stator windings,
as a function of the flux vector location with respect to the
stator at the signal frequency.

The detection of the response to the high frequency signal
at the stator windings is preferably carried out utilizing a
heterodyne process by mixing a polyphase signal which is a
function of the injected signal frequency with the polyphase
response signal, and filtering the mixed signal to isolate the
modulation of the response to the signal frequency, which is
correlated with the angular position of the magnetic flux
vector. The flux vector position can then be utilized for
torque control.

The drive system may include an inverter which can be
controlled in a pulse width (or density) modulated manner to
provide output voltage to the stator windings at both the
fundamental drive frequency and at the signal frequency.
The inverter may also be controlled to provide only the
fundamental drive frequency power to the stator, and a
separate signal generator may be connected to inject the high
frequency signal into the stator windings.

The invention may also be embodied in a linear motor.

A particular advantage of this invention is that it provides
parameter insensitive, dynamic estimates of the flux vector
position and velocity, even at zero and low speeds. Further-
more, the signal injection and demodulation scheme incor-
porated within this invention operates concurrently with the
fundamental drive excitation without interruption of system
performance. It also has minimal hardware and computa-
tional requirements and is highly robust to signal noise.

Further objects, features and advantages of the invention
will be apparent from the following detailed description
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a schematic diagram of an exemplary transduc-
erless torque controlled AC machine drive system in accor-
dance with the invention.

FIG. 2 is a simplified view through a symmetric squirrel-
cage induction motor having semi-closed stator and rotor
slots.

FIG. 3 is a simplified side view of a single sided linear
induction motor.

FIG. 4 is a schematic diagram of an inverter system which
may be utilized in the invention which has a pulse-width-
modulated voltage source inverter to provide the low fre-
quency drive and high frequency signal components.
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