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CURRENT MODE PWM TECHNIQUE FOR A BRUSHLESS MOTOR
BACKGROUND OF THE INVENTION
1. Technical Field:

The present invention relates in general to a
current mode pulse width modulation (PWM) technique for
brushless motors and in particular to a system and method
for controlling a brushless motor by increasing or
decreasing motor speed respectively according to the
positive polarity or negative polarity of a pulse width
moddlation (PWM) control signal wherein the PWM signal
varies according to an error signal generated and derived
between the difference of a desired motor speed and a
current motor speed.

2. Description of the Related Art:

Various systems and methods exist for controlling
the speed of a brushless motor. One conventional prior
art system and method involves using a pulse width
modulation (PWM) signal to directly control the power
switches to the brushless motor. For example, a three
phase motor would have three upper switches and three
lower switches to control the brushless motor. A pair of
upper and lower switches is used to control each phase of
the brushless motor. 1In this prior art system and
method, the PWM signal controls the brushless motor in a
manner such that the six switches are either on to excite
the motor or off to turn off or slow down the motor
speed. Thus, motor speed is increased by having the PWM

signal activate the power switches to drive the motor,
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and motor speed is decreased by having the PWM signal
deactivate the power switches to shut off the motor.
Therefore, the motor is continuously and repeatedly
switched between its on and off states resulting jin full

power excitation in one direction or coast condition.

Tape drives that use brushless motors to drive reels
of tape for computer systems are in existence in the
computer field. One type of tape drive, such as Linear
Tape dpen (LTO), involves two reels of tape wherein one
of the two reels is a supply reel and the other of the
two reels is a take-up reel. The supply reel is driven
by a supply reel motor while the take-up reel is driven
by a take-up reel motor. Control algorithms are used to
control the speed of these two motors. For these types
of tape drives or tape transports, the position and
velocity of the tape need to be controlled. The control
algorithms require the defermination of the position and
velocity of the tape in order to properly control the
speed of the reel motors. The two tape reels, tape, and
two motors that drive the reels are considered a plant.
The plant receives multiple inputs and provides mulﬁiple
outputs. For example, inputs to the plant are continuous
currents to the motors for controlling the motors. The

outputs from the plant are tape velocity, tape tension,
and tape position.

These types of tape drives require that a desired
motor speed for the tape drive be compared with the
actual motor speed in order to properly control the tape
position and velocity. If the desired motor speed is not
equql to the actual motor speed, then the motor needs to

be driven from the actual motor speed to the desired
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motor speed. It is therefore advantageous and desirable
to provide a system and method for controlling the speed
- of a brushless motor according to and based on the
difference between a desired motor speed and an actual
motor speed. It is also advantageous and desirable to
provide a system and method for controlling the speed of
a brushless motor that uses a PWM signal that does not
require the continuous and repeated turning on and off of
the motor but that allows the brushless motor to be
continuously driven. It is further advantageous and
desirable to provide a system and method for controlling
the speed of a brushless motor that uses a PWM signal for
controlling the speed of a brushless motor according to
and based on the difference between a desired motor speed
and an actual motor speed. It is still also advantageous
and desirable to provide a system and method for
controlling the speed of a brushless motor that is used
in a tape servo system and method. It is still further
advantageous and desirable to provide a system and method
for controlling the speed of a brushless motor based on

armature positions of the brushless motor.
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SUMMARY OF THE INVENTION

It is therefore one object of the present invention
to provide a system and method for controlling the speed
of a brushless motor according to and based on the
difference between a desired motor speed and an actual
motor speed.

It is another object of the present invention to
provide a system and method for controlling the speed of
a brushless motor that uses a PWM signal that does not
require the continuous and repeated turning on and off of
the motor but that allows the brushless motor to be
continuously driven.

It is a further object of the present invention to
provide a system and method for controlling the speed of
a brushless motor that uses a PWM signal for controlling
the speed of a brushless motor according to and based on
the difference between a desired motor speed and an
actual motor speed.

It is still a further object of the present
invention to provide a system and method for controlling
the speed of a brushless motor that is used in a tape
servo system and method.

It is still another object of the present invention
to provide a system and method for controlling the speed
of a brushless motor based on armature positions of the
brushless motor.
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The foregoing objects are achieved as is now
described. A current mode pulse width modulation (PWM)
technique for brushless motors. The present system and
method controls a brushless motor by increasing or
decreasing motor speed respectively according to the
polarity and value of a pulse width modulation (PWM)
control signal. The PWM signal varies according to an
error signal generated in proportion to the difference
between a desired motor current and an actual motor
current; A motor current sensor is used to sense an
actual motor current being applied to the motor. A
current comparator is used to compare the current desired
reference signal and the actual current signal and to
generate an error signal. A pulse width modulator is
used to convert the error signal to a pulse-width
modulated error signal. Armature position sensors are
used for sensing armature positions of the motor. A
commutator circuit receives the pulse-width modulated
error signal and the armature positions of the motor.
Power switches are coupled to outputs of the commutator
and also coupled to the motor. The commutator controls
activation and deactivétion of the respective power
switches based on the corresponding pulse-width modulated
error signal to.control the motor at a desired motor
current that corresponds to the desired reference current
signal. The commutator controls the respective power
switches to drive the motor in either a more positive, a
more negative direction, or in the same manner to
respectively increase, decrease, or maintain the motor
speed when the error signal correspondingly has a
generally positive, negative, or zero value.
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The above as well as additional objects, features,
and advantages of the present invention will become
apparent in the following detailed written description.



BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the
invention are set forth in the appended claims. The
invention itself however, as well as a preferred mode of
use, further objects and advantages thereof, will best be
understood by reference to the following detailed
description of an illustrative embodiment when read in

conjunction with the accompanying drawings, wherein:

Figure 1 is a block diagram of the present invention
system for controlling the speed of a brushless motor
according to and based on the difference between a
desired motor speed and an actual motor speed wherein the
system and méthod uses a PWM signal that varies according
to an error signal generated between the difference of a

desired motor current and an actual motor current;

Figure 2 is a PWM signal generated by the system in
Figure 1 when the desired motor current is greater than
the actual motor current wherein the PWM signal has
longer positive pulses than negative pulses generated
based on an error signal having a positive value between
the desired motor current and the actual motor current
and wherein the PWM signal is used to control the power

switches to increase the current of the brushless motor;

Figure 3 is a PWM signal generated by the system in
Figure 1 when the desired motor current is less than the
actual motor current wherein the PWM signal has shorter
positive pulses than negative pulses generated based on
an error signal having a negative value between the

desired motor current and the actual motor current and
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wherein the PWM signal is used to control the power

switches to decrease the speed of the brushless motor;

Figure 4 is a PWM signal generated by the system in
Figure 1 when the desired motor current is equal to the
actual motor current wherein the PWM signal has the same
lengths as the positive pulses and the negative pulses
generated based on an error signal having a zero value
between the desired motor speed and the actual motor
speed and wherein the PWM signal is used to control the

power switches to maintain the speed of the brushless

motor; and

Figure 5 is a flow chart diagram of the operational
algorithm of the present invention system for controlling
the speed of a brushless motor according to and based on
the difference in proportion between a desired motor

current and an actual motor current.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT

The present invention is a current mode pulse width
modulation (PWM) technique for brushless motors. The
present invention provides a present system 10 and method
for controlling a brushless motor 20 by increasing or
decreasing motor excitation respectively according to the
positive polarity or negative polarity of a pulse width
modulation (PWM) signal 36, such as PWM signal 36A or 36B
or 36C. The PWM signal 36 varies according to an error
signal 35 generated in proportion to the difference
between a desired motor current and an actual motor
current. The system 10 and method for controlling the
current of a brushless motor uses a PWM signal 36 that
does not require the continuous and repeated turning on
and off of the brushless motor 20 and that is based on
the generated error signél. The present system 10 and
method for controlling the current of a brushless motor
20 is able to be used in a tape servo system and method.
The present system 10 and method for controlling the
speed of a brushless motor 20 is also based on armature

positions of the brushless motor.

With reference now to the figures and in particular
with reference to Figure 1, the present system 10 for
controlling a brushless motor 20 by increasing or
decreasing motor current respectively according to the
positive polarity or negative polarity of a pulse width
modulation (PWM) signal 36 is shown. The present systen
10 controls the current of brushless motor 20. The

brushless motor 20 is shown to have three phases or motor
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windings 21, which are phases or motor windings D, E, and
F. Upper power switch 18D and lower power switch 22D are
coupled to the winding D to control the brushless motor
20 thereat. Upper power switch 18E and lower powér
switch 22E are coupled to the winding E to control the
brushless motor 20 thereat. Upper power switch 18F and
lower power switch 22F are coupled to the winding F to
control the brushless motor 20 thereat. The power
switches 18D, 18E, 18F, 22D, 22E, and 22F are coupled to
bulk power or a power source 19. The power source 19
provides the positive and negative driving power, such as
+12 volts and -12 volts, to the brushless motor 20,
through the selection of the appropriate switches 18 and
22. These power switches are excited by a PWM signal,
such as PWM signal 36A or 36B or 36C respectively in
Figures 2 and 3 and 4, according to the polarity of the
PWM signal. The PWM signals 36A and 36B and 36C will be

described in more detail later.

Hall sensors 12a, 12B, and 12C are coupled at the
input side of a brushless commutator 14, and the power
switches 18D, 18E, 18F, 22D, 22E, and 22F are coupled at
the output side of the brushless commutator 14. The
brushless commutator 14 is used to control the direction
of and the drive on the motor windings D, E, and F to
control the excitation of the brushless motor 20. While
the motor control system 10 is in operation, the motor
windings D, E, and F are either driving in one direction
or an opposite direction. The hall sensors 12A, 12B, and
12C respectively sense and provide the armature position

information from the brushless motor 20 for controlling
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the corresponding motor windings D, E, and F. A pulse
width modulator 28 is also coupled to the input of the

brushless commutator 14.

The pulse width modulator 28 has an error amplifier
30 coupled at its input. The input of the error
amplifier is a current reference or desired current
signal 34 and a current sense or actual current signal
32. The difference between desired current signal 34 and
actual current signal 32 is determined and amplified by
the error amplifier 30. The error amplifier 30 includes
frequency compensation characteristics which assure
stability of the motor current generated in the brushless
motor and provides sufficient gain so that the difference
between the desired and actual motor currents remain
small for all normal conditions of motor speed. This
difference is outputted from the error amplifier 30 in
the form of an error difference signal 35. The error
difference signal 35 is inputted into the pulse width
modulator 28. The pulse width modulator 28 provides a
pulse width modulation (PWM) signal 36, such as in the
form of PWM signal 36A in Figure 2 or PWM signal 36B in
Figure 3 or PWM signal 36C in Figure 4. This PWM signal

36 is fed into the input of the brushless commutator 14.

The lower power switches 22D, 22E, and 22F are
coupled to one end of a current sense resistor 23. The
other end of the current sense resistor 23 is coupled to
ground 25. The current sense or actual current signal 32
is derived from the current sense voltage signal 27 being

applied at the current sense resistor 23. The current
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sense voltage signal 27 is inputted to an active current
sense rectifier 24. The rectifier 24 also receives the
PWM signal 36 from the pulse width modulator 28 50 that
the current sense or actual current signal 32 is changed
and followed in direction according to the polarity of
the PWM signal 36. The rectifier 24 accordingly
determines and outputs the current sense or actual
velocity current signal 32 based on the current sense
voltage signal 27 at the current sense resistor 23 and
the polarity of the-PWM signal'36} The polarity of the
PWM signal 36 determines the direction of motor I

excitation that the actual current will be driving the

brushless motor 20.

The brushless commutator 14 controls the power
switches 18D, 18E, 18F, 22D, 22E, and 22F and the
brushless motor 20 in well known and well understood
manners for brushless commutators. The present invention
discloses that the brushless commutator 14 controls the
brushless motor 20 by controlling a set of two power
switches, that is, one set of two power switches is
selected and activated while the other two sets of two
power switches are kept de-activated. It is well known
and understood as to how brushless commutator 14 is to
determine and select which set of two power switches is
to be activated and which sets of two power'switches are
to be de-activated. For example, if the brushless motor
20 is to be excited in the positive direction to increase
motor speed by applying positive voltage between the
windings D and E, then the upper power switch 18D and the

lower power switch 22E are activated. The other power
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switches 18E, 18F, 22D, and 22F are de-activated. On the
other hand, if the brushless motor 20 is to be excited in
the negative direction to decrease motor speed by
applying negative voltage between the windings D and E,
then the upper power switch 18E and the lower power
switch 22D are activated. The other power switches 18D,

18F, 22E, and 22F are de-activated.

With reference now to the figures and in particular
with reference to Figure 2, a PWM signal 36A is a digital
signal generated by the system 10 in Figure 1 when the
desired motor speed is greater than the actual motor
speed. The PWM signal 36A has longer positive pulses 38
than negative pulses 40. The length of these pulses 38
and 40 are generated based on an error signal 35 between
the desired motor current and the actual motor current.
In Figure 2, the desired motor current is greater than
the actual motor current. Thus, the overall error signal
35 is a positive signal to increase the actual motor
current. The PWM signal 36A is used to control the power
switches to increase the current of the brushless motor
20. The PWM signal 36A is provided to the rectifier 24
along with the input of the current sense voltage 27.

The positive pulse 38 of the PWM signal 36A causes the
brushless motor 20 to be driven in the positive
excitation direction while the negative pulse 40 of the
PWM signal 36A causes the brushless motor 20 td be driven
in the negative excitation direction. Since overall the
positive pulses 38 are longer than the negative pulses
40, then overall the brushless motor 20 will be driven in

the positive excitation direction or manner to increase
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the motor current. The motor windings D, E, and F are
continuously driven with positive excitation and negative
excitation based on the on-time and off-time of the PWM
signal 36A in the respective positive pulse 38 and the
negative pulse 40, but overall the brushless motor 20
will be driven in the positive excitation direction to

increase its current.

With reference now to the figures and in particular
with reference to Figure 3, a PWM signal 36B is a digital
signal generated by the system 10 in Figure 1 when the
desired motor current is less than the actual motor
current. The PWM signal 36B has shorter positive pulses
38 than negative pulses 40. The length of these pulses
38 and 40 are generated based on an error signal 35
between the desired motor current and the actual motor
current. In Figure 3, the desired motor current is less
than the actual motor current. Thus, the overall error
signal 35 is a negative signal to decrease the actual
motor current. The PWM signal 36B is used to control the
power switches to decrease the current of the brushless
motor 20. The PWM signal 36B is provided to the
rectifier 24 along with the input of the current sense
voltage 27. The positive pulse 38 of the PWM signal 36B
causes the brushless motor 20 to be driven in the
positive excitation direction while the negative pulse 40
of the PWM signal 36B causes the brushless motor 20 to be
driven in the negative excitation direction. Since
overall  the negative pulses 40 are longer than the
pos%Five pulses 38, then overall the brushless motor 20

will be driven in the negative excitation direction or
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manner to decrease the motor current. The motor windings
D, E, and F are continuously driven with positive
exXcitation and negative excitation based on the on-time
and off-time of the PWM signal 36B in the respective
positive pulse 38 and the negative pulse 40, but overall
the brushless motor 20 will be driven in the negative

direction to decrease its current.

With reference now to the figures and in particular
with reference to Figure 4, a PWM signal 36C is a digital
signal generated by the system 10 in Figure 1 when the
desired motor current is equal to the actual motor
current. The PWM signal 36C has the same length positive
pulses 38 and negative pulses 40. The lengths of these
pulses 38 and 40 are generated based on an error signal
35 between the desired motor current and the actual motor
current. In Figqure 3, the desired motor current is equal
to the actual motor current. Thus, the overall error

signal is a zero value signal to maintain the actual

motor current at the desired motor current. The PWM
signal 36C is used to control the power switches to
maintain the current of the brushless motor 20. The PWM
signal 36C is provided to the rectifier 24 along with the
input of the current sense voltage 27. The positive
pulse 38 of the PWM signal 36C causes the brushless motor
20 to be driven in the positive excitation direction
while the negative pulse 40 of the PWM signal 36C causes
the brushless motor 20 to be driven in the negative
excitation direction. Since overall the positive pulses
38 are the same lengths as the negative pulses 40, then

overall the brushless motor 20 will be driven in the same
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manner to maintain the motor current. The motor windings
D, E, and F are continuously driven with positive
excitation and negative excitation based on the on-time
and off-time of the PWM signal 36C in the respective
positive pulse 38 and the negative pulse 40, but overall

the brushless motor 20 will be driven in the same manner

to maintain. its current.

With reference now to the figures and in particular
with reference to Figure 5, a flow chart diagram of the
algorithm 42 for the present system 10 that controls the
speed of a brushless motor 20 according to and based on

the difference in proportion between a desired motor

current and an actual motor current is shown. The
algorithm 42 starts at block 44. At block 46, the
algorithm 42 obtains the actual voltage signal 27 being
applied to brushless motor 20. The algorithm 42 uses the
current sense resistor 23 to determine the actual current
signal 32 of the brushless motor 20. At block 48, the
algorithm 42 determines direction of actual current
signal 32 from the present PWM signal 36. At block 50,
the algorithm 42 compares a current reference input
signal 34 with the actual current signal 32. A
difference between these two signal values 34 and 32 is
obtained to derive an error signal 35. At block 52, the
error signal 35 is converted into a PWM signal 36, and
the PWM signal 36 is provided to the brushless commutator
14. At block 54, armature positions of the brushless
motor 20 are obtained using hall sensors 12A, 12B, and
12C.- These armature positions are also inputted into the

brushless commutator 14 to control the brushless motor
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20. At block 56, the brushless commutator 14 is used to
select and activate one set of two power switches to
control the brushless motor 20 and to deactivate all

other power switches.

The algorithm 42 moves to decision block 58. At
decision block 58, the algorithm 42 determines whether
the PWM signal 36 has a positive value. If it does, then
the algorithm 42 moves to block 60 where the brushless
commutator 14 operates to select the one set of power
switches to drive the brushless motor 20 in the positive
direction to increase motor speed and then loops back to
block 46 to continue therefrom. If it does not, then the
algorithm moves to decision block 62. At decision block
62, the algorithm 42 determines whether PWM signal 36 has
a negative value. If it does, then the algorithm 42
moves to block 64 where the brushless commutator 14
operates to select the one set of power switches to drive
the brushless motor 20 in the negative direction to
decrease the motor speed and then loops back to block 46
to continue therefrom. If it does not, then the error
signal equals zero, and the algorithm moves to block 66.
At block 66, the brushless commutator 14 is operated to
select the one set of power switches to drive the

brushless motor 20 in the same manner to maintain the
same motor speed. The algorithm 42 then loops back to

block 46 and continues therefrom.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it
will be understood by those skilled in the art that
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various changes in form and detail may be made therein

without departing from the spirit and scope of the
invention.
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CLAIMS:

What is claimed is:
1. A system for controlling a motor speed of a

brushless motor comprising:

a motor current sensor coupled to the motor for
sensing an actual motor current signal being applied to
the motor,

a current comparator coupled to and having inputs
from a current desired reference signal and from the
actual current signal wherein the current comparator
compares the current desired reference signal and the

actual current signal and generates an error signal,

a pulse width modulator coupled to the current
comparator wherein the pulse width modulator generates a
pulse width modulation signal and converts the error

signal to a corresponding pulse-width modulated error
signal,

armature position sensors mounted at least near the

motor for sensing armature positions of the motor,

a commutator coupled to and having inputs from the
pulse width modulator and from the armature position

sensors with the armature positions of the motor, and

power switches coupled to outputs of the commutator
and also coupled to the motor wherein the commutator
controls activation and deactivation of the respective

power switches based on the corresponding pulse-width
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modulated error signal to control the motor at a desired

20

motor speed that corresponds to the current desired

reference signal.
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2. The system according to Claim 1, wherein the motor

current sensor further comprises:

a current sense resistor wherein an actual voltage
being applied to the motor is coupled to one end of the
resistor and a ground is coupled to another end of the
resistor and the actual voltage and the current sense
resistor determine a value of the actual motor current
signal being applied to the motor, and

a rectifier coupled to and having an iriput from the
one end of the current sense resistor wherein the
rectifier receives the pulse-width modulated error signal
and determines a corresponding direction for the actual

motor current signal being applied to the motor.

3. The system according to Claim 1, wherein the current
comparator is an error amplifier having inputs from the
current desired reference signal and the actual current
signal wherein the error amplifier generates and
amplifies the error signal.

4. The system according to Claim 1, wherein the
brushless motor is a three phase motor having three
respective motor windings.

5. The system according to Claim 4, wherein the
armature position sensors are three armature position

sensors for respectively sensing the armature positions
of the three motor windings.

6. _ The system according to Claim 4, wherein the power

switches are three sets of power switches wherein each of
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the three sets has two power switches wherein the three
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sets make up a total of six power switches and wherein
one of the two power switches is an upper switch and
another of the two power switches is a lower switch and
wherein the six switches are coupled to six respective
outputs from the commutator and the three sets of power

switches are respectively coupled to the three motor
windings.

7. The system according to Claim 1, wherein the power
switches are controlled by the commutator to drive the
motor in a more positive direction to increase the motor

speed when the error signal has a generally positive
value. '

8. The system according to Claim 1, wherein the power
switches are controlled by the commutator to drive the
motor in a more negative direction to decrease the motor

speed when the error signal has a generally negative
value.

9. The system according to Claim 1, wherein .the power
switches are controlled by the commutator to drive the
motor in a same manner to maintain the same motor speed

when the error signal has a zero value.
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10. A method for controlling a motor speed of a
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brushless motor comprising the steps of:

sensing an actual motor current signal being. applied
to the motor, | '

comparing a current desired reference signal and the

actual current signal,

generating an error signal based on a difference
between the current desired reference signal and the

actual current signal,

converting the error signal to a corresponding
pulse-width modulated error signal,

sensing armature positions of the motor, and

controlling activation and deactivation of
respective power switches based on the corresponding
pulse-width modulated error signal to control the motor
at a desired motor speed that corresponds to the current

desired reference signal.
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11. The method according to Claim 10, wherein the step
of sensing an actual motor current signal further
comprises the step of:

using a motor current sensor coupled to the motor

for sensing the actual motor current signal being applied
to the motor. '

12. The method according to Claim 11, wherein the step
of using a motor current sensor further comprises the
steps of:

using a current sense resistor wherein an actual
voltage being applied to the motor is coupled to one end
of the resistor and a ground is coupled to another end of
the resistor and the actual voltage and the current sense
resistor determine a value of the actual motor current
signal being applied to the motor, and

using a rectifier coupled to and having an input
from the one end of the current sense resistor wherein
the rectifier receives the pulse-width modulated error
signal and determines a corresponding direction for the

actual motor current signal being applied to the motor.

13. The method according to Claim 10, wherein the steps
of comparing a current desired reference signal and

generating an error signal further comprise the step of:

using an error amplifier having inputs from the
current desired reference signal and the actual current

signal wherein the error amplifier compares the current
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desired reference signal and the actual current signal
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and generates and amplifies the error signal.

14. The method according to Claim 10, wherein the step
of converting the error signal to a corresponding pulse-
width modulated error signal further comprises the step
of:

using a pulse width modulator to geﬁerate a pulse
width modulation signal that is used to convert the error

signal into the corresponding pulse-width modulated error
signal.

15. The method according to Claim 10, wherein the
controlling step further comprises the step of:

using a commutator having the pulse-width modulated
error signal and the armature positions as input values
and motor switch control signals as output values to
control the motor at a desired motor speed that

corresponds to the current desired reference signal.

16. The method according to Claim 10, wherein the
brushless motor is a three phase motor having three

respective motor windings.

17. The method according to Claim 16, wherein the step

of sensing armature positions further comprises the step
of:

using three armature position sensors for

respectively sensing the armature positions of the three
motor windings.
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18. The method according to Claim 16, wherein the step
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of controlling activation and deactivation of respective
power switches further comprises the steps of:

using three sets of power switches wherein each of
the three sets has two power switches and wherein the
three sets make up a total of six power switches and
wherein one of the two power switches is an upper switch

and another of the two power switches is a lower switch,
and

coupling the six switches to six respective outputs
of a power switch controller and the three sets of power

switches are respectively coupled to the three motor
windings.

19. The method according to Claim 18, wherein the step
of controlling activation and deactivation of respective
power switches further comprises the step of:

using a commutator to control and select the
corresponding one of the three sets of power switches to
activate and to deactivate the other two of the three
sets of power switches to drive the motor in a more
positive direction to increase the motor speed when the

error signal has a generally positive wvalue.

20. The method according to Claim 18, wherein the step
of controlling activation and deactivation of respective
power switches further comprises the step of:

using a commutator to control and select the
corresponding one of the three sets of power switches to
activate and to deactivate the other two of the three
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sets of power switches to drive the motor in a more
negative direction to decrease the motor speed when the

error signal has a dgenerally negative value.

21. The method according to Claim 18, wherein the step
of controlling activation and deactivation of respective

power switches further comprises the step of:

using a commutator to control and select the
corresponding one of the three sets of powef switches to
activate and to deactivate the other two of the three
sets of power switches to drive the motor in the same
manner to maintain the same motor speed when the error
signal has a zero value.

22. The method according to Claim 10, wherein the step
of controlling activation and deactivation of respective
power switches further comprises the step of:

using a commutator to control the respective power
switches to drive the motor in a more positive direction
to increase the motor speed when the error signal has a
generally positive wvalue.

23. The method according to Clajm 10, wherein the step
of controlling activation and deactivation of respective
power switches further comprises the step of:

using a commutator to control the respective power
switches to drive the motor in a more negative direction
to decrease the motor speed when the error signal has a

generally negative value.
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24. The method according to Claim 10, wherein the step
of controlling activation and deactivation of respective
power switches further comprises the step of:

using a commutator to control the respective power
switches to drive the motor in the same manner to

maintain the same motor speed when the error signal has a
zero value.



