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methods to minimize the single step response ring- out time, that is, the
time necessary to finally settle This invention relates generally to a
method for  the read/write head over the target track, have been
controlling the position of a read/write head with re-  described in the
literature, but they require an exter- spect to a rotating information
storage disc, and more   5   nal sensor or an extensive amount of
electronics to particularly, to a method of reducing the ring-out time
decode winding voltages and produce afeedbacksig- of a stepping motor used
to control the position of a  nal. read/write head with respect to a
rotating storage      US-A-4396959 discloses a Data Transducer Pos- disc.
ition Control System For Rotating Disk Data Storage It is generally
desirable to increase as much as   10   Equipment in accordance with the
prior art portion of practical the amount of data which can be stored on
Claim 1. In the position control system of US-A- an information storage
disc. Data is generally stored  4396959, there is generally a motor for
moving the on a disc on concentric circular tracks. Obviously, it
transducer a drive for rotating the disc, a drive control is desirable to
it as many tracks as possible on a disc   for the  motor, a detector for
detecting that the trans- surface, which, means that the tracks should be
as   15  ducer is passing over the target track, and means for narrow as
practical andas close together as practical  applying a predetermined fixed
short deceleration to However, it is also necessary to position a
read/write  stop the transducer carriage assembly. As compared head over
the middle of any desired track and to keep  therewith, the present
invention, as defined in Claim it there during rotation of the disc while
the data is  1, senses not only the passing of the target track but written
into the track or read from the track. As the   20  also the speed and
direction of the transducer as It tracks become ever smaller in width and
are spaced   passes the target track. This enables the present In- closer
and closer together, it becomes increasingly  vention to apply a torque
damping pulse at an appro- difficult to correctly position the read/write
head. It is  priate delay time after the sensed target track cross- this
ability to reliably position a read/write head over  ing, in the
appropriate direction, and of the appropri- the center  of a desired track
while the disc is rotating,  25   ate duration, based on the speed and
direction of the which limits the practical density of the recording
crossing, to settle the transducer heads in a minimum discs.
time. With magnetic storage discs,  typically an open     Therefore, it is
an objective of this invention to loop positioning  system   with no
feedback control is  use and incorporate a simple voltage feedback meth-
used to coarse position either.one or an array of   30   od that uses the
fact that the motor step size is small read/write transducers over a
desired track. With flex-  compared to one electrical cycle of the back emf
of ibis magnetic storage discs, this is  typically the only  the  motor.
positioning system for the read/write head. With hard   This invention
provides a system for positioning magnetic storage discs, coarse
positioning is gener-  a read/write transducer relative to a magnetic
storage ally followed by fine positioning using a positioning   35   disc
carrying a plurality of concentric tracks to read system with feedback
control to preci ely  position the  and write data stored on the disc, said
system includ- read/write head over the center of the desired track.  ing:
motor means having a plurality of phases selec- The fine positioning system
generally locks onto and  tively energizable for moving the read/write
transduc- tracks a magnetic pattern of some kind. Mostof these  er relative
to said concentric tracks from a start track magnetic servo schemes use a
significant portion of  40  to a preselected recording position over a
target track the recording surface for a magnetic servo pattern.  selected
from said plurality of said tracks on said disc; This obviously reduces the
amount of recording sur-  drive means for rotating said disc to provide
relative face available for recording data.          movement  between
said disc and the read/write In the past, it has been identified as being
highly  transducer thereby enabling the transfer of data be- desirable in
fine positioning a read/write head to re-  45  tween said disc. and the
read/write transducer; and duce the settling time; that is, the time
necessary to  drive computer c`eans for sending a sequence slow down and
then,finally stop a read/write head in  of step pulses to said motor means
thereby energizing its movement from one track to another. In order to
selected piases to drive said transducer from track to achieve a reduction
from about 65 milliseconds ac-  track and finally holding selected phases
energized cess time to below 40 milliseconds, open loop control   50
corresponding to the position of said transducer over methods were
initially used wherein a minimum ring-  said target track; wherein ring
detector means Is pro- out time was achieved by correctly timing the step
in-  vided for  sensing the speed of said transducer rela- put command
pulses to  a stepper motor. This open   tive to said target track each time
said transducer Is loop approach, however, has limited effectiveness
passing over said target track In the swing-in over because motor
parameters will vary due to manufac-  55  said target track and for
generating an output signal turing tolerances. Therefore, with an invariant
algo-  indicativeof said sensed speed of each said passage; rithm, the step
response will no longer have minimum  and in that said.drive computer
control means Is re- ring-out for every motor. The principles of closed
loop  sponsive to each said ring detector output signal for 2   
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duration of a damping pulse applied to  function calculation and the
knowledge of which mo- a phase of said motor means selected according to a
tor phases are energized to settle on a particular detected direction of
said passage.                track. Based on this information, the
microprocessor Thus positioning apparatus in accordance with   can control
the deenergization of a selected phase of this invention, uses the output
of the ring detector in   5   the motor in order to rapidly settle the
read/write head controlling the settling  of a read/write head over a de-
over the desired track and significantly reduce the sired track to
significantly reduce the settling time.  setting time  of the device. Prior
art systems allow the read/write head position-  It should be noted that
while this application dis- ing system to ring  out naturally and  then
send the  closes the method and apparatus in conjunction with SEEK COMPLETE
signal to the controlling micropro-  10   a 10-phase motor driven in a star
drive configuration, cessor when this process is complete.  The output of
the results can be applied to a motorwith any number the ring detector in
the present invention is used to  of phases and other drive configurations.
change'or control the timing of specially generated    In the preferred
embodiment one of the phases torque damping pulses which are fed to the
stepper  normally deenergized in positioning the motor at a tar- motor at
the end of a SEEK step sequence. These tor-  15  get track is briefly
energized to damp the motor; al- que damping pulses are step pulses, the
timing     ternatively, a normally energized phase could be de- and/or
duration of which applies either. a positive or  energized for the duration
of the torque damping negative torque to the stepper motor relative to the
pulse to achieve the same goal. target track based on the "energy" that has
to be  dis-  It should further be noted that this invention Is es- sipated
to settle the read/write head over the desired   20  pecially useful to
control the timing of the last step track. The energy is measured
indirectly by monitor-  pulse commands of a long seek to reduce the
settling ing the back emf voltage of an open winding or une-  time. These
step pulse commands are added to the nergized phase of the motor, and
developing an indi-  end of a normally generated sequence of step pulse
cation of how  fast the read/write head is going through  signals to
rapidly settle the motor over the track. the desired track zero or target
track point.  25      References to energy should be understood to In a
preferred embodiment, this speed is repre-  mean the width of the ring
detector pulse as the sented by the ring pulse time output (a measure of
read/write head passes through zero velocity, I.e., at how rapidly the step
motor crosses the zero velocity  the point of maximum displacement from the
target axis between pr defined positive and negative      track, as this
pulse width is directly related to the en- thresholds relative to the zero
velocity point) from the   30  ergy of the transducer relative to the
target track. ring detector measured as the step motor crosses the     In
describing this Invention, the following conven- zerovelocity axis.By
bringing an additional signal out  tions will be used "motor detent
position" shall mean of the ring detector the  direction  in which in  the
a position of stable equilibrium for the motor;"positive read/write head
has crossed the track can also be de-  torque damping pulse shall mean a
pulse which cre- fined. Based on how fast the read/write head  is  going
35  ates additional motor torque in the original track seek and in which
direction, the microprocessor accesses  direction; "negative torque damping
pulse" shall a look-up table for selecting the timing of the damping  mean
a pulse which reduces motor torque in the orig- pulse.
inal track seek direction; "ringing is a measure of the More specifically
the lookup table includes the  energy the transducer has as It crosses the
target timing of damping pulses which can be  applied to a   40  track at
the end of a seek. The features and advan- selected phase of the motor to
minimize the ring-out  tages of this invention will be better understood
with for various ring pulse time initial conditions. Given va-  reference
to the following  drawings and the accompa- rious initial velocities, the
step time T1, which is the   nying detailed description of a preferred
embodiment time from the zero velocity crossing to the beginning  of the
invention. of the torque damping pulse (as commanded by a first  45  FIG 1
is a block diagram of the essential elements damp step pulse command), can
be plotted vs. the       of the system; ring pulse time; i.e., energy. A
similar plot can be   FIG. 2 schematically illustrates 20 motor detent made
for the step time T2 which is the time from the   positions that can be
reached in a given electrical zero velocity crossing to the end of the
torqu damp-  cycle by energizing selected phases of the motor; ing pulse
(as commannded by a second damp step   50   FIG 3A illustrates a preferred
implementation of pulse command). Fromthis data, a polynomial using
this invention showing the connections between least  square's method is
fitted through the data, the ring detector and the motor phases, and also
points,and an energy function is developed  compris-  illustrating the
necessaryconnectionstodevelop ing ring pulse time vs. the torque damping
pulse com- signals illustrating both pulse width and the direc- mand times
T1 and T2; that is, the time to the  appli-  55  tion in which  the
read/write head crosses the cation of and duration of the torque damping
pulse.     track; This pulse deenergizes a selected phase of the  motor
FIG 3B illustrates an alternate implementation of to minimize the ring-out
time given the initial energy  the invention illustrated in FIG 3A; 3  



EP 0 353 077 B1                                  6 FIG 4 illustrates the
signals which are developed  is defined by the position command 29 from
memory by the ring detector and the controlling micropro-  30. When the
target track Is passed by the read/write cessor by tapping into the
unenergized phase of  head 10 the output of the ring detector 30 Is moni-
the motor;                                     tored to determine how much
ringing exists When the FIGs 5A, 5B and 5C illustrate in greater detail the
5   target track Is reached, a predetermined algorithm Is positionig of a
read/write head over a desired  used tofinally position the read/write head
10 relative target track and the signals which can be meas-  to the target
track. The present invention uses the ring ured to develop the necessary
positioning nfor-  detector output in a novel manner to reduce the set-
mation; .                                       tling time and thereby
reduce the access time, that Is, FIGs 6A B, C illustrate the application of
the last  10  the time needed to move the read/write head from an two
torque damping pulses which are applied in  initial track to the target
track on the surface of the response to the ring detector output finally
pos-  disc. ition the read/Write head at the target track or   The specific
positioning ofread/writehead 10rel- track zero;
ative to a selected track is accomplished by selective FIGs 7 through 12
illustrate various positioning   15  energization of the differing phases
of the exemplary sequences used to develop the final two position-
10-phase stepper motor. This may be better under- ing pulses and position
the read/write head over  stood by referring to FIG 2. In this explanation,
the the target track;                               motor has ten poles,
each of which is wound with a FIG 13 Illustrates a curvefitted to data
generated  coil. The coils of opposing poles (180[err] apart) are from FIGs
6-12 to develop step pulse command   20   wound together in series, as
illustrated in FIGs 3Aand time period T1;
3B by the coils 30A-30E. Five external motor coils are FIG 14 Illustrates a
curve fitted to data generated  brought out separately as ten leads, A+,
A-; B+, B-; from these same figures to generate step pulse  C+, C-; D+  D-;
and E+ E-. Alternatively, all leads of command  time period T2; and
the same polarity may be tied together internally and FIGs 15-19 indicate
potential system responses   25  brought out as a single center tap lead
along with the using the control sequence developed for this In-  five
remaining motor leads. The preferred adaptive vention.
damping scheme is compatible with either method of Referring to  FIG 1, one
or more read/write heads      accessing the motor leads. 10 positionable
relative to a storage medium  such as  Referring again to the vector
diagram of FIG 2, a disc 12 are illustrated. The disc 12 includes a plur-
30  there are 20 motor detent positions per electrical cy- ality of
concentric tracks 14; the disc is a magnetiz-  cle. The positions with two
or four phases on are even able medium such that data may be recorded and
re-   read/write track enters whilethefiveorthreephase trieved along  he
lines of the tracks 14 by means of  positions are odd read/write track
centers. It should the read/write head 10 in a conventional manner. Pos-
be noted for purposes of understanding the operabil- itioning means
comprising the motor 16  is energized   35  ity of this invention that odd
numbered on track cen- to move the read/write head 10 to preselected
record-  ters may be held with either five phases on or with ing positions
or tracks  14 over the  disc 12.. The posi-  three phases on. For example,
track 5, represented tioning means comprises a stepper motor 16 (multiple
by the number "5" appearing at the arrow end of one phases of which appear
in FIG 2) that may be selec-  vector can  be held with the sequence A  B C
D E or tively energized to  position the read/write head 10   40   with
the sequence A, B, E. Track 4 can be held with over any one  of the tracks
14. The head is supported  sequence A B D E or AE. on an arm 18 adjacent
the surface of the disc where    When the motor phases are active, the
torque the read/write head 10 flies on a thin film of air when  generated
by the motor varies sinusoidally with rotor the disc 12 isrotated. Drive
means 20 located concen-  position. The. point of stable motor detent is
where the tric with central axis 22 of the disc 12 are provided to  45
torque is zero and the torque position curve is on a create relative
movement between the disc 12 and    negative tangent. The detent position
is then a point the read/write head 10, thereby enabling the  transfer  of
zero torque, and minimum back emf for the com- of data between the magnetic
storage medium  and    bined active windings. Forexample referto the vector
the heads in a conventional manner. The drive means  diagram for track 4,
wherein the active windings are 20 in this case comprises a direct drive
motor that  so  A B,D, E while the C winding is off. Note that the spins
the disc 12 about the central axis 22.        combined active windings are
at 901 to the inactive To briefly review the other major elements in FIG
winding C. Thus, the back emf generated by winding 1, when a read/write
head 10 is being moved in a seek  C Is at its peak at track 4 (as well as
at track 14). Like- mode from one track to a desired target track, the
wise, for track 5.If this track is being held with three number of
steppulses that have been fed tothe motor  55   phases on, the active
phases are A, B, E, and the off is monitored so that the processor 28. may
ontinu-  phases C.and. Dare 720 from the combined active ously calculate
the position of the moving read/write  phases. Hence, the back emf
generated bywinding C head 10 relative to the target track. This target
track  or[err] is near its peak attrack 5 (as well as attrack 15). 4 
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pattern, it can be seen that every  lected amplifier 36 during the window
period, I.e., even track detent location has an off winding which  when the
back emf signal is within the thresholds de- generates maximum back emf,
and every odd track    fined by the window comparator. By separating the
location, in three-phase-on mode, has an off winding  outputs of the two
amplifiers which are incorporated which generates near maximurn back emf.
This back   5   in the window comparator or ring detector 32, and emf can
be read by aring detectorto develop a signal  looking only at the output of
one amplifier, the DIREC- indicating system energy and thereby transducer
ve-  TION signal 41 is developed which indicates which di- locity as a
target track position is crossed.       rection the read/write head is
moving as it crosses the In known stepper motor positioning systems not
target track. using any feedback, the settling time must be fixed as   10
The microprocessor monitors the comparator the maximum worst case expected
time, resultng in       output, which is shown as -RING 39 during arrival
at an inordinately long time to settle at the end  of any  the target
track, and sets the SEEK COMPLETE sig- seek. The objective of this
invention is to modify this  nal 40, (FIG 4), true when the back emf signal
stays system to minimize  seek settling time by using the  within the
window for more than one-half cycle of os- output of a modified ring
detector, the ring detector in-  15  cillation. This allows the SEEK
COMPLETE 40 signal dicating both the velocity at which a target track is
to be set true as soon as the heads have settled. crossed by the seeking
read/write head and the direc-  The above method monitors the back emf to
de- tion. The timing diagram of FIG 4 shows the signals -  termine when the
seek settle time is ended and SEEK RING 39 and DIRECTION 41 that comprise
the out-    COMPLETE can be sent to the microprocessor. The puts of this
ring detector 32.                 20  discussion below will demonstrate use
of the back Referring to the schematic diagram of FIG 3, a   emf
Information to reduce the stepper settling time. ring detector 32,is shown
selectively connected to the  The back emf of a non-energized coil Is
always output of any of the coils in response to  commands  being
monitored. If a four-phase-on track is designat- through a selector 34 from
the  microprocessor  28.  ed  as the target track, the back emf monitored
37 Is The ring detector 32  takes the back em signal from   25  that
induced in the non-energized coil which is at a a selected, i.e,
non-energized, coil of the stepper mo-  90[err] angle to the vector
direction of the target track. tor and applies it to an input of each of a
pair of op-  In the case where a track Is held with five phases erational
amplifiers 33A, B. The other input receives  energized, a non-energized
phase would ordinarily a threshold level bias voltage +V,- V, set to
represent  not be readily available for reading the back emf sig- a
specified level of off-track, e.g., 5%. The ring de-  30  nal. However,it
is apparent from inspection of FIG 2 tector, which has a binary output,
will switch output  that a target track reached with five phases energized
levels when the back emf signal is between the vol-  can also be reached
with three phases energized. In tage levels +V, -V and passes sufficiently
rapidly from  the three energized coil cases, one of the two coils at one
threshold to the other. The assumption being  a 72[err] angle to the vector
direction of the target track made is that the speed with which the stepper
motor  35  is monitored to provide the back emf signal. For ex- switches
from a positive to negative velocity (relative  ample, if the system is
seeking to track 5,that positon to the target track) directly represents
the speed at  is held by deenergizing coils D and C, and sampling which the
transducer passed overthe target track and  the back emf from one of these
coils, the same vector therefore the amount of mistracking. To achieve this
position being achieved with ABE energized. These goal, a separate
ampifier 36 is provided  for each   40  two coils can later be re-energized
to hold the target winding  30A-E, connected across the two outputs of
track. . the series connected coils of the motor. The output of  FIGs 2 and
4 can be used to illustrate how a tor- each amplifier 36A-E is multiplexed
to the ring detec-  que damping pulse derived from the ring detector out-
tor 32 (which functions as a window comparator) by  put is used to reduce
the seek settle time in accor- microprocessor 28 via selector 34. The
microproces-  45  dance with this invention. Alookup table accessed on sor
28 keeps account of which track the stepper is ar-  the basis of the
duration of the RING pulse 39 deter- riving at as illustrated in FIG 2,
and selects the am-  mines delay time  to and duration of each torque
plifier 36A-E connected to a non-energized winding  damping pulse [err]1,
2, 3 applied to selected coils of as discussed above. The back emf signal
is a lightly  the stepper motor which is positioning the transducer. damped
sinusoid the amplitude of which is propor-  50  For example, If the
read/write head is targeted to tional to head velocity. Since the velocity
is known to  track 4, motor phases ABDE are energized. If the be
sinusoidal, the distance from detent at the target  head has crossed the
track as shown at the top line track is also inferred from the back emf
signal. The  of FIG 4, a RING pulse 39, Tp1 is generated in the ring window
comparator threshold of the ring detector is  detector 32. Based on the
duration of this pulse and settocorrespond to[err]5% off-track,thereby
defining   55  the indicated direction of travel, a torque damping the
available width of the ring detector output,-RING  pulse [err], 42 is
generated and applied to a selected 39 (FIG 4).
phase of the motor. This pulse is termed a forward The ring detector
digitizes the output  of  the se-  pulse because it corrects the motor
torque to lie in the 
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pulse [err] de-  normally de-energized coil for a period of the pulse,
layed a fixed period 52 with respect to the trailing  and settles the
read/write head on the track. edge of ring pulse Tp1. The pulse also has a
calculat-  As will be  apparent from a study of FIG 4, the ed duration to
modify motor torque by energizing a  damping pulses TD 1, 2, 3 are usually
applied at or selected non-energized phase, e.g., C, or preferably   5
slightly before a point 50 where the velocity Is at a shutting off an
otherwise energized phase, e.g., D.  maximum. Thus the points 50 are
aligned with the This provides a position correcting torque on the  leading
edge of the first and second damping pulses read/write head toward track 4,
thereby properly pos-      [err] itioning the read/write head on the target
track. If the  In a situation such as where the track Indicated head moves
back across track 4, as shown at the top   10  by the number 5 Is the
targettrack, in ordertosample of FIG 4, a second  ring pulse Tp2 is
generated result-  the back emf, targeting of this track is done with only
ing in generation of a torque pulse [err].This is e-  three phases (ABE) of
the, five phases (ABCDE) ferred to as a reverse pulse because the change in
energized.  The read/write head reaches this track motor torque is opposite
to the effects of the first  with only phases ABE energized; the back emf
Is read pulse [err].                     5                   from a
nonenergized phase (C or D). To settle the The forward and reverse pulses
42,44 constitute  transducer on the track and damp the ring-out, the torque
damping pulses, as each pulse [err] 1, 2, 3 Indi-  forward and/or reverse
pulses, phases C or D mustbe cates that a phase of the motor normally
energized to  turned on for the period of pulse [err] respective- reach a
target track has been shut off at the leading  ly. The force normally
applied to reach the track Is edge of the pulse and turned back on at the
trailing   20   modified by turning on one coil of the two coils that edge
of the pulse to modify, for that brief period, the  are not energized to
reach the target track. existing motor torque. -
As the rate of movement of the read/write head This produces the
motortorque necessary to set-  across the target track slows down, the
width of the tie the motor on the target track. The width. of each  window
pulse indicated at RING 39 becomes greater. pulse [err]1, 2 or 3 represents
the time that one of the   25   The delay time from the trailing edge of
that window coils normally energized according to the positioning  to the
leading edge of the next succeeding torque algorithm and phase diagram (FIG
2) to drive the mo-  damping pulse is correspondingly reduced. tor to a
particular predefined position at a target track  In calculating the lookup
table valueforthe damp- is deenergized. This provides a proper position
cor-  ing pulses the width of the RING pulse must be taken recting torque
to the motor. Alternatively, a phase of  30  into account in calculating
both the duration of torque the motor normally deenergized when a
particular tar-  damping pulse [err] 2,42,44, and the time delay 52 get
track is defined may be energized for the period  from the trailing edge of
the window at ring 39 to the [err]
lead edge of the torque damping pulse. Reviewing the Considering a specific
example of  seeking from  example in FIG 4, the signal RING 39, Tp1 created
at track zero to track 4 (and referring to the phase dia-  35  the point of
maximum displacement of write head past gram of FIG. 2 and the timing
diagram of FIG 4 ,the  the target track is very narrow, and the delay 52 be
coils ABDE are energized to reach this position, and  tween the trailing
edge of pulse Tp1 and the leading the back emf 37 is read from coil C, a
non-energized  edge of the first torque damping pulse [err] is fairly sig-
coil. In this example, signals RING 39 and DIREC-         nificant. In
contrast, a transition indicated by the TION 41 indicate that the
read/write head has moved   40  width of pulse Tp3 is much slower, with the
read/write too far toward cylinder 5 and a damping torque must  head having
a reduced velocity such that in passing be created. For a period of
positive torque damping    over the target track barely passes outside the
5% pulse 42,[err] coil C is turned on. As the motor moves   mistrack
window, and therefore the delay 54 from the back toward the target track,
the coil will be de-energ-  trailing edge of window pulse Tp3 to the
leading edge ized at the end of that time defined by torque damping   45
of torque damping pulse TD3 is quite short. As noted pulse, [err] The next
pulse on line RING 39, Tp2,indi-  above, these delays are defined In the
lookup table cates that the read/write head which previously over-  which
is accessed by the microprocessor after It shot cylinder4 towards cylinder
5 is now moving in the  reads the width of the RING pulse Tp1, Tp2 or Tp3.
opposite direction and is crossing thetargettrack4 to-  It is also a known
characteristic of the motor to ward cylinder 3. Since the read/write head
has now   50  have a certain amount of built-in damping. Once the moved too
far toward cylinder 3, coil C is energized  window pulse RING 39 reaches a
certain predeter- at about the time of maximum displacement from    mined
width,it is assumed that at the nextzerocross- track 4, creating a damping
torque for the period of  ing the read/write head will settle on the track
be- pulse TD2. This reduces the torque which  would drive  cause of the
inherent damping of the motor. the motor back past cylinder 4 toward
cylinder 5. In  55  If the first torque damping pulse does not achieve this
example, a third target track crossing occurs as  settling, forward  torque
damping pulse 42, [err] is fol- represented by pulse Tp3. Thus a third
torque damp-  lowed by.a reverse torque damping pulse 44,[err] to 



ing pulse [err] is applied, again briefly energizing a  achieve
propersettling. In some cases only a limited 6    11                EP 0
353 077 B1              12 number of torque damping pulses 42,44 are
applied.  the ring pulse time or width of the detector window The reason
for this and other operating assumptions  pulse output. (RING 39, FIG 4) is
directly relatable to will be more apparent from the specific example giv-
the amount of energy in the system at the zero veloc- en below.
Ity crossing which relates directly to position error. To The following
sequence of figures beginning with   5   define this relationship in a
mannerwhich can be con- FIG 5 represents the development of a set of torque
sistently implemented, the initial velocity of the sys- damping pulse times
which can be stored in a lookup  tern was varied as shown In FIGs 7-12,
providing a table to be accessed on the basis of measurements  series of
points that could be plotted in FIGs 13 and of the width of the window
pulse RING 39 from the   14 as time T1 or T2 in microseconds vs. the ring
pulse ring detector as the read/write head crosses the target  10  time.
For any initial velocity, as represented by the track. The embodiment above
was primarily con-     ring detector output, two time periods, one the
period cerned with generation of a torque damping pulse for  [err]to the
application of the damping pulse and the a period of time [err] by
energizing an otherwise non-  second [err] representing the duration of the
damp- energized phase of the motor. The discussion below  Ing pulse,were
found to minimize the ring out. These relates to a computer generated
simulation of a situa-  15  two step times were found forvarious Initial
velocities tion wherein, for the period [err]an otherwise non-  as In FIGs
7-12 and plotted vs. ring pulse time for energized phase is energized. FIG
5A is a computer  each solution. Thus, the forward step time T1 (time
simulation plot of a 10-phase motor showing the ve-  from the zero velocity
crossing to the positive step locity vs. position error, with eight phases
on; the mo-  command) can be plotted vs. ring pulse time as tor starts from
the initial track with an initial velocity  20  shown in FIG 13. A similar
plot can be made for the of 1500 half steps per second and an initial,
positional  time T2 which is the timefrom the zero velocity cross- error of
zero. FIG 5B is a plot of motor velocity and  ing to the end of the torque
pulse command as shown position versus time for the same motor. FIG 5C  is
a  in FIG 14. From this data a polynomial using least plot of the open
circuited phase pair back emf voltage   square's methods can be fitted
through the data versus time and ring detector output versus time. This  25
points. Given this energy function, the ring pulse time is the back emf
signal which is monitored at the ring  can be measured as the step motor
crosses the zero detector to establish position and positioning error as
velocity axis, and the time periods T1 and T2 can be explained above. The
back emf voltage shown in the  either calculated by an algorithm or
selected from the lower plot in FIG 5C is gradually damped down to zero
above lookup table and applied to a desired phase of as the transducer
settles on the target track. The up-  30  the motor to create the necessary
damping torque per plot in FIG, 5C  which is the ring detector outut  and
minimize the ring out time. demonstrates how the pulse width is very narrow
at    By storing sets of points selected for each ring the ring detector
output when the target track cross-  pulse time width, delay times and
durations for appro- ings are rapid, the width widening as the read/write
priate forward and reverse step damping commands head settles onto the
target track.          35  can be selected, The appropriate pulse of the
motor FIG 6A is a phase plane for a sample disc drive   to be affected by
the command can be easily derived showing speed vs. position error. This
study assumed  on the basis of the polar diagram of FIG 2. By a com- that
the initial target track crossing is going from pos-  bination of these
commands applied to the appropri- itive velocity to negative velocity; the,
opposite  could  ate phase of the motor, a landing with zero position er-
also be true as under the preferred embodiment dis-  40  ror with very
rapid settling times can be consistently cussed above the direction output
of the ring detector  achieved. As noted above, the curves of FIGs 13 and
conveys a signal indicating the direction of track  14 were generated from
the conditions mapped In crossing. ,.
FIGs 7-12. FIG 7, for example, shows an initial con- FIG6C
illustratesatpointAthefirst zero velocity  dition of a velocity of 600
steps a second; the two crossing which is used to infer the velocityat the
time   45  times T1 and T2 that resultare 770 microseconds and of the first
crossing of the target track by the transduc-  1285 microseconds. After the
curves shown in FIGs er, it is located by monitoring the back emf of a non-
13 and  14 have been developed the initial velocity energized phase. Since
the target track crossing is  and initial position of the system were
varied to ob- rapid,a corresponding narrow ring detector output en-   serve
the system response, resulting in the curve sues. By measuring the width of
the ring detector out-  50  shown in FIGs 15-19. Each of FIGs 15-19 shows a
dif- put, delays T1 and T2 to the beginning and end of the  ferent initial
speed and initial off-track error ranging torque damping pulse  to be
applied to the selected  from 500 to 2500 steps per second and an off-track
phase of the motor can be established.  It should be  error ranging from -1
step to +1 step. noted from FIG 6C that the pulse width shown in the
While in this example a single pair of time periods upper figure is
directly dependent on the slope  of the   55  are shown, each generated in
response to a separate zero velocity cros sing defined by the back emf
signal.  ring pulse  Tp1 is used, in many cases two pulses [err] 



FIGs 13 and 14 illustrate the calculation of the  and [err] are used. The
use of a pair of pulses 42, 44 times T1 and T2. It is known that, as
discussed above,  is the most common and efficient case for settling the 7
13                  EP 0 353 077 B1                  14 motor at the target
track. Beyond the use of two pairs,  In that an odd number of said phases
of said mo- limited efficiency is achieved in the reduction of ring-  tor
(16) are energized to reach the target track, out time.
said positioning system including means for mo- Other alternatives to this
invention may become     mentarily deenergizing two of said odd number of
apparent of person of skill in the art who studies this   5  phases (28),
as said transducer (10) passes over disclosure. Therefore, the scope of
this Invention Is to  said target track  said ring detector (30) being se-
be  limited only by the following claims.              lection connected to
one of said two momentarily Where technical features mentioned in any claim
deenergized phases to detect a maximum back herein are followed by
reference symbols, those ref-  emf signal. erence symbols are included
solely for the purpose of  10 increasing the intelligibility of the claims.
4. A positioning system as in Claim 2 or Claim 3, characterised in that
said ring detector (30) in- cludes means for setting voltage thresholds
cor- Claims                                                 responding to a
specified off track margin, the 15      width of said ring detector output
signal being a 1. A system for positioning a read/write transducer
function of the time said transducer traverses be- (10) relative to a
magnetic storage disc (12) car-  tween said voltage thresholds to thereby
repre- rying a plurality of concentric tracks (14) to read  sent the
velocity of the transducer at the target and write data stored on the disc
(12), said sys-  track. tern including: motor means (16) having a plural-
20 ity of phases selectively energizable for moving  5. A positioning
system as in Claim 4, characterised the read/write transducer (10) relative
to said     in that said ring detector (30) includes means for concentric
tracks (14) from a start track to a pre-  indicating the direction said
transducer is travel- selected recording position over a target track se-
ling (26) as it traverses the target track. lected from said plurality of
said tracks (14) on   25 said disc (12);. drive means (20) for rotating
said  6. A positioning system as In Claim 4 or Claim 5, disc to provide
relative movement between said      characterised in that said drive
computer control disc (12) and the read/write transducer (10)        (28)
is responsive to said ring detector (30) output thereby enabling the
transfer of data between       to modify the timing of the application of
said said disc (12) and the read/write transducer (10);  30  damping pulse
relative to the time of said target and drive computer control means (28)
for send-     track crossing to minimize the ring-out time for ing a
sequence  of step pulses  to said motor       said motor (16). means (16)
thereby energizing selected plases to drive said transducer (10) from track
to track and  7. A positioning system as in Claim 6, characterlsed finally
holding selected phases energized corre-  35  In that said motor (16) is a
10-phase motor driven sponding to the position of said transducer over   in
a star drive configuration. said target track; characterised in that ring
detec- tor means (30) is provided for sensing the speed  8. A positioning
system as in Claim 6 or Claim 7, of said transducer (10) relative to said
target track  characterised in that said back emf signal is a si- each time
said transducer (10) is passing over  40  nusoid, the system setting a SEEK
COMPLETE said target track (14) in the swing-in oversaid tar-  signal (40)
when the back emf stays within said get track and for generating an output
signal in-   voltage thresholds for more than one-half cycle. dicative of
said sensed speed of each said pas- sage; and in that said drive computer
control    9. A positioning system as in Claim 8, characterised means (28)
is responsive to each said ring detec-  45  in that said ring detector (30)
is selectively con- tor (30) output signal for controlling the duration
nected to one of the phases which is not energ- of a damping pulse applied
to a phase of said mo-   ized to reach said target track in which maximum
tor means (16) selected according to a detected     back emf is induced.
direction of said passage. 50   10. A positioning system as in Claim 9,
characterised 2. A positioning system as in Claim 1,                 In
that the energized phases comprise an even characterised in that said
target track is reached  number of said phases, the phase selectively by
energizing selected ones of said phases, said    connected to the ring
detector (30) being atan an- ring detector (30) momentarily reading the
back     gle of 90 degrees to a vector direction represen- emf signal of
one of the phases, which is not  55   tation of the target track location. 



energized to reach said target track. 11. A positioning system as in Claim
9, characterised 3. ApositioningsystemasinClaim 2, characterised        in
that the energized phases comprise an odd 8    13                  EP 0 353
077 B1                  14         *  C  L  M  S  * motor at the target
track. Beyond the use of two pairs,  In that an odd number of said phases
of said mo- limited efficiency is achieved In the reduction of ring-  tor
(16) are energized to reach the target track, out time.
said positioning system including means for mo- Other alternatives to this
invention may become     mentarily deenergizing two of said odd number of
apparent of person of skill in the art who studies this   5  phases (28),
as said transducer (10) passes over disclosure. Therefore, the scope of
this invention is to  said target track, said ring detector (30) being se-
be limited only by the following claims.               lection connected to
one of said two momentarily Where technical features mentioned in any claim
deenergized phases to detect a maximum back herein are followed by
reference symbols, those ref-  emf signal. erence symbols are included
solely for the purpose of  10 increasing the intelligibility of the claims.
4. A post oning system as in Claim 2 or Claim 3, characterised in that said
ring detector (30) in- cludes means for setting voltage thresholds cor-
Claims                                                  responding to a
specified off track margin, the 15      width of said ring detector output
signal being a 1. A system for positioning a read/write transducer
function of the time said transducer traverses be- (10) relative to a
magnetic storage disc (12) car-   tween said voltage thresholds to thereby
repre- rying a plurality of concentric tracks (14) to read  sent the
velocity of the transducer at the target and write data stored on the disc
(12), said sys-    track. tern including: motor means (16) having a plural-
20 ity of phases selectively energizable for moving  5.  A positioning
system as in Claim 4, characterised the read/write transducer (10) relative
to said     in that said ring detector (30) includes means for concentric
tracks(14) from a start track to a pre-  indicating the direction said
transducer Is travel- selected recording position over a target track se-
ling (26)as it traverses the target track lected from said plurality of
said tracks (14) on   25 said disc (12);drive means (20) for rotating said
6. A positioning system as in Claim 4 or Claim 5, disc to provide relative
movement between said       characterised in that said drive computer
control disc (12) and the read/write transducer   (10)       (28)is
responsive to said ring detector (30) output thereby enabling the transfer
of data between        to modify the timing of the application of said said
disc (12) and  the read/write transducer(10);  30  damping pulse relative
to the time of said target and drive  computer control means (28) for send-
track crossing to minimize the ring-out time for ing a sequence of step
pulses to said motor          said motor (16). means (16) thereby
energizing selected plases to drive said transducer (10) from trackto track
and  7. A positioning system as In Claim 6, characterised finally holding
selected phases energized corre-  35  In that said motor (16) 18 a 10-phase
motor driven sponding to the position of said transducer over     in a star
drive configuration. said target track; characterised in that ring detec-
tor means (30) is provided for sensing the speed  8. A positioning system
as in Claim 6 or Claim 7, of said transducer (10) relative to said target
track  characterised in that said back emf signal is a si- each time, said
transducer (10) is passing over  40  nusoid, the system setting a SEEK
COMPLETE said target track (14) in the swing-in  over said tar-  signal
(40) when the back emf stays within said get track and for generating an
output signal in-    voltage thresholds for more than one-half cycle.
dicative of said sensed speed of each said pas- sage; and in that said
drive computer control   9. A positioning system as in Claim 8,
characterised means (28) is responsive to each said ring detec-  45  in
that said ring detector (30) is selectively con- tor (30) output signal or
controlling the duration  nected to one of the phases which is not energ-
of a damping pulse applied to a phase of said mo-     ized to reach said
target track in which maximum tor means. (16) selected according to a
detected    back emf is induced. direction of said passage. 10. A
positioning system as in Claim 9, characterised 2.   A positioning system
as in Claim 1,                  in that the energized phases comprise an
even characterised in that said target track is reached   number of said
phases, the phase selectively by energizing  selected ones of said phases,
said         connected to the ring detector (30) being at an an- ring
detector (30) momentarily reading the back   gle of 90 degrees to a vector
direction represen- 



emf signal of one of the phases which is not  55  tation of the target
track location. energized to reach said target track. 11. A positioning
system as in Claim 9, characterised 3. A positioning. system as in Claim 2
characterised     in that the energized phases comprise an odd 8    15
EP 0 353 077 B1                 16          [err] *  C   L   M   S  *
number of said phases, the phase selectively            ausgewahIte
Zielspur, connected to the ring detector (30) being at an an-   - sine
Treibereinrichtung (20) zur Drehung gle of 72 degrees to a vector direction
represen-       der Platte zur Erzeugung elner Relativbe- tation of the
target track location.                    wegung zwlschen der Platte (12)
und dem : -   . -   - . 5  Schreib-Lese-Wandler (10), wobel der Da- 12. A
positioning system as in any of Claims 6 to 11,       tentransfer zwsbchen
der Platte (12) und characterised in that said drive computer control
'dan Schrelb-Lese-Wandler (10) erm8gilcht means (28) includes a lookup
table means  for          wird, storing the delay times from sald ring
detector       -: eine. Trelber-Computerateuerungseinrich- (30) output
signal to said damping pulse, said  10      tung (28) zum Aussenden eaner
Folge von lookup table being accessed on the basis of the
Schrlttimpulsen an die Motorelnriohtung width of said fing detector (30)
output signal.         (16), wobel die ausgewahitn Phasen In 8e- trleb
gesetzt werden, um den Wandler (10) 13. A positioning system  as In Claim
12 .               on Spur zu Spur zu bewegen und schllei3- characterised
in that said drive computer control  15   llch die ausgewahite Phase
eingeschaltet means (28) is responsive to the. information in
blelbt, die der Position des Wandlers fber said lookup table to turn off a
selected phase of       der Zlielspur entspricht, said motor (16) for the
duration of the damping               dadurch gekennzelchnot, daA pulse,
whereby the motor torque is modified to                sine
Abkilng-Detektoreinrichtung settle the motor (16) on target track.     20
(30) vorgesehen ist, die jedes Mal, wenn der Wandler (10) wahrend des
Einschwin- 14. A positioning system as in Claim 13,                    gens
Ober die Zielspur (14) strelcht, die Ga- characterised in that said lookup
table further in-     schwindigkelt des Wandlers (10) relativ zu cludes, in
addition to the delay times to said         der Zielspur milt und eln
Ausgangssignal damping pulse, information defining the width of  25
erzeugt, welches die gemessene Ga- said damping pulse to define the time
period that       schwndigkelt ffrjede Passage angibt, said selected
windings are deenergized.                       und dadurch, daB die
Trelber-Comr- putersteuereinrichtung (28) auf jades Aus- 15. A positioning
system as in Claim 14,                    gangasignal des Abkling-Detektors
(30) characterised. in that said drive compute control  30   re.agiert, um
die Dauer des Dlmpfungsim- means (28) Includes means for carrying out said
pulseszustbuern, derandlePhasederMo- sequence for selectively controlling a
final damp-       toreinrichtung (16) angelegt wird, die ant- ing pulse
before setting a SEEK COMPLETE sig-            sprechend der festgestellten
Richtung der nal is carried out twice.
Passage ausgewahIt wird. 35 16. A positioning system as in Claim 14 or
Claim 15,  2. Positlonlerungssystern nach Anspruch 1, da- characterised in
that the leading edge of said     durch gekennzelchnet, dae  die Zielspur
durch damping pulse is aligned with the point of maxi-    das Betreiben der
ausgewihiten der Phasen er- mum displacement of said transducer (10) from
relcht wird,'wobei der Abkling-Destktor (30) au- said target track as
defined by said back emf sig-  40  genbilcidich das Signal der Gegen-EMK
einerder nal.                                               Phasen Nest,
die nlcht betrieben werden, um die Zielspur zu errelchen. Patentanspruche
3. Positionierungasystem  nach Anspruch 2, da- 45      durch
gekennzelchnet, dae sine ungerade An- 1. System zur Positionierung eines
Schreib-Lese-       zahl von Phasen des Motors (16) betrleben wird,
Wandlers (10) in bezug auf eine.magnetische         um die Zielspur zu
erreichen, wobei das Positlo- Speicherplatte (12), mit einer Vieizahl
kinzentri-  nierungssystem sine Einrichtung (28) zum au- scher Spuren (14)
zum Lesen und Schreiben der       genblicklichen Abschalten zweber dieser
Phasen auf der Platte (12) gespelcherten Dbten, wobei  5o  beim .
Oberstreichen der Zislspur durch den dieses System folgendes enthilt::
Wandler (10) enthilt und der Abi'dng-Detektor - sine Motoreinrichtung (1.6)
mitesiner Anzahl   (30) wahlweise verbunden Ist mit einer der au- selektiv
betreibbarer Phas.en zur Bee-         genblicklich abgeschalteten Phasen,
um ein ma- 



gung deso'chrelb-Lese-Wandlers (10) .rela-     ximales Signal der Gegen-EMK
zu erfassen. tiv zu den ko6nzentrischan puren (14) von  55 einer Startspur
zu elner vorbestimmten     4. Positlonlerungssystem nach Anspruch 2 oder 3,
Aufnahm'e'position bis fber"eine aus der       dadurch gekennzeichnet, daB
derAbkling-Detek- Visizahi der puren (14) auf dOr Platte (12)  tor(30) slne
Einrichtung zum Einstellen von eaner .        9    17                  EP 0
353 077 B1                 18    . |     |||||| ||||| ||||| || |||| -
*  ~~~~~~~C   L   M   S* bestimmten  Spurengrenze  entaprechenden       12.
Posltionlerungssystem nach einem der AnsprGi- Spannungsschwelienaufweistund
die Breits des       che 6 bis:11, dadurch gekennzelchnet, daB die
Abkling-Detektor-Ausgangsslgnals. es .F9unkti-
Trelber-Computersteuerungselnrichtung (28) el- on der Zeit 1st,-wihrend der
der Wandler zwi-      neo ucntabelleneinrichtung zur Spelcherung der schen
den Spadnnungsschwellen kreuzt und dia-   5  Verzagerungazelten vom
Ausgangasignal des beiAdie Geschwindigkelt des Wandlers auf der
Abklingdetektors (30) bbs zuma Dampfungsimpuls *I Zielspur reprasentiert.
enthfilt und auf dlese'Suchtabelle auf der Grund- lage der
BreitedesAusgangssignals des Abkling- 5. Positionlerungssystem  nach
Anbpsruch 4, da-       Detektors (30) zugegriffen wird. durch
gekennzelchhet, daBl der Abkiing-Detektor  10 (30) eln Einrlcictiing (28)
aufweist, weiche die  13. Positionlerungseystern nach Anspruch 12, ds-
Bewegungsrichtung des Wandlersjanzelgt,: enn       durch gekennzebhnet, dae
die Treiber-Compu- dieser die Zielspur kreuzt.
tersuerungseinrlchtung (28) auf die Informati- on in der Suchtabelle
reaglert, urn die ausgewihl- 6. Positionierungssystem nach Anspruch 4
oder:5,  15  te Phase des Motors (18) fOr die Dauer des dadurch
gekennzeichnet, daB die Treiber.-Com-      Dampfungsimpulses auszuschalten,
wobei das putersteuerung (28) auf das Ausgangssignal des     Drehmoment des
Motors modiflziert wird, um den Abkling-Detektors (30) anspricht, um die
zeitliche  Motor (16) Ober der Zlelspur festzusetzen. Abfolge des Anlegens
der Dimpfungsimpulse bezogen auf des Kreuzen der Zielspur zur Mini-  20
14. Positionierungssystern nach Anspruch 13, da- J.-Of  mlerung der
Ausklingzeit des Motors (16) zu mo-    durch gekennzeichnet, daB die
Suchtabelle zu- difizieren.
sitzilich zu den Verzogerungszelten zum Dimp- fungsimpuls ferner
Informationen enthilt, die die 7. Positionierungssystem  nach Anspruch 6,
da-        Breite des Dampfungsimpulses beschreiben, um durch
gekennzeichnet, daB der Motor (16) eln In  25  die Zeitperlode festzulegen,
wahrend der die Sternschaltung betriebener. 10-Phasen-Motor
ausgewahIten Phasen ausgeschaltet sind. !St.  .. ..                       .
. . . :: . . .: .     15. Positionlerungssystem nachAnspruch 14, dadurch 8,
Positionierungsaystem nach Anspruch 6 oder 7,      gkennizelchnet, dae die
Trelber-Computersteue- dadurch gekennzeichnet, da30das-Signal der Ge-  90
rungseinrichtung (28) sine.Einrichtung zurAusfih- gen-EMK die Form
einer.Sinusolde hat und das       rung der Schrittfoige zur selektiven
Steuerung ei- System ein SUCH-ENDE-Signal (40) setzt, w.enn      nes
letztndllchen Dampfungimpulses aufwelst, die Gegen-EMKfur mehr alsine lialb
.Perlqde        she dasSetzen. des SUCH-ENDE-S!gnals zwel- innerhalb der
Spannungsschwellen verbleibt.       fach ausgefflhrt wird. 35 9.
Positionlerungssystem  nach Anspruch 8, da-     16. Positionlerungssystem
nach Anspruch 14 odor durch gekennzelchnet, daS dercAbkiing-Detektor
.15, dadu. ch gekennzeichnet, daB die Vorderflan- (30) selektiv verbunden.
Ist mit einer der zum Er-  ke des Pimpfungsimpulaes zusammenfallt mit
relchen der Zitespur nicht eingeschaiteen. Pha-    dem durch das Signal der
Gegen-EMK definier- sen, in der der die maximale Gegen-EMK lndu-  40  ten.
Punkt der maximalen Versetzung des Wand- ziert wird.                     ..
lers (10) von der Zielspur. 10. Positlonierungssystem  nach Anspruch %9 da-
durch gekennzeichnet, daM die eingeschalteten   Revendlcatlons Phasen eine
gerade Anzahl solcher Phasen urn-  45 fassen und die mit dem
Abking-De~tektor (30) se-  1. Un.systbme pour positionner un transducteur
de lektiv verbundene Phase einen Winkel von .900 in  lecturel/criture (10)
par rapport tun disque d'en- bezug auf die Vektorrichtungsdarstellung der
registrement magnitique (12) qul porte un en- Zielspurlage aufwelst.
semble de plstes concentriques (14), pour lire et .50     6cre des donnoes
enregistrees sur le disque 11. Positionierungssystem  nach .Anspruch .9j.
da-    (12), ce systeme comprenant: des moyens A mo- durch gekennzelchnet,
dal3 die ein eschaiteten     tour (1.6). comportant un ensemble de phases 



Phasen ine. ungerade Anzahl solcher Phasen         pouvant 6tre excKees
s961ctivement pour d6pla- umfassen und die mit dem Abkling-DOtektor (30)
cer ie transducteur de lecturel6criture (10) par selektiv verbundene Phase
ein Wiinkeil von7.20  55  rapport, aux pistes concentriques (14), depuls in
bezug auf die. VektorrichtungsdarsteAling der   une position de
d6partjusqu'a une position d'en- Zlelspurlage aufweist.    .: .
rgistrement preselectionn6e sur une piste ob- jectif, qui est selectionn6e
parmi lFensemble des 10    19                  EP0353077B1
20           C  l plates (14) sur le disque (12); des moyena d'en-   sortie
du d6tecteur de suroacillatlon etant fonc- tratnement (20) pour faire
tourner le diaque; do   tion du temps quo met Is transducteur pour pas-
Maoon a poduire un mouvement reoatif ontre le      serdel'un
Al'autredosseullsdotension, pourre- disque (12) at le traneducteur de
lecturel6criture  pr6senter alnal la vitesse du transducteur sur la (10),
pour prrmettre ainsa le transfertde donn6es   8  piste objoctif. entrele
dlsque (12) et lo tranaducteur do lectu- re/lcriture (10); et des moyens de
commande     5. Un systome de positlonnament solon la revendi-
d'entratnement A ordinateur (28), pour emettre     cation 4, caractri eonce
quo le detecteurde su- une sequence d'rnpulslons vera les: moyens A
roscillatlon (30) comprend des moyens pour indi- moteur (16) pour alnsl
exciter des.. phases 861ec-  io  quer la direction dans laquelte le
transducteur so tionndesdefaboni ontratnertetransducteur(10)       deplace
(26) torsqu'll traverse la plate objectif. de plate en plate, et maintenir
finalearieht a 1'etat excite des phases salectionnies correspondant   8. Un
systeme do positbonnement solon la revendi- A la position du
tranaducteursur la piste objectif;  cation 4 ou 1a revendicatlon 5,
caracterise en ce caracterise en ce quo des moyens:dtecteurs de   15  quo
lea moyens de commando d'entratnement A suroscillatton (30) sont Incorpords
pour d6tecter  ordinateur (28) rdaglssent au signal de sortie du la vitesse
du transducteur (10) par rapport a la
ditecteurdesuroscillatlon(30)enmodiflantl'lns- plate objectif, chaque fois
quo le. tranaducteur   tant d'applicatlon de l'mpulslon d'amortissement
(10) passe sur la plate objectif (14) dans le depla-  par rapport a
l'instant de la traversee de la plate cement l'amenant sur la plate
objectif, at pour  20  objectif, pour minimiser le temps d'extfnction de
'-'f   produire un signal de sortie indiquant Ia vitesse   surosclilatlon
pour le moteur (16). ditectie de chacun de ces passages;. et en ce que les
moyens de comrnando. d'entra~nemnt a    7. Un systeme de positionnement
selon la revendl- ordinateur (28) reagissent a chaque .signal de     cation
.6,.caractrise en ce quo le motbur (18) est sortie du detecteur de
suroscllati~oin. (3Q) .on   25  un moteur A iO phases qui est attaqu6 avec
une commandant ia duree d'une impulsiot d'amortis-     configuration
d'attaque en 6tole. sement .qul est.. appliquee A une phase des moye4s A
mnoteur (16) qui est silectionnrs      8. Unpsysteme de positionnement
selon la revendi- conform6ment.a une direction ditectie ..du .pa-    cation
6 ou ta revendication 7, caractersis on ce sage.         .30   que le
signal de fcim eat une slnusofde, le systb- me activant un signal RECHERCHE
TERMINEE 2. Un systbme qe positionnoment selon ia yovendl-      (40)
.!orsque la fcim resto comprise entre les cation 1 caract6eis6.en ce que.la
p.istbjectif est  seuils. de tension. pendant plus d'un demi-cycle.
atteinte on excitant certaines phases *lection- nies, It d6tecteur de
suroscillation (30) tIsant  35  9. Un systeme.de posittonnement selon le
revendi- momentanement le signal de feirn de l'un.e des     cation 8,
caract~rise once quotle dtectourde su- J phases qui n'estpas .excitee pour
atteindre1sa pl1  roscltlatlon (30) eat connecte selectivement A te
objectif.   .'une des phases qul n'est pas excitee pour at- teindre la
plate objectif, dans laquelle la fcim Z   3. Un systeme de positionnement
selon !a.revendi-  4o  maxlirale est Indulte. cation 2, caractirlsi en ce
qu'un nombre Impair des phases du.moteur (16) sont excities pour at-  10.
Un systerne de positbonnement solon la revendi- teindre la plate objectif,
le systAme de positionne-.  cation 9, caracterise en ce quo lea phases
exci- ment comprenant des moyens pour d6sexciter         tees comprennent
un nombre pair de phases, ls momenteniment deux des phases.du nombre  45
phase qul est connecte dStlectivement au ditec- impair de phases (28),
lorsque -le. tranducteur    teur de suroscillatlon (30) etant A un angle de
90 (10) passe sur la pisfe objectif. to detecteur de su-  degrbs par
rapport A une representation sous for- roscillation (30) etant confnect6
s6lectivemrnt a  me d'uneidirection vectorlette de la position de la t'une
des deux phases qui sont momentarement       plate objectif. desexcitees,
pour detecter un signal, de fcem   5o maximal.                        .
11. Un systeme de positionnement salon la revendi- 



cation 9, caracterise en ce quo les phases exci- 4. Un systeme de
positionnement selon la revendi-      tees comprennent un nombre Impair de
phases, cation 2 ou la reVendicatlon 3, caractri seen. ce  ia phase qul eat
connectee aelectivement au d6- que le detecteur do suroscillation (30)
comprend   ss  teoeur de .suroscillatbon (30) etant A un angle de des
moyens . pour fixer des torsoii. d se.ull      72 degris par rapport a une
representation sous correspondent 4 une merge specifiiS do dela-
forms de direction vectorlelle de la position de la ge par rapport .a.
plate la largeur du signal do   piste objectif. - : -': .' '.'' .:.:'' '
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22l              u  IIIH~lHFt 12. Un sysdtme de positionnement seion
iune-quel- conque.des revendications 6 a 11, caragterise en ce que les
moyens de commands d'entratn, ement A ordinateur (28) comprennent une
structure de table pour onregistrer les retards depuls le signal   5 de
sortie du d~tecteur de suroscillation (30) Jus- qu'a l'lmpulsion
d'amortissement, I'accos a cette table ayant lieu sur la base de la
largeurdu signal de sortie du detecteur de suroscillation.(30). 13. Un
systnme do positio'nnemenrt seloXIla revendi- cation 12, caracterise en ce
queo mesoyens de commando d'erntratflment A ordinateur (28) rae- gissent A
l'information contnue dans1atable en desactivant une phase selectbonnes du
moteur  15 (16) pendant la dur6e de l'impulsion d'amortisse- ment, grace a
quoi le couple du moteur est modl- fie pour stabiliser le moteur (16) sur
la piste ob- Jectif. 20 14. Un systeme de positionnement selon la revendi-
cation 13, caracterise en ce quo la table contient en outre,,en plus des
retards .jusqu'a l'lmpulsion d'amortissemnent, une information dMfliis sant
la largeur do l'impulsion d'amortissement, pour.d-   25 finir laduree
:pendant laquelle. los enroulemnents shlectionnes-sontpdsexcites. 15  -n .y
.,..,                 .: 15. U~n sys~tem,,e ,e potlonnoment selon Ia
revendi- cation .14, caracterise on ce quo les moyens doe  30 commande
d'entraTnement a ordinatebur (28) comprennent des moyens pour accomplir
deux fois la squenc pou~r commander.s46lctJvleent une ImpulsIQn
d'amortissement fialea, vant               - d'activer,un siaga lREGHERCH
,TERiNEE.    35 16. Un systeme ,de ppoitionnement sWlon la reyandi- cation
14.ou la revendication 15, caracterisl en ce quo le front avant de
l'impulsibn ,d'amortisse- ment est aligne avec. le point de diplacement  40
maximal du transducteur (10) par rapport a la pis- te objectif, tel qu'il
est defini par le signal de fcm. 45 50 12    


