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REEL MOTOR TORQUE CALIBRATION
DURING TAPE MOTION

TECHNICAL FIELD

The present disclosure generally relates to tape drives and more specifically to

torquc calibration of tape drive reel motors.

BACKGROUND

Tope drives typically employ a cartridge reel motor and a drive reel motor to wind
tape from a cartridge recl, in a tape cartridge, to a drive reel, in the tape drive, and
back. During winding of tape from cither of thc; cartridge reel or the drive recl, the
supply reel, that is, the reel from which tape is winding off from, cught to maintain
an appropriate amount of tension in the lape such that the winding process can be
performed without the tape getting tangled in tape drive parts. In addition, various
tape format specifications call out tension values to be applied to the tape during

read and write operations,

The tension applied to the tape via the supply reel is typically controlled by a
corresponding supply recl motor applying torque. Application of the torque is
generally done via torque control functions that can be implemented in tape drive
control algorithms. The torque control functions are ty pically optimized based on the

’

reel motor’s torque constant which is sometimes referred to as “Kr.” Krmay

additionally be utilized in the operations of loading a tape cartridge, reel motor

velocity control loops and reel motor position control Joops.

For a given manufacturer’s line of reel motors, however, Ky may vary from an ideal
value from one reel motor to the next. This situation disadvantageousty can result in
a non-ideal amount of torque being applied by a reel motor which in turn translates

to non-optimal tape drive performance.

to
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SUMMARY

The present invention, in particular embodiments, is directed to methods,

apparatuses and systems directed to calculation of a reel motor torque constant

("Kr”). In one implementation, calibration logic energizes supply and take-up reel

motors to wind tape (rom a supply reel o a take-up reel. The calibration logic,
during winding, selectively disengages the supply reel motor and measures onc or
more attributes of the supply reel motor, such as the resulting voltage observed at
the winding terminals of the supply reel motor and the angular velocity of the
supply reel motor during the period of disengagement. The calibration logic then

calculates Kt based on the observed alttributes.

The following embodiments and aspects thereof are described and illustrated in
conjunction with systems, apparatuses _:md methods which are meant to be
excmplary and illustrative, not limiting, in scope. In various embodiments, one or
more of the above-described problems have been reduced or climinated. In addition
to the aspects and embodiments described above, further aspects and embodiments
will become apparent by reference to the drawings and by study of the following

descriptions..

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments are illustrated in referenced figures of the drawings. Lt is

intended that the embodiments and figures disclosed herein are to be considered
illustrative rather than Hmiting,.

Figure 1 is a perspective view of an LTO-type magnetic tape cartridge as viewed
from an upper side thereof;

Figure 2 is another perspective view of the magnetic tape cartridge, showing the
lower side thereof;

Figure 3 is a perspective view of a magnetic tape drive, showing the external

appearance thercof;
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Figure. 4 is a perspective view schematically showing the internal configuration of
the magnetic tape drive;

Figurc 5 is another perspective view of the internal configuration shown in FIG. 4 as
viewed from the lower side thereof;

Figure 6 is a diagram illustrating a tape threading mechanism;

Figure 7 is a flowchart diagram illustrating a method for measuring supply reel
motor parameters used to calculate a reel motor torque constant, in accordance with
an example embodiment; ‘

Figure 8 is a flowchart diagram further illustrating certain operations of the method
of Fig. 7, in accordance with an example embodiment;

Figure 9is a flowchart diagram further illustrating a supply reel motor coast
operation of the method of Fig. 7, in accordance with an example embodiment;
Figurce 10 is a flowchart diagram further Hlustrating a supply reel motor spin to end
of tape operation of the method of Fig. 7, in accordance with an example
embodiment;

Figure 11 is a diagram illustrating calculation of a recl motor torque constant based
on the measured parameters from the method of Fig, 8, in accordance with an
example embodiment; and

Figure 12 is a schematic diagram illustrating an example computing system
architecture thal may be used to implement portions of the claimed embodiments.

DETAILED DESCRIPTION

The following embodiments and aspects thercof are described and illustrated in
conjunction with systems, apparatuses and methods which are meant to be

illustrative, not limiting in scope.

Aspects of the claimed embodiments are directed to calculation of a reel motor
torque constant (“Kr”). In onc implementation, while a cartridge is in a tape drive,

calibration logic energizes supply and take-up reel maotors to wind tape from a

4
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supply reel to a take-up reel. The calibration logic then selectively disengages the
supply reel motor and measures parameters of the supply reel motor, The calibration
logic then calculates Ky based on the measured parameters. The resulting torque
constant may be stoved in the tape drive logic for use by logic and processes of the

tape drive, such as tension control algorithms and the like.

For the K measurement while a supply recl motor is not actively powered-up but
still being, rotated by pull of tape from a take-up reel and associated motor, rotation
of the supply reel motor acts as a generator resulting in a sinusoidal voltage at the
supply reel motor winding terminals. The magnitude of this sinusoidal voltage is
proportional to the Kr of the supply reel motor. This is due to the relationship of the
magnets inside the supply reel motor m()vving by the winding in the motor. The
magnetic field from the magnets is seen by the winding, changes in magnitude and
polarity as the winding moves past the series of magnets. When the winding "sees" a
change in the magnaetic field, a current is induced in the winding. When the supply
reel motor is "off,” the motor winding terminal voltages are not being driven by an
external circuit and voltage on the terminals can be observed and that voltage is
generated by the magnetically induced current in the winding. Since the supply reel
maotor is off but rotating, the current generated in the windings raises the voltage at
the winding terminal. As the ;/vinding_ rotates by the series of magnets the voltage
seen at the winding terminal will sinusoidally change from a positive voltage to a

negative voltage and so on, until the supply reel motor stops rotating.

It should be understood that the claimed embodiments can be applied to both reel
motors (cartridge reel and drive rc;.\l motors) of a typical tape drive in that
measurements are recorded for both of the reel motors, Due to this, two Ky values
can be produced - one for each reel motor and a particular Ky value will be applied

to the applicable reel maotor that was utilized to goenerate that particular Kr value.

Calibration logic may be imiplemented as tape drive firmware utilizing example
architecture 461 of Fig. 13. Additionally, the tape drive firmware may be
implemented as a portion of a tape drive controller such as controller 413 of Fig. 6

5
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which controls, amongst other operations, operation of various drive motors such as
the reel motors. Controller 413 may also be implemented in architecture 461 of Fig,

13.

In another implementation, the calibration logic may be embodied as a client system
\
that utilizes architecture 451, the calibration logic of the client system in turn

operable to perform the claimed embodiments on a tape drive.

The parameters measured by the calibration logic, in one implementation, are back
electromotive force (“BEMF”) volltage across windings of the supply reel motor and
angular velocity of the reel motor during a measurement period which can also be
referred to as revolutions-per-minute (“RPM”) and, as previously mentioned, are
used in the Ky calculation. Ky may then be utilized as an adjustment factor for

various lorque control functions utilized by reel motor and tape control algorithms.

In one implementation, calibration logic energizes reel motors of a tape drive to
wind tape, from a supply reel to a take-up reel, with low tape tension in order to
minimize perturbations to the tape tension and take-up reel loop. This involves the
calibration logic energizing the reel motors to achieve a desired tape speed and
provide a tape speed stabilization period once a desired tape speed is reached. Next,
the calibration logic lowers the supply reel tension, via application of torque by the
supply reel motor, at a first rate to a target level. Once the supply reel tension
reaches the target level, the calibration logic further lowers supply reel tension at a
second rate until the supply reel tension is approximately zero (0) Newtons.

At approximately zero Newtons, the supply reel motor is effectively disengaged and
is coasting. Restated, the supply reel and supply rect motor continue to revolve due
to tension in the tape from the take-up recl and the take-up reel motor. Once the
supply reel niotor is disengaged, the calibration logic provides a stabilization period
and then measures the supply-reel parameters.

In one implementation, the supply reel motor is disengaged for one revolution and -
the reel motor parameters are measured during pre-defined time intervals spanning

the one revolution.,
6
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In another implementation, nwasurenwrnl;% are taken for a portion of a revolution
and the calibration logic sets the tape speed to the desired level when the first
portion of measurements have been completed, provides a stabilization period,
lowers the supply reel tension to the larget level at the first rate and further lowers
the supply reel tension to approximately zero Newtons at the second rate. In turn,
the calibration logic measures the reel motor parameters for another portion of the
revolution. The calibration logic repeats the cycle until a full revolution of
measurements have been made. Advantageously, this implementation reduces
variation in the measarements due to angular positioning of the reel motor. The
reduction in variation is due to repeatable variations in magnet strength and spacing

variations over a full revolution of a motor.

Before the claimed embodiments are explained in detail, Figs. 1-6 will first be
presented which generally describe a tape cartridge (Figs. 1-2), a tape drive
enclosure (Fig. 3) and reel motors situated in the tape drive enclosure and how they
interact with a cartridge reel and a drive reel to wind tape to and from the cartridge
(Figs. 4-5). Additionally, an example mechanism for threading the tape from the

cartridge recl to the drive reel will also be presented via Fig. 6.

Beginning with Figs. 1-2, Fig. 1 is a perspective view of an LTO-type magnetic tape
cartridge 2 and Fig. 2 is another perspective view of the magnetic tape cartridge 2
that shows the lower side. The magnetic tape cartridge 2 has a cartridge casing 4
accommodating a magnetic tape wound around a cartridge reel. The magnctic tape
cartridge 2 has one side surface formed at its front end with a shutter (lid) 6
normally biased in its closing direction. This one side surface of the magnetic tape
cartridge 2 is further formed with two notches 8 and 10 exposced to the lower surface
of the magnetic tape cartridge 2. As shown in Fig. 2, the magnetic tape cartridge 2
has a chucking mechanism 12 composcd of a magnetic member 13 such as aniron
member and an annular gear 15. The chucking mechanism 12 is connected to the

carvtridge reel accommodated in the cartridge casing 4.

Fig. 3 is an external perspective view of a magnetic tape drive 14, and Fig,. 4 is an
internal perspective view schematically showing the internal configuration of the
7
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magnetic tape drive 14, Fig. 5 is another perspective view of the internal
configuration shown in Fig. 4 as viewed from the lower side. As shown in Fig. 3, the
magnetic tape drive 14 has a housing 16 whosc front end surface is formed with a
cartridge loading slot (insertion slot) 18. Referring to Figs. 4 and 5, a cartridge reel
motor 31, a drive reel motor 33, and a magnetic head 27 for recording and

reproducing data are mounted on a base 20 provided in the tape drive 14,

As shown in Figs. 4 and 5, the még‘nclic tape cartridge 2 is adapted to be inserted
into a carrier 22 movably provided in the tape drive 14, A magnetic tape 25 is
adapted to be supplied from a cartridge reel 24 provided in the magnetic tape
cartridge 2, next moving past the magnetic head 27, and then being taken up by a -
drive reel 30 provided in the tape drive 14, The condition shown in Pigs. 4 and 5 is a
condition where the carrier 22 holding the magnetic tape cartridge 2 has been moved
to a cartridge mounting position and the chucking mechanism 12 connected to the
cartridge reel 24 in the magnetic tape cartridge 2 is chucked (engaged) to a chucking
mechanism of the cartridge reel motor 31 in the tape drive 14, The drive reel 30 is

rotated by the drive reef motor 33,

Fig. 6 is a diagram illustrating a tape threading mechanism. A hub filler 402 is shown
riding along the guide rail 408, with tape 25 attached. The end of the tape 25 is
tixedly attached to a leader in pin 404, which is releasably attached to the hub filler
402. The other end of the tape 25 is wound around the cartridge reel 24 of cartridge
4, The cartridge reel 24 is mechanically coupled to the cartridge reel motor 412, The
cartridge reel motor 412 rotates during a tape unloading operation to retract the tape
25 into the tape cartridge 2.
During a tape loading operation, the hub filler 402 attaches to the leader pin 404 in’
the tape cartridge 2. The hub filler 402 is then driven to the drive reel 30 by a guide
arm 416 and a guide arm motor 414 along a guide rail 408, As the hub filler 402 is
transported to the take-up reef 410, tape 25 is dragged out of the cartridge 2. The hub
filler 402 then attaches to the drive reel 30, attaching the tape 25 to the drive reel 30.
‘The hub [iller 402 then attaches to the drive recl 30 at a drive reel opening 407. The
drive reel 30 and the hub filler 402 are designed such that when the tape 25 iy

8
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attached to the drive reel 30, the drive reel 30 can be rotated by a drive reel motor 33

to wrap or unwrap tape 25 around the drive reel 30 during a read/ write operation,

During the tape read/write operation, the hub filler 402, leader pin 404 and tape 25
are attached to the drive reel 30. The drive reel 30 and the cartridge reel 24 are
rotated to run the tape across a read/ write head (not shown) for exchange of data
between the tape drive mechanism and the tape 25. During the tape unloading,
opcration, the hub filler 402, feader pin 404, are transported from the drive reel 30
along the guide rail 408 to the cartridge 2. Upon the hub filler 402 and the leader pin
404 being retracted into the cartridge 2, the leader pin 404 is detached from the hub

filler 402.

The cartridge recl motor 31, guide arm motor 414 and the drive reel motor 33 are

ty pically electrical motors controlled by a controller 413 during the loading,

read/ write and unloading operations. The controller 413 provides clectrical pOWer
and/ or control signals to these motors (31, 33, 414) to control the magnitude and
direction of the motor movements. Different combinations of motor movements are
used during the different operations. For instance, during a loading operation, the
guide arm motor 414 may be induced to cause the guide arm 416 to drive the hub

fillor 402 to the drive reel 30.

As mentioned in the background scction, a reel from which tape is unwinding can he
referred to as a supply reel while the reel to which the tape is being fed can be
referred to as a take-up reel. With that in mind, it should be understood in view of
the claimed embodiments, that the cartridge recl 24 can be a supply reel when tape is
wound from the cartridge reel 24 to the drive reel 30. Or, when tape is being wound
from the drive reel 30 to the cartridge reel 24, then the drive reel 30 can be termed as

the supply reel and the cartridge reel 24 can be referred to as the take-up reel.

In a similar manner, cartridge and drive reel motors (31, 33) can also be alternately-
named depending on the direction of tape travel. For example, when the cartridge
reel 24 is functioning as a supply reel, the cartridge reel motor 31 can then be labeled

as a supply recl motor and the drive reel motor 33 can be named a take-up reel

9
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motor. As in the above-stated reel examples, the reel motor naming can also be
reversced when the drive reel motor 33 is driving the drive reel 30 to supply tape to

the cartridge rect 24 which is being turned by the cartridge reel motor 31.

The claimed embodiments will now be further detailed via the flowcharts of Iigs. 7-

10. Additionally, calculation of Kr will be described via Fig. 11.

Tig. 7 is a flowchart diagram illustrating a method 700 for measuring supply reel
mator paramcters used to calculate a reel motor torque constant, in accordance with
an example embodiment. Mcethod 700 deseribes a particular implementation whercin
a tape cartridge 2 is inserled into a drive 14, calibration logic measures cartridge recl
motor parameters, of cartridge reel motor 31, as tape 25 is wound from cartridge recl
24 to drive recl 30, when the cartridge reel motor 31 is selectively disengaged. Once
measurcments arc completed for the cartridge reel motor 31, the calibration logic
spins a balance of the tape 25 onto the drive reel rotor 35 and the process is repeated
m the reverse direction — calibration logic measures drive reel paramcters (BEMIE
voltage and RPM) while the tape 25 is spun to the cartridge reel 24 during the

intervals when the drive reel motor 31 is disengaged.

Upon loading (702) of a lape 2 into a tape drive 14, the control logic initiates
spinning (704) of the tape 2 from the cartridge recl 24 to the drive reel 30, The
calibration logic then disengages the cartridge reel motor 31 thus allowing, it to coast
(706) as it is being rotated by the cartridge reel 24 due to the tape being pulled by the
drive rotor 30, via the drive rotor 33. The calibration logic then disengages (706) the

cartridyze reel motor 31 and measures (708) voltage and RPM of the cartridge recl

- motor 31 while it is disengaged. Some methods of measuring, RPM include using hall

and optical sensors in a reel motor and measuring a radius of tape on a reel. If
additional cartridge recl motor 31 measurements (710} are not required, the
calibration fogic spins (712) a remaining portion of tape 25 from the cortridge reel 24
to the drive reel 30. Otherwise, calibration logic repeats operations 704, 706 and 708.
As previously mentioned, measurement of the BEMF voltage and RPM can be done

at time intervals during one revolution of a reel ' motor, in one implementation. In

10
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another implementation, operations 704-708 are performed during sub-revolutions
and repeated until a full revolution of rcel motor measurements are completed.
Restated, the cartridge reel motor 31 is energized, disengaged and measurements are
recorded - all three (energize, disengage and record measurements) repeatedly until

measurements for a full revolution have been completed.

Once the tape 25 has been spun (712) to the drive recl rotor 30, control logic spins the
tape (714) in the opposite direction from the drive reel rotor 30 to the cartridge reel
rotor 24 and disengages (716) the drive reel motor 33. Calibration logic then records
BEMF voltage and RPM (718) of the drive reel motor 33, during the intervals when
the drive reel motor is disengaged. If additional measurements (720) are required,
calibration logic energizes (722) the cartridge reel motor 31 and repeats operations
716 and 718 as necessary. Once measurements for the drive reel motor 33 are
complete (720), the calibration logic spins (724) the tape back to the cartridge reel 24

and unloads the tape (726).

Fig. 8 is a flowchart diagram further illustrating operations 704 and 722 of Fig. 7.
Operations 702 and 722 characterize, in some implementations, the process of
energizing the reel motors, one of which is a supply reel motor, and then

. disengaging the supply reel motor. This process can be referred Lo as “selectively

disengaging” the supply reel motor, in some implementations.

First, calibration logic ramps tape speed up to a largel measurement speed (802) and
allows the tape speed to stabilize for a period of time (802). Next, calibration logjic
lowers supply reel tension (804) at a first rate to a target level, The su pply recl
referred to in operation 804 may be the cartridge reel 24 in operation 704 or the drive
reel 30 in operations 712 and 722. The calibration logic then lowers the supply recl
tension (706) at a second rate until the reel motor (31 or 33 as applicable) is no longer

engaged and applying approximately zero Newtons of torque.

One reason for ramping down the tension on the supply recl motor, in the fashion
deseribed via Fig. 8, is to prevent harm to the tape 726 by avoiding an abrupt

transition in lape tension which may occur if the supply reel motor were o be

n
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quickly disengaged. In a similar manner, after measurements have been recorded on
the supply reel motor, tape speed is ramped at an appropriate rate to the desired

tape speed in order to prevent tape damage.

Fig. 9 is a flowchart diagram further illustrating the coast operations (706, 716)

h

operations of Fig. 7. Once operation 806, of Fig. 8, is completed, calibration logic
disengages the supply recl motor to allow it to coast (900) and implements a

stabilization period (902).

Fig. 10 is a flowchart diagram further illustrating the spin to end of tape operation
(724) of Fig. 7. Once the measurements of both reel motors (31, 33) have been

10 completed, the calibration logic raises the tape tension to a desired level (1002) and
ramps down the tape speed (1004) near the end of the tape 25, as viewed by the

drive rotor 30, as the tape 25 is winding back into the cartridge 2.

Fig. 11 is a diagram illustrating calculation of a reel motor torque constant based on
the measured parameters from the method of Fig. 7, in accordance with an example
15 cmbodiment. Schematically represented is a supply recl motor 1102 that is
“selectively disengaged by control logic 1100 to allow for measurement of BEMF
voltage and RPM. Once measurements are collected for a full revolution, the
calibration logic processes the measurements through a gain / level shift circuit
1104, an analog-to-digital converter 1106 and the BEMF voltage measurements are
20 further processed through volts conversion 1108, The calibration logic then procésscs
the measurements through a low pass filter 1110, removes any DC bias in the
measurement (1112) by subtracting the DC average of the average of the BEMF
voltage measurements (1114) and calculates a root-mean-squarce of the
measurements (1116). The calibration logic then uses the results 1118 of the root-
25, mean-square 1116 and an average tape speed 1120, calculated from the collected
RPM measurements, and an ideal torque constant 1122 to calculate (1124) a torque

constant correction factor.
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In respect to specific portions of Fig. 11, the average BEME voltage 1114 may be
calculated via the following Equation | whercin ”x” are the individual collected

voltage measurements as processed up through the low pass filter 1110:

[T"}w ' e . 2 " -*- \.:-'.:
roes = \i “{f 2" ;'-.;J = V'r! g "r:! ‘.'\.' e J;\‘

Equation I
Additionally, the Kr calculation TT18 may be calculated via Equation 11

o ., rms BackEMF Voltage x V2 < 0.955
Equation IL: Kt & —=emineic
(Average fl/l,uulur Velocity)x 2P

Calibration logic may be implemented, as part of a controller 413 in one
implementalion, in a tape drive firmware utilizing computer architecture such as the
example architecture 461 of Fig. 12, Architecture 461 typically includes a processor
453, cache 454 and memory 463. Additionally, architecture 4671 will typlcally include '
an l/ O bus 459, 1/ ports 490 and non-volatile storage 492 to store instructions that
can be executed by processor 453.

I another implementation, the measurements performed on a supply reel motor
may be directed by and collected by a host computer which can then perform the

associate recl motor torque constant calculation.

While a number of exemplary aspects and embodiments have been discussed above,
those of skill in the art will recognize cortain modifications, permulations, additions
and sub-combinations thereof. It is therefore intended that the following appended
claims and claims hercafter introduced are interpreted to include all such
meodifications, permutations, additions and sub-combinations as are within their true

spirit and scope.
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Whal is claimed is:
1. A method for determining a torque constant of a reel motor in a tape drive
comprising:
energizing a supply reel motor and a take-up reel motor to wind tape from a
supply reel to a take-up reel;
while the tape is winding;
selectively disengaging the supply reel motor; and

measuring one or more parameters of the supply reel motor, while the

supply reel motor is disengaged; and

calculating the torque constant of the supply reel motor based on the

measured para meters,

2. The method as recited in claim 1 wherein selectively disengaging the supply
reel motor comprises:

sctting tape speed to a target tape speed;

lowering supply reel motor tension at a first rate Lo a first target level;

lowering the supply reel motor tension at a second rate to about 0 Newtons.,

3. The method as recited in claim 2 wherein the first rate is greater than the

second rate.

4. The method as recited in claim 2 further comprising waiting a period of time
before lowering the supply reel motor tension thereby allowing the tape speed to

stabilize to the target tape speaed.

14
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5. The method as recited in claim 1 wherein the one or more parameters are back
clectromotive force (“BEMF”) voltage across windings of the supply reel motor and

angular velocity of the supply reel motor.

6. The method as recited in claim 1 wherein the supply reel motor is a cartridge
reel motor, the supply reel is a cartridge reel, the take-up reel motor is a drive reel

motor and the take-up reel is a drive reel.

7. The method as recited in claim 6 wherein a leader pin of the tape drive is

attached to the drive reel.

8. The method as recited in claim 1 wherein the supply reel motor is a drive reel
motor, the supply reel is a drive reel, the take-up reel motor is a cartridge reel motor

and the take-up reel is a cartridge recl.

9. The method as recited in claim 7 wherein a leader pin of the tape driveis

attached to the drive reel.

10. A lape drive operative to determine a torque constant of a reel motor
comprising:
a supply reel motor operative to rotate a supply reel;
a take-up reel motor operative to rotate a take-up reel;
calibration logic vperative to:
energize o supply reel motor and a take-up reel motor to wind tape

from a supply reel to a take-up recl;

while the tape is winding;:

SUBSTITUTE SHEET (RULE 26)
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sclectively disengage the supply reel motor; and

measure one or more parameters of the supply reel motor, while the

supply recl motor is disengaged; and

calculate the torque constant based on the measured parameters.

11.  The tape drive as recited in claim 10 wherein selectively disengage the supply

reel motor comprises:
sel tape speed lo a target tape speed;
lower supply reel motor tension at a first rate to a first target level;

lower the supply reel motor tension at a second rate to about O Newlons,

12. ‘The tape drive as recited in claim 11 wherein the first rate is greater than the

sccond rate.

13. The tape drive as recited in claim 10 wherein the calibration logic is further
operative to wait a period of time before lowering the supply reel motor tension

thereby allowing the tape speed to stabilize to the target tape speed.

14.  The tape drive as recited in claim 10 wherein the paramcters are BEMT
voltage across windings of the supply reel motor and angular velocity of the supply

reel molor.

15. - The tape drive as reciled in claim 10 wherein the supply reel motor is a
cartridge reel motor, the supply reel is a cartridge reel, the take-up reel motor is a

drive reel motor and the take-up recl is a drive reel,

16
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16.  The tape drive as recited in claim 15 wherein a leader pin of the tape drive is

attached to the drive reel.

17. The tape drive as recited in claim 10 wherein the supply reel motor is a drive
reel motor, the supply reel is a drive recel, the take-up reel motor is a cartridge reel

motor and the take-up reel is a cartridge reel.

18. The tape drive as recited in claim 17 wherein a leader pin of the tape drive is
) P I

attached to the drive reel.

19, A computer-readable medium storing executable instructions to calibrate
torque of a supply recl motor in a tape drive, the executable instructions which,

when executed, is operable to cause one or more processors Lo

energize a supply recl motor and a take-up reel motor to wind tape from a

supply recl to a take-up reel;
while the tape is winding;:
selectively disengage the supply reel motor; and

measure one or more parameters of the supply reel motor, while the

supply recl motor is disengaged; and

calculate the torque constant of the supply reel motor based on the measured

parame ters,

20). The computer-readable moedium as recited in claim 19 wherein selectively

disengage the supply reel motor comprises:
set tape spead to a target tape speed;

lower supply reel motor tension at a first rate to a first target level;

17
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lower the supply recl motor tension at a second rate to about 0 Newtons.

21. The computer-readable medium as recited in claim 20 wherein the {irst rate is

greater than the second rate.

22, The computer-readable medium as recited in claim 10 wherein the exccutable
instructions which, when executed, is operable to cause one or more processors to
wait a period of time before lowering the supply reel motor tension thereby allowing

the tape speed Lo slabilize to the target tape speed.

18

SUBSTITUTE SHEET (RULE 26)



WO 2009/052185 PCT/US2008/080001

1/8

FIGURE 1



WO 2009/052185 PCT/US2008/080001

2/8

FIGURE 3

14

16

18

FIGURE 4

30



WO 2009/052185 PCT/US2008/080001

3/8

,,,,,,,,,,,

T

-
..

Y
LW

A

0
't
t‘ M

FIGURE 5



WO 2009/052185 PCT/US2008/080001

4/8

A 413
Controller

414 /{ ‘ 4\”
(:\ AN .f HM‘M)(*?
( ”/’\\ !
/ H
-

\:’/ 408 /’/:/ /’/;; //
N %
] . ,_«4-»:““ o i \\% _,,//
g 4(3.’ 3‘0

FIGURE 6



WO 2009/052185

YES

| p| ENERGIZE

LOAD TAPE
202

v

704

!

COAST
206

Y

MEASURE BEMF AND
RPM AT CARTRIDGE
REEL MOTOR 708

e ——
OF TAPE 712

SPIN TO END

y

SPIN IN REVERSE

DIRECTION 714

v

COAST
716

PCT/US2008/080001

ENERGIZE
722

v

MEASURE BEMF
AND RPM AT DRIVE
REEL MOTOR 718

MEASURE

AGAIN? 710

FIGURE 7

MEASURE
AGAIN? 720

SPIN TO END
OF TAPE 724

!

UNLOAD TAPE
726

'y




WO 2009/052185 PCT/US2008/080001

6/8
RAMP UP TO
MEASUREMENT
SPEED 800 FIGURE 8
l 704 /722
STABILIZE
802
SPIN: LOWER SUPPLY REEL 706 / 716

MOTOR TENSION @

FIRST RATE TO A \
TARGET LEVEL 806

BEGIN COAST
900
LOWER SUPPLY REEL COAST:
MOTOR TENSION @ '
SECOND RATE TO STABILIZE
ZERO NEWTONS 806
l FIGURE 9 202
724
RAISE TAPE TENSION
TO DESIRED LEVEL
1002
SPIN TO END OF TAPE: v
RAMP DOWN
NEAR END OF
FIGURE 10 TAPE 1004




WO 2009/052185 PCT/US2008/080001

7/8
_ _ _ | causraTion
r LOGIC 1100
|
SUPPLY VOLTS
REEL P GAIN / LEVEL L »] AP L] conversion
MOTOR p| SHIFT CKT. 1104 1106 1108
1102
LOW PASS
IDEAL Kt FILTER 1110
1122
CORRECTION Kt CALCULATION RMS AC COUPLING
FACTOR € €~ CALCULATION [<€—"" 7,
CALCULATION 1124 1118 1116 A
AVERAGE AVERAGE BEMF
VELOCITY 1120 VOLTAGE 1114
Kt CORRECTION
FACTOR FOR
OPTIMIZED

TORQUE CONTROL

FIGURE 11



WO 2009/052185 PCT/US2008/080001

8/8

453 461

Processor 454

{
I<—> Cache

Host Bridge w\

t 460

< ¢ — : : >
N

I/0 Port Non-Volatile
Memory 490 Storage 492

FIGURE 12



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2008/080001

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - G11B 15/32 (2009.01)
USPC - 242/334.3

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢!
IPC(8) - B65H 15/48; G11B 15/32 (2009.01)
USPC - 242/334.3; 360/69, 132

lassification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

PatBase

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6,817,560 B2 (KARP et al) 16 November 2004 (16.11.2004) entire document 1-5, 10-14

Y 69, 15:22

Y US 5,085,379 A (UCHIKOSHI et al) 04 February 1992 (04.02.1992) entire document 6-9, 15-18

Y US 6,421,196 B1 (TAKAYAMA et al) 16 July 2002 (16.07.2002) entire document 19-22

A US 4,095,146 A (SPAMAN et al) 13 June 1978 (13.06.1978) entire document 1-22

A US 4,408,144 A (LUKES) 04 October 1983 (04.10.1983) entire document 1-22

A US 5,039,027 A (YANAGIHARA et al) 13 August 1991 (13.08.1991) entire document 1-22

I:l Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance )

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

28 January 2009

Date of mailing of the international search report

0 o FEB 2009

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
! Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 671-272-7774

Form PCT/ISA/210 (second sheet) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report

