
Description                                        write head is in the
correct position (Fig. 3). This overshooting  or 'ringing' requires an
additional The present invention relates to a method and       finite time
9 for the read/write head to reach the apparatus for controlling a stepper
motor and             correct position and this increases the access time.
particularly, but not exclusively, for use with a    for  the read/write
head to move from one track computer disk drive unit of the kind disclosed
in      position to another on the disk. The issue of the EP-A-055568.
step pulses may be implemented for example The present invention is
realised in a pro-         either by a discrete electronic circuit or by a
grammable circuit which is particularly, but not
microprocessorbasedcircuit.Although the useof exclusively, suitable for
open-loop control of    10    the microprocessor gives certain advantages
over gapper motors.                                       discrete
components, the 'ringing' or oscillation   - As is known in the art, the
stepper motor in a      feature is still present when moving between
computer disk drive unit is used as the actuator     tracks and is
particularly evident and undesirable for radially positioning the
read/write head over   on reaching the desired track. This is a dis- the
tracks on the disk surface. Detente positions of    15   advantage of such
proposed stepper motor the stepper motor correspond to track positions
control systems. on  the disk. The stepper motor rotates by a
The idealised situation depicted in Fig. 2 shows predetermined amount in
response to a winding        that the stepper motor is exactly at rest at
track 6. of windings being energised. When windings are       Of course
this does not occur in practice. It is erergised in succession this
corresponds to the    20    possible to consider modifying the
deceleration' supply of pulses of current to the motor. The       ramp i.e.
the rate of issue of pulses to bring the control of the rate of pulses
applied to the stepper   -  motor to rest at track 6. However, even
this-does  :' motor enables control of the rotational speed of    not occur
in practice due to inertia of the drive the stepper motor and hence the
time taken for       system and overshooting still occurs. In addition, the
head to move between tracks on the disk.   25    overshoots across the
tracks can be accumulated thus  the speed of response of the stepper motor
such that the drive is not synchronised to the and consequently the time
taken for the read/      operation of the system and the 'head' can lose
its Write head to move from one track to another is a    intended address.
[err] of the pulse rate applied to the stepper     Another way which' has
been proposed to Motor.                                       30   control
the overshooting is to use a technique One proposed way of controlling
pulses to the      called back-phase damping (8PD). In 8PD, as the stepper
motor 1 is carried out using a drive circuit  head is moved from the second
last track to the (Fig. 1) which produces pulses in response to      ast
track, a pulse of the reverse phase is applied instructions received  from
a system  drive        to  the stepper motor to act as a braking controller
or "host" 3, which may be, for example,   35    mechanism and slow the
speed of the motor and computer, or terminal or the like. Movement of
hence reduces the overshoot. The winding of the the arm 4 is controlled by
the stepper motor 1.       stepper motor corresponding to the last track is
the drive circuit 2 comprises hard-wired discrete    then energised to
cause the stepper motor to circuit components.
move to the last track. This technique can be used The speed at which the
stepper motor may be   40    with either the discrete component drive
circuit or driven in response to an applied pulse rate is       with the
microprocessor controlled drive circuit. partly a function of the inertia
of the combination  The time of starting and duration of the Back the motor
and the load consisting of, for        Phase Damping may vary with each
winding of example, the arm and the read/write head, and      the stepper
motor and may also vary between the mechanism connecting these with the
stepper   45    nominally similar stepper motors. Thus many motor. The
inertia and torque specification. of the  different parameters need to be
defined. How- motor determine the. maximum acceleration and       ever, the
ringing or overshooting is often not maximum  deceleration of the motor. In
the        satisfactorily reduced. In addition, rapidly pulsing [err]
implementation for an idealised system    the stepper motor to move in
different directions motor receives pulses to move the read/write   50
on approaching an address causes a 'jerky' action [err] from one track 5 to
another track 6 on the   .    and may lead to impairment of the motor ask
as shown. in Fig. 2, there. is a finite time and  response. These are
disadvantages of such a. [err] finite distance 7 over which the motor
proposed overshoot compensation technique. accelerates to maximum speed of
slew speed 8,  -      In addition, in known stepper motor systems value of
the slew speed being dependent on  55   the acceleration and deceleration
parts of the load and specification and dynamic charac-         speed
profile are usually represented by a linear [err] of the motor. The slew
speed is then       ramp (Fig. 2) However, the inertial characteristics
maintained until a distance equivalent to the      of a particular design
of disk drive depend on acceleration ramp distance 7 from the desired
components such as weight, pre-load friction and rack 6 is reached.
However, due to the inertia of   60    machining tolerances as well as the
type of the drive system, and as the system is open-loop,   stepper motor
used  and consequently the. the motor and consequently the read/write head
acceleration and deceleration parts of the speed wershoots the desired
track 6. The motor and     profile may be any one of a variety of shapes
10a, read/write head then oscillates in a generally       10b such as
exponential, sigmoid etc. depending damped way about the track 6 until the
read/   65    on the inertial characteristics of the particular  



3                   0 064391                        4 drive unit design and
the specification of the      energised windings. The microprocessor
controls selected stepper motor (Fig. 4).                  the direction of
motion of the stepper motor and JP-A-56 010 098 Abstract shows in general
hence decides whether or not the read/write head terms a method of and
apparatus for minimizing      should cross the desired track and return to
it to or preventing tracking overshoots, comprising  5   ensure uniformity
of approach. This results in an signals processing means and programmable
improved positioning accuracy of the read/write memory means connected to
the signal process-       head on the desired track. ing means. Also, from
DE-A-2 721 240 it is           Embodiments of the present invention will
now known to make use of a programmed control           be described by way
of example with reference to making use of stored motor characteristics.
10    the acccompanying drawings in which: Such prior art, however, does
not remove all        Fig. 1 is a block diagram of a conventional problems
in optimising movement between             stepper motor control circuit;
tracks and minimising overshoot and hysteresis.       Fig. 2 is a velocity
profile of a conventional The present invention as specified in the pre-
stepper motor disk drive; characterising portion of Claim 1 improves on
15   Fig. 3 is a schematic diagram of the action of the such prior art by
dividing the period of at least   read/write head locating the desired
track for the one of the current pulses during said third,
conventional velocity profile shown in Fig. 2 deceleration period into a
predetermined number    without overshoot compensation; of pulse elements,
Fig. 4 is a typical velocity profile of a stepper applying a finite amount
of current to a winding    20    motor showing  different accelerating  and
of the stepper motor in each pulse element, said    decelerating velocity
profiles, finite amount ofcurrentbeingdeterminedbythe           Fig. 5 is a
block diagram of the apparatus netratioof thetime forwhich
currentisappliedto      according to the third and fourth aspects of the
the winding of the stepper motor to the time for    present invention which
no current is applied to that winding during   25 25  Fig. 6 is a schematic
diagram of a current pulse period divided into pulse elements of. equal and
varying the ratio of current on time to       duration current-off time in
each  pulse element whereby       Fig. 7a is an expanded view of one pulse
the magnitude of current in-the pulse period is -  element of Fig. 6;
determined by the net current [err] in each       Fig. 7b is a waveform
showing the mark to pulse elementandis applied to the winding of the
space ratios of the pulse elements of Fig. [err] stepper motor in a
predetermined manner over  Fig. 8 is a schematic diagram similar to Fig 3
of the   duration of the pulse period. a stepper motor response 'with
overshoot. The division of the last pulse period. into a  compensation in
accordance with the present number of pulse elements is known per se from
35   invention 3   DE-A -2 430 289, but this prior document does     Fig.'
9 is a schematic diagram of  the ratio of not suggest the manner in which
this subdivision       current applied to no current applied, to the is
used in the present invention.                  stepper motor for the last
step from one track to The present invention solves the problem of
another. compensating for overshooting of the desired track   40  Figs. 10a
and 10 b are schematic diagrams of the by providing   a
microprocessor-based circuit  stepper  motor stepping across tracks with
the adapted to drive the stepper motor in accordance    compensation method
not applied, and then with a predetermined programme. The micro-
applied respectively; processor effectively damps the oscillation of the
Fig. 11 is a graph showing the relationship stepper motor by controlling
the current supplied   45    between step pulses from the host and time
when to the motor during the last step of its motion.    in a non-ramp
mode. This current is controlled by switching it during -      small
predetermined time intervals. Thus the        Fig. 12 is a schematic
diagram illustrating how over-shooting is minimised and the response of
the stepper motor approaches the desired track the motor to the drive
circuit is optimised for   50   from  the same direction to provide a
constant accurate tracking. The present invention also      value of
hysteresis. makes it possible:to provide a non-linear pulse       Referring
now to- Fig.5 of the drawings, an rate to match the torque/speed
characteristic of    INTEL 8748 microprocessor (MPU)  10 includes a the
stepper motor selected for the disk drive. The  programmable read-only
memory (PROM) 11. pulse rate is determined by data held in the   55    The
PROM 11 contains a set of instructions in memory of the microprocessor
circuit and this       program format which are stored therein. One data
can be modified to suit the requirements of    sub-program contains
information relating to the the stepper motor and load. This results in a
overshoot compensation of the stepper motor at particular pulse rate being
applied to the stepper  the  desired  address  track, another  sub- motor
to minimise the time taken to access   60    programme contains information
relating to the 



information for any particular instruction.         velocity profile (Fig.
2, Fig. 4) of the stepper motor A preferred feature of the invention
addresses    and another sub-program contains information the problem of
hysteresis by ensuring that each     relating to the positioning of the
stepper motor to track on the disk is approached  from the same      each
desired track to compensate for variable direction and from the same set of
previously   65    magnetic and mechanical hysteresis. 3    5
0 064 391                      6 The MPU 10 is connected to an internal
input-    read/write head to access the desired track counter 12 which in
turn is connected to a host    address. Therefore, when the stepper motor
drive system  13. The host system  13 may be any         circuit 16 reaches
the second last track, a second system associated with computer disk drives
and    sub-program in the PROM 11 is executed by the may be, for example, a
word processor, a desk    5    MPU. The second sub-program  contains data
top-computer, or a business accounting system.     which enables the
overshoot at the desired track The output 10a of the MPU 10 is connected to
an    to be compensated. When the second last track 49 output buffer 14
internal to the MPU 10 the output  is reached the MPU 10 executes the
second 14a of which in turn is connected to the stepper   sub-program. The
energisation of current into the motor drive circuit  16. An oscillator 15
is also   10   windings corresponding to the desired track so is connected
to the MPU 10. The stepper motor          divided into a predetermined
number of pulse position is controlled by the MPU 10.              elements
20, the duration of each pulse element Having determined the optimum pulse
rate for      20 being identical at 440 [err] (Fig. 6). Note that this the
acceleration and deceleration ramps of the      duration  could  be  any
convenient length speed/torque characteristics of the stepper motor   is
consistent with the MPU 10. The total duration of and load, a constraint is
placed on the rate at    pulse elements is 15 ms after which time the which
pulses are required to be sent from the host  current corresponding to the
winding of the system 13to the MPU 10. This constraint takes the  desired
track remains constant (Figs. 6, 9). The form of an allowed voltage of
pulse rates e.g. 10  amount of current passed to the stepper motor in
[err]-200 [err]/pulse. The MPU 10 senses the pulse  20  each pulse element
20 is determined by the ratio rate and if it lies within the allowed range
the   .    of time for current on 21 to time for current off 22 MPU 10
executes a program to control accelera-     and is denoted as tion and
deceleration of the stepper motor according to the predetermined  velocity
ramps.                        I (on When in use, a sequence of step
commands   25 corresponding to the number of tracks is entered
I (off) from the host system 13 into the counter 12 of         - MPU 10.
The data may be fed in parallel or in      and is called the mark to space
ratio (Fig. 7b). The serial form into the counter 12. A typical number -
mark to space ratio for each element is selected of tracks to be crossed
may be 50 and this number   30   so that there is a small net increment of
current [err] is then entered serially into the MPU 10. When     (Fig. 7a)
due to electrical time constants especially MPU 10 confirms the pulse rate
is within the       winding induction of the stepper motor and this
permitted range it signals the memory to provide   accumulates at [err]
with subsequent elements 23, a set of instructions for issuing the pulses
which  24 respectively so that the full magnitude of a will enable the
stepper motor to move to the   35   current pulse is gradually applied over
the 15 ms. desired track address in the minimum  time,        period of
time (Fig. 6). This, in effect is the  result according to the velocity
profile corresponding to  of the stepper motor receiving a number of minor
a 50 track seek. Execution of the set of instructions  steps which have a
relatively high frequency in from a first program in the PROM 11 results in
the  comparison with the basic step rate. Thus, the net MPU 10 issuing to
the stepper driver circuit 16 a   40   current is applied to the stepper
motor in a series of pulses whose frequency varies non-      controlled way
and the result is to cause the linearly from 1.2 msecs/pulse to 0.55
msec/pulse    .   stepper motor, and consequently the read/write over the
acceleration phase 18 (Fig. 4). The       head to approach the desired
track 50 as shown in acceleration phase may cover up to 12 tracks.
Fig. 8 overshooting and oscillation being greatly When the 12th track is
reached the program   45   reduced and the access time is  therefore mini-
instructs the MPU 10 to maintain the pulse         mised, giving better
disc-drive performance. The frequency at 1 pulse/0.55 ms. The stepper motor
sequence of the mark/space ratios and the 16 is now moving at a speed which
is consistent    number of pulse elements is optimised to give with the
motor not stalling. This pulse rate is    minimum time to settle. The value
of mark to chosen to match the torque/speed characteristics   50   space
for each pulse element is determined from of the stepper motor. That is, in
order to minimise   a "look-up" table held in PROM 11, the entries in time
taken between tracks, the stepper motor       the table being used to set
loop or cycle times in drive circuit 16 is usually driven at the maximum
the program of the MPU 10 thus determining how speed which is consistent
with it not stalling.  long current will be switched in a winding during
When the motor reaches a predetermined   55   the pulse element 20. number
of tracks from the desired track, in this    The current is applied to each
pulse element for 



case 12, the program instructs the MPU 10 to       a period defined by the
mark to space ratio as effect the deceleration ramp. The pulse frequency
aforedescribed. In a pulse element 440 [err] long is gradually decreased
from 1 pulse every 0.55     the theoretical maximum mark to space ratio for
ms. down to zero at the desired track. The stepper   60   switching time
increments of 10 [err] a typical motor velocity should be zero at the
desired track.  minimum for MPU 10, would be 43:1 and the However, as
mentioned before, this will not be     theoretical minimum would be 1:43.
In fact the the case, due to inertia of the motor and load and  practical
maximum and minimum ratios used are the read/write head will overshoot and
oscillate   39:1 and 1:39 corresponding closest to current about the
desired track increasing the time for the   66   full on and current full
off respectively (Fig. 1).    7                   0 064 391
8 When the current is applied to the stepper motor    additional pulses so
that the stepper motor during the last step the motor is driven in
moves from track accordance with these minor pulses and the result is a net
current change as shown in Fig. 6.               n+1->n->n-1->n The mark to
space ratio can be varied consider- ably to suit the requirements of a
particular       Thus the stepper motor approaches track n in the stepper
motor.                                      same direction and hence the
hysteresis is largely Pulse elements may also be applied to the
eliminated resulting in reduced positioning error stepper motor at any time
during the movement       and improved disk-drive performance. The steps of
the stepper motor from one track to another.   10   of n+1 to n, and n to
n-1 are treated by the drive The effect of using such 'intermediate' pulse
circuit with intermediate pulse elements and the elements is to reduce the
amount of overshooting   last step n-1 to n is subject to the full pulse
between tracks as comparatively shown in Fig.       element treatment. It
is not necessary to fully 10a and 10b in a 'non-ramp' or constant mode of
reach track n-1 to achieve a satisfactory reduc- stepping. This results in
a minimisation of        tion. of hysteresis. 'ringing' in the last step
and helps to minimise the   Without departing from  the scope of the time
taken for the stepper motor to be located at   invention it should be
understood that several the desired track. Fora constant mode of stepping
circuits exist for supplying current to the stepper of 3 ms. per step
pulse, there would be seven       motor windings under the instruction of
the MPU pulse elements each of 440 [err] duration.   20   10. For example
the invention disclosed herein There are several special conditions which
may   may equally well be effected using circuits which occur and all are
within the scope of the inven-   supply current from unipolar or bipolar
power tion. For example, if the required number of tracks  supplies or from
constant voltage or constant to be crossed is less than or equal to 24,
i.e. where        current sources. One preferred implementation is only
short movement is required, the MPU 10   25   the constant current source
wherein current of-- sends instructions from the  PROM  11 to the
amounts which are largely independent of stepper motor drive circuit 16 to
accelerate, but  voltage and temperature variations can be not to maximum
speed and then decelerate to        switched into the stepper motor under
the control zero. Thus the pulse rate and hence the speed       of the MPU
10 as previously described. An only reaches a maximum when at least 24
tracks   30   advantage of the constant current source  is require to be
crossed. When the number of steps    apparent when the stepper motor is
used in the is greater than, or equal to, 5, that is, the MPU 10  half-step
mode; normally the half-step consists of will use the ramp program, the
pulse element        one winding being energised compared to 2 for
technique is used only for the last step. All other  the full-step and
generally therefore provides half steps are regular stepper motor steps
35    the torque. It is relatively straightforward with a constant current
source to increase current in the In addition, the  situation arises where
the      half-step thereby tending to equalise torque when disk-drive may
be connected to host systems         the motor is used in both full and
half-step which are unable to supply step pulses to the       modes. This
tends to also equalise the choices of MPU 10 within theallowed range for
ramp action.   40   mark to space ratios when the desired track In this
case, the host will generally issue pulses at  corresponds to a half-step
or a full-step simplify- regular intervals (as shown in Fig. 11) with the
ing the implementation of the program in MPU 10 result that the stepper
motor, and consequently     as previously discussed. the read/write head is
moved between tracks at a      The circuitry hereinbefore described may
substantially constant speed. The pulse element   45   operate on NMOS
(negative- metal- oxide-semi technique may be applied to  these steps.
conductor), CMOS (complementary-metal-oxide The circuit of Fig. 5 is also
used to compensate  semiconductor), bipolar or any other suitable for
magnetic and mechanical hysteresis which is     semiconductor technology.
It is considered a present at each track. This hysteresis results in a
straightforward modification of this circuit to positional error of the
read/write head when a    50   integrate all the circuits usipg
contemporary large track is approached from either direction and this
scale integration (LSI) techniques  Similarly, the can lead to impaired
signal to noise (S/N) ratios.  invention may be used with different classes
of When the host system gives an instruction to seek   stepper" motor
including hybrid permanent 



track 'n', the MPU 10 is informed of the direction  magnet and variable
reluctance in which the stepper motor has to move  With  55 reference to
Fig. 12, for example if the stepper  Thus the invention isparticularly
advantageous motor moves from track n-1 'to track n the          where the
inertia of the motor  and attached movement is carried out as described
before.        components result in a non-linear velocity profile, Thus a
positioning error in this direction, 25 is   and the information stored in
the programmable present. If the motor approaches the desired track   60
memory enables the stepper motor to be pulsed n from track n+1, a
positioning error 26 is present  at a variable frequency such that the
read/write in this direction. Hysteresis refers to the total error  head is
moved from one track to another in a 25 plus 26.
minimum  time; the information enables the When the motor approaches track
n from track      stepper motor to be micro stepped to provide n+ 1 the
program causes the MPU to provide two    65   overshoot compensation at the
desired track and 5    9                   0 064 391
10 also at intermediate tracks; and also the variable     6. A method as
claimed in any preceding claim hysteresis of each track is eliminated.
characterised in that said method is executed in In addition, the use of a
microprocessor          accordance with instructions from  said signal
provides greater flexibility and control than would  processing means (10),
controlling the operation have been otherwise possible with discrete      5
of the program in the programmable memory elements, and also considerably
reduces the cost     (1 1). of a stepper motor drive circuit, and the time
7. A method as claimed in any preceding claim taken to produce the circuit
characterised in that the time taken for locating Thus there . is provided
a method of, and           the stepper motor from the penultimate to the
last apparatus for, controlling a stepper motor which    to   track is less
than 15 milliseconds. provides improved disk-drive performance.
8. A method as claimed in any preceding claim characterised in that  the
first predetermined Claims
period and the, third predetermined period are of substantially equal
duration. 1. A method of minimising tracking overshoot    15   9. A method
as claimed in any preceding claim in a disc memory device having open loop
wherein the duration of the current pulse when control, the memory device
having a  signal          accelerating the stepper motor is different from
processing means (10), a programmable memory         the current pulse when
decelerating the stepper (11). connected to the signal processing means
motor. (10), the signal processing means (10) having an    20  100. A
method according to any preceding claim, output connected to control a
stepper motor and      characterised  by compensating  for variable an
input connected to a drive system controller      magnetic  and, mechanical
hysterisis  when (13), the memory means (11) including a program
moving between tracks by means of: for controlling movement of the stepper
motor      .   recording the address of a desired track to be from one
track to another.                     25    attained, ; said  method
comprising  applying  current           comparing the desired address with
the present pulses to the stepper motor in a manner to cause     address to
determine the direction of movement it to accelerate during a first
predetermined         required, period (7) to a predetermined speed, to
maintain       if said direction is in one sense, effecting the
predetermined speed substantially constant   30    movement direct to the
desired track, during a second predetermined period (8), and to   -   if
said direction is in the other sense effecting decelerate over a third
predetermined period (7);   movement by crossing the desired track address
characterized by dividing the period of at least    by a predetermined
amount in one direction, and one of the current pulses (19) during said
third,  -   returning  to the desired track in the reverse deceleration
period into a predetermined number   35    direction, so that each track is
approached from of pulse elements (20),                              the
reverse direction independent of the original applying a finite amount of
current to a winding   location of the stepper motor and said mechanical of
the stepper motor in each pulse element, said -    and magnetic hysteresis
being therefore constant finite amount of current being determined by the
for each respective track, netratioofthetimeforwhich current is applied to
11. A method as claimed in claim 10 charac- the winding of the stepper
motor to the time for   terised  in that the predetermined amount is less
which no current is applied to that winding during   than  a  track width.
said pulse element,                                  12. Apparatus for
minimising the tracking and varying the ratio of current-on time to
errors and oscillations in a single. step in an current-off time in each
pulse element whereby    45    open-loop disk drive, said apparatus
comprising the magnitude of current in the pulse period (19)    signal
processing means (10), programmable is determined by the net current  [err]
etc.) ineach  memory means (11) connected to the signal pulse element (20)
and is applied to the winding     processing means (10), said signal
processing of the stepper motor in a predetermined manner        means (10)
having an output connected to the 



over the duration of the pulse period.  50    stepper motor and an input
connectable to a 2. A method as claimed in claim 1 characterised
controller (13) for use with a disk-drive, said in that said at least one
current pulse is the last  programmable memory means (11) including a pulse
before the desired track is reached.   -        program for controlling the
movement of the 3. A method as claimed in claim 1. or claim 2       stepper
motor; characterised in that in use said characterised in that said pulse
elements (20)are   55    signal processing means (10) divides the last of
equal duration.                                   pulse (19) applied to the
stepper motor when 4. A method as claimed in any preceding claim
moving to a desired track into a predetermined characterised in that the
time when current is        number of pulse elements (20) in accordance
with switched on to the time when current is switched     the program  and
the ambient position of the off is variable from   39:1 maximum  to 1:39
60    stepper motor, and applies a finite amount of minimum  respectively.
current to a winding of the stepper motor in each 5. A method as claimed in
any preceding claim       pulse element duration  so that the magnitude of
characterised in that said method is operated in     the current pulse is
spread over the entire dura- accordance with a program  stored in said
tion of the pulse. programmable memory (11).                      65
13. Apparatus as claimed in claim 12 charac- 6    9                   0 064
391                       10 also at intermediate tracks; and also the
variable    6. A method as claimed in any preceding claim hysteresis of
each track is eliminated.              characterised in that said method is
executed in In addition, the use of a microprocessor           accordance
with instructions from said signal provides greater flexibility and control
than would  processing means (10), controlling the operation have been
otherwise possible with discrete      5    of the program in the
programmable memory elements, and also considerably reduces the cost
(11). of a stepper motor drive circuit, and the time        7. A method as
claimed in any preceding claim taken to produce the circuit.
characterised in that the time taken for locating Thus there is provided a
method of, and            the stepper motor from the penultimate to the
last apparatus for, controlling a stepper motor which    10  track is less
than 15 milliseconds. provides improved disk-drive performance.
8. A method as claimed in any preceding claim characterised in that the
first predetermined Claims
period and the third predetermined period are of substantially equal
duration. 1. A method of minimising tracking overshoot    15   9. A method
as claimed in any preceding claim in a disc memory device having open loop
wherein the duration of the current pulse when control, the memory device
having a signal           accelerating the stepper motor is different from
processing means (10), a programmable memory        the current pulse when
decelerating the stepper (11) connected to the signal processing means
motor. (10), the signal processing means (10) having an    20  10. A method
according to any preceding claim, output connected to control a stepper
motor and      characterised  by compensating for variable an input
connected to a drive system controller      magnetic  and  mechanical
hysterisis  when (13), the memory means (11) including a program
moving between tracks by means of: for controlling movement of the stepper
motor          recording the address of a desired track to be from one
track to another.                     25   attained, said  method
comprising  applying  current          comparing the desired address with
the present pulses to the stepper motor in a manner to cause     address to
determine the direction of movement it to accelerate during a first
predetermined        required, period (7) to a predetermined speed, to
maintain      if said direction is in one sense, effecting the
predetermined speed substantially constant   30    movement direct to the
desired track, during a second predetermined period (8), and to      if
said direction is in the other sense effecting decelerate over a third
predetermined period (7);  -  movement by crossing the desired track
address characterized by dividing the period of at least   by a
predetermined amount in one direction, and one of the current pulses (19)
during said third,  --  returning to the desired track in the reverse
deceleration period into a predetermined number   35    direction, so that
each track is approached from of pulse elements (20),
the reverse direction independent of the original applying a finite amount
of current to a winding   location of the stepper motor and said mechanical
of the stepper motor in each pulse element, said   _  and magnetic
hysteresis being therefore constant finite amount of current being
determined by the     for each respective track, net ratio of the time for
which current is applied to   40  11. A method as claimed in claim 10
charac- the winding of the stepper motor to the time for   -  terised in
that the predetermined amount is less which no current is applied to that
winding during   than a track width. said pulse element,
12. Apparatus for minimising the tracking and varying the ratio of
current-on time to        errors and oscillations in a single step in an
current-off time in each pulse element whereby    45    open-loop disk
drive, said apparatus comprising 



the magnitude of current in the pulse period (19)    signal processing
means (10), programmable is determined by the net current  [err] etc.) in
each  memory means (11) connected to the signal pulse element (20) and is
applied to the winding     processing means (10), said signal processing of
the stepper motor in a predetermined manner       means (10) having an
output connected to the over the duration of the pulse period.         50
stepper motor and an input connectable to a 2. A method as claimed in claim
1 characterised    controller (13) for use with a disk-drive, said in that
said at least one current pulse is the last  programmable memory means (11)
including a pulse before the desired track is reached.           program
for controlling the movement of the 3. A method as claimed in claim 1 or
claim 2       stepper motor; characterised in that in use said
characterised in that said pulse elements (20) are   55    signal
processing means (10) divides the last of equal duration.
pulse (19) applied to the stepper motor when 4. A method as claimed in any
preceding claim      moving to a desired track into a predetermined
characterised in that the time when current is       number of pulse
elements (20) in accordance with switched on to the time when current is
switched     the program and the ambient position of the off is variable
from  39:1 maximum  to 1:39    50    stepper motor, and applies a finite
amount of minimum respectively.                                current to a
winding of the stepper motor in each 5. A method as claimed in any
preceding claim      pulse element duration, so that the magnitude of
characterised in that said method is operated in    the current pulse is
spread over the entire dura- accordance with a program  stored in said
tion of the pulse. programmable memory (11).                      65
13. Apparatus as claimed in claim 12 charac- 6    11                 0 064
391                    12 terised in that said signal processing means (10)
Verfahren  entsprechend  einem  'in  dem and said programmable memory means
( 11) are      programmierbaren Speicher (11) gespeicherten --     combined
in a microprocessor.                      Programm abl~uft. 8. Verfahren
nach einem der vorhergehenden -   Patentanspruche           -
AnsprOche, dadurch gekennzeichnet, daS das Verfahren in Abhangigkeit von
Befehlen der 1. Verfahren zur Minimisierung des Uber-
Signalverarbeitungseinrichtung (10) ablatuft, die schielens  uber . eine
Spur  bei  einer          die  Operation  des  Programmes' irn  dem
Plattenspeichervorrichtung mit offenem  Regel-     programmierbaren
Speicher (11) steuern. kreis, wobei: die  Speichervorrichtung  eine  0
7. Verfahren nach eiriem der vorhergehenden Signalverarbeitungseinrichtung
(10) und einen     Anspr~che, dadurch gekennzeichnet, daB die Zeit mit der
Signalverarbeitungseinrichtung (10) ver-  zur Bewegung  des .Schrittmotors
von der bundenen programmierbaren Speicher (11) auf-      vorletzten zur
letzten Spur weniger als 15 Milli- weist, die
Signalverarbeitungseinrichtung (10)     sekunden betragt. einen Ausgang,
der zur Steuerung eines Schritt-     8. Verfahren nach einem der
vorhergehenden motors geschaltet ist, und einen mit einem Regler
Anspriche, dadurch gekennzeichnet, daB die (13) fur das Antriebssystem
verbundenen Ein-      erste vorbestimmte Periode und die dritte vor- gang
aufweist und die Speichervorrichtung (11)    .   bestimmte Periode von im
wesentlichen gleicher ein Programm zur Steuerung der Bewegung des
Dauer sind. Schrittmotors .von einer Spur zu einer anderen    20
9.Verfahren nach einem der vorhergehenden aufweist;              .
Anspruche, bei. welchem die Dauer der Strom- bei welchem Verfahren
Stromimpulse an den.       impulse beim Beschleunigen des Schrittmotors :
Schrittmotor derart angelegt werden, daR dieser   unterschiedlich ist von
demn Stromimpuls beim wahrend einer ersten vorbestimmten Periode (7)
Verlangsamen des Schrittmotors'. . auf eine vorbestimmte Geschwindigkeit
besch-   25   10. Verfahren nach einem der vorhergehenden . .      leunigt
wird, die vorbestimmte Geschwindigkeit  .  Anspruche dadurch
gekennzeichnet, dalkvariable. -. w-hrendeinerzweiten vorbestimmten
Periode(8)    magnetische und mechanische Hysteresen beim- :   im
wesentlichen konstant gehalten wird und uber    Bewegen zwischen den Spuren
durch folgende, .ine dritte vorbestimmte Periode (7) eine Verlang-  Mittel.
kompensiert werden: samung erfolgt,     .0 *                     3
Aufzeichnen    der    Adresse    eirner ' .       dadurch gekennzeichnet,
daR die Periode mind-    einzunehmenden gewunschten Spur, ' estens einer
der Stromimpulse (19) wahrend der      Vergleichen der gewOnschten Adresse
mit der dritten Verlangsamungsperiode in, eine: vor- .    gegenwirtigen
Adresse zur' Bestimmung der bestimmte Anzahl von Impulselementen (20) auf-
erforderlichen Bewegungsrichtung, - .  geteilt wird,. --   .     .
. *35    wenn-diese Richtung in den- einen Sinne ist, * . '      daB in
jedem Impulselement eine endlicher        DurchfGhrung der Bewegung direkt
in Richtung Stromwert an sine Windung des Schrittmotors - .   der
gewrnschten Spur, gelegt wird, wobei der endliche Stromwert durch :   wenn
diese Richtung in dem anderen Sinne ist, das Anteilsverhi3tnis der Zeit
bestimmt wird, in  Durchfuhrung der Bewegung durch Uberqueren
derwahrendeinesimpulselementesderWindung   4    der gewunschten Spuradresse
um einen- vor- des Schrittmotors Strom zugefuhrt wird, zu der    bestimmten
Betrag  in einer Richtung  und 



Zeit, in der dieser Windung kein Strom zugeffihrt  ROcklauf zu der
gewunschten Spur in Gegen- wird,                    -
richtung, so daB die Annaherung an jede Spur und daB das Verh3ltnis der
Stromzeit zur Nicht-  aus der Gegenrichtung erfolgt, unabhangig von
Stromzeit in jedem Impulselement variiert wird,   46   der ursprunglichen.
Stellung des Schrittmotors wodurch die Grile des Stromes in der Impuls-
und mechanische und magnetische Hysteresen *      periode (19) durch den
Stromanteil (lo, I, usw.) in  daher far jede jeweilige Spur konstant sind.
jedem Impulselement (20).bestimmt und auf eirie     11. Verfahren nach
Anspruch 10, dadurch ge- vorbestimmte Weise Ober die Dauer der Impuls- i
kennzeichnet, daB  der vorbestimmte Betrag periode an die Windung des
Schrittmotor gelegt   50   kleiner ist als die Spurbreite.  . wird.
...           12. Vorrichtung zur Mirnimisierung von:Spur- 2..
Verfahren'nach Anspruch 1, dadurch ge-      fehlern und Schwingungeni in
einem einzigen kennzeichnet, daB der. mindestens eine Strom- |   Schritt
bei einem  Plattenantrieb mit offenen -impuls der-letzte Impuls- vor
Erreicheri' der     Regelkreis,  mit  einer  Signalverarbeitungs- .
gewunschten Sliur ist.                        - -    einrichtung   (10)
und   einer  mit  der' 1.;     .. 3. Verfahren nach Anspruch 1 oder
Anspruch 2, i  Signalverarbeitungseinrichtung       (10) dadurch
gekennzeichnet, daB die Impulselemente    verbundenen   programmierbaren
Speicher- (20) von gleicher Dauer sind.        .            einrichtung
(11), wobei die Signalverarbeitungs- .   4. Verfahren nach einem der
vorhergehenden    einrichtung (10) einen mit dem Schrittmotor ver-
Anspruche, dadurch gekennzeichnet, daB die Zeit,  60   bundenen Ausgang
und- einen mit einem Regler ..      in der der Strom eingeschaltet ist, zu
der Zeit in j  (13) zur Verwendung bei . einem Plattenantrieb der der Strom
ausgeschaltet ist, jeweils von 39:1  verbindbaren  Ausgang  aufweist * und
die j   als Maximum bis 1:39 als Minimum variabel ist. .  programmierbare
Speichereinrichtung (11) ein :  5. Verfahren nach einem der vorhergehenden
Programm zur Steuerung der Bewegung des AnsprOche, dadurch gekennzeichnet,
daB das   g5  Schrittmotors enthilt, dadurch gekennzeichnet, ;  I
ll~qaliliill Hill .   .   .                     .   .    -   f C  L    13
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(10) im       3. Proced6 suivant la revendication 1 ou Is Betrieb den
letzten Impuls (19), der dem Schritt-  revendication 2, caracteris6 en ce
quo les motor beim Aufsuchen einer gewunschten Spur         6l6ments
d'impulsion (20) sont de meme duree. zugefuhrt wird, entsprechend dem
Programm           4. Procede suivant lune quelconque des J   und der
Umgebungsposition des Schrittmotors in  5   revendications precedentes,
caracterise en ce quo. eine vorbestimmte Anzahl von Impulselementen
le rapport du temps de passage du courant au (20) aufteilt und wahrend der
Dauer eines jeden    temps d'interruption du courant est variable de
Impulselementes einen endlichen Stromwert an       39:1  au  maximum  A
1:39 au  minimum, eine Windung des Schrittmotors legt, so daB die
respectivement. GroBe des Stromimpulses uber die gesamte    o .  5. Procede
suivant Luno- quelconque des Dauer des Impulses verteilt wird.
revendications precedentes, caracterise en ce quo 13. Vorrichtung nach
Anspruch 12, dadurch         ce procede est mis en oeuvre conformement a un
gekennzeichnet, daB die Signalverarbeitungs.    - programme stocke dans la
memoire pro- einrichtung  (10) und  die  programmierbare         grammable
(11). Speichereinrichtung  (ll)  in  einem   Mikro-   .s   6. Procede
suivant 'unoe quelconque des. prozessor zusammengefaBt sind.
revendications precedentes, caracterise en ce quo co procede. est execute
conformement a des Revendications
instructions; venant des moyens (10) de traite- ment de signal,. qui
commandent. Ie fonc- 1. Procede de reduction du. depassement de    20
tionnement du programme dans la memoire piste dans un. dispositif de
memoire A disque       programmable (11). comportant une commando en boucle
ouverte, le.       7. Procedd  suivant I'une quelconque- des dispositif de
memoire comprenant des moyens         revendications precedentes,
caracterise en ce quo (10) de traitement de signal, une memoire pro-
le temps necessaire pour amener, le moteur grammable (11) reli6e aux moyens
(10) de traite-   28   pas-a-pas de l'avant-derniere a la derniere piste
ment de signal, les moyens (10) de traitement de   est inferieur a 15
millisecondes. signal comportant une sortie reliee de manibre A .   8.
Procede suivant l'une quelconque, des commander un moteur pas-3-pas et- une
entreo   .   revendications precedentes, caracterise en co queo. *-
reliee A un dispositif de co mande (13) d'un       la premidre pdriode
pridetermina aet la troisiimeo/ systeme d'entratnement, les moyens de
memoire-   30   periode predeterminee sont de duree sensible-f (11)
comprenant un programme de commando            ment egale. .           -
: du mouvement du moteur pas-a-pas d'une piste A     : 9.. Procdde  suivant
l'une.' quelconque de's une autre; ce procede comprenant l'application
revendications precedentes, dans lequel la duree d'impulsions de courant au
moteur pas-a-pas de.     de l'impulsion de courant lors de l'acceleration
du fagon A I'acceierer pendant une premiere periode    35    moteur
pas-A-pas est differente de la dur6e de pred6termin6e (7) jusqu'A une
vitesse predeter-     l'impulsion de courant lors de la deceleration du 



minee, A maintenir la vitesse predeterminde        moteur pas-a-pas.:.
sensiblement constante pendant une deuxieme.         10. Procede suivant
l'une quelconque des periode pr6determin6e (8), et a la ralentir pendant
revendications precedentes, caracterise en ce quo une troisibme pdriode
pr6d6terminee (7); carac-   40   I'hyst6r6sis magn6tique et mecanique
variable, tbrise en co qu'il consiste A divisor la periode d'au  -lors. de
deplacement. entre  des  pistes,  est moins une des impulsions de courant
(19)           compensde  par: .enregistrement de l'adresse pendant la
troisibme periode, dite de decelera-. d'une piste desiree a atteirdre;
comparaison de tion, en un nombre predetermine d'el6ments (201    I'adresse
d6sir6o avec lFadresse presente, pour d'impulsion, a appliquer une quantite
finie de    45    determiner  la -direction  deo  mouvement courant A un
enroulement du moteur pas'brpas       necessaire; si cette direction est
dans un premier dans chaque element d'impulsion, cette quantite    sens,
execution du mouvement direct a la plate finie de courant etant determinee
par le rapport   desir6e; si cette direction est dans l'autre sens, net du
temps pendant: lequel. Ie courant est       execution du mouvement par
franchissement'de appliqu6 A I'enroulement du moteur pas-a-pas au    50.
I'adresse do pisto desiree, d'une quantite pre- temps pendant lequel aucun
courant n'est           d6tetrmin6e dans une directioni et retour a la
piste appliqu6 a cat enroulement, au cours dudit         desiree dana Ia
direction inverse, de aorta quo element d'impulsion;.et A modifier le
rapport du   chaque piste est approchee A partir de la direction temps de
passage du courant au temps d'inter-      inverse, independamment de la
position initials ruption  du  courant. dans chaque  element   55    du
moteur pas-a-pas, I'hyst6resis mecanique et d'impulsion, de sorte que la
grandeur du courant   magnetique etant donc constante pour chaque dans la
periode d'impulsion (19) est determinee  -  piste respective. par le
courant net (la, I, etc.) dans chaque 6lement  .  11. Procede suivant la
revendication 10, carac- d'impulsion (20) et appliquee a l'enroulement du
terise en ce que la quantite preddtermin.e est moteur pas-A-pas d'une
maniere predeterminee  .60   inferieure A une largeur de piste. pendant
toute la duree de la periode d'impulsion.    1 12. Appareil pour la.
reduction des erreurs do 2. Procede suivant la revendication 1, carac-
recherche de piste et des oscillations dans une terise en ce que ladite au
moins une impulsion de   meme pas, dans un dispositif de conduits de
courant est la  demniere  impulsion  avant          disque  en  boucle
ouverte, cot  appareil d'atteindre la piste d6sir6e.                65
comprenant des moyens (10) de traitement do 8 ; -
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16 sighal;  des  moyens  (11)  de  m6moire           d6place A une piste
desiree, en un nomb'r'- programmable relies aux moyens (10) de traite-
pr6d6termin6  d'6l6ments  d'impulsion  (20) ment de signal, ces moyens (10)
de traitement de  conform6ment au programme et A la position du signal
comportant une sortie .raccordee au        moteur pas-3-pas, et appliquent
une quantite finis moteur pas-a-pas et une entree qui peut itre  c   de
courant A un enroulement du moteur pas-3- raccord6e 3 un dispositif de
commands (13)        pas dans chaque durhe d'6l6ment d'impulsion, de
utilise avec un dispositif d'entralnement de      sorts quo la grandeur de
l'impulsion de courant disque, les moyens de memoire programmable
est r6partie sur toute la dur6e de l'impulsion. (11) contenant un programme
de commando du          13. Appareil suivant la revendication 12, carac-
mouvement du moteur pas-3-pas; caracterise en    10  t6ris6 en co quo les
moyens (10) de traitement de ce que, en utilisation, lea moyens (10) de
'traite-  signal et les mayens de m6moire programmables ment de signal
divisent la dernure impulsion (19)  (11) sont combines dans un
microprocessour. appliqu6e  au moteur pas-&-pas, Iorsqu'il se 15. .. ~~~~-
. 20 355 60 65 9    


