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Description

[0001] The invention relates generally to motor control
and more particularly, to open-loop step motor control
systems that reduce acoustic noise while maintaining
sufficient torque.

A step motor applies torque to its load in a series of dis-
crete steps and consequently may act as a sound trans-
ducer, generating an audible tone with a fundamental
frequency equal to its step rate. If the motor is to be op-
erable over a wide range of step rates, one or more of
these rates will probably excite resonant frequencies of
the motor's mechanical load, or of the motor itself, result-
inginthe production of objectionable amounts of acoustic
noise and in less efficient operation.

In the medical equipment field, it is usually desirable to
lower the noise level of the equipment for the benefit of
the patient and others. For example, infusion pumps con-
taining step motors are generally located next to a patient
andmay operatefor hours. ltcanbe disturbingto a patient
when the pump generates a large amount of noise. Ad-
ditionally, certain medical equipment, including many in-
fusion pumps, mustbe powered by a portable power sup-
ply having a limited reservoir of power, such as batteries,
and therefore the equipment must be designed to con-
sume as little power as possible. In this way, the equip-
ment can suppott the patient for as long as possible be-
fore a battery change or recharge is required. Thus, low-
ered levels of noise and lowered levels of power con-
sumption are desirable characteristics in infusion pumps
and other medical equipment.

A source of acoustic noise in a step motor is the wave
shape of the motor drive. The simplest means of driving
a step motor is the "full step” mode in which a two-phase
motor is driven by a current or voltage square wave of
constantmagnitude. Inthismode, each step corresponds
to one of 2N possible motorwinding current polarity states
where N is the number of motor windings (or phases).
This type of drive generates acoustic noise with high har-
monic content due to the high angular acceleration re-
sulting from the high rate of change of torque that occurs
at the leading edge of each step. Additionally, where the
drive rate is sub-optimum and the rotor reaches its posi-
tion before the winding currents are switched, a damped
oscillation of the rotor about the motor magnetic field po-
sition may occur with resulting excess noise and wasted
power in providing negative torque to hold the rotor and
energy is lost in merely heating the windings due to the
resistance encountered.

The noise component can be reduced if the magnitude
of the torque pulses is decreased by reducing the mag-
nitude of the motor drive pulse. Such a reduction, how-
ever, also reduces the motor’s available torque reserve,
resulting in an increased risk of motor stall or "pull out"
where "pull out" refers to the loss of synchronization be-
cause the load on the motor exceeds the power available
to the motor to move the load, thus the motor "pulls out"
of its movement cycle and loses one or more steps. This
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condition can result in positioning errors due to the lost
steps.

Having an adequate torque reserve is necessary in the
case where certain undesirable conditions may occur. In
the medical field where a step motor is used to drive a
pumping mechanism, such as a petistaltic pump, the
head heights of the infusion fluid change, infusates may
be particularly viscous, and cold temperatures may re-
quire greater power to move the peristaltic mechanism,
for example. The motor’s rated torque should be high
enough to handle all of these circumstances but in any
case, its rated torque plus its torque reserve must be high
enough or motor pullout may occur. Typically, a mecha-
nism has a rated torque and a torque reserve. In one
embodiment, the reserve torque is set at seventy percent
of the rated "no stall" torque.

It has been found that motor noise can be significantly
reduced by the technique known as "microstepping.”
"Microstepping" is a means of driving a motor through a
step with a series of current magnitude states that gen-
erate smaller angular displacements of the motor mag-
netic field vector position. The sum of these displace-
ments equals that of one step. Because instantaneous
torque is approximately a sinusoidal function of the an-
gular displacement of a motor’s field vector position from
its rotor position, a smaller angular displacement results
in a lower instantaneous torque. A lower instantaneous
torque generates an angular acceleration at the leading
edge of each "microstep” smaller than that which would
be generated at the leading edge of each step in "full
step” drive mode. The effect is to spread the large accel-
eration that normally occurs at the beginning of a step
over the entire step as a series of small accelerations,
thus reducing the level of acoustic noise.

However, "microstepping” is not a satisfactory noise re-
duction technique if power consumption must be limited,
as in battery-powered applications. Inthe microstep tech-
nique, motor winding currents, that define the state se-
quence, must be maintained throughout the sequence,
resulting in relatively high power consumption. Other low-
er power consumption step modes are available, such
as "one phase on" mode where winding currents are
turned off after the initial acceleration to conserve power.
However, these modes are noisier than the microstep-
ping mode. Microstepping is also not desirable where
controller bandwidth is limited. As the number of micro-
steps increases, the controllerbandwidth requirementin-
creases requiring greater hardware capability to support
a faster clock speed. This greater ability results in in-
creased expense and complexity.

[0002] The type of motor drive circuit can also have a
direct effect on expense. For example, closed-loop drive
circuits typically require sensorsto provide the necessary
feedback for control. The cost of sensor as well as the
additional processor bandwidth required to use the sen-
sor inputs to control the drive circuit can result in a sub-
stantial increase in cost. An open-loop system is prefer-
able in this regard.
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[0003] Thus, greater control over power consumption
is important in applications where long battery life is de-
sired. Providing excessive power to the step motor wind-
ings can cause wasted power and shortened battery life.
Power can be lost as heat due to winding resistance.
Similarly, moving the motor at its resonance frequency
is inefficient and can result in wasted power because
relatively little torque is created fromthe large input power
that is provided to the motor. Thus precise motor control
is desirable to avoid wasting limited energy.

[0004] US 4,683,408 discloses a stepping motor con-
trol apparatus which calculates a motor-coil exciting cur-
rent corresponding to a holding position, the calculation
being based on a predetermined wave form pattern. The
stepping motor is driven towards the final holding position
through a microstep transfer distance which is shorter
than a regular step transfer interval. However, the step-
ping motor arrangement disclosed in this document still
suffers from disadvantageous acoustic output.

[0005] US 4,418,907 discloses amethod and arrange-
ment for controlling a "digital" motor which is configured
to allow operation of the motor in a microstepping mode
at low velocity, but to allow operation in a non-microstep-
ping mode at a higher motor velocity in order to take
advantage of the higher torque available at higher veloc-
ities.

[0006] WO91/10946 discloses a motor drive arrange-
ment for controlling and driving a peristaltic pump motor,
in which the length of a drive signal is determined by the
frequency of a first series of pulses generated by a first
circuit at a given frequency. A second circuit is also pro-
vided which generates a second series of pulses having
afrequency which is higher than the frequency of the first
series of pulses. A third circuit is provided which gener-
ates the third series of pulses having a frequency falling
between the frequency of the first and second series of
pulses. The drive signal is divided into two sections,
namely aninitial pulse stage determinedbythe frequency
ofthe third series of pulses, and a modulated pulse stage
being a series of pulses determined by the frequency of
the second series of pulses.

[0007] Hence those skilled in the art have recognized
the need for lowering the acoustic output of medical de-
vices while also lowering the power consumption, but
retaining an adequate torque reserve. Additionally, those
skilled in the art have also recognized the need for an
open-loop control system to reduce hardware and proc-
essor costs. The present invention fulfils these needs
and others.

SUMMARY OF THE INVENTION

[0008] Briefly and in general terms, the present inven-
tion is directed to a control system for controlling the
movement of a motor, the system comprising an energy
source and a controller for controlling the application of
energy to the motor from the energy source to control
movement of the motor, wherein the controller applies
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energy to the motor in a non-linear increasing manner to
begin movement of the motor.

[0009] Accordingto a first aspect of the present inven-
tion, there is provided a control system for controlling the
movement of a step motor, comprising:

an energy source;
a controller that applies energy from the energy
source to accelerate the motor through first and sec-
ond motor steps, wherein the first motor step in-
cludes a first plurality of microsteps, and the second
motor step includes a second plurality of microsteps,
wherein the first plurality of microsteps is greater
than the second plurality of microsteps; character-
ised in that

the controller applies energy from the energy source
tothe motorin a non-linear manner to accelerate the
step motor to a preselected motor speed;

the controller applies energy to maintain the prese-
lected speed for a first predetermined period of time;
and

the controller removes energy from the motor in a
non-linear manner to decelerate the step motor to
the detent position wherein the motor controller pro-
vides no drive signals to the motor after the motor
stops in the detent position for a second predeter-
mined period of time.

[0010] Preferably, the controller maintains a constant
microstep period.

[0011] Advantageously, the controller applies energy
from the energy source to accelerate the motor through
a third motor step, wherein the third motor step includes
a third plurality of microsteps, wherein the second plu-
rality of microsteps is greater than the third plurality of
microsteps.

[0012] Conveniently, the controller applies energy
from the energy source to the motor in a "one phase on"
drive mode modified to microstep between the "one
phase on" positions during movement of the motor,
wherein the controller controls the motor by varying the
number of microsteps per motor step while maintaining
a constant microstep petiod;

wherein the controller controls the motor to accelerate
by decreasing the number of microsteps per motor step
while maintaining a constant microstep period.

[0013] Preferably, controller removes energy from the
motor in a "one phase on" drive modified to microstep
between the "one phase on" positions during movement
of the motor ending in a "one phase on" position for the
last step of the motor before power is completely re-
moved, and

wherein the controller controls the motor to decelerate
by increasing the number of microsteps per motor step
while maintaining a constant microstep period.

[0014] Advantageously, the controller applies energy
to the motor in a full step drive mode after the motor has
achieved a preselected speed.
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[0015] Conveniently, in the full step mode, the control-
ler applies energy from the energy source to the motor
such that the motor moves with one microstep per motor
step during which one of at least two phases of the step
motor changes polarity while the other phase remains at
a constant value, and a step rate being selected such
that the polarity change is performed in one motor step
period whereby smooth motor field displacement is
achieved.

[0016] Preferably, the step motor drives a pump mech-
anism for delivering medical fluid to a patient.

[0017] According to another aspect of the present in-
vention, there is provided a method of controlling move-
ment of a step motor that moves in a series of motor
steps, the method comprising:

controlling the step motor to move through a first
accelerating motor step in a first plurality of micro-
steps;

controlling the step motor to move through a second
accelerating motor step in a second plurality of
microsteps, the second motor step being subse-
quent to the first motor step, wherein the second plu-
rality of microsteps is less than the first plurality of
microsteps; the method being characterised by:

applying energy to the step motorin a rising non-
linearmannerto accelerate the motorto aprese-
lected motor speed;

maintainingthe preselected speedfor afirst pre-
determined period of time; and

the step motor from the preselected speed to
the detent position after the first predetermined
period of time, wherein the motor controller pro-
vides no drive signals to the motor after the mo-
tor stops in the detent position for a second pre-
determined period of time;

wherein the step rate is selected such that the polarity
change is performed in one motor step period whereby
smooth motor field displacement is achieved.

[0018] Preferably, both steps of controlling the step
motor to move include maintaining a constant period for
the microsteps.

[0019] Advantageously,the step motor has atleasttwo
phases and a permanent magnet that defines a detent
position at rest, the method further characterised by:

applying an exponentially increasing winding current
in an exponentially rising manner to accelerate the
step motor to a preselected motor speed;
maintaining the preselected speed for a first prede-
termined period of time; and

exponentially decreasing the winding current to de-
celerate the step motor from the preselected speed
to the detent position after the first predetermined
period of time, wherein the motor stops in the detent
position for a second predetermined period of time.
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[0020] Conveniently, the method includes :

decelerating the step motor in a series of decelerat-
ing motor steps with afirst of said decelerating motor
steps divided into a first number of decelerating
microsteps, and a second of said decelerating motor
stepsis dividedinto a second number of decelerating
microsteps;

wherein the first number of decelerating microsteps is
less than the second number of decelerating microsteps.
[0021] Preferably, the method involves driving a pump
mechanism with the step motor for delivering medical
fluid to a patient.

[0022] Other aspects and advantages of the invention
willbecome apparent from the following detailed descrip-
tion and the accompanying drawings, illustrating by way
of example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a block diagram illustrating a basic two-
phase step motor;

FIG. 2 is a block diagram of a controller for a step
motor in accordance with an aspect of the invention
and the application of the controller and step motor
to the infusion of medical fluids to a patient;

FIG. 3 is a circuit diagram of the drivers and motor
windings shown in FIG. 2 in accordance with an as-
pect of the invention;

FIG. 4 presents waveforms of a constant rate two
phase step drive for driving a two phase step motor;
FIG. 5 is a graph of the non-linear application of en-
ergy to a motor to attain a peak winding current, in
this case, an exponential application of energy is
shown and is compared to a linear application of en-
ergy;

FIG. 6 is a graph of the non-linear acceleration of a
motor in response to the exponential application of
energy shown in FIG. 5, in this case, an exponential
acceleration is shown and is compared to a linear
acceleration;

FIG. 7 includes graphs illustrating the use of multiple
drive modes in controlling the application of energy
to a step motor;

FIG. 8 illustrates in greater detail, certain waveforms
of FIG. 7 in accordance with an aspect of the inven-
tion;

FIG. 9 includes vector diagrams of the drive modes
of FIG. 8;

FIG. 10 illustrates the effect of motor inductance on
winding current at high speed resulting in smooth
magnetic field displacement;

FIG. 11A illustrates one of the waveforms of FIG. 10
in further detail and in FIG. 11B, a vector diagram is
shown; and
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FIG. 12 is a flow chart of the control of a step motor
in accordance with aspects of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0024] In the following description, like reference nu-
merals will be used to refer to like or corresponding ele-
ments in the different figures of the drawings. The follow-
ing discussion will be based on the illustrative example
of a two-phase step motor 10 as shown in FIG. 1. The
step motor 10 includes a rotor 12 having a permanent
magnet and being rotational about a pivot point 13, and
two pairs of stator windings 14 and 16. Each stator wind-
ing represents a phase of the step motor. For purposes
of discussion, the winding 14 will represent phase A, the
winding 16 will represent phase B. The rotor 12 moves
in steps in accordance with the magnitude and polarity
of the current applied to the respective windings 14 and
16. If a current is passed through one of the windings,
the resulting north and south stator poles of the energized
winding 14 will attract the south and north poles of the
rotor 12, respectively.

There are a number of drive modes for controlling the
rotation of the rotor in a step motor. In a "one phase on"
drive mode, one winding is fully energized while the other
winding is turned off. By changing the current flow from
the first winding 14 to the other winding 16, the stator
field rotates ninety degrees. Lower power is required in
this mode. This results in the rotorturning a step of ninety
degrees. Asis known inthe art, steps of different degrees
can be obtained using different rotor and stator configu-
rations. In addition, if the two phase currents are unequal,
the rotorwilltend to shiftto a position towards the stronger
pole. The "microstep" drive mode utilizes this effect and
subdivides the basic motor step by proportioning the cur-
rent applied to the two windings. For example, by alter-
nately energizing one winding and then two, the rotor
moves through a smaller angular displacement and the
number of steps per revolution is doubled. Higher reso-
lution, better smoothness but some loss of torque result.
This mode is commonly known as "half-step” drive mode.
For a two-phase step motor driven in "full step" drive
mode, the two windings or phases are kept energized,
and the current is alternately reversed in each winding
on alternate steps. Greater torque can be produced un-
der these conditions because all of the stator poles are
influencing the motor. Their individual fields sum to pro-
duce a greater magnetic field. However, more power is
consumed in this drive mode because both windings are
constantly powered.

When there is no current flowing through the windings,
the rotor will attempt to minimize the reluctance, or mag-
netic resistance, of its permanent magnet by aligning it-
self with the poles of one of the stator windings. The
torque holding the motor in this position is referred to as
the detent torque.

[0025] FIG. 2 shows a processor 20 that provides sig-
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nals for driving the step motor 10. In this embodiment,
the processor 20 or other suitable digital system access-
es data from look-up tables stored in a memory 22 so as
to provide signals defining the waveform for driving the
step motor 10 in a particular mode. The tables in memory
22 provide values for the polarities and magnitudes of
the currents to be applied to the windings of the motor
10. The processor 20 supplies the polarity and magnitude
signals to the drivers 26 for providing the proper currents
to the windings of the step motor 10. The values are put
through a D/A converter 28 to convert them to analog
signals before being input to the drivers 26.

As shown in FIG. 3, the drivers 26 for the windings 14
and 16 of the two-phase step motor 10 comprise a pair
of H bridges 30 controlled by the processor. The magni-
tudes of the H bridge current outputs are controlled by
choppers 32. The choppers 32 act to turn the motor drive
on or off as required to minimize the difference between
the sense and the magnitude signals at the comparator
inputs 33. The magnitude signals are generated via the
D/A converters 28 (FIG. 2). The processor 20 switches
between the separate tables stored in the memory 22
that contain the specific data for providing the appropriate
waveform to drive the step motor. The memory 22 in one
embodiment contained multiple look up tables, each of
which was available to the processor for use during op-
eration of the motor through each group of steps. The
processor is thus able to change motor drive waveforms
"on the fly" and automatically does so as described here-
in. The look up table index is changed during motor ro-
tation so that the processor always has the proper wave-
forms available for controlling the motor. For example, a
look up table was stored for the acceleration waveforms
and another was stored for the full step waveform.

FIG. 3 also shows drive current by arrows having dashed
stems and decay currents by arrows having solid stems
31 for the phase A winding The choppers 32 turn the
transistors A1 and A2 on depending on the result of the
comparison of the magnitude signal to the sense signal
by the comparator 33.

In step motors 10 used with medical infusion pumps, such
as the linear peristaltic pump 34 shown in FIG. 2 acting
on atube 36 connected between a fluid reservoir 38 and
a patient 40, a full step drive mode shown in FIG. 4 at a
constant step rate may not be the most efficient mode
for operating the motor 10 to reduce noise and power
consumption. As discussed above, the resulting step pe-
riod can have an excessive duration in which the majority
of motion of the motor occurs near the beginning of the
period with power wasted as heat in the resistance of the
windings 14 and 16 for the remainder of the period and
objectionable noise resulting.

Referring now to FIG. 5, an embodiment is shown in
which energy is applied to the motor in a non-linear man-
ner to begin motor movement. The winding current 42 is
applied in an exponential manner to cause the motor to
attain its maximum torque at a rate faster than if a linear
increase in winding current 44 were used. This approach
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results in smoothly transitioning to a high torque output
with a low initial rate of increase of torque, thereby gen-
erating less noise and consuming less energy than if a
linear approach were used. As shown in FIG. 5, the peak
winding current 46 is attained much faster with the ex-
ponential application of energy to the motor than with the
linear application. In this embodiment, the peak winding
current is applied within one motor step. Although not
shown, a like approach is used at the point of deceleration
of the motor. The power is removed in a non-linear de-
caying manner, in this embodiment, an exponential de-
cay.

FIG. 6 presents a graph of motor movement as a result
of the exponential application of power shown in FIG. 5.
The motor more quickly attains the maximum angular
velocity 43 through exponential acceleration 45 than
through a linear acceleration 47. This will result in the
motor passing through any resonance frequencies that
may exist faster with less noise resulting than if the linear
approach were used. In this embodiment, the motor has
attained its peak angular velocity within four motor steps.
Additionally, less power is required to get to the desired
speed when accelerating exponentially.

Referring now to FIG. 7, two time frames 48 and 50 of
phase currents A 51 and B 53 for a step motor drive are
shown. In each time frame, the motor is moved through
a predetermined group of steps 52, 54, and 56 and is
then stopped for the remainder of the time frame 58.
Therefore, each time frame includes periods of acceler-
ation 52, maximum step rate 54, deceleration 56, and
power off or stop 58 (although numerals are only shown
on one frame). In the unpowered interval in this embod-
iment, the rotor is held in position by the detent torque of
its permanent magnetic field. It has been found that, for
the same average step rate, driving the motor in the man-
ner shown; i.e., non-linear acceleration to a selected
maximum step rate, deceleration by a non-linear decay
of step rate, and power off, results in the use of less av-
erage power to control the motor than the constant rate
drive shown in FIG. 4.

FIG. 8 shows two winding current waveforms 51 and 53
of the group of steps in a single time frame of FIG. 7 in
greater detail. FIG. 8 will be considered with the vector
diagrams in FIG. 9 in the following discussion. FIG. 9
contains graphs showing acceleration-deceleration and
constant speed vector sequences forthe two-phase step
motor 10 driven by the waveform shown in FIG. 8. The
graphs illustrate the three portions of the waveform, and
their corresponding motor steps and microsteps. The
vectors indicate the direction and magnitude of the motor
magnetic field acting on the rotor 12 at each microstep.
The acceleration portion illustrates the rapidly increasing
step rate (i.e., decreasing microsteps for successive
steps) as the rotor increases speed by use of a modified
"onephase on" mode. The high speed portion maintained
by the modified full-wave waveform maintains the motor's
constant speed with accurate positioning. The deceler-
ation portion illustrates the rapidly decreasing step rate
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asthe motor decreases speed again with amodified "one
phase on" mode. At microstep no. 40, the end of the
deceleration portion, the rotor is near its detent position
before current to the motor windings is discontinued. The
rotor stops in a "one phase on" position before the wind-
ing is turned off. The rotor is then held in position by the
detent torque produced by the permanent magnet of the
rotor until the next group of steps is applied to the motor.
This results in accurate positioning of the motor without
use of current to hold the position.

During acceleration and deceleration, the motor is driven
with a modified "one phase on" waveform. This corre-
sponds to steps 1-4 and 16-18, wherein each step begins
and ends with the motor in a detent position where the
one energized winding or phase can be turned on or off
without any resulting motor torque. In the actual embod-
iment shown, a modified "one phase on" drive mode is
usedto resultin smoother acceleration by the motor. The
magnetic field is not precisely in the detent position but
is retarded somewhat at the end of acceleration in motor
steps 2 and 3 to prepare the rotor for the transition to
high speed drive. The field is similarly retarded slightly
at the end of each deceleration step to prepare the rotor
to coast to a stop precisely at a detent position at the
moment the winding current is removed. The amountthat
the second winding is energized to accomplish this mod-
ification depends on the physical parameters of the mo-
tor. For example, the rotor moment of inertia, the frictional
loads (static, gravitational, and viscous), the torque out-
put of the motor, the strength of the detent field and the
resistance and inductance of the motor windings all may
affect the noise of the motor and can be considered in
selecting the modification of the "one phase on" wave-
form.

The "one phase on" drive modes are modified to micro-
step between "one phase on" positions of the rotor during
movement of the motor. The torque may be increased
and a smooth field vector displacement sequence pro-
vided by temporarily energizing more than one winding
during each step. Microsteps are used in the modified
"one phase on" waveformto lessenthe angular displace-
ment and noise and to provide smoother acceleration for
the motor. A preferred microstep sequence generates an
exponentially rising current magnitude throughout the in-
itial acceleration step as shown in FIG. 5.

As mentioned above, the motor is preferably accelerated
at the beginning of the time frame at an exponentially
rising step rate until the maximum step rate for the motor
is attained in a minimum time. An exponentially rising
step rate allows the step rate to move past the resonance
frequencies of the motor more quickly, thereby reducing
acoustic noise, after starting the motor from a stationary
position with a low initial angular acceleration. The low
initial angular acceleration permits use of a low initial mo-
tor torque, that may be expressed as:
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T = Ja

where tisthe motortorque, a.is the angular acceleration,
and Jis the moment of inertia of the load.

Noise is reduced by starting the motor from a stationary
position with a lower rate of change of torque than would
occur with a linear increase in the motor current vector
magnitude. The final current vector magnitude of a motor
step must be sufficient to generate the required "torque
reserve” that ensures motor startup with a worst-case
mechanical load. A rising exponential current profile per-
mits this final value to be attained in a given period, i.e.,
a step of the motor, with a lower initial rate of change of
current and torque.

The low initial torque reduces power consumption as well
as noise. Because torque is a linear function of winding
current for operation below saturation, only a low initial
winding current is required, that reduces power con-
sumption. The current levels in the initial acceleration
steps have the most significant effect on powerconsump-
tion, as these steps are of the longest duration of the
group of steps. All of the steps contain microsteps of con-
stant period, and the initial acceleration steps contain the
greatest number of microsteps. Use of an exponentially
rising acceleration causes the motor to reach its desired
maximum speed quickly. The acceleration waveform ta-
bles stored in the memory 22 can be programmed to
increase the winding current as the acceleration
progresses in order to supply the increasing torque level
required to sustain a nonlinearly rising rate of accelera-
tion. The tables stored in the memory contain the values
for the microsteps for the step sequences of the wave-
form for driving the step motor.

Furthermore, the controller bandwidth requirement can
be minimized by using microsteps having a constant pe-
riod. The motor step rate on succeeding steps during
acceleration can be increased by decreasing the number
of microsteps per motor step and maintaining a constant
microstep petriod, rather than by decreasing the micro-
step period and maintaining a constant number of micro-
steps per step. The microstep period is the shortest in-
terval that must be resolved because the microstep de-
termines the required bandwidth of the controller. Nor-
mally, acceleration is effected by decreasing this period
to achieve a higher rate of microsteps per unit time. In-
creasing the microstep rate, however, requires an in-
creased controller bandwidth. Keeping the microstep pe-
riod constant during acceleration keeps the controller
bandwidth requirement constant and equal to that for the
lowest initial step rate. Since there is one microstep per
motor step at the maximum rate, the motor step period
at the maximum rate equals the microstep period at the
lowestinitial rate as shown in FIG. 8 where the microsteps
are shown on the horizontal axes and motor steps are
shown between the two graphs with arrows surrounding
the number of the motor step. Decreasing the number of
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microsteps per motor step as the motor accelerates is
acceptable, because at higher step rates the rate of
change of torque is smoothed by the motor inductance,
and the motor tends to be less sensitive to torque chang-
es at high speeds.

Once the desired speed for the step motor 10 is reached,
a modified full step waveform for the maximum constant
rate portion of the group of steps is used for driving the
two-phase step motor 10. A different waveform may be
desirable for step motors having more than two phases.
As shown in FIG. 8, for each step of the modified full step
waveform 51 and 53, one winding current changes po-
larity smoothly while the other remains approximately
constant. This is shown in more detail in FIGS. 10, 11A
and 11B with phase A current 60 and phase B current
62. The rate at which the polarity change occurs is a
function of the motor’s inductance and of the motor driv-
er's compliance voltage, as expressed by:

dI WINDING _ Vcompl iance
dt L
As Vcomp,,-ance of the controller and the motor inductance,

L, are constant, the current in the winding undergoing
polarity reversal changes approximately as a linear func-
tion of time until reaching its final value at the end of the
step period. Some nonlinearity may be introduced by the
resistance of the motor winding. The actual field vector
displacement is a smooth analog function determined by
the inductive decay of the motor windings as shown in
FIGS. 10, 11A, and 11B. The other winding is held at a
constant current 66 equal to or less than the final value
of the decay. The constant current level 66 is selected
to minimize power consumption while providing the re-
quired minimum high speed torque for the specified load.
When the motor is driven at its maximum speed, which
is chosen to be well above its resonance, the acoustic
noise normally associated with full step drive is reduced.
Acoustic noise, and power consumption, can be reduced
further by optimizing the constant current level as de-
scribed above to a value that minimizes power consump-
tion while providing the required minimum high speed
torque forthe specified load. This results in the "modified”
full step drive mode. Since one component of the current
vector is changing smoothly from initial to final value dur-
ing each high speed step, the resulting field vector dis-
placement (FIG. 11B) is smooth and less noise is pro-
duced. There is no increase required in the controller
bandwidth over that of the lowest initial rate drive. As can
be seenin FIG. 8, each step of the full step waveform 51
and 53 has a period that preferably equals the period of
a microstep.

FIG. 11A shows more detail of part of a waveform of FIG.
10 with arbitrary time increments along the horizontal ax-
is. The phase A current 60 can be seen smoothly transi-
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tioning polarity within one motor step (eight arbitrary time
increments) with resulting lowered noise levels. These
arbitrary time units are used once again in FIG. 11B to
show the field vector displacement within the one motor
step. Smooth vector rotation occurs without discrete
steps that lead to higher noise levels. Rather than allow-
ing the current to reach the final decay value shown in
FIG. 10, the current decay is limited to the constant cur-
rent level 66 so that it takes one motor step for the polarity
reversal.

[0026] During deceleration, the motor is again driven
with a "one phase on" waveform modified for microsteps
between each "one phase on" position which begins and
ends with the motor in a detent position, where the one
energized winding or phase at the final step of the group
can beturnedon or off without any resultingmotor torque.
Microstep drive modes are interspaced with the "one
phase on" drive positions to increase torque and to pro-
vide a smooth field vector displacement sequence. No
power is required to hold the motor in the final stationary
detent position for the group of steps. The permanent
magnet in the rotor 12 holds the step motor 10 in the
detent position. Thus power can be turned off between
groups of steps to reduce the average power consump-
tion of the step motor 10 over a time frame.

As the system progresses through the acceleration, high
speed, and deceleration periods, the processor 20
switches table indices to progress through the separate
tables that contain the acceleration, high speed, and de-
celeration waveforms. The number of steps in the time
frame, the total time of the time frame, and the length of
the unpowered interval are controlled by the processor
20 to precisely determine the average step rate of the
motor. Certain medical devices, such as fluid pumps,
may employ rotation at a selected average rate by group-
ing steps to dispense infusates at the proper dosage. For
example, see U.S. Patent Application serial no.
08/305,677 filed September 12, 1994 to Butterfield et al.
entitled System for Increasing Flow Uniformity.
Because the average step rate of the motoris determined
by the number of steps in the step group and the unpow-
ered interval between groups, the same maximum step
rate and acceleration-deceleration profile can be used
forany desired average step rate, and optimum efficiency
can be achieved at all average step rates by selecting
an optimally high step rate. The same compliance voltage
for the step motor can be used at all average rates be-
cause the same maximum step rate forthe motor is used.
Only the number of steps in the group of steps and the
unpowered interval need be changed to adjust the aver-
age rate desired for the motor. The compliance voltage
is the maximum voltage required to maintain a specific
value of current over a range of load resistances. The
required drive algorithm and hardware are simplified from
that required to optimize the efficiency of a motor using
a maximum rate step drive because the same constant
step rate is used to achieve any desired average rate.
The same maximum step rate for the waveform, selected
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for optimum motor efficiency, is used regardless of the
desired average step rate. When using a constant rate
step drive, a lower and less efficient constant step rate
must be used in order to attain the desired average step
rate.

The step motor 10, when driven by the combination of
drive modes described above has a lower average power
consumptionthan one driven by a constant rate step drive
signal. Low power consumption "one phase on" drive
modes are used and no power is consumed during the
time separating the step groups. The efficiency of the
motor is optimized by selecting a high maximum step
rate whose period matches the required winding current
decay time determined by motor inductance and compli-
ance voltage to achieve the waveform shown in FIGS.
10, 11A, and 11B.

FIG. 12 is a flow chart illustrating the operation of an
open-loop control system in accordance with principles
of the invention. When motor movement is to begin 80,
the motor accelerates as a result of the exponential ap-
plication of current to the windings 82. A "one phase on"
drive mode modified to microstep between "one step on"
positions is used with decreasing numbers of microsteps
during acceleration 84. When the motor has reached a
preselected speed 86, a modified full step drive is used
88. After having rotated the required number of steps at
full step mode and now needing to decelerate 90, a "one
phase on" mode modified to microstep between the "one
phase on" positions with increasing numbers of micro-
steps for deceleration is used 92. The deceleration is
effected through the exponential removal of power to the
motor. When the motor is at a detent position 94, power
is shut off 96.

While the invention has been illustrated and described
in terms of certain preferred embodiments, it is clear that
the invention can be subject to numerous modifications
and adaptations within the ability of those skilled in the
art. Thus, it should be understood that various changes
in form, detail and usage of the present invention may
be made without departing fromthe scope of the append-
ed claims.

Claims

1. A control system for controlling the movement of a
step motor (10), comprising:

an energy source;
a controller (20) that applies energy from the en-
ergy source to accelerate the motor (10) through
first and second motor steps, wherein the first
motor step includes afirst plurality of microsteps,
and the second motor step includes a second
plurality of microsteps, wherein the first plurality
of microstepsis greater thanthe second plurality
of microsteps; characterised in that

the controller (20) applies energy from the en-
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ergy source to the motor (10) in a non-linear
manner to accelerate the step motor (10) to a
preselected motor speed;

the controller (20) applies energy to maintain the
preselected speed for a first predetermined pe-
riod of time; and

the controller (20) removes energy from the mo-
torin a non-linear manner to decelerate the step
motor (10) to the detent position wherein the mo-
tor controller (20) provides no drive signals to
the motor (10) after the motor (10) stops in the
detent position for a second predetermined pe-
riod of time.

The control system according to any preceding claim
further characterised in that the controller (20)
maintains a constant microstep period.

The control system according to either, claim 1 or 2
further characterised in that the controller (20) ap-
plies energy from the energy source to accelerate
the motor (10) through a third motor step, wherein
the third motor step includes a third plurality of micro-
steps, wherein the second plurality of microsteps is
greater than the third plurality of microsteps.

A control system according to any of claims 1through
3 further characterised in that the controller (20)
applies energy from the energy source to the motor
(10) in a "one phase on" drive mode modified to
microstep between the "one phase on" positions dur-
ing movement of the motor (10), wherein the con-
troller (20) controls the motor (10) by varying the
number of microsteps per motor step while maintain-
ing a constant microstep petriod;

wherein the controller (20) controls the motor to ac-
celerate by decreasing the number of microsteps per
motor step while maintaining a constant microstep
period.

The control system according to any of claims 1
through 4 further characterised in that the control-
ler (20) removes energy from the motor (10) ina"one
phase on" drive modified to microstep between the
"one phase on" positions during movement of the
motor (10) ending in a "one phase on" position for
the last step of the motor (10) before power is com-
pletely removed, and

wherein the controller (20) controls the motor (10) to
decelerate by increasing the number of microsteps
per motor step while maintaining a constant micro-
step period.

The control system according to any preceding claim
further characterised in that the controller (20) ap-
plies energy to the motor (10) in afull step drive mode
after the motor (10) has achieved a preselected
speed.
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7.

10.

11.

The control system accordingto claim 6 further char-
acterised in that when in the full step mode, the
controller (20) applies energy fromthe energy source
to the motor (10) such that the motor (10) moves with
one microstep per motor step during which one of at
least two phases of the step motor changes polarity
while the other phase remains at a constant value,
and a step rate being selected such that the polarity
change is performed in one motor step period where-
by smooth motor field displacement is achieved.

The control system according to any preceding claim
further characterised in that the step motor (10)
drives a pump mechanism (34) for delivering medical
fluid to a patient.

A method of controlling movement of a step motor
(10) that moves in a series of motor steps, the meth-
od comprising:

controlling the step motor (10) to move through
a first accelerating motor step in a first plurality
of microsteps;

controlling the step motor (10) to move through
a second accelerating motor step in a second
plurality of microsteps, the second motor step
being subsequenttothe firstmotorstep, wherein
the second plurality of microsteps is less than
the first plurality of microsteps; the methodbeing
characterised by:

applying energy to the step motor (10) in a
rising non-linear manner to accelerate the
motor to a preselected motor speed;
maintaining the preselected speed for afirst
predetermined period of time; and
removing energy from the step motor in a
non-linear manner to decelerate the step
motor (10) from the preselected speed to
the detent position after the first predeter-
mined period of time, wherein the motor
controller (20) provides no drive signals to
the motor after the motor stops in the detent
position for a second predetermined period
of time;

wherein the step rate is selected such that the po-
larity change is performed in one motor step period
whereby smooth motor field displacement is
achieved.

The method according to claim 9 wherein both steps
of controlling the step motor (10) to move include
maintaining a constant period for the microsteps.

Themethod accordingto claim 9 orclaim 10, wherein
the step motor (10) has at least two phases and a
permanent magnet that defines a detent position at
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rest, the method further characterised by:

applying an exponentially increasing winding
current in an exponentially rising manner to ac-
celerate the step motor (10) to a preselected mo-
tor speed;

maintainingthe preselected speedfor afirst pre-
determined period of time; and

exponentially decreasing the winding current to
decelerate the step motor (10) from the prese-
lected speed to the detent position after the first
predetermined period of time, wherein the motor
(10) stops in the detent position for a second
predetermined period of time.

The method according to either of any of claims 9
through 11 further characterised by:

decelerating the step motor (10) in a series of
decelerating motor steps with a first of said de-
celerating motor steps dividedinto afirstnumber
of decelerating microsteps, and a second of said
deceleratingmotor stepsis dividedinto a second
number of decelerating microsteps;

wherein the first number of decelerating microsteps
is less than the second number of decelerating
microsteps.

The method according to any one of preceding
claims 9 through 12 further characterised by:

driving a pump mechanism (34) with the step
motor (10) for delivering medical fluid to a pa-
tient.

Patentanspriiche

1.

Steuersystem zur Steuerung der Bewegung eines
Schrittmotors (10), umfassend:

eine Energiequelle;

eine Steuerung (20), die Energie aus der Ener-
giequelle anlegt, um den Motor (10) Uber erste
und zweite Motorschritte zu beschleunigen,
worin der erste Motorschritt eine erste Mehrzahl
von Mikroschritten beinhaltet, und der zweite
Motorschritt eine zweite Mehrzahl von Mi-
kroschritten beinhaltet, worin die erste Mehrzahl
an Mikroschritten gréBer als die zweite Mehr-
zahl an Mikroschritten ist; dadurch gekenn-
zeichnet, dass

die Steuerung (20) Energie aus der Energie-
quelle in einer nicht-linearen Weise anlegt, um
den Schrittmotor (10) auf eine vorgewahlte Mo-
torgeschwindigkeit zu beschleunigen;

die Steuerung (20) Energie anlegt, um die vor-
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gewdhlte Geschwindigkeit flir eine vorgegebe-
ne Zeitdauer beizubehalten; und

die Steuerung (20) Energie vom Motor in einer
nicht-linearen Weise wegnimmt, um den Schritt-
motor (10) auf die Feststellposition zu verlang-
samen, worin die Motorsteuerung (20) dem Mo-
tor (10) keine Antriebssignale bereitstellt, nach-
dem der Motor (10) in der Feststellposition fiir
eine zweite vorgegebene Zeitdauer anhalt.

Steuersystem gemaB einem vorhergehenden An-
spruch, ferner dadurch gekennzeichnet, dass die
Steuerung eine konstante Mikroschrittperiode bei-
behalt.

Steuersystem entweder geméan Anspruch 1 oder 2,
ferner dadurch gekennzeichnet, dass die Steue-
rung (20) Energie aus der Energiequelle anlegt, um
den Motor (10) Uber einen dritten Motorschritt zu be-
schleunigen, worin der dritte Motorschritt eine dritte
Mehrzahl an Mikroschritten beinhaltet, worin die
zweite Mehrzahl an Mikroschritten gréBer als die drit-
te Mehrzahl an Mikroschritten ist.

Steuersystem geman einem der Anspriiche 1 bis 3,
ferner dadurch gekennzeichnet, dass die Steue-
rung (20) Energie aus der Energiequelle an den Mo-
tor (10) in einem "Eine Phase an"-Antriebsmodus,
der fur einen Mikroschrittbetrieb zwischen den "Eine
Phase an"-Positionen wahrend der Bewegung des
Motors (10) modifiziert ist, anlegt, worin die Steue-
rung (20) den Motor (10) durch Variieren der Anzahl
von Mikroschritten pro Motorschritt steuert, wahrend
eine konstante Mikroschrittperiode beibehalten wird;
worin die Steuerung (20) den Motor zur Beschleuni-
gung durch eine abnehmende Anzahl an Mi-
kroschritten pro Motorschritt steuert, wéhrend eine
konstante Mikroschrittperiode beibehalten wird.

Steuersystem geman einem der Anspriiche 1 bis 4,
ferner dadurch gekennzeichnet, dass die Steue-
rung (20) Energie von dem Motor (10) in einem "Eine
Phase an"-Antriebsmodus wegnimmt, der fur einen
Mikroschrittbetrieb zwischen den "Eine Phase an"-
Positionen wéhrend der Bewegung des Motors (10)
modifiziert ist, endend in einer "Eine Phase an"-Po-
sition flir den letzten Schritt des Motors (10), bevor
die Energie vollstindig weggenommen ist, und
worin die Steuerung (20) den Motor (10) zur Ver-
langsamung durch eine zunehmende Anzahl an Mi-
kroschritten pro Motorschritt steuert, wéhrend eine
konstante Mikroschrittdauer beibehalten wird.

Steuersystem gemaB einem der vorhergehenden
Anspriiche, ferner dadurch gekennzeichnet, dass
die Steuerung (20) Energie an den Motor (10) in ei-
nem Vollschrittmodus anlegt, nachdem der Motor
(10) eine vorgewahlte Geschwindigkeit erreicht hat.



19

7. Steuersystem gemafR Anspruch 6, ferner dadurch

gekennzeichnet, dass, wenn der Vollschrittmodus
vorliegt, die Steuerung (20) Energie aus der Ener-
giequelle an den Motor (10) derart anlegt, dass der
Motor (10) sich mit einem Mikroschritt pro Motor-
schritt bewegt, wobei wéhrend einer von wenigstens
zwei Phasen des Schrittmotors sich die Polaritét an-
dert, wahrend die andere Phase auf einem konstan-
ten Wert bleibt, und eine Schrittrate derart gewéhlt
wird, dass die Polaritdtséanderung in einer Motor-
schrittperiode durchgefilihrt wird, wodurch eine sanf-
te Motorfeldverschiebung erreicht wird.

Steuersystem geméafn einem der vorhergehenden
Anspriiche, ferner dadurch gekennzeichnet, dass
der Schrittmotor (10) einen Pumpenmechanismus
(84) zur Abgabe einer medizinischen Flissigkeit an
einen Patienten.

Verfahren zur Steuerung der Bewegung eines
Schrittmotors (10) der sich in einer Reihe von Mo-
torschritten bewegt, wobei das Verfahren umfasst:

Steuerung des Schrittmotors (10), um sich Uber
einen ersten Beschleunigungsmotorschritt in ei-
ner ersten Mehrzahl an Mikroschritten bewegt;
Steuerung des Schrittmotors (10), um sich liber
einen zweiten Beschleunigungsmotorschritt in
einer zweiten Mehrzahl an Mikroschritten be-
wegt; wobei der zweite Motorschritt dem ersten
Motorschritt nachfolgt, worin die zweite Mehr-
zahl an Mikroschritten geringer als erste Mehr-
zahl an Mikroschritten ist; wobei das Verfahren
dadurch gekennzeichnet ist, dass

Energie an den Schrittmotor (10) in einer anstei-
genden nicht-linearen Weise angelegt wird, um
den Motorauf eine vorgewéhlte Motorgeschwin-
digkeit zu beschleunigen;

dass die vorgewahlte Geschwindigkeit fiir eine
vorgegebene Zeitdauer beibehalten wird; und
dass Energie vom Schrittmotor in einer nicht-
finearen Weise weggenommen wird, um nach
der vorgegebenen Zeitdauer den Schrittmotor
(10) von der vorgewahlten Geschwindigkeit auf
die Feststellposition zu verlangsamen, worin die
Motorsteuerung (20) dem Motor (10) keine An-
triebssignale bereitstellt, nachdem der Motor
(10) in der Feststellposition flir eine zweite vor-
gegebene Zeitdauer anhalt; und

eine Schrittrate derart gewahlt wird, dass die Po-
laritdtsdnderung in einer Motorschrittdauer
durchgefiihrt wird, wodurch eine sanfte Motor-
feldverschiebung erreicht wird.

10. Verfahren geméan Anspruch 9, worin beide Schritte

der Steuerung des Schrittmotors (10), sich zu bewe-
gen, das Beibehalten einer konstanten Periode fiir
die Mikroschritte beinhalten.
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Verfahren gemafB Anspruch 9 oder Anspruch 10,
worin der Schrittmotor (10) wenigstens zwei Phasen
und einen Permanentmagneten hat, der eine Fest-
stellposition in Ruhestellung definiert, wobei das
Verfahren dadurch gekennzeichnet ist, durch:

Anlegen eines exponentiell zunehmenden Wik-
kestroms in einer exponentiell ansteigenden
Weise, um den Schrittmotor (10) auf eine vor-
gewahlte Motorgeschwindigkeit zu beschleuni-
gen;

Beibehalten der vorgewéhlten Geschwindigkeit
fur eine erste vorgegebene Zeitdauer; und
exponentielles Verringern des Wickelstroms,
um den Schrittmotor (10) von der vorgewahlten
Geschwindigkeit auf die Feststellposition nach
der ersten vorgegebenen Zeitdauer zu verlang-
samen, wotin der Motor (10) in der Feststellpo-
sitionflireine zweite vorgegebene Zeitdauer an-
halt.

Verfahren gemén einem der Anspriiche 9 bis 11,
das ferner gekennzeichnet ist durch:

Verlangsamung des Schrittmotors (10) in einer
Reihe von Verlangsamungsmotorschtitten, wo-
bei ein erster der Verlangsamungsmotorschritte
in eine erste Anzahl an Verlangsamungsmi-
kroschritten unterteilt ist, und ein zweiter der
Verlangsamungsmotorschritte in eine zweite
Anzahl an Verlangsamungsmikroschritten un-
terteilt ist;

worin die erste Anzahl an Verlangsamungsmi-
kroschritten geringer als die zweite Anzahl an Ver-
langsamungsmikroschriten ist.

Verfahren geméaR einem der vorhergehenden An-
spriiche 9 bis 12, das ferner gekennzeichnet ist
durch:

Antreiben eines Pumpenmechanismus (34) mit
dem Schrittmotor (10) zur Abgabe einer medi-
zinischen Flissigkeit an einen Patienten.

Revendications

1.

Systéme de commande destiné a commander le
mouvementd’un moteur pasapas (10),comprenait :

une source d’énergie ;

un contrdleur (20) qui applique de I'énergie pro-
venant de la source d’énergie afin d’accélérer
le moteur (10) par le biais de premier et deuxié-
me pas de moteur, le premier pus de moteur
comprenant une premiére pluralité de micropas,
et le deuxiéme pas de moteur comprenant une
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deuxiéme pluralité de micropas, la premiére plu-
ralité de micropas étant supérieure a la deuxie-
me pluralité de micropas ; caractérisé en ce
que

le contrbleur (20) applique de I'énergie prove-
nantde la source d’énergie au moteur (10) d’'une
maniére non linéaire afin d’accélérer le moteur
pas a pas (10) jusqu’a une vitesse de moteur
présélectionnée;

le contréleur (20) applique de I'énergie pour
maintenir la vitesse présélectionnée pendant
une premiére période prédéterminée; et

le contrbleur (20) retire I'énergie du moteur
d’'une maniére non linéaire afin de ralentir le mo-
teurpas a pas (10) jusqu’a la position de détente
dans laquelle le contrleur de moteur (20) ne
fournit aucun signal d’entrainement au moteur
(10) aprés l'arrét du moteur (10) dans la position
de détente pendant une deuxiéme période pré-
déterminée.

Systéme de commande selon la revendication pré-
cédente, caractérisé en outre en ce que le contrd-
leur (20) maintient une période de micropas cons-
tante.

Systéme de commande selon la revendication 1 ou
2, caractérisé en outre en ce que le contréleur (20)
applique de I’énergie provenant de la source d’éner-
gie afin d’accélérer le moteur (10) par le biais d’un
troisieme pas de moteur, le troisieme pas de moteur
comprend une troisiéme pluralité de micropas, la
deuxiéme pluralité de micropas étant supérieure a
la troisieme pluralité de micropas.

Systéme de commande selon 'une quelconque des
revendications 1 a 3, caractérisé en outre en ce
que le contrbleur (20) applique de I'énergie prove-
nant de la source d’énergie au moteur (10) dans un
mode d’entrainement « monophase » modifié en mi-
cropas entre les positions « monophase » pendant
le mouvement du moteur (10), dans lequel le con-
tréleur (20) commande le moteur (10) en faisant va-
rier le nombre de micropas par pas de moteur tout
en maintenant une période de micropas constante;
dans lequel le contréleur (20) commande le moteur
afin de 'accélérer en diminuant le nombre de micro-
pas par pas de moteur tout en maintenant une pé-
riode de micropas constante.

Systéme de commande selon 'une quelconque des
revendications 1 a 4, caractérisé en outre en ce
que le contrdleur (20) retire 'énergie du moteur (10)
dans un mode d’entrainement « monophase » mo-
difié en micropas entre les positions « monophase »
pendant le mouvement du moteur (10) prenant fin
dans une position « monophase » pour le dernier
pas du moteur (10) avant le retrait total de la puis-
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sance, et

dans lequel le contréleur (20) commande le moteur
(10) afin de le ralentir en augmentant le nombre de
micropas par pas de moteur tout en maintenant une
période de micropas constante.

Systéme de commande selon I'une quelconque des
revendications précédentes, caractérisé en outre
en ce que le contrdleur (20) applique de I'énergie
au moteur (10) dans un mode d’entrainement a pas
complet une fois que le moteur (10) a atteint une
vitesse présélectionnée.

Systéme de commande selon la revendication 6, ca-
ractérisé en outre en ce que, dans le mode a pas
complet, le contréleur (20) optique de 'énergie pro-
venant de la source d’énergie au moteur (10) de sor-
te que le moteur (10) bouge selon un micropas par
pas de moteur pendant lequel 'une d’au moins deux
phases du moteur pas a pas change de polarité tan-
dis que l'autre phase reste a une valeur constante,
et un taux de pas étant sélectionné de sorte que le
changement de polarité soit effectué dans une seule
période de pas de moteur, moyennant quoi un mou-
vement de champ de moteur régulier est réalisé.

Systéme de commande selon 'une quelconque des
revendications précédentes, caractérisé en outre
en ce que le moteur pas a pas (10) entraine un mé-
canisme de pompe (34) pour administrer un fluide
médical a un patient.

Procédé de commande du mouvement d’un moteur
pas a pas (10) qui bouge dans une série de pas de
motour, le procédé comprenant:

la commande du mouvement du moteur pas a
pas (10) par le biais d’un premier pas de moteur
d’accélération dans une premiére pluralité de
micropas;

la commande du mouvement du moteur pas a
pas (10) par le biais d’'un deuxiéme pas de mo-
teur d’accélération dans une deuxiéme pluralité
de micropas, le deuxiéme pas de moteur étant
subséquent au premier pas de moteur, la
deuxiéme pluralité de micropas étant inférieure
a la premiére pluralité de micropas ; le procédé
étant caractérisé par :

lapplication de I'énergie au moteur pas a
pas (10) d’'une maniére croissante non li-
néaire afin d’accélérer le moteur a une vi-
tesse de moteur présélectionnée;

le maintien de la vitesse présélectionnée
pendant une premiére période
prédéterminée ; et

le retrait de I'énergie du moteur pas a pas
d’'une maniére non linéaire afin de ralentir
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le moteur pas a pas (10) depuis la vitesse
présélectionnée jusqu’a la position de dé-
tente aprés la premiere période prédétermi-
née, dans lequel le contréleur de moteur
(20) ne fournit aucun signal d’entrainement
au moteur aprés l'arrét du moteur dans la
position de détente pendant une deuxiéme
période prédéterminée ;

dans lequel le taux de pas est sélectionné de sorte
que le changement de polarité soit effectué dans une
seule période de pas de moteur, moyennant quoi on
obtient un mouvement de champ de moteur régulier.

Procédé selon la revendication 9, dans lequel les
deux étapes de commande du mouvement du mo-
teur pas a pas (10) comprennent le maintien d’'une
période constante de micropas

Procédé selon la revendication 9 ou la revendication
10, dans lequel le moteur pas a pas (10) comporte
du moins deux phases et un aimant permanent qui
définit une position de détente au repos, le procédé
étant en outre caractérisé par :

Iapplication d’un courant d’enroulement expo-
nentiellement croissant d’une maniére expo-
nentiellement croissante afin d’accélérer le mo-
teur pas a pas (10) jusqu’a une vitesse de mo-
teur présélectionnée ;

le maintien de la vitesse présélectionnée pen-
dant une premiére période prédéterminée; et
la diminution exponentielle du courant d’enrou-
lement afin de ralentir le moteur pas a pas (10)
depuis la vitesse présélectionnée jusqu’a la po-
sition de détente aprés la premiére période pré-
déterminée, dans lequel le moteur (10) s’arréte
dans la position de détente pendant une deuxie-
me période prédéterminée.

Procédé selon 'une quelconque des revendications
9 a 11, caractérisé en outre par:

le ralentissement du moteur pas a pas (10) dans
une série do pas de moteur de ralentissement,
avec un premier desdits pas de moteur de ra-
lentissement divisé en un premier nombre de
micropas de ralentissement, et un deuxieme
desdits pas de moteur de ralentissement divisé
en un deuxiéme nombre de micropas de
ralentissement ;

dans lequel le premier nombre de micropas de ra-
lentissement est inférieur au deuxiéme nombre de
micropas de ralentissement.

Procédé selon I'une quelconque des revendications
9 a 12, caractérisé en outre par :
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Ientrainement d’'un mécanisme de pompe (34)
avec le moteur pas a pas (10) afin d’administrer
un fluide médical a un patient.
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