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ELECTRONIC HEAD ADJUST SYSTEM FOR
REMOVABLE MAGNETIC DISCS

BACKGROUND OF THE INVENTION

This invention relates to a system for positioning a
transducer on a selected track of a record disc file, and
more particularly to improvements which allow more
accurate alignment of the transducer with the selected
track.

In those types of data storage systems employmg
rotating discs, such as a magnetic disc file, the discs are
rotated at a constant speed and the transducers, capa-
ble of either reading or writing, are flown over the disc
surfaces on an air film. Addressing stored data is ac-
complished by means of selecting a transducer, specify-
ing the track position for the transducer, and specifying
the segment or sector of the track to be accessed. The
transducer positioner is controlled in both the velocity
and position modes by a servo-control circuit. There is
usually one transducer for each surface of each disc,
but all are positioned in unison by the positioner. Once
properly positioned to the addressed track, data trans-
fer to or from the track is effected upon selecting the
transducer associated with the specific disc surface
bearing the track to be accessed.

In the past, it has been common to provide a track
density of 100 tracks per inch (TPI) on magnetic disc
surfaces using conventional heads for the transducers
to either read or write. In systems employing removable
discs, the limit on track density has not been the effec-
tive recording or reading width of the head but rather
the accuracy with which the heads can be aligned with
respect to a fixed track in space since a disc might be
recorded in one disc memory drive unit and then
placed on another for reading, or in another position of
the same unit, in the case of a unit having more than
one removable disc. If all units are not aligned with
respect to a fixed track in space, the positioner could
misalign the head to a position between tracks or even
on an adjacent track. Other record storage systems
employing a rotating disc would suffer the same limita-
tion, such as a storage system employmg magneto optic
techniques.

A widely used technique for allgnmg heads in a mag-
netic disc file is to place a master disc on the drive unit
with a reference track prerecorded with a high degree
of precision at the same track address on both sides of
the disc. The operator then aligns the heads on both
sides of the disc with the reference tracks. Thereafter,
upon addressing any track on any disc placed on the
unit, the right track will be accessed with a high degree
of reliability even though tracks thereon may have been
recorded on another unit, so long as the other unit has
been aligned using the same master disc, or another
master disc having its reference tracks recorded with
the same precision. This is so because the positioner
servo-control circuit will respond to the track addresses
numbered consecutively from 000 for the outer track
to position the head through one unit of space for each
unit in the number of the track address. Consequently
alignment of one head with respect to a reference track
on a master disc guarantees alignment of the head for
all tracks. That is inherent in a position servo-control
circuit.

Recording reference tracks on master discs with suf-
ficient precision is feasible with appropriate laboratory
apparatus. Once a master disc has been properly pre-
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2
pared, it can be used repeatedly to align heads as disc
memory drive units are installed in the field, thus justi-
fying the expense of preparing a master disc.

While master discs have been widely used for align-
ment of heads in disc files having a track density of 100
TPI, such master discs have not heretofore been used
for alignment of heads in systems having a greater track
density, not because the master discs cannot be pro-
duced with higher precision, but because it is too diffi-
cult for the persons who make the field ahgnment to
adjust the heads to a reference track with the higher
degree of precision required for a density greater than
100 TPI. Usually the operator must make a head align-
ment by adjustment of assorted mechanical techniques,
such as set screws on opposed cam surfaces that cause
the arm or lever which carries the transducer to slide
along a predetermined path. In a typical instance, two
offset screws are employed. One offset screw must be
turned counterclockwise to slide the transducer arm in
one direction while the other is turned clockwise. The
extent of movement achieved depends upon a delicate
balance between how much one offset screw is turned
counterclockwise while the other is turned clockwise.

SUMMARY OF THE INVENTION

In accordance with the present invention, a disc file
having a track density greater than 100 TPI, and having
a servomechanism for positioning transducers to ad-
dressed track positions, is provided with separate
means for fine position adjustment of selected trans-
ducers associated with at least one removable disc,
each with respect to a reference track at a preselected
track address on a master disc comprising: a unique
source of an offset signal selectively coupled to a sum-
ming means for addition to a connective position error
signal in the position servomechanism; a separate
means for each transducer for adjusting the unique
offset signal for fine adjustment of the position of an
associated transducer after a course adjustment has
been made using mechanical techniques; and means for
coupling a separate offset signal associated with each
transducer in response to signals for selecting the trans-
ducers associated with the removable disc, one at a
time, whereby the position servomechanism receives a
different offset signal for each transducer associated
with the removable disc.

The novel features that are considered characteristic
of this invention are set forth with particularity in the
appended claims. The invention will best be under-
stood from the following description when read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a disc file with one
fixed and one removeable disc, and a transducer posi-
tioning system employing the present mventlon com-
mon to both discs.

FIG. 2 is a side elevation of a positioner cairiage for
transducers in the disc file of FIG. 1.

FIG. 3 is a plan view of a section 3—3 of FIG. 2
illustrating the manner in which the upper transducer
positioning is adjusted along a radius of the upper re-
movable disc of FIG. 1 using set screws.

FIG. 4 is a schematic diagram of the present inven-
tion incorporated in the positioner control circuit for
the transducer carriage of FIG. 2.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a magnetic disc file is shown
having a permanently mounted disc 10 on a spindle 11
driven by a motor 12 through a belt 13, and having a
removable upper disc 14. A transducer carriage 15
positions read/write heads on both sides of both discs in
unison through operation of a positioner 16 which
responds to a controlled signal on a line 17 from a
control circuit 18 receiving a position feedback signal
over a line 19 from a photoelectric position transducer
29, and velocity feedback over a line 21 from a velocity
transducer 22, such as a magnet moved by the carriage
within a specially wound coil.

The heads are numbered 0, 1, 2 and 3, as shown, and
are addressed through a head select circuit 25 for writ-
ing through a circuit 26, and for reading through a
circuit 27. The data are stored on the upper and lower
discs in tracks which are numbered from 000, the outer
track through 406, the inner track spaced approxi-
mately 2 inches from the outer track for a track density
of 200 TPI. As just noted, the positioner 16 is driven by
the positioner servo-control circuit to position all the
read/write heads in unison to any one of the tracks.
Consequently, for addressing purposes, the tracks on
both discs having the same address may be viewed as
being on a concentric cylinder cutting through both
discs, although in practice each disc may have its tracks
offset from the cylinder. This type of disc memory
drive, which utilizes a single head per recording sur-
face, is referred to as a “‘moving-head disc drive” in
which stored data is addressed by specifying (1) the
desired head position through the positioner servo-con-
trol circuit 18, (2) the head to be used and (3) the
track segment or sector to be operated on.

The sector information is generated by a unit 30
which responds to sector pulses on a line 31 derived
from a slotted disc 32 rotated by the shaft 11 in unison
with the discs, and to sector pulses on a line 33 derived
from a slotted disc 34 rotated in unison with the slotted
disc 32. The sector information is transmitted to a data
processor 35 which ‘transmits data to the write circuit
26 at the appropriate time as determined from the
sector data and which receives data and data clock
pulses from the read circuit 27. The data processor also
provides head select signals to the circuit 25 and the
track address to the positioner servo-control circuit 18.
The pulses from the slotted disc 32 applied to the sec-
tor unit 30 are also applied to spindle speed servo-con-
trol electronics 36 as feedback for speed control to
within 1%. The sector unit 30 effectively counts down
pulses from the slotted disc to divide each revolution
into a desired whole number of evenly time-spaced
sectors beginning with an index position indicated by
an index pulse on the line 33. The sector unit also
includes a counter which counts the evenly time-
spaced sectors starting with the first following the index
position to provide sector information to the data pro-
cessor 35.

To summarize the environment for the present inven-
tion described thus far, as the record discs rotate at a
constant speed, the recording heads are flown over the
disc surfaces by the positioner 16 which is controlled in
both velocity and position to move the carriage 15 to a
track specified by the data processor through the posi-
tioner servo-control circuit 18. Data pulses are then
recorded on the desired surfaces by selecting the corre-
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4

sponding head through the head select network 25, but
only in sectors selected by the data processor 35. Dur-
ing retrieval of the recorded data, the corresponding
head is again selected and the signal obtained from the
selected head is processed by the read circuit 27 into
separate ‘““data” and ““clock’ signals continually trans-
mitted to the data processor which then selects data
from the desired sectors, as determined by sector pulse
and sector count signals from the sector unit 30.

The positioner 16 is comprised of a large and station-
ary permanent magnet and a “voice’’ coil wound on a
cylinder 16a connecting the carriage 15 to the posi-
tioner 16. The cylinder thus moves the carriage in re-
sponse to the control signal applied to the coil over the
line 17 while the permanent magnet is held stationary
on a base plate 37 shown in FIG. 2. This arrangement
of magnet and coil provide a linear motor actuator for
positioning the transducer.

Referring to FIG. 2, the carriage 15 is mounted on
rails 38 and 39 using a plurality of wheels spaced about
each rail, such as a wheel 40. The cylinder 16a, which
extends to the rear of the carriage 185, is thus cantilev-
ered on the carriage to move freely in space between
poles of the permanent magnet (not shown). The car-
riage consists of a frame which moves on the rails in a
vertical position. Connected to one vertical support
member 41 at the rear of the frame is a clamping plate
42 spaced from the support member 41 by horizontal
plates 43 and 44. Each of the horizontal plates, such as
the upper plate 43, carries two arms, one arm for each
read/write head. The arms are mounted on opposite
sides of the plate 43 by screws in slots, such as screws
45a and 45b in a slot 46 of upper arm 47 attached to
the horizontal plate 43 as shown in the plan view of
FIG. 3 taken along the line 3—3 of FIG. 2. The arm 47
is thus cantilevered out to the left from the horizontal
plate 43.

The exact position of the arm on the horizontai plate
is adjusted along the line between the two screws 45a
and 45b by set screws 48 and 49, each of which has a
conical tip working into a V-slot on the side of the arm.
Tightening one screw tends to move the arm in one
direction while tightening the other screw tends to
move the arm in the opposite direction. Since the two
set screws work against each other, any position to
which the arm is adjusted by the set screws is stable, but
the precise position to which the arm should be ad-
justed becomes very difficult to achieve. To move the
head in one direction, it is necessary to loosen one
screw and tighten the other, but loosening the one
screw too much will cause the arm to be moved in that
one direction too far. It is then necessary to reverse the
procedure by loosening the screw just tightened and
tightening the screw previously loosened.

This trial and error technique can be used satisfacto-
rily to adjust the transducers carried by the upper disc
arms to a reference track on the upper disc 14, but only
to a tolerance adequate for addressing tracks on a disc
having a density of about 100 TPI. For a disc having a
higher density of abut 200 TPI, the exact adjustment
necessary is virtually impossible to achieve through the
set screws because as the trial and error procedure is
carried out, the operator making the adjustment will
begin to fatigue to the point where he begins to err
back and forth from one side to the other by approxi-
mately the same amount. Moreover, even if, after great
effort, a transducer is properly adjusted, the adjustment
will likely be found to be off, once the disc drive system
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is closed for normal operation. This is because the
temperature of the components in the carriage will
change as temperature rises during closed use, and
since the adjustment made is purely mechanical, any
change in the temperature of the components will ef-
fect a change in the position of the transducer by an
amount sufficient to exceed the tolerance that must be
maintained for addressing a disc having a track density
significantly greater than 100 TPI. Moreover, since the
upper disc is interchangeable with previously recorded
discs, it is important for the transducers of the upper
disc to be adjusted to a high degree of accuracy, partic-
ularly when upper discs are to be interchanged with
discs recorded on other disc drives. Other disc drives
must of course, be adjusted to the same degree of accu-
racy. The error in adjustment due to mechanical inter-
action between screws is more than can be tolerated for
discs recorded with 200 tracks per inch.

The reference track just referred to is a predeter-
mined track, such as track No. 073, recorded on both
sides of a master disc. The master disc is placed in the
position of the upper disc 14 for initial adjustment of
the upper disc transducers. Each of the two transducers
is then adjusted to read the recorded reference track
with an optimum output signal. Once adjusted, the
master disc can be replaced by any disc on which data
has been recorded using the same or any other disc
memory drive system having its transducers for the
removable disc adjusted to the reference track posi-
tion.

This initial adjustment must be made in the field after
the disc memory drive system has been installed at the
location of the data processor. Otherwise any move-
ment while handling the disc memory drive may be
sufficient to alter the adjustment made by an amount
exceeding the tolerance required for the highér density
tracks.

The transducers of lower permanent disc 10 may be
adjusted prior to shipment to any predetermined posi-
tion. On site adjustment for those transducers is not
necessary for the reason that data will then be stored in
whatever track positions the transducers are moved to
in response to addressing signals, and retrieval of data
is assured so long as the disc memory drive is not there-
after moved to alter the adjustment of the lower disc
transducers. In other words, for the transducers of the
lower disc, it is sufficient for both set screws to be
screwed in equally tight to hold the arms securely in
one position. Any adjustment required on site for those
transducers would be simply to tighten the set screws.

‘For adjusting the positions of the arms for the trans-
ducers of the upper disc to the tolerance for a track
density of 200 TPI, the master disc (prerecorded on
both sides with a reference track to that tolerance) is
placed in the upper disc position, and the positioner 16
is driven to the position of the prerecorded reference
track through the positioner servo-control circuit 18.
Then once the set screws have been used to position
the arms for the best possible output signal from the
read circuit 27, the disc memory drive system is closed
for normal operation. Cooling air is circulated through
the system by a fan 50 driven by the motor 12 as shown
in FIG. 1. The air is drawn in through an air filter 51
and exhausted through ports in the enclosure repre-
sented by dotted line 52.

Once the system has been closed and operated for a
sufficient time to reach a stable operating temperature,
final adjustment of the upper-disc transducers to the
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reference tracks on the master disc is made by adjust-
ment of potentiometers 61 and 62. Each introduces
into the servo-control circuit 18 a DC offset that will
drive the positioner 16 to the optimum position for
each of the upper and lower transducers as selected.
The procedure is to address the reference track, select
the transducers one at a time through the head select
circuit 25 and adjust the associated potentiometer.
Once adjusted, the proper offset is introduced for every
track each time the same transducer is selected. To
accomplish that, the offset introduced for each trans-
ducer through its associated potentiometer is gated into
the servo-control circuit for the positioner by the head
selection signals.

The manner in which the fine adjustment is intro-
duced as offset signals to the positioner servo-control
circuit will be described with reference to FIG. 4. But
first the procedure for adjusting the set screws will be
more fully described.

The servo-control circuit 18 shown in FIG. 4 includes
an isolation amplifier 65 coupling the position feed-
back signal on the line 19 to a transistor switch 66
which couples the position feedback signal to a sum-
ming amplifier 67. The feedback signal from the posi-
tion transducer 20 is sinusoidal while the transducer is
being driven from a retracted position as the transducer
crosses over other unrecorded track positions on the
master disc. The cycles of the feedback signal are effec-
tively counted by a position control unit 68 and the
count is compared with an input address. The differ-
ence in address is applied to a velocity function genera-
tor 6% which produces a maximum error signal to the
summing amplifier until the transducer approaches the
addressed reference track. Then the error signal is
reduced to a null as the transducer reaches a position
approximately over the track.

A polarity selection switch 70 is controlled by the
position control unit 68 to provide the proper polarity
for forward drive. During normal operation a reverse’
drive causes the switch 70 to invert the polarity of the
error signal.

During the search mode the transistor switch 66 is
turned off. A power amplifier 71 drives the positioner
16 via the line 17. A feedback resistor 72 and a cou-
pling resistor 73 cooperate with a resistor 74 to permit
velocity feedback to be added to the error signal.

The foregoing arrangement for the search mode is
exemplary of conventional systems. Once a null has
been reached in the error output to the velocity func-
tion generator, the position control unit switches the
transistor switch 66 on to provide a position feedback
signal to the summing junction of the amplifier 67 over
a resistor 75. The velocity feedback signal is at that
time virtually zero. The position feedback signal will
then drive the positioner 16 to a null position, which
places the transducer very nearly over the center of the
addressed reference track.

When the position feedback signal is at a null, and
the transducer comes to rest, the read circuit 27 will
produce an output signal from the recorded reference
track. The set screws for the transducer arm are then
adjusted to provide an optimum output signal from the
reference track. The procedure is repeated for the
transducer on the other side of the master disc. The
disc drive unit can then be closed as for normal opera-
tion, but with the master disc still in place.

Once a normal operating temperature is reached,
fine adjustment of the two upper disc transducers can
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be made through potentiometers 61 and 62, one at a
time. To accomplish that, the upper disc select signal
UDS enables NAND gates 76 and 77 through an in-
verter 78. If the upper head select signal UHS is true,
only the NAND gate 77 is enabled through an inverter
79. The output of the NAND gate 77 is coupled by a
transistor Q, (connected in a common-base configura-
tion) and a diode D, to the gate of a field-effect transis-
tor Q; to turn it on. The source electrode (S) of the
field-effect transistor is connected to the potentiometer
61 which may then be adjusted to introduce an offset
for fine adjustment in the position of the upper head on
the upper disc while the address to the position control
unit 68 is retained at the address of the reference track
on the master disc. The offset signal thus produced is
added through a resistor 80 to the amplifier 67. The
potentiometer 61 is then adjusted to optimize the signal
output from the read circuit. Once that has been ac-
complished, the head select signal, UHS, is changed to
the false (0) level to enable only the NAND gate 76. A
transistor Q; and diode D, couple the output of the
NAND gate 76 fo a field-effect transistor Q, which is
then turned on to couple the output of the potentiome-
ter 62 to the amplifier 70 through resistor 89. The
potentiometer 62 is then adjusted to optimize the signal
output from the read circuit. The master disc can there-
after be replaced with a data storage disc. Any track
addressed on any data storage disc placed in the upper
disc position will be addressed with the same fine ad-
justment offset in order for all tracks of all storage discs
to bear the same relative position with respect to the
reference track of the master disc.

Since the lower disc is never removed, any data
stored in a track can be reliably accessed so long as the
positions of the transducers set by adjusting their set
screws are not changed. Consequently, if the perma-
nent lower disc is being addressed, neither of the
NAND gates 76 and 77 will be enabled so that neither
of the transistors Q, and Q, will be turned on. Under
those conditions, no offset signal will be applied to the
amplifier 67. o

As noted hereinbefore, the upper disc is replaced
from time to time as’data is recorded, and the recorded
discs are stored for later use. This technique for fine
adjustment of the upper and lower read heads for the
upper disc to the position of a reference track on a
master disc permits interchangeability of discs with
other disc memory drives. The primary advantages of
this technique are high sensitivity, low backlash, and
remote operation as compared to the alignment capa-
bilities of set screws. Of particular importance is the
advantage of remote operation. The potentiometers are
mounted in a position readily accessible with a screw
driver from the outside of the enclosure after the enclo-
sure is closed for normal operation of the disc memory
drive. That eliminates any errors associated with the
different temperature environment and mechanical
mounting variations encountered while making the
preliminary alignment through the set screws.

Although a particular embodiment of the invention
has been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art. It is therefore intended
that the claims be interpreted to cover such modifica-
tions and variations.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:
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L. In an enclosed disc file having a drive unit for discs
with concentric addressable data tracks, at least one of
said discs being removable, a servomechanism for posi-
tioning said transducers to a preselected track in re-
sponse to address signals and a corrective position
error signal, and mechanical means for adjusting the
position of each transducer associated with said remov-
able disc over a reference track on a master disc at a
preselected track address said enclosed disc file having
an enclosure which may be opened for mechanically
adjusting the position of each transducer, the improve-
ment comprising:

a separate offset signal source for each of said trans-

ducers associated with said removable disc,
summing means for adding a signal to said corrective
position error signal,

means for selectively coupling a signal from one of

said offset signal sources to said summing means
for addition to said corrective position error signai,
and

means for individually adjusting each offset signal

source for fine position adjustment of an associated
transducer while said associated transducer is
being positioned to said reference track on said
master disc by said servomechanism with said en-
closure closed, said adjusting means for each of
said offset signal sources being positioned for ad-
justment from outside said enclosure.

2. Apparatus as defined in claim 1 wherein said mag-
netic disc drive unit includes means for selecting one of
said transducers for a read or write operation in re-
sponse to select signals, and wherein said means for
selectively coupling each offset signal source to said
summing means includes means for selectively gating
an offset signal from an appropriate one of said sources
to said summing means in response to said transducer
select signals.

3. In a magnetic disc drive unit housed in an enclo-
sure and having at least one removable disc and a pair
of transducers associated therewith, one on each side,
and having a servomechanism responsive to address
signals and a corrective position error signal for posi-
tioning said pair of transducers on addressable record
tracks, and further having mechanical apparatus for
aligning each of said pair of transducers on reference
tracks prerecorded on a master disc placed in the posi-
tion of said removable disc, one reference track at a
predetermined address on each side of said master disc,
said mechanical apparatus comprising means for indi-
vidually adjusting alignment of each of said pair of
transducers over a reference track on said master disc
while the head being aligned is selected by select sig-
nals for reading the reference track on its side of the
disc and said servomechanism maintains said pair of
transducers at said predetermined address in response
to said addressing signals, all while said enclosure is
open, the improvement comprising

a pair of offset signal sources, one source for each of

said pair of transducers,

means for adding an offset signal to said corrective

position signal,

means responsive to said transducer select signais for

selectively coupling an offset signal from one of
said sources while selecting one of said pair of
transducers and from the other of said sources
while selecting the other one of said pair of trans-
ducers, and
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means for individually adjusting said offset signal 4. Apparatus as defined in claim 3 wherein said last
sources from outside said enclosure while it is named means for adjusting said offset signal sources
closed for positioning each of said pair of transduc- individually is comprised of a separate potentiometer
ers separately while each is selected for reading by 5 for each offset signal source.
said select signals. ok xR X
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