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In a magnetic or optical disk duplication or recording
system (10) with a disk drive and a recording head (20) INSERT DISK
axial mis-alignment ("mis-chucking") of a disk installed
to rotate about a disk drive axis is detected. A digital 52
data signal is written by the recording head to tracks on e
the rotating disk (24), the head being positioned initially DISK PROCESSING
at a certain track position. The duration between when 54
the recording head (20) detects an index provided on the i
rotating disk and when the recording head (20) detects INITIALIZE. FORMATTING/DUPLICATION
a mark thereon is determined. Preferably after the disk
is removed and reinserted in the same disk drive, the : v f56

recording head (20) is then re-positioned at the initial

track position, such that another digital data signal may WRITE 7O ROTATING DISK
be read at the initial track position. Another duration is
determined, between when the recording head detects the
index and the mark on disk. Disk chucking failure is 66
detected when the durations, as well as the digital data F‘

signals, are substantially different. el
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DISK CHUCKING FAILURE DETECTION SYSTEM
BACKGROUND OF THE TNVENTION

1. Field of the Invention
The invention relates to electronic storage
systems, particularly to disk duplication or recording

systems.

2. Description of the Background Art _

In many computer and peripheral systems, digital
data are commonly stored in electronic media, such as
magnetic or optical disks. Typically, a mechanical drive
subsystem and a read/write head coupled thereto cooperate to
store and retrieve data to and from the disk. Thus, while
the disk is caused by the mechanical drive to rotate,
digital signals may be written to or read from certain

locations on the disk surface by the head.

To ensure proper signal recording, the disk must
be positioned in the disk drive such that the center of the
disk is aligned axially to rotate about the drive axis of
disk drive. The step of seating the disk properly in the
disk drive is referred to as "chucking." Sometimes when the
disk rotates out of alignment, or “mis-chucks," improper
signal recording results. It would be desirable, therefore,
to provide a technique for detecting disk mis-chucking.

RY OF THE TNVENTION

The invention resides in a magnetic or optical
disk duplication or récording system having a disk drive and
a recording head, wherein axial mis-alignment or chucking
failure of a disk positioned to rotate about a disk drive
axis is detected. 1Initially a first digital data signal is
written by the recording head to tracks on the rotating
disk, the head being positioned at an initial track

position. A first duration is pre-specified, between. when
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the recording head detects an index provided on the rotating
disk and when the recording head detects a mark or pattern
thereon. After additional data is written on various
tracks, the disk is removed and re-inserted in the same disk
drive, and then the recording head is re-positioned at the
initial track position. A second digital data signal is
then read from the initial track position, and a second
duration is determined, between when the recording head
detects the index and the pattern from the disk. Disk
chucking failure is detected when the first and second
durations, and/or the first and second digital data signals,

are determined to be substantially different.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a generalized block diagram of disk

duplication or recording system 10.

FIG. 2 is a simplified flow chart of a process for
detecting disk chucking failure, per the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 is a simplified diagram of disk duplication
or recording system 10 for storing (writing) or retrieving
(reading) digital data in the form of electronic signals in
magnetic or optical media or disks 24. System 10 includes
controller 12, which preferably includes microprocessor 14
and digital memory 16, disk drive assembly 38, and recofding

head mechanism 20.

When operating normally, system 10 receives 22
diskette or disk 24 which is inserted into disk drive 38,
wherein digital data may be read from or written to disk 24.
Using a conventional disk drive motor mechanism (not shown),
disk 24 may be mounted or “chucked" on a rotating fixture

and thereby caused to rotate about rotational axis 28.
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During rotation of disk 24, recording head 20 is positioned
to read or write digital data signals to or from various
storage locations on the disk surface, which is typically
partitioned into pre-defined regions called sectors or

tracks.

Thus, assuming that disk 24 rotates properly about
rotational axis 28 of disk drive 38, processor 14 in
controller 12 may cause 18 recording head mechanism 20 to
store and retrieve digital data from the pre-defined sectors
and tracks on disk 24.

However, when disk 26 is positioned improperly,
such that center 30 of disk 26 is not aligned to coincide
axially with intended rotational axis 28, disk chucking
failure arises, and proper data recording is thereby
prevented. Disk chucking failure may arise either initially
during disk 24 placement or subsequently during disk drive

38 operation.

By promptly detecting disk 26 chucking failure,
system 10 performance is improved to the extent that early
corrective action 66 may be implemented. In accordance with
the present invention, a disk chucking failure technique is
applied to disk duplication or recording system 10, as '
illustrated generally in the flow chart of FIG. 2.

Firstly, disk 24, 26 is inserted 22 for seating or
chucking into disk drive 38. Then, generally, disk
processing 52 and disk chucking failure detection 58 steps
are performed under control of procesor 14 in controller 12.
During processing and detection steps 52, 58, disk drive 38
causes inserted disk 24 (chucked), 26 (mis-chucked) to
rotate conventionally about rotational axis 28, assuming

disk 24, 26 is chucked successfully.

Optionally, after disk processing 52, disk
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insertion step 50 may be repeated, prior to disk chucking
failure detection step 58. In particular, using an "auto-
loader" disk loading and un-loading device coupled thereto,
available commercially from Trace Mountain Products, Inc.
(San Jose, California), or other similar loading device,
disk 24, 26 may be removed from disk drive 38, and then re-
inserted 50, 22 shortly thereafter for seating or chucking
in the same disk drive 38. 1In this way, disk 24, 26, if
previously mis-chucked, is likely to be re-chucked properly,
or at least differently, thereby facilitating disk re-
placement comparison for chucking failure detection, in

accordance with the present invention.

During disk processing 52, controller 12 causes
inserted disk 24, 26 to be initialized or formatted by
recording head mechanism 20, for example, according to pre-
specified, conventional sectors and tracks. Preferably
during disk 24, 26 formatting cycle, controller 12 causes a
first digital data signal, including an identifiable binary
pattern or data signature, to be written 56 by recording
head 20 to certain storage locations on disk 24, 26.
Preferably, recording head 20 is positioned radially from
center axis 28 at an initial, user-specified track position
(N), such that first digital data signal may be written to
disk 24, 26 beginning at a first concentric track (N) 32
corresponding to the initial track position of recording
head 20.

A first duration representing a pre-determined or
measured time delay or temporal difference between when
recording head 20 detécts or senses reference line or index
34, 36 provided radially on disk 24, 26 and when recording
head 20 detects or senses a variable, pre-specified “"mark"
or identifiable digital pattern provided on disk 24, 26,
preferably during disk formatting 54, is provided or stored
in memory 16 or pre-calculated accordingly by processor 14.

Ordinarily, additional recording or duplication data are



10

15

20

25

30

35

WO 95/05659 PCT/US94/09260

also written by recording head 20 on subsequent tracks (N+1,
N+2, etc.) of disk 24, 26.

Disk chucking failure detection 58 occurs after
recording or duplication data are written 56 on various
tracks (N, N+1, N+2, etc.) of disk 24, 26. Controller 12
first causes recording head 20 to return or be re-positioned
60 for reading (or writing) initially at the same, initial
track (N) position. Then, a second, previously-written
digital data signal is read by recording head 20 from disk
24, 26, when positioned at the initial track position.

Controller 12 calculates or determines a second
duration, which is the time delay or temporal difference
between when recording head 20 detects or senses index 34,
36 on disk 24, 26 and when recording head 20 reads or senses
the mark provided on disk 24, 26.

In accordance with the present invention, disk
chucking failure detection 58 occurs generally when the
first and second durations, and/or the first and second
digital data signals, are determined to be substantially
different. This determination may arise, for example, as a
result of disk 24 being shifted laterally to off-center
position of disk 26.

In particular, axial mis-alignment of disk 26 is
indicated by controller 12 when there has been a substantial
change in index-to-mark time 62, before and after data
duplication or recording, or when data signals or content
written in initial track (N) and read 64 therefrom after
subsequent data duplication or recording, are compared and
determined to be substantially different. Either checking
step 62, 64 may be performed by controller 12, in any

sequence, to detect disk chucking failure.

Preferably, substantial change which is indicative
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of disk chucking failure arises when the difference in
compared data signals or index-to-mark times exceeds a user-
specified tolerance; for example, 26 microseconds for index-
to-mark time. Thus, when controller 12 detects disk
chucking failure, an error signal may be generated for user

warning purpose.
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CLAIMS
We claim:

1. In a disk duplication system comprising a disk
drive coupled to a recording head, a method for detecting
axial mis-alignment of a disk mounted to rotate about a disk
drive axis, the method comprising the steps of:

writing a first signal to at least one track of a
rotating disk by a recording head positioned initially at an
initial track position;

re-positioning the recording head at the initial
track position;

reading a second signal from.the rotating disk
after the recording head is re-positioned at the initial
track position; and

comparing the first and second signals.

2. The method of Claim 1 wherein the writing step
further comprises the step of: '

providing a first duration, wherein the first
duration comprises a measured duration between a first time
when the recording head detects an index provided on the
rotating disk and a second time when the recording head

detects a pattern on the rotating disk.

3. The method of Claim 2 wherein the reading step
futher comprises the step of:
, determining a second duration between a third time
when the recording head detects the index provided on the
rotating disk and a fourth time when the recording head

detects the pattern on the rotating disk.

4. The method of Claim 3 wherein:
axial mis-alignment is indicated when the first

and second durations are substantially different.

5. The method of Claim 1 wherein:

the first and second signals are compared to
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determine whether the first and second signals are

substantially identical during an initial track period.

6. The method of Claim 1 wherein:
an axial mis-alignment signal is generated when
the first and second signals are determined to be

substantially different.

7. The method of Claim 1 wherein:
the first and second signals comprise digital data
signals; and

the disk comprises a magnetic recording disk.

8. The method of Claim 1 further comprising the
steps of:

before reading the second signal, removing the
disk from the disk drive; and ‘

re-inserting the disk in the disk drive.

9. In a disk duplication system comprising a disk
drive coupled to a recording head, a method for detecting
axial mis-alignment of a disk mounted to rotate about a disk
drive axis, the method comprising the steps of:

writing a first signal to at least one track of a
rotating disk by a recording head positioned initially at an
initial track position; ’

providing a first duration, wherein the first
duration comprises a measured duration between a first time
when the recording head detects an index provided on the
rotating disk while writing the first signal and a second
time when the recording head detects a pattern on the
rotating disk;

re-positioning the recording head at the initial
track position;

reading a second signal from the rotating disk
after the recording head is re-positioned at the initial

track position; and
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determining a second duration between a third time
when the recording head detects the index provided on the
rotating disk while reading the second signal and a fourth
time when the recording head detects the pattern on the
rotating disk;

wherein axial mis-alignment is indicated when the

first and second durations are substantially different.

10. The method of Claim 9 further comprising the
steps of:

comparing the first and second signals to
determine whether the first and second signals are

substantially identical during an initial track period.

11. The method of Claim 9 further comprising the
steps of:

before reading the second signal, remdving the
disk from the disk drive; and

re-inserting the disk in the disk drive.

12. In a disk duplication system, a subsystem for
detecting axial mis-alignment of a disk mounted to rotate
about a rotational axis of a disk drive in the disk
duplication system, the subsystem comprising:

a recording head for writing a first signal to at
least one track of a rotating disk, the recording head being
positioned initially at an initial track position; and

a controller for causing the recording head to be
re-positioned at the initial track position;

wherein after the recording head is re-positioned
at the initial track position, the recording head reads a
second signal from the rotating disk, and the controller

compares the first and second signals.
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