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MECHANISM FOR MOVING
A TAPE WITHIN A TAPE DRIVE

5 : KG OF THE I TON
Field of the Invention

The present invention relates to a tape drive
capstan motor assembly for moving a tape within a tape
cartridge, and ‘more particularly to a capstan motor

10 assembly including an intermeshing gear train for
transmitting motor torgque from the motor to the tape
driver without slippage between the elements.

Descr n of the R

15 . Tape ‘drives are widely used in data processuzg
systems for applications including primary data
storage, archival data storage, journaling, and most
significantly, as a back-up data storage device to the
system’s hard drive. Conventional tape drives are

20 designed to transfer data to and from a length of

' magnetiéally encoded tape, typically one-quarter inch
in width, which tape is transferred between a supply
reel and a take-up reel. Currently, most 3% inch fqm
factor tape drives utilize a so called "minicartridge”

25 cassette tape for data storage. This type of cartridge
is generally described in American National Standard
ANSI 3.55-1977.

In conventional tape drive operation, as shown in
Fig. 1, the data tape 10 within the cartridge 12

30 travels from a supply reel 13, past a front face of the
cartridge, and is stored on a take-up reel 14. The
tape is advanced between the take-up and supply reels
by means of a belt 16 within the cartridge. The belt

. is wrapped around a capstan belt wheel 17 within the
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As shown in Fig. 1, a conventional capstan motor
assembly 18 includes a capstan drive roller 20
rotatably engaging an idler 22. Idler 22 is small
enough so that a portion of the idler may be received
through the opening 29 in the front face of cartridge
12 to thereby contact the capstan belt wheel 17 within
the cartridge 12. When the cartridge 12 is propérly
inserted within the drive, the capstan belt wheel

" pushes against the idler 22, which in turn pushes

against the drive roller 20, thus creating a pressure
contact between the capstan belt wheel 17 and idler 22,

" and between idler 22 and drive roller 20. A motor 24

causes rotation of the capstan drive roller 20. The
roller 20 rotates idler 22, which in turn rotates wheel
17 so as to advance the tape 10.

In conventional capstan motor assembl:.es, the
idler 22 may be supported on one end of a swinging link
22A so as to pivot about a pivot point 25 in a
directicn indicated by arrow A-A. The capstan motor
24, drive roller 20, and pivot point 25 may further be
supported on a plate 27, which is also provided to
pivot about a pivot point 31 in the direction of arrow
B-B. Allowing the plate 27 and link 22A to pivot
provides a substantially equal contact pressure between
the drive wheel 20 and the idler 22, and between idler
22 and the capstan belt wheel 17. '

Conventionally, at 1least the outer circular
surface of idler 22 is covered with an elastic material
having a high coefficient of friction. This material
is provided to prevent slippage between the idler and
the drive roller, and between the idler and the capstan
belt wheel as those elements rotate in contact with
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S mmapped around a capstan belt wheel 17 within the AVENDED SHEET :2:
cassette which is driven by a capstan notor assenbly 18 within the tape

drive. AS shown in Fig. 1, a conventional capstan notor
incl udes QY6 drive roller 20 5 rotatably engaging
ldler 22 is snmall enough so that a portion of the idler
t hrough the opening 29 in thefront face of cartridge 12

proper.ly

tjoTHIBeSHART GADREEN
the capstan belt wheel 17 within the cartridge 12. Wen tHe car REPHABGED2 is
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each other. However, a problem with conventional

- capstan motor assemblies is that, over time, the
circular surfaces of the capstan drive roller, the .
idler and/or the capstan belt wheel may become worn,

5 and particulate matter may lodge between the elements,

thereby deforming the circular shape of

the elements.

Moreover, dirt may accumulate on the elements, thereby
decreasing the frictional force between adjacent
contacting surfaces. All of these occurrences tend to

10 cause slippage between the drive roller

and idler, and

between the idler and the capstan belt wheel. Slippage
inhibits drive performance for several - reasons.
Significantly, it is very important to both monitor and

control the speed with which the data
15 past the recording area. When slippage

tape advances
occurs, there

is no way to accurately control and maintain the speed
of the advancing tape. Moreover, particularly during

a recording cycle, the rotational speed

of the capstan

motor is often used to monitor the translational speed
20 of the data tape. However, when slippage occurs, the
" motor speed will not accurately reflect the speed of

the data tape. A loss of the ability to

control and/or

monitor the tape speed may result in read/write errors

or even drive failure in extreme cases.
25

SUMMARY OF THE INVENTION

It is therefore an object of the present invention

to provide a tape drive wherein the

speed of the

advancing data tape may be accurately controlled and
30 monitored over prolonged use of the drive.
It is a further object of thé present invention to

provide a tape drive including a capstan
for preventing slippage between the
roller and the driven idler.
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10 inserted within the drive, the capstan belt wheel pushes against t he
idler 22, which in turn pushes against the drive roller 20, thus creating a

pressure gé%gﬁpet ween the capstan belt wheel 17 and idl epcgaisosiotii?
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link 20 22A so as to pivot about a pivot point 25 in a direction

I ndi cated by arrow A-A. The capstan notor ﬁﬁ drive roller 20, and pivot
point 25 may further %ﬁéé&ﬂﬂﬁatééﬁef éb éé&ﬁ QZF &@be%plisﬁbapwﬁtﬁvtﬂ%d to
pi vot about a pivot point 31 |
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e d|r ction of arro

a novel capstan motor assembly for advancing and
rewinding:a data tape. ,The capstan motor assembly
according to the present invention includes a capstan
motor, a motor extension fixedly mounted on top of the
capstan motor, and a driver gear fixedly mounted on top
of the motor extension. The capstan motor assembly may
further include an idler mounted adjacent and in non-
contacting relation to the motor extension. A driven
-gear is mounted on top of the idler. When a tape
cartridge is properly loaded within the tape drive, the
driver gear matingly engages the ‘driven gear. Thus,
upon rotation of the capstan motor, the driver gear
rotates the driven gear, which in turn causes rotation
‘of the idler.: A ‘portion of the idler is in contact
- with a capstan belt wheel within the cartridge. The
-idler rotates the capstan belt wheel, which in turn
-moves the data tape past the recording area. The gear
train allows the motor force to be transmitted to the
capstan belt wheel without slippage between the drive
roller and the idler normally occurring in conventional
capstan motor assemblies.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained with reference
to the Figures in which:

FIGURE 1 is a top view of a conventional capstan
motor assembly;

FIGURE 2A is a top view of a tape drive according
to the present invention;

FIGURE 2B is a top view of an alternative
embodiment of the present invention;
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25 B B. Al'low ng the plate 27 and |ink 22A to pi vot provides.e" .
substantlally equal contact pressure between the drive wheel 20 and the

idler 22, ,:E,gd,ween idler 22 and the capstan belt wheel 1pcpfosd¥siqgm such
as that descrl above is also disclosed in PCT published 30 application

No. WO 92/22058 to Perona. Conventionally,. at |least the outer circular

surface of idler 22 is covered with an elastic nateri al |
coefficient of friction. This material is provi clk_d to Af ewEEHEET BIRBEEEN
bet ween the idler and AVEND SHEET REPLA(}I\/ENT SHEET | REPLACED

FIGURE 3 is perspective view of the capstan motor
assembly according to the present irivention; |
FIGURE 4 is a top view of the capstan motor
. assembly according to the present invention;
5 FIGURE S is a side view of the capstan motor
assembly according to the present invention;
FIGURE 6A is a top view of an alternative
embodiment of the present invention;
FIGURE 6B is a side view of the alternative

10 embodiment shown in Fig. 6A;

FIGURE 7A is a top view of a further embodiment of
the present invention;

FIGURE 7B is a side view of the alternatn.ve
embodiment shown in F:Lg 7A;

15 FIGURE 7C is an enlarged side view of a portion of
the drive belt of the embodiment shown in Figs. 7A and
7B; and

FIGURE 8 is a top view of a further embodiment of
the present invention.
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DESCRIPTION OF MODE . . I¢
The invention will now be described with reference
to Figs. 1 - 8, which relate in general to a tape drive
40 for transferring data to and from a data tape 42

‘within a cartridge 44. The tape drive includes a novel

design for the capstan motor assembly, which, in a
preferred embodiment of the present invention, may be
utilized within a 3% inch form factor tape drive. -
However, it is understood that the present invention
may be utilized in tape drives of various sizes and
designs and may operate with any data tape recording
technique, including longitudinal, helical and arcuate
scan recording. In a preferred embodiment, the present
invention operates with a conventional industry
standard minicartridge data  tape . cartridge 44.

. ‘However, the present invention is not 1limited to

20
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30

operation with a minicartridge, and may operate with
tape cartridges of various sizes and designs.
Referring now to Fig. 2, there is shown a tape
drive 40 according to the present invention. The
cartridge 44 is inserted into the drive through a slot
46 formed in a front surface of the drive housing. The
drive 40 includes a capstan motor assembly 47 for
advancing and rewinding the data tape 42, and a
read/write assembly 45 for transferring data to and
from the data tape 42. Upon full insertion of the
cartridge 44 into the drive as shown in Fig. 2, a
capstan belt wheel 48 located within the cartridge is
adjacent to and in contacting relation with an idler 50
of the capstan motor assembly 47. In the loaded
position, a section of the tape 42 is exposed to and
located adjacent a read/write transducer 52 of the
read/write assembly 45. In response to power and
control signals received from a printed circuit board
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-4- a nmotor nounted within said housing for éupplying power, a gear
assenbly nounted adjacent to said notor, said notor rotating said gear

assenbly, and roller neans adjacent to said gear assenbly for enﬁggin sai d
W@S and

t ape advaveeofd4P6&ini sm said gear assenbly rotating said rolf&U
control neans for providing econtrol signals to said capstg
and for providing control. signals to, and for transferrinf*®
from said transducing neans. According to a secgnd aspecg

dinvention, there is provided a capstan notor assenbly of
driving -7-

arrve 101

(not shown), the capstan motor assembly 47 rotates the
capstan belt wheel 48, which in turn advances the belt
51 to thereby advance or rewind the data tape 42. Data
may be transferred to or from the tape 42 by the

5 read/write assembly 45 as the tape passes a recording
area in the proximity of the transducer 52.

A preferred embodiment of the capstan motor
asseﬁbly according to the present invention will now be:
described with reference to Figs. 3-5. In addition to

10 idler 50, the capstan motor assembly may include a
motor 54, a motor extension 56 located on top of the
motor 54, and a gear train 58 comprised of a driver
gear 60 mounted on top of the extension 56 and a driven
gear 62 mounted on top of the idler 50. '

15 Motor 54 may be any_of various conventional DC
brushless capstan drive motors, such as for example
that manufactured by Matsushita-Kotcbuki Electronics
Industries Ltd., of Ehime, Japan, having an output
torque of approximately 3.3 inch-ounces. This output

20 force may be varied in alternative embodiments of the

" invention. Motor extension 56 may be attached to the
rotating portion of motor 54, and is provided to locate
the driver gear 60 in the same plane as the driven gear
62. The shape and diameter of extension 56 are not

25 critical to the present invention and may be varied in
alternative embodiments with the 1limitation that
extension 56 be small enough so as not to contact or
otherwise interfere with the operation of the idler 50,
with which the extension 56 is preferably coplanar.

30 The extension 56 may be formed integrally with the
rotating outer surface of motor 54, or, alternatively,
it may be affixed to the outer surface of the motor by

screw means and/or adhesives. In an alternative
embodiment, the motor extension 56 may be omitted from
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a tape advance nechanismwthin a tape cartridge, said assenbl y conpri sing:
a motor nmounted within the tape drive for supplying power; ear assenbly
mount ed aWjp28B#68t 0 sai d notor, said motor rotating said geE ALY . and
roll er neans adjacent to said gear assenbly for engaging _the tape advance

nmechani sm said gear assenbly rotating said roller npaHiS SHEEP a
third aspect of the invention, there is provided a capstarp;EpsDA ;@g nbl y
for driving a tape advance nmechanismwi thin- a tape cart+ege; r| sijng: a

nmotor for supplying power to advance the t-ape; a first gear affixed to said
not or and having a common axis of rotation with said notor;
the present invention. In this embodiment, gear 60 may

be mounted directly to the rotating portion of the
motor 54, and ?rovided with a height'such that at least
a portion of the gear 60 is coplanar with gear 62.

5 Gear train 58 may preferably be a convent:.onal
spur gear arrangement, where driver gear 60 receives
power from motor 54 to drive the driven gear 62. 1In a
preferred embodiment, the axis of rotation of the
driver gear and motor is approximately 21.20mm away

10 from the axis of rotation of the driven gear and idler.
Further, the radius of the driver gear measured from
the axis of rotation to the pitch circle of the gear is
1lmm, and the similarly measured radius of the driven
gear is 10mm. In a preferfed -embodiment of the present

15 invention, the motor 54 and gear 60 preferably rotate
at 2000 rpm during. normal read/write operations and at .

- 3000 rpm dur:.ng rewind of the data tape. Being 10%
| smaller, gear 62 rotates at 2200 rpm and 3300 rpm
 during read/write and rewind, respectively, and outputs

20 a torque of approximately 3 inch-ounces. 'However, it

~ is understood that in alternative embodiments of the
invention, the distance between the axes of rotation of
the gears 60 and 62 may be varied, and the ratio of the
size of the driver gear to the driven gear may be

25 varied to thereby alter the mechanical advantage of the
gear train. Thus, for example, in an alternative
embodiment of the present invention, the driven gear 62
may be larger than the driver géar 60. In such an
embodiment, the driven gear 62 will have a lower

30 angular velocity and a higher torque than the driver
gear 60. Moreover, the gears 60 and 62 may be of the
same size, whereby gear 62 " has the same angular
velocity and torque as gear 60 (but in the opposite
direction).
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a second gear in neshing engagenent with said first gear, said first gear
driving said second gear; This is the replacenent sheet Date 8 DEC 1997
-5- an idler for rotating the tape advance nechani sm said second gear

fi xedly mwobss40681 said idl er and having a comon axis of roPaT/UEHeHITH
said idler. According to a fourth aspect of the invention, there is

provi ded a capstan notor assenbly for engagi ng a tape advance nechani sm of

a tape cartridge upon insertion of the cartrldge,lnto a tape drive, said
assenbly conpri sing:

-9

With gears 60 and 62 having the dimensions

disclosed in the preferred embodiment above, gears 60

and 62 have 55 and 50 gear teeth, respect:wely These

numbers may vary in embodiments where the gears have

5 different diameters. As is known in the art, the

contour of the teeth is provided so as to minimize

wear, vibration and noise. Importantly, there are

sufficient numbers of teeth on the gears 60 and 62 so

that the gears rotate with a constant angular velocity.

10 In a preferred embodiment, the gears 60 and 62 may both

be formed from acetal plastic or santoprene rubber,

which materials allow meshing of the gears with a

minimum of acoustic noise, and have a high resistance

to wear. Similar materials may be used in alternmative

15 . embodiments. The gears 60 and 62 may be attached to

the motor extension 56 and idler 50, respectively, by

screw means and/or adhesives. Alternatively, the gears

may molded directly onto the motor extension and idler.

As shown on Figs. 2A-5, the capstan motor assembly

20 47 may be mounted on a plate 64, which is in turn

" mounted on the tape drive base plate 49, so that the

plate 64 translates in a direction parallel to the
direction of tape insertion into the drive as shown by '

arrow C-C. A spring 68 is provided to bias plate 64 in

25 a direction opposite to the direction of tape

insertion. It is understood that the plate may be

piased by other known biasing systems in alternative

embodiments of the present invention. 1In a preferred

embodiment, the idler 50 and gear 62 may be fixedly

30 mounted on the plate 64. Fixedly mounted, idler 50 and

gear 62 translate with the plate 64, and a constant

spacing 'is maintained between the axis of rotation of

the idler 50 and gear 62, and the axis of rotation of

the motor 54 and gear 60. As such, gears 60 and 62



a plate nounted on a base of the tape drive for translational novenent
insertion of the cartridge into the tape drive;

parallel to a direction of
i asi 53 40ks P asi ng said plate-in a direction opposit ecrfskera17

bi asi ng ng@(?
direction of “Insertion of the cartridge; a notor nounted on said plate for
suppl ying power to advance the tape; a first gear nounted on said notor;

second gear in neshing engagenent with said first gear,
driving said second gear;

said first gear

said base; an idler rotatably nounted on sg d unbi ased pivot arm said

second gear fixedly nounted on and rotatin

for contacting. tﬁ&&ﬁ?%ﬁ@&%&ﬁ@%@@hfﬁb engagement. Upon insertion
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of the cartridge, the capstan belt wheel 48 engages the
idler 50. Further insertion of the cartridge moves the
plate 64, and the gear. train 58 and motor 54 fixedly'
mounted thereon, rearward against the opposing force of .
the spring 68. The spfing 68 maintains the idler 50 in
a pressure contact with the capstan belt wheel 48 while
the cartridge is inserted in the drive.

In an alternative embodiment shown in Fig. 2B,
idler 50 inay be mounted on a swing arm 69 which freely
pivots around a pin 70, which pin is mounted to the
base 49. Pivotal mounting of the idler on the base 49
allows the idler and gear 62 to move ‘independently' of
the motor 54, extension 56 and gear 60, all mounted on
the plate 64. Such an arrangement provides a
substantially equal- contact force between ‘the gears 60

. and 62 on one hand, __ and between the_ idler S0 and the-

capstan belt wheel 48 on the other. In this
embodiment, upon partial insertion of the cartridge 44,
the capstan belt wheel 48 within the cartridge engages

- the idler 50. Further insertion of the cartridge moves

the idler 50 rearward to thereby move gear 62 into full
meshing engagement with gear 60. ' The biasing force of
spring 68 ensures that the meshing engagement of gears
60 and 62 is maintained, and ensures a pressure contact
between idler 50 and capstan belt wheel 48 while the
cartridge 44 is inserted within the drive 40.

It has been experimentally determined that
significantly more slippage occurs between the drive
roller and the idler as compared to between the idler
and the capstan belt wheel in conventional capstan
motor assemblies. Thus, by replacing the friction
based operation of a conventional drive roller and
idler with a gear train as described above, the ability

an unbi ased pivot armnounted to freely pivot on

said idler, said idler provided



so that rotation of said idler moves the t ape advance nechani sm Accordi ng

to a fifth aspect of the invention, there is provided a capstan notor
assenbly for engaging a tape advance mechanismw thin a tape

nove a dat 93 ﬂg‘,og%orrprl sing: -a nmotor for supplying power oﬁg’t[f@%éﬁ@ f"
tape; This is the replacenent sheet Date: 0 8 DEC 1997

adj acent to said notor; a second gear coplanar with and sp
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" of the  assembly to _avéid slippage is significantly
" -improved.
'In an alternative embodiment of the present
invention shown in Figs. GA_ahd"SB{ the capstan motor
5 assembly 47 is structurally and operationally similar
to that described with respect to Figs. 2-5, with the
‘exception that gear 60 is laterally spaced and does not
mesh with gear 62. In this embodiment, the motor
torque is transmitted f£rom gear 60 to gear 62 by means’
10 of a tlmlng belt 65 having a first end looped around
' gear 60 and a second end looped around gear 62. Timing
belt 65 is formed with a plurality of notches- 80 spaced
from each other so as to mesh with the gear teeth on
both gears 60 an 62. Thus, torque from the motor 54
15 may be transmitted to the idler 50 without sllppage-
between the transmission members 60, 62 and 65. In an
alternative embodiment, the belt may have a flat inmner
surface having a high coefficient of friction. 1In this
embodiment, the gears 60 and 62 may be replaced by
20 rollers having uniform circular outer diameters, and
" similarly preferably formed with high coefficients of
friction. _
In a preferred embodiment, the axis of rotation of
the motor 54, motor extension 56 .and gear 60 may be
25 spaced approximatély 21.36mm away from the axis of
rotation of the idler 50 and gear 62. However, this
distance may vary in alternative embodiments.
In embodiments shown in Figs. 6A-7C, the motor 54
and idler 50 may both be fixedly mounted on a plate 64
30 with respect to each other to maintain a constant
spacing between the gears 60 and 62. Thus, a constant
tension may be maintained within belt €5. Plate 64 is
mounted within the tape drive to translate in a
direction parallel to the direction of insertion of the
R
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gear; belt means having a first end | ooped around said first gear and a
second end | ooped around said second gear, said first gear rotating said
belt meanwoosB4bebelt neans rotating sai d second gear; an i dCI/U$I507417
engagi ng the tape advance nechanismto nove the tape, said second gear
fixedly nounted on and rotating said idler. According to a sixth aspect of
the invention, there is provided a capstan notor assenbly for engaging a

t ape advance nmechanismwithin a tape cartridge to nove a data tape,

conprising: a notor for supplying power taqjigdvance the tape; a first gear
adj acent to said notor; rotating nmeans nounted within the tape drive spaced

from and copl anataxrttbdgei 44f i rRie §fbdite 64 is biased by a spring 68 in
a manner and direction described above to thereby
maintain a pressure contact between idler 50 and
capstan belt wheel 48 when cartridge 44 is fully
5 inserted within the tape drive.

A further embodiment of the present invention is
shown in Figs 7A-7C. This embodiment is similar to
that shown in Figs. 6A and 6B, with the exception that
the capstan motor assembly 47 in this embodiment

10 operates without the motor extension 56 and without the
idler 50.. In this embodiment, the gear 60 is mounted
directly to the cover of motor 54 , and gear 62 is
rotationally mounted on a pin 82. Both the stator of
motor 54 and the pin 82 are fixedly mounted on plate 64

15 with respect to each other such that the distance

. between gears 60 and 62 remains constant. Plate 64 is
'biased by a spring 68 in a manner and direction
described above. Gears 60 and 62 are provided in
substantially the same plane as the capstan belt wheel
20 48, which plane is substantially perpendicular to the
. axes of rotation of gear 60, gear 62 and belt wheel 48.
As described above, the motor torque is transmitted
from gear 60 to gear 62 by means of a timing belt 65
having a first end looped around gear 60 and a second

25 end looped around gear 62. Timing belt 65 resides in
substantially the same plane as gears 60 and 62 and
belt wheel 48. As shown in Fig. 7C, belt 65 may have
an inner surface 65a having notches 80 which mesh with
gears 60 and 62 as the gears and belt rotate. However,

30 as previously described, inner surface 65a may
alternatively have a smooth surface with a high
coefficient of friction. Belt 65 further includes an
outer surface 65b similarly having a high coefficient
of friction.

I —————



belt neans having a first end | ooped around said first gear and a second

end | ooped around said rotating nmeans, said first gear rotating said belt
means, saiwlolsi3iosseans provi ded to rotatably engage the tapererivsssg417
machanl sm at sai'd second end to nove the tape. According to a seventh
aspect of the invention, there is provided a capstan notor —asse
engagi ng a tape advance mechani smof a tape cartridge upon
cartridge into a tape drive, said assenbly conptrising: a pllate NLea—t
base of the tape drive for translational ng_\éerrent paral l el *© a di rectlon
of insertion of the cartridge into the tape drive; This is the repl acenent

sheet Date: 0 8 DECIh99%peration, upon insertion of cartridge 44,
capstan belt wheel 48 engages the outer surface 65b of

the timing belt 65, -which in turn biases the gear 62

and plate 64 rearward. . This rearward movement is

5 opposed by the biasing force of spring 68. As result,

a pressure contact is established between the outer

surface 65b and the capstan belt wheel 48. Due to the

high coefficient of friction of outer surface 65b and

. the pressure contact between surface 65b and belt wheel

10 48, rotation of the timing belt 65 causes rotation of

the belt wheel, to thereby advance or rewind the tape
42. '

Providing a timing belt 65 as described é.bove with
respect _' to Figs. 6A-7C allows increased flexibility
15 with respect to the location of motor 54 and location
of the tape drive components' in general. Moreover,
with respect to the embodiment shown in Figs. 7A-7C, by
redesigning the captén motor assembly to operate
without an idler, the overall height of the tape drive
20 may be advantageously reduced. The overall height of
. the tape drive in Figs. 7A-7C in a preferred embodiment

may be approximately 1.0 inches.
" In an alternative embodiment of the capstan motor
assembly shown in Fig. 8, the idler 50 and/or gear 62
25 may be mounted on a swing arm 69 which is pivotally
' mounted to the tape drive base as described above with
reference to Figs. 2-5. In this embodiment, insertion .
of the cartridge will force the idler rearward, but the
motor 54 and driver gear 60 remain stationary. A
30 relatively constant spacing must be maintained between
the gears 60 and 62 so that belt 65 remains taut.
Thus, in this embodiment motor 54 and gear 60 may be
located within the drive such that a line 82 through
- the center of the capstan belt wheel and gear 62 is
\
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- 5B - biasing neans for biasing said plate in a direction opposite to the

direction of insertion of the cartridge; a notor fixedly mounted on sai
pl ate for kg power to advance the tape; a first gear
TN g i

not or and

common axis of rotation with said notor;

i n meshing ‘engagenment with said first gear, said first gear driving sai
second gear; an idler fixedly nounted on said plate for contacting the tape
advance nechani sm said second- gear fixedly nounted on said idler and
having a common axis of rotation with saiqihgler.

10

15

20

25

' near to orthogonal to a line 84 through the center of

gear 60 and gear 62. With this orientation, rearward
movement of idler 50 upon cartridge insertion will
minimally change the spacing between gears 60 and 62.
In this embodiment, the swing arm 69 may be biased by
a spring 68 as previously described to oppose the force
exerted on the idler 50 and/or gear 62 by the belt 65,
to thereby ensure a pressure contact between the idler
50 or belt 65 and the capstan belt wheel.

‘In a further embodiment of the present invention,
the motor 54-may not have the same axis of rotation as
the driver gear 60. In this embodiment, a timing belt
as described above may be used to transmit the motor
force from the motor to the driver gear. Similarly,
where the axes of rotation of the motor and driver géaf
are not coextensive, one or more additional gears may

d
sai d
ar
d

be added to the system to .transmit the motor force from -

the motor to the gear 60. _
Although the invention has been described in
detail herein, it should be understood that the

- invention is not 1limited to the embodiments herein

disclosed. - Various changes, substitutions and
modifications may be made thereto by those skilled in
the art without departing from the spirit or scope of

the invention as described and defined by the appended
claims.



According to an eighth aspect of the invention, there is provided a f?pém.—“
conprising: a hOUS'ng including a stot in one surface for receiving

drive,

a tape cartridge therein; Hmﬂﬂmmmlmﬁgmfor transferring data to and

for driving a tape advance mechanitsmew thih said tape cartridge, said

froma datWaPdoe# t hi n sai

capstan notor assenbly including: a plate translationally|mpyncegst ®ASABEEN

and a capstan MAC/USISOMIDI| v

housi ng, a notor nounted on said plate for supplll ng powef, a fREﬂACﬂﬁar

sharing a common axis of rotation with, and driven by, sald—rBter—a—sece ehd
gear rotationally nmounted on said plate a.pelt having an inner surface and
an outer surface, said

WE CLAIM:

1. A tape drive, comprising:

a housing including a slot in one surface for
receiving a tape cartridge therein;

transducing means for transferring data to -and
from a data tape within said tape cartridge;

a capstan motor assembly for driving a tape
advance mechanism within said tape cartridge, said
capstan motor assembly including:

a motor mounted within said housing for

supplying power, .

a gear assembly mounted adjacent to said

motor, said motor rotating said gear assembly, and

roller means adjacent to said gear assembly

for engaging said tape advance:mechanism, said
gear assembly rotatiﬁg said roller means; and

control means for providing control signals to

said capstan motor assembly and for providing control

signals to, and for transferring data to and from, said
transducing means. '

2. A tape drive as recited in claim 1, wherein said
gear assembly comprises a first gear and a second gear,
said first gear sharing a common axis of rotation with
and affixed to said motor and said second gear sharing
a common axis with and affixed to said roller means,
said first gear meshing with and driving said second
gear to transfer said power from said motor to said
roller means.

3. A tape drive as recited in claim 2, further
comprising an e:xtension fixedly mounted on said motor,
said first gear fixedly mounted on said extension, said

‘This Sheet Has Been Re, ,i
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i nner surface including a plurality of teeth, said belt being This is the
repl acenent sheet Date: 0 8.DEC 1997 - 5C - | ooped around said first

and secongygbddyessi d Im er surface neshing w tplg 0'74'1’55'[
and second gears, sai Hm m“ Hm ng capabl e of _rotating sa g’ sai d
outer surface of said I't capdbl & of physically jemyg@HrETay) ,%l ng t he

t ape advance nechanismto -nove the tape, and bi aji ng NMBaRS, & |xe to said
nmechani sm According to a ninth aspect of-:w_e i nvention, there is '

plate for biasing said belt into engagenent w thlsakd-t-ape

extension provided to locate said first gear in a plane
of the second gear.

4. A tape drive as recited in claim 1, said gear
assembly comprising a first gear and a second gear,
said first gear having a first axis of rotation, said
second gear having a second axis of rotation, said
motor having' a third axis of rotation, said first,
second and third axes of rotation being parallel and
not coextensive with each other, said tape drive
further comprising power transfer means between said
motor and said first gear for transferring said power
from said motor to said first gear, said first gear
- meshing with and driving said second gear, and said
second gear causing rotatlon of said roller means.

5. A tape drive as recit:e_d.in claim 4, wherein said
power transfer means comprises a belt attached between
gaid motor and said first gear.

- 6. A tape drive as recited in claim 4, wherein said -
power transfer means comprises a second assembly of
gears between said motor and said first gear.

7. A capstan motor assembly of a tape drive for
driving a tape advance mechanism within a tape
cartridge, said assembly comprising:
a motor mounted within the tape drive for
supplying power;
a gear assembly mounted adjacent to said
motor, said motor rotating said gear assembly; and
roller mean_s adjacent to said gear assembly
for engaging the tape advance mechanism, said gear
assembly rotating said roller means.

is Sheet Has Been Replaced
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provi ded a capstan ot or_

within a tape cartrldge to

suppl yi ng ‘E,ovver
sai d notor¥

belt capabl e of

06?5%!5?8 nd. g
bel t Iooped ar ound sald flrst and second gears, said belt
i nner surface having a plurality of teeth for nmeshing wt
second gears, said first gear being capable of rgtating s

somrand copl anar with sai dPFFPSPSYALT
i ncl udi ng_an

y‘f“c‘)‘r”’ngagl ng a tape advance rrechanl sm

tape, conprising: a notor for
o0 ad %&“ﬂ“ t\ﬂ\fl rst gear nmounted on_and driven by

a

physi cal |y engagi ng and dri ving “The t ape

Tg‘@bdk £ smnagaEEN

to nove the tape. The gear may be fixedly-ABunted to and coaxial with said

not or .

8. A capstan motor assembly as recited in claim 7,
wherein said gear assembly comprises a first geai: and
a second gear, said first gear sharing a common axis of
rotation with and affixed to said motor and said second
gear sharing a common axis with and affixed to said
roller means, said first géar meshing with and driving
said second gear to transfer said power from said motor
to said roller means.

9. A capstan motor assembly as recited in claim 8,
further éomprising an extension fixedly mounted on said
motor, said first gear £fixedly mounted ron said
extension, said extension provided to locate said first
gear in a plane'of the second gear.

10. A capstan motor assembly as recited in claim 7,
said gear assembly comprising a first gear and a second
gear, said first gear having a first axis of rotation,
said second gear having a second axis of rotation, said
motor having a third axis of rotation, said first,

" second and third axes of rotation being parallel and

not coextensive with each other, said tape drive
further comprising power transfer means between said
motor and said first gear for transferring said power
from said motor to said first gear, said first gear
meshing with and driving said second gear, and said
second gear causing rotation of said roller means.

11. A capstan motor assembly as recited in claim 10,
wherein said power transfer means comprises a belt

"attached between said motor and said first gear.

12. A capstan motor assembly as recited in claim 10,
wherein said power transfer means comprises a second

is Sheet Has Been Replaced
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The capstan not or assenblinnay further c conprising a plate blased in a

di rection gu ;
rotating nean

said belt agalnst the tape advarfce s nechanlsn1 Thi s

- 5D - According

capstan notor assenbly for engaging a tape advance
cartridge to nove a data tape, conprising: a notor-!

advance the tape;

"ol

WUHEWHI e <o ol we Za'cipgﬁrgre%?%?%? g

to a tenth aspect of the i nventi or THIQESHFCF'SMS BFENEd a

nmechapgsmaQEd hin

r to
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assembly of gears between said motor and said first
gear. '

13. A capstan motor assembly for driving a tape

" advance mechanism within a tape cartridge, comprising:

a motor for supplying power to advance the tape;

a first gear affixed to said motor and having a
common axis of rotation with said motor;

a second gear in meshing engagement with said
first gear, said first gear driving said second gear;

an 1d1er for rotating the tape advance mechanism,
said second gear fixedly mounted on said 1d1er and
having a common axis of rotation with said 1d1er.

14. A capstan motor assembly for engaging a tape
advance mechanism of a tape cartridge upon insertion of
the cartridge into a tape drive, said assembly_'
ccmprising-' ' |

a plate mounted on a base of the tape drive for
translational movement parallel to a direction of
insertion of the cartridge into the tape drive;

biasing means for biasing said plate in a
direction opposite to the direction of insertion of the
cartridge;

a motor mounted on said plate for supplying power

to advance the tape;

a first gear mounted on said motor;

a second gear in meshing engagement with said
first gear, said first gear driving said second gear;

an unbiased pivot arm mounted to freely pivot on
said base;

an idler rotatably mounted on said unbiased pivot

-arm, said second gear fixedly mounted on and rotating

said idler, said idler provided for contacting the tape

T fin
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t ape



a first gear nounted GH‘EﬁH‘UTTVEﬁ—by—said notor; a second gear spaced from
and coplanar with sai dem Hmm H d nmeans cogx: al : y nounted on saig
second ge tati nd gear; a belt |oope a
first a%daégggﬁﬁ&gears,*sm dlng an i nner surfacegﬁg&gﬂﬁgéf
plurality of teeth for neshing mnth said first and second gears, said first
gear being capable of rotating said belt, said belt capabl ¢~ A
sai d second gear, and said roller means physicahly engagi ng Tihs SHEETiHAS BEEN
tape advance mechanismto nove the tape. BRI EF DESCRI PTI ON|OF DRAERUNGSDI n
order that the invention n1ght be nore fuliy?-understood, e
invention will be_.described % o

advance mechanism so that rotation of said idler moves

the tape advance mechanism.

15. A capstan motor assembly as recited in claim 14,
wherein said biasing means establishes a contact force
between said first and second gears and between said
idler and the tape advance mechanism.

16. A capstan motor assembly as recited in claim 15,
wherein said unbiased pivot arm allows said contact
force between said first gear and said second to be
substantially the same as said contact force between
said idler and the tape advance mechanism.

17. A capstan motor assembly for engaging a tape
advance mechanism within a tape cartridge to move a
data tape, comprising.

a motor for supplying power to advance the tape;

a first gear adjacent to said motor;

a. second gear coplanar with and spaced from said

- first gear;

belt means having a first end looped around said
first gear and a second end looped around said second
gear, said first gear rotating said belt means, said
belt means rotating said second gear;

an idler for engaging the tape advance mechanism
to move the tape, said second gear fixedly mounted on
and rotating said idler.

18. a capstan motor assembly as recited in claim 17,
wherein said first gear is fixedly mounted and coaxial
with said motor.

-—_
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way of exanple only, MLLh_Lé#{wfﬁmmrT"the acconpanylng drawi ngs, in which:-
Figure 1 is a top view of a.k

top view gf
i nventi on;

present |nvent|on FI GURE 3 | S perspective view of
assenbl y accordlng to an embodi nent of the present
repl acement sheet’ - 5E FIGURE 4 is a top view of

assenbly

tan notor assenbly; Figure 2A is a

soran RN W\W\iﬂ an”enbod ment of {he bkesGdl g

tﬁﬂSdﬁﬁ§ﬁaﬁA9ﬁEﬁN

-20-

_19.' A capstan motor assembly for engaging a tape

' advance mechanism within a tape cartridge to move a

data tape, comprising:

a motor for supplying power to advance the tape;

a first gear adjacent to said motor;

rotating means mounted within the tape drlve
spaced from and coplanar with said first gear;

belt means having a first end looped around said
first gear and a second end looped around said rotating
means, said first gear rotating said belt means, said
belt means provided to. rotatably engage the tape
advance mechanism at said second end to move the tape.

20. a capstan motor assembly as recited in claim 19,
wherein said first gear is flxedly mounted and coax1al
with said motor.

2l. A capstan motor assembly for engaging a tape
advance mechanism of a tape cartridge upon insertion of
the cartridge' into a tape drive, said assembly

-comprisigg:

a plate mounted on a base of the tape drive for
translational movement parallel to a .direction of
insertion of the cartridge into the tape drive;

biasing means for biasing said plate in a
direction opposite to the dzrection of insertion of the
cartridge;

a motor fixedly mounted on said plaﬁe for
supplying power to advance the tape;

a first gear affixed to said motor and having a
common axis of rotation with said motor;

a second gear in meshing engagement with said
first gear, said first gear driving said second gear;

ThlS Sheet Has Been Rei
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according to an enbodi nent of the present invention; FIGURE 5 is a side
view of the capstan notor assenbly according to an enbodl ment of the

present i RygBLkhpRs F! H E M|em10f an al ternati vepervpsskiorent of
the pr esentsl nventi Onemﬂmmnmn“ l) ‘I de view of the alternative
embodi ment shown in Fig* 6A FICURE 7Ais a top view of a further

enbodi nent of the present-invention; FIGJRE 7B is a side v QL.ne LAS
al ternative enbodi nent shown in Fig. 7A; FIGQUREs{C is an ej 3%\%‘“

"of a portion of the drive belt of the errbg% ment shown in
and FIGURE 8 is a top view of a further e odi ment of the present

i nvention. an idler fixedly mounted on said plate for
contacting the tape advance mechanism, said second gear
fixedly mounted on said idler and having a common axis
of rotation with said idler.

22. A capstan motor assembly as recited in claim 21,
wherein contact of the tape moving mechanism against
said idler moves said plate.

/
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This is the replacenent sheet Date: -7- (not shown), the capstan notor
assenbly 47 rotates the capstan belt wheel 48, which in turn advances the
belt 51 t V@BEBWEY advance or rewind the data tape 42. Dat a BfeRfURS/07417
transferred to or fromthe tape 42 by the 5 read/wite assenbly 45 as the
t ape passes a recording area in the proximty of the transducer 52. A
preferred enbodi nent of the capstan notigrg assenbly according to the present
i nvention will now be described with reference 40 Figs. 3-5. In addition to

I~

2241

FIG. 1
[PRIOR ART)
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10 idler 50, the capstan notor assenbly may include a notor 54, a notor
extension 56 | ocated on top of the notor 54, and a gear train 58 conprised
of a driver gear 60 mount ed on top of the extension 56 and a drlven ear 62
nount ed onW‘g §he idler 50. 15 Mot or 54 may be any '8@1 '
conventional DC brushless capstan drive notors, such as for exanple t hat
manuf act ured by Mat sushit a- Kot obuki Electronlcs I ndustries Ltd., of Ehine,
Japan, having an out put torque of approglﬁately§%_37 gran}neters (3.3 inch-
20 ounces). This output force nmay be varied in alternative

enbodi mrents of the invention. = Mtor extension 56 may be attached to
the rotating portion of notor 54, and iss provided to | ocate the driver gear
60 in the, same plane as the driven gear 62. The shape and

222777 &
S | = | | 1 ///”40
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25" diameter of extension 56 are not critical to the present invention

and may be varied in alternative enbodinents with the limtation that

ext ensi on_56 beog.ﬂa enough so as not to contact or otherwipegniskBisier €
of

with the SPRP¥H the idler 50, with 30 which the extension 56 is
preferably copl anar. The extension 56 may be formed integrally with the
rotating outer surface of- notor 54, or, ternatively, it may be affixed to
the outer surface of the notor by screw AVENDER,SHEET -7a- means and/ or

adhesives. In an alternative enbodi nent,

) 68
W/ /7 //17/ /2 .
/ T T ) 40
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the notor extension 56 may be omitted from AVENDED SHEET t he prese
invention. Iwobksfegnbodi ment, gear 60 may be nounted directly to the
rotating portion of the-notor 54, and provided with a height s gt _at

| east a portion of the gear 60 is coplanar with gear 62. 5 WQ#ééﬁbWVQin
58 may preferably be a conventional spur gear arrangenent, where driver

gear 60 receives power fromnotor 54 to dr#¥8 the driven gear 62. In a _
preferred enbodi nent, the axis of rotation of theﬁgriver gear and notor is
approximately 21.20mm away 10 fromthe axis of rotation of the driven gear

and idler. :

SUBSﬂTUTESHEET(RULEZG)



Further, the radius of the driver gear nmeasured fromthe axis of rotation
to the pitch circle of the gear is 11mm and the simlarly neasured radius
of the driwenesgdee8 is 10mm In a preferred enbodi nent of thePqRresssmr41yS

i nvention, the notor 54 and gear 60 preferably rotate at 2000 rpm during
normal read/wite operations and at 3000 rpmduring rew nd of the data

t ape. Being 10 small er, -gear 62 rot aPé§ at 2200 rpm and 3300 rpm duri ng
read/ wite and rewi nd, respectively, and outpums. 20 a torque of
approximately 2.16 gramneters (3 inch- ounces). However, it is understood
that in alternative enbodinents of the invention, the distance between the
axes of rotation of the gears 60 and 62 nay be varied, and the ratio of the
size of the driver geargge the .25 driven gear may be varied to thereby
alter the 60 ' '

50-\ 62

| BIRARIAERRIESIN. N BN NENINA ] 50 /’48

56'\! I‘ || .H“ | P 51
~m]] *
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FIG. 5

SUBSTITUTE SHEET (RULE 26)




mechani cal advantage of the gear train. Thus, for exanple, in an
al ternative enbodi nent of the present invention, the driven gear -62 nay be
| ar ger t hawotossatdsi ver gear 60. |n such an embodi ment, the dFGHBIPSWEH?” 30
- 62 wll have a |l ower angular velocity and a higher torque than the driver
gear -60. Moreover, the gears 60 and 62 may be of the sane size, whereby
gear 62 has the sane angul ar velocity &® torque as gear 60 (but in the
opposite direction). WD 95/ 34068 "

PCT/ US95/ 07417 Wth gears 60 and 62 having the dinmensions disclosed in the
preferred enbodi nent above, gears 60
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aﬁd 62 have 55 and 50 gear teeth, respectively. These nunbers may vary in

enbodi nents where the gears have 5 different dianeters. As is known in
the art, Gheo&opkPuUr of the teeth is provided so as to m ni NpEGUSYBATA17
vi brati on and nor se. | mportantly, there are sufficient nunbers of teeth

on the gears 60 and 62 so that the gears rotate with a constant angul ar
velocity. 10 In a preferred enbodi nenty/gthe gears 60 and 62 may both be-
formed fromacetal plastic or santoprene rubbem. which materials all ow
meshing of the gears with a mninum of acoustic noise, and have a high
resistance to wear. Simlar materials may be used in alternative 15

enbodi nents. The gears 60 and 62 nay be attached to the notor extension 56
and idler 50, respectively, by screw neans and/or adhesives. Alternatively,

t he gears _ ./T
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may nol ded directly onto the notor extension and idler. As shown on Figs.
2A-5, the capstan notor assenbly 20 47 may be nounted on a plate 64, which
is in turnwovsbsdson the tape drive base plate 49, so that tﬂ&,ﬁ%,g}oi;“% :
translates in a direction parallel to the direction of tape insertion into
the drive as shown by arrow CGC. A spring 68 is provided to bias plate 64
in 25 a direction opposite to the directgpg of tape insertion. It is
understood that the plate may be biased by ot he&. known bi asing systens in
alternative enbodi nents of the present invention. In a preferred

enbodi nent, the idler 50 and gear 62 may be fixedly 30 nounted on the plate
64. Fixedly nmounted, idler 50 and gear 62 translate with the plate 64, and
a constant spacjng is maintai ned between the axis of rotation of

FIG. 8
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the idler 50 and gear 62, and the axis of rotation of the nmotor 54 and gear
60. As such, gears 60 and 62 . WO 95/ 34068

PGT/ US95/ 07417 -10- remain in consyantt nesyd ng 'e.ngagéhenf Upo-n |-n-sert|on
of the cartridge, .the capstan belt:vheel 48 ehgdgas st he |d+e-r 50- Fur-t her
i nsertion of the cartridge noves t:le Bl at ea B4’ eend f'he’ gear train 58 and

motor 54 fixedly 5 mounted thereon, rearward agai nst the opposing force of
the spring 68. The spring 68 maint ains the idler 50 in a pressure contact

with the capstan belt wheel 48 while the cartridge is |nserted in the.
drive.

MECHANISM FOR MOVING
A TAPE WITHIN A TAPE DRIVE

5 BACKGR F _THE I ION
Field of the Invention
The present invention relates to a tape drive
capstan motor assembly for moving a tape within a tape
cartridge, and more particularly to a capstan motor
10 assembly including an intermeshing gear train for
transmitting motor torque from the motor to the tape
‘driver without slippage between the elements. ’

Description of the Related Art
15 Tape drives are widely used in data processing
systems for applications including primary data
storage, archival data storage, journaling, and most
significantly, as a back-up data storage device to the
system’s hard drive. Conventional tape drives are
20 designed to transfer data to and from a length of
magnetically encoded tape, typically 6.35mm (1/4 inch)
in width, which tape is transferred between a supply
reel and a take-up reel. Currently, most 3% inch form
factor tape drives utilize a so called "minicartridge"
25 cassette tape for data storage. This type of cartridge
is generally descr:.bed in American National Standard
ANST 3.55-1977.
In conventional tape drive operation, as shown in
Fig. 1, the data tape 10 within the cartridge 12
30 travels from a supply reel 13, past a front face of the
cartridge, and is stored on a take-up reel 14. The
. tape is advanced between the take-up and supply reels
by means of ‘a belt 16 within the cartridge. The belt
is wrapped around a capstan belt wheel 17 within the

P N
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In an alternative enbodi nent shown in Fig. 2B, 10 idler 50 may be nounted
on a swing arm69 which freely pivots around a pin 70, which pin is nounted
to-the base 49. Pivotal nounting of.the i-dler on the base 49 allows the
idler and gear 62 to nove independehtly of ‘the mptor 54, extension 56 and
gear 60, all nounted on 15 the plate 64: -Such an arrangenent
provides a substantially equal contact force between the gears 60 and 62
on one hand, and between the idler 50 and the capstan belt wheel 48 on
the other. ‘I'n this enbodi ment, upon pgrtial insertion of the cartridge
44, 20 the capstan belt wheel 48 within the cartridge engages the idl-er

her ooy meve peS B ISR ELIOERY oL Litot il ShoRl: IBRURER B
force of within the tape drive.
' Asxshown in Fig. 1, a conventional capstan motor
assembly 18 includes a .capstan drive roller 20
5 rotatably engaging.an idler 22. Idler 22 is small
enough so that a portion of the idler may be received
through the opening 29 in the front face of cartridge
12 to thefeby contact the capstan belt wheel 17 within
the cartridge 12. When the cartridge 12 is properly
10 inserted within the drive, -the capstan belt wheel
pushes against the idler 22, which in turn pushes
against the drive roller 20, thus creating a pressure
-contact between the capstan belt wheel 17 and idler 22,
'apd between idler 22 and drive roller 20. A motor 24
15 causes rotation of the capstan drive roller 20. The
roller 20 rotates idler 22, which in turn rotates wheel
17 so as to advance the tape 10.

In conventional capstan motor assemblies, the
idler 22 may be supported on one end of a swinging link
20 22A so as to pivot about a pivot point 25 in a
direction indicated by arrow A-A. The capstan motor
24, drive roller 20, and pivot point 25 may further be
supported on a platé_27, which is also provided to
pivot about a pivot point 31 in the direction of arrow
25 B-B. Allowing the plate 27 and link 22A to pivot
provides a substantially equal contact pressure between
the drive wheel 20 and the idler 22, and between idler
22 and the capstan belt wheel 17. A system such as
that described above is also disclosed in PCT published

30 application No. WO-92/22058 to Perona. .
Conventionally, at least the outer circular
surface of idler 22 is covered with an elastic material
having a hiQh coefficient of friction. This material
is provided to prevent slippage between the idler and

AMENDED SHEET



spring 68 ensures that the nmeshing engagenent of gears 25 60 and 62 is

mai nt ai ned, and ensures a pressure contact between idler 50 and capstan
belt wheel 48 while the cartridge-44 is i.Aserted within the drive 40. It
has been experimental ly deternined that sicgnificantly nore slippage occurs
between the drive 30 roller and the idler--as conpared to between the idler
and the capstan belt wheel in conventional capstan notor assenblies.

Thus, by replacing the friction based operation of a conventional drive
roller and idler with a gear train as descyibed above, the ability - -11-

the drive roller, and between the idler and the capstan
belt wheel .as those elements rotate in contact with
each other. Some systems, such as that disclosed in
European Patent Application No. 0 488 760 A2,
5 additionally disclose a belt having one end wrapped
around the drive;roiler and a second end wrapped around
the idler, so that the idler is driven by the drive
roller via the belt. Again, in system includihg such
a belt, the belt and/or the drive roller and idler have
10 engaging surfaces formed of elastic with a high'
coefficient of friction to prevent slippage.

A problem with conventional capstan motor
assemblies is that, over time, the circular surfaces of
the capstaﬁ driye roller, the idler and/or the capstan

15 belt wheel may become worn, and particulate matter may
lodge between the elements, thereby deforming the
circular shape of the elements. Moreover, dirt may
accumulate on the elements, thereby decreasing the
frictional force between adjacent contacting surfaces.

20 All of these occurrences tend to cause slippage between
the drive roller and idler, and between the idler and
the capstan belt wheel. Slippage inhibits drive
performance for several reasons. Significantly, it is
very important to both monitor and control the speed

25 with which the data tape advances past the recording
area. When slippage occurs, there is no way to
accurately control and maintain the speed of the
advancing tape. Moreover, particularly during a
recording cycle, the rotational speed of the capstan

30 motor is often used to monitor the translational speed
of the data tape. However, when slippage occurs, the
motor speed will not accurately reflect the speed of
the data tape. A loss of the ability to control and/or



of the assenbly to avoid slippage is significantly inproved. In an
alternative "enbodinment of the present invention shown in Figs. 6A and
6B, the capstan notor 5 assenbly 47-is structurallx—gﬂg_lgt ationally

simlar to that described with respect to: F| e exception
that gear 60 is |laterally spaced and does’ 52. In this
enbodi nent, the notor torque is transmtte gear 62 by

means 10 of a timng belt 65 having a fir = ooped around gear 60 and
a second end | ooped around gear 62. T|n1ng belt 65 is fornmed with a
plurality of notches 80 spaced from each d%her so as to nesh with the gear

oot h O ot 9FBSE-GP e Pape Theq | RERUELLOD L°-0RNLeHhe EralRY, O°

transmtted to S
or even drlve fallure in extreme cases.

SUMMARY OF THE INVENTION
5 It is therefore an object of the present invention
to provide a tape' drive wherein the speed of the
advancing data tape may be accurately controlled and
monitored over prolonged use of the drive.
It is a further object of the present invention to
10 provide a tape drive including a capstan motor assembly
for preventing slippage' between the capstan drive
roller and the driven idler. '
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bet ween the transm ssion nenbers 60, 62 and 65. In an alternative

enbodi nent, the belt may have a flat inner surface having a high
coefficient of friction. In this enbodi nent, the gears 60 and 62 may be
replaced by 20 rallers having uniformcircular outer dianmeters, and.
simlarly preferably formed with high coeffi.cients of friction. In a
preferred enbodi nent, the axis of rotation of the notor 54, notor extension
56 and gear 60 may be 25 Spaced approximately 21.36mm away fromthe axis
of rotation of the idler 50-and gear 62. However, this distance may vary
in alternative embodi ments. . In enbodi nents ¥hown in Fi gs. 6A-7C, the notor

54 and idler 50 may bob&ﬁq‘%zfp'ggﬁ #ﬂﬁﬁﬁ%&ﬁh if"ﬁ—fﬁ ﬁﬂ@&ﬂb}h respect
to each other to maint

The invention will now be described with reference

to Figs;_l -'8, which relate in general to a tape drive

40 for transferring data to and from a data tape 42

S within a cartridge 44. The tape drive includes a novel

design for the caﬁstaﬁ motor assembly, which, in a

preferred embodiment of the present invention, may be

utilized within a 3% inch form factor tape drive.

However, it is understood that the present invention

10 may be utilized in tape drives of wvarious sizes and

designs and may operate with any data tape recording

technique, including longitudinal, helical and arcuate

scan recording; In a preferred embodiment, the present

invention operates with a conventional industry

15 standard minicartridge ~data tape cartridge 44.

However, the present invention is not 1limited to

operation with a minicartridge, and may operate with
tape cartridges of various sizes and designs.

Referring now to Figs. 2A and 2B, there is shown

20 a tape drive 40 according to the present invention.

The cartridge 44 is inserted into the drive through a

slot 46 formed in a front surface of the drive housing.

The drive 40 includes a capstan motor assembly 47 for

advancing and rewinding the data tape 42, and a

25 read/write assembly 45 for transferring data to and

from the data tape 42. Upbn full insertion of the

cartridge 44 into the drive as shown in Fig. 23, a

capstan belt wheel 48 located within the cartridge is

adjacent to and in contacting relation with an idler 50

30 of the capstan motor assembly 47. In the 1loaded

position, a section of the tape 42 is exposed to and

located adjacent a read/write transducer 52 of the

read/write assembly 45. In response to power and

control signals received from a printed circuit board

AMENDED SHEET -



spéci ng between the gears 60 and 62. Thus, a constant tension may be
mai ntai ned wthin belt 65. Plate 64 is nounted within the tape drive to

translate in a direction parallel to, the di'rect‘Lon of insertion of the
AVENDED SHEET

PCT/ US95/ 07417 -12-

WO 95/ 34068

a manner and direction described above to thereby maintain a pressure
contact between idler 50 and capstan belt wheel 48 when cartridge 44 is

fully 5

inserted within the tape drive.

10

15

20

25

30

(not shown), the capstan motor assembly 47 rotates the
capstan belt wheel 48, which in turn advances the belt
51 to thereby advance or rewind the data tape 42. Data
may be transferred to or from the tape 42 by the
read/write assembly 45 as the tape passes a recording
area in the proximity of the transducer 52,

A preferred embodiment of the capstan motor
assembly according to the present invention will now be
described with reference to Figs. 3-5. In addition to
idler 50, the capstan motor assembly may include a
motor 54, a motor extension 56 located on top of the
motor 54, and a gear train 58 comprised of a driver
gear 60 mounted on top of the extension 56 and a driven
gear 62 mounted on top of the idler 50.

Motor 54 may be any of wvarious convent:.onal DC
brushless capstan drive motors, such as for example
that manufactured by Matsushita-Kotobuki Electronics
Industries Ltd., of Ehime, Japan, having an output
torque of approximately 2.37 gram-meters (3.3 inch-
ounces) . This output force may Dbe varied in
alternative embodiments of the invention. Motor

' extension 56 may be attached to the rotating portion of
- motor 54, and is provided to locate the driver gear 60

in the, same plane as the driven gear 62. The shape and
diameter of extension 56 are not critical to the
present invention and may be varied in alternative
embodiments with the limitation that extension 56 be
small enough 8o as not to contact or otherwise
interfere with the operation of the idler 50, with
which the extension 56 is preferably coplanar. The
extension 56 may be formed integrally with the rotating
outer surface of motor 54, or, alternatively, it may be
affixed to the outer surface of the motor by screw

AMENDED SHEET
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A further enbodi ment of the present invention is shown in Figs 7A-7C.

This enbodiment is simlar to that shown in Figs. 6A and 6B, with the
exception that the capstan notor assenbly 47 irn this enbodi nent 10
operates wi thout-the notor extension 56 and wirthout the idler 50. In this
enbodi nent, the gear 60 is nounted directl'y to the cover of notor 54, and
gear 62 is rotationally nounted on a pin 82. Both the stator of notor 54
and the pin 82 are fixedly nounted on plate 64 15 with respect to each

ot her such that the distance between gearg 60 and 62 renains’ constant.
Plate 64 is biased by a spring 68 in a nanner and direction described

above.  CGear sméh@Nthdlorr£3mE 91488 d 'ﬁnsaﬁsé%ékﬁhhivéh&mﬁé&&m@h%ne as

:get ﬁgpst an be| tevmggclarzgxtggs:.g@xl %Ig Pnaan%el somsllétt)__setdar%tl al I'y perpendi cul ar
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axes of rotation of gear 60, gear 62 and belt wheel 48. As described above,
the notor torque is transmtted fromgear 60 to gear 62 by neans of a
timng belt 65 having a first end l.ooped around.gear 60 and a second 25 end
| ooped around gear .62. Timng belt B85:resides in substantially the same

pl ane as gears 60 and 62 and belt wheel 48. - As'shown in Fig. 7C, belt 65
may have an inner surface 65a having notches 80 which nesh with gears 60
and 62 as the gears and belt rotate. However, 30 as previously described,

i nner surface 65a may alternatively have a snmooth surface wth a

hi gh coefficient of friction. Belt 65-furth® includes an outer surface 65b

simlarly having g0l a8, ¢Qght! §heahedbn""' 4d Bhis embodiment, gear 6o
may be mounted directly to the rotating portion of the
motor 54, and provided with a height such that at least
a portion of the gear 60 is coplanar with gear 62.

5 Gear train S8 may preferably be a conventional
spur'gear arrangemént, where driver gear 60 receives
power from motor 54 to drive the driven gear 62. In a
preferred embodiment, the axis of rotation of the
driver gear and motor is approximately 21.20mm away

10 from the axis of rotation of the driven gear and idler.
Further, the radius of the driver gear measured from
the axis of rotation to the pitch circle of the gear is

'.llmm,:and the similarly measured radius of the driwven
gear is 10mm. In a preferred embodiment of the present

15 invention, the motor 54 and: gear 60 preferably rotate
at 2000 rpm during normal read/write operations and at
3000 rpm during rewind of the data tape. Being 10%
smaller, gear 62 rotates at 2200 rpm and 3300 rpm
during read/write and rewind, respectively, and outputs

20 a torque of approximately 2.16 gram-meters (3 inch-
ounces). However, it is understood that in altermative
embodiments of the invention, the distance between the
axes of rotation of the gears 60 and 62 may be wvaried,
and the ratio of the size of the driver gear to the

25 driven gear may be wvaried to thereby alter the
mechanical advantage of the gear train. Thus, for
example, in an alternative embodiment of the present
'invention, the driven gear 62 may be larger than the
driver gear 60. In such an embodiment, the driven gear

30 62 will have a lower angular velocity and a higher
torque than the driver gear 60. Moreover, the gears €0
and 62 may be of the same size, whereby gear 62 has the
same angulaf'velocity and torque as gear 60 (but in the
opposite direction). '
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-13 - In operation, upon insertion of cartridge 44, capstan belt. wheel 48
engages the outer surface 65b of the timng belt 65 which in turn biases
the gear 62 and plate 64 rearward. - -This -rrearward #rovenent is 5 opposed
by the biasing force of spring 68. "As result, a pressure contact is

est abl i shed between the outer surface 65b and the capstan belt wheel 48.
Due to the high coefficient of friction of outer surface 65b and the
pressure contact between surface 65b and belt wheel 10 48, rotation of the

timng belt 65 causes rotation of the bel t mheel to thereby advance or
rewi nd the tape 42. :

of the assembly to avoid slippage is s:LgnJ.f:.cantly
1mproved

In an alternmative etmbodiment of the present

invention shown in Figs. 6A and 6B, the'capstan motor

5 assembly 47 is structurally and operationally similar

to that described with respect to Figs. 2A-5, with the

exception that gear 60 is laterally spaced and does not

mesh with gear 62. In this embodiment, the motor

torque is transmitted from gear 60 to gear 62 by means

10 of a timing belt 65 having a first end looped around

gear 60 and a second end 1boped around gear 62. Timing

belt 65 is formed with a plurality of notches 80 spaced

from each other so as to mesh with the gear teeth on

both gears 60 an 62. Thus, torque from the motor 54

15 may be transmitted to the idler 50 without slippage

between the transmission members 60, 62 and 65. In an

alternative embodiment, the belt may have a flat inner

surface having a high coefficient of friction. 1In this

embodiment, the gears 60 and 62 may be replaced by

20 rollers having uniform circular outer diameters, and

similarly preferably formed with high coefficients of
friction.

In a preferred embodiment, the axis of rotation of

the motor 54, motor extension 56 and gear 60 may be

25 spaced approximately 21.36mm away from the axis of

rotation of the idler 50 and gear 62. However, this

distance may vary in alternative embodiments.

In embcdiments shown in Figs. 6A-7C, the motor 54

and idler 50 may both be fixedly mounted on a plate 64

30 with respect to each other to maintain a constant

spacing between the gears 60 and 62. Thus, a constant

tension may be maintained within belt 65. Plate 64 is

mounted within the tape drive to translate in a

direction parallel to the direction of insertion of the
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Providing a timng belt 65 as described above with respect to Figs. 6A-7C
al lows increased flexibility 15 with respect to the | ocation of motor 54
and | ocation of the tape drive conpohents i.n gereral . Mor eover, with
respect to the enbodi nent shown in Figs. 7A-7C, -by redesigning the capstan
nmot or assenbly to operate without an idler, -the overall height of the tape
drive 20 nmay be advant ageously reduced. The overall height of the tape
drive in Figs. 7A-7Cin a preferred enbodi mrent nay be approxi mately 2.54cm
(1.0 inches). In an alterpative enbodi ment gf t he capstan notor assenbly
shown in Fig. 8, the idler 50 and/or gear 82" 25 may be nounted on a swing

IOl oo 1onh! UBHLR i, | SREefELR Tope andasgld bgd, bove
capstan belt. wheel 48 engages the outer surface 65b of
the timing belt 65, which in turn biases the gear 62
and plate 64 rearward. This rearward movement is
5 opposed by the biasing force of spring 68. As result,
a pressure contact is established between the outer
surface 65b and the capstan belt wheel 48. " Due to the
high coefficient of friction of outer surface 65b and
the pressure contact between surface 65b and belt wheel
10 48, rotation of the timing belt 65 causes rotation of
the belt wheel, to thereby advance or rewind the tape
42. '
Providing a timing belt 65 as described above with
respect to Figs. 6A-7C allows increased flexibility
15 with respect to the location of motor 54 and location
of the tape drive components in general. Moreover,
with respect to the embodiment shown in Figs. 7A-7C, by
redesigning the capstan motor assembly to operate
without an idler, the overall height of the tape drive
20 may be advantageously reduced. The overall height of
the tape drive in Figs. 7A-7C in a preferred embodiment
may be approximately 2.54cm (1.0 inches).
In an alternative embodiment of the'capstan motor
assembly shown in Fig. 8, the idler 50 and/or gear 62
25 may be mounted on a swing arm 69 which is pivotally
mounted to the tape drive base as described above with
reference to Figs. 2-5. In this embodiment, insertion
of the cartridge will force the idler rearward, but the
motor 54 and driver gear 60 remain stationary. A
30 relatively constant spacing must be maintained between
the gears 60 and 62 so that belt 65 remains taut.
Thus, in this embodiment motor 54 and .gear 60 may be
located within the drive such that a line 82 through
the center of the capstan belt wheel and gear 62 is
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of the cartridge wll force the idler rearward, but the notor 54 and driver
gear 60 remain statiomary—A 30 relatively constant spaci ng nust be

nalntalned 60 and-62 So- that belt 65 remains taut. Thus,
in this enb "ﬁm ﬂﬂig”i nd gear -60 may be 1ocated within the drive
such that a Plne he center of the: capstan belt wheel and gear

62 is WD 95134068 PCT/ US95/ 07417
-14- near to orthogonal to a line 84 through the center of gear 60 and gear

62. Wth this orientation, rearward novengpd_ of idler 50 upon cartridge
insertion will '

WE CLATM:
1. A tape. drive (40) including a housing having a
slot (463 in one surface for receiving a tape cartridge
(44) therein, transducing means (52) for transferring
data to and from a data tape (42) within the tape
cartridge (44), a capstan motor assembly (47) for
driving a tape advance mechanism (48) within the tape
cartridge (44), a motor (54) for supplying power to the
capstan motor assembly (47), roller means (50) within
the capstan motor assembly (47) for engaging the tape
advance mechanism (48), and control means for providing
control signals to the capstan motor assembly (47) and
for providing cantrol signa;g to, and for transferring
data to and from, the transducing means '(-52.) , the
improvement comprising: ' _

a gear assembly (58) mounted adjacent to said
motor (54) and driven by said motor (54), said gear
assembly (58) rotating said roller means (50).

2. A tape drive (40) as recited in claim 1, wherein
said gear assembly (58) comprises a first gear (60) and
a second gear (62), said first gear (60) sharing a
common axis of rotation with and affixed to said motor
(54) and said second gear (62) sharing a common axis
with and affixed to said roller means (50), said first
gear (60) meshing with and driving said second gear
(62) to transfer said power from said motor (54) to
said roller means (50). “

3. A tape drive (40) as recited in claim 2, further
comprising an extension (56) fixedly mounted on said
motor (54), said first gear (60) fixedly mounted on
said extension (56), said extension (56) provided to
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m ni mal | y_change the spaci ng between gears 60 and 62. 5 In this enbodi nent,
the swing arm 69 nay be biased by a spring 68 as previously described to
oppose thiﬂl’mﬂﬂ"mﬁuuﬂml’n the idler- 50 and/-or-gear 62 by the belt 65, to
t hereby e ' contact between the idler 50 or belt 65 and the
capstan belt Whekl ."1G *  In a further embodiment of the present

i nvention, the notor 54-may not have the same axis of rotation as the
driver gear 60. In this enbodinent, a timng belt as described above. may

be used to transmt the notor force fron1§$__nntor to the driver gear.
Simlarly, 15 where the axes of rotation of the notor and driver gear are

not coext ensi ve 1 Qg &' o41d 22204 aaal @Y Sy B aeddet tend Needyssem

totransmt the notor force fromthé& notor to t
' gear (62). -

4, A tape drive (40) as recited in claim 1, said gear
assembly (58) comprising a first gear (60) and a second
gear (62), said first gear (60) having a first axis of
rotation, said second gear (62) having a second axis of
rotation, said motor (54) having a third axis of
rotation, said first, second and third axes of rotation
being parallel and not coextensive with each other,
said tape drive (40) further comprising power transfer
means between said motor (54) and said first dear (60)
for transferring said power from said motor (54) to
said first gear (60), said first gear (60) meshing with
and driving said second gear  (62), and said second gear
(62) causing rotation of said roller means (50).

5. A tape drive (40) as recited in claim 4, wherein
said power transfer means comprises a belt attached
between said motor (54) and said first gear (60).

6. A tape drive (40) as recited in claim 4, wherein
said power transfer means comprises a second assembly
of gears between said motor (54) and said first gear
(60).

7. A capstan motor assembly (47) of a tape drive (40)
for driving a tape advance mechanism (48) within a tape
cartridge (44), the capstan motor assembly (47)
including a support means (64), a motor (54), mounted
on the support means (64), for supplying power, and
roller means (50) for engaging the tape advance
mechanism (48), the improvement comprising:
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Al t hough the invention has been described in 20 detail herein, it should be
understood that the invention is not |[imted to ‘the enbodlnents her ei n
discl osed. Various changes, substitutions - and nodifications may be
made t her Iﬂ“ﬁ' led in the art without: departing fromthe spirit
or scope ﬁl llmnﬂmﬂml on as described and defi ned by the appended :
cl ai ms. *WE CllAIM . A tape drive (40) including a housing having a

slot (46) in one surface for receiving a tape cartridge (44) t herei n,
transduci ng neans (52) for transferring

-17-

a gear assembly (58) mounted adjacent to the motor
(54) and being rotated by said motor (54), said roller

means (50) being adjacent to and rotated by said gear
assembly (58).

8. A capstan motor assembly (47) as recited in claim
7, wherein said gear assembly (58) comprises a first
gear (60) and a second gear (62), said first gear (60)
sharing a common axis of rotation with and affixed to
said motor (54) and said second gear (62) sharing a
common axis with and affixed to said roller means (50),
said first gear (60) meshing with and driving said

_ second gear (62). to transfer said power from said motor
(54) to said roller means (50).

S. A capstan motor assembly (47) as recited in claim
8, further comprising an extension (56) fixedly mounted
on said motor (54), said first gear (60) fixedly
mounted on said extension (56), said extension (56)
provided to locate said first gear (60) in a plane of
the second gear (62).

10. A capstan motor assembly (47) as recited in claim
7, said geaf assembly (58) comprising a first gear (60)
and a second gear (62), said first gear (60) having a
first axis of rotation, said second gear (62) having a
second axis of rotation, said motor (54) having a third
axis of rotation, said first, second and third axes of
rotation being parallel and not coextensive with each
other, said tape drive (40) further comprising powér
transfer means between said motor (54) and said first
gear (60) for transferring said power from said motor
(54) to said first gear (60), said first gear (60)
meshing with and driving said second gear (62), and
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dat a tU\aﬁd\iLQﬂlEﬁgigﬁ;z?pe (42) within the tape cartridge (44), a
capstanimor asse 47) for driving a tape advance nechani sm (48)
M

within | dge (44), a nptor (54) fofr supplying power to the
capst an J 47), roller neans (50) within the capstan notor
assenbly (47) fom e ng the tape advancé” nechani sm (48), and control

means for providing control signals to the capstan notor assenbly' (47) and
for providing control signals to, and for transferring data to and from

t he transduci ng nmeans (52), the inprovenesg. conprisi-ng: a gear assenbly
(58) nounted adjacent to said notor (54) and driven by said notor (54),

sai d gear assenldaid SSgcond ageay $62) calusdhgnratatiod) .of2.said telkbexiri ve
(40) as reci tedn{égr% ae'g‘a)l., “wherein

11. A capstan motor assembly (47) as recited in claim
10, wherein said power transfer means comprises a belt
attached between said motor (54) and said first gear
(60) . '

12. A capstan motor assembly (47) as recited in claim
10, wherein said power transfer means comprises a
second assembly of gears between said motor (54) and
said first gear (60).

13. A capstan motor assembly (47) as recited in claim
7, said gear assembly (58) comprising:

a first gear (60) affixed to said motor (54) and
having a common axis of rotation with said motor (54);
and

a second gear (62) in meshing engagement with said
first gear (60), said first gear (60) driving said
second gear (62).

14. A tape drive (40) as recited in claim 1, said gear
assembly (58) comprising a first gear (60) mounted on
said motor (54), and a second gear (62) in meshing
engagement with, and driven by, said first gear (60),
further comprising: '

a plate (64) mounted on a base (49) of the tape
drive (40) for translaticnal movement parallel to a
direction of insertion of the cértridge (44) into the

tape drive (40), said motor (54) mounted on said plate
(64) ; |
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sal d gear assenbly (58) conprises a first gear (60) and a second gear (62),
said first gear (60) sharing a common.axis of rotation with and affixed to
sai d nﬁ?BF‘(SﬁT*aﬁd~saLg_§econd gear. (:62) sharing a common axis with and

af fi xed Iller nmeans (50), said first gear (60) meshing with and
driving Mﬂﬂ, (62) to transfer said power fromsaid notor (54)
to said rolkerL : A tape drive (40) as recited in claim 2,
further conprising an exten5|on (56) fixedly mounted on said notor (54),

said first gear (60) fixedly nounted on sapg-extension (56), $aid extension
(56) provided to AVENDED SHEET

biasing means (68) for biasing said plate (64) in
a direction opposite to the direction of insertion of
the cartridge (44); |

an unbiased pivot arm (69) mounted to freely pivot
on said base (49), said roller means (50) rotatably
mounted on said unbiased pivot arm (69) and said second
gear (62) fixedly mounted on and rotating said roller
means (50), said roller means (50) provided for
contacting the tape advance mechanism (48) so that
rotation of said roller means (50) moves the tape
advance mechanism (48).

15. A capstan motor assembly . (47) as recited in claim
14, wherein said biasing means (68) establishes a
contact force between said first and second gears (60,
62) and between said roller means (50) and the tape
advance mechanism (48).

16. A capstan motor assembly (47) as recited in claim
15, wherein said unbiased pivot arm (69} allows said
contact force between said first gear (60) and said
second gear (62) to be substantialiy the same as said
contact force between said roller means (50) and the
tape advance mechanism (48).

17. A capstan motor assembly (47) as recited in claim
7, said gear assembly (58) comprising:

a first gear (60) adjacent to said motor (54),

a second gear (62) coplanar with and spaced from
said first gear (60); and

belt means (65) having a first end looped around
said first gear (60) and a second end looped around
said secondzgear (62), said first gear (60) rotating
said belt means (65), said belt means (65) rotating



L M S locate said first gear (60) in a plane of the second gear (62).
4. A tape drive (40) as recited in claiml, said gear assenbly (58)

conpri gi BRI (60) and a second -gear (62), said first gear (60)
havi ngﬂmmﬂmmmgm otation, said second gear (62) having a second axis
of rotatiorf, $aill nbtor (54) having a third axis of rotation, said first,
second and third axes of rotation being parallel and not coextensive with
each ather, said tape drive (40) further conprising power transfer neans

bet ween said nmotor (54) and said first gea- (60) for transferring said

power  fromsaid. notor (54) to said first gear (60), said first gear (60)
meshing with said second gear (62) and said second gear (62)

rotating said roller means (S50).

18. A capstan motor assembly (47) as recited in claim
17, wherein said first gear (60) is fixedly mounted and
coaxial with said motor (54).

19. A capstan motor assembly (47) for engaging a tape
advance mechanism (48) within a tape cartridge (44) to
move a data tape (42), the capstan motor assembly (47)
including a motor (54) for supplying power to advance
the tape, the improvement comprising: '

a first gear (60) adjacent to said motor (54);

rotating means (62) mounted within the tape drive
(40) spaced from and coplanar with said first gear
(60) ; | '

belt means (65) having a first end looped around
said first gear (60) and a second end looped around
said rotating means, said first gear (60) rotating said
belt means (65), said belt means (65) provided to
rotatably engage the tape advance mechanism (48) at
said second end to move the tape.

20. A capstan motor assembly (47) as recited in claim
19, wherein said first gear (60) is fixedly mounted and
coaxial with said motor (54).

21. A tape drive (40) as recited in claim 1, said gear
assembly (58) comprising a first gear (60) mounted on
said motor (54), and a second gear (62) in meshing
engagement with, and driven by, said first gear (60),
further comprising: .

a'platé (64) mounted on a base (49) of the tape
drive (40) for translational movement parallel to a
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aﬁd driving said second gear (62), and said second gear (62) causing
rotation of said roller neans (50)., 5. A tape drive .(40) as recited in

cliaim4, - ' r transfer nmeans conprises a belt attached

bet ween m‘nmmwmﬂluﬂllﬁmﬁd said first gear (60). 6. A tape drive (40) as
recited in ckaitm &4 wherein said power transfer neans conprises a second
assenbly of gears between said notor (54) and said first gear (60). 7. A
capstan notor assenbly (47) of a tape drive (40) fQ driving a tape advance

mechani sm (48) within a tape cartridge (44t the capstan notor assenbly
(47) including g,suppart ns (64), a nptor (54 mpunt ed on the support
neans (64), forgéﬁsgﬁ}f’ﬁg%\,ﬁﬁ(&%f} oq’n?e'f'h?re‘éﬁ%tf?)@¥ef df4éndaFonFhene
tape advance tape drive (40), 'said motor (54) mounted on said plate
(64) ; and :
biasing means (68) for biasing said plate (64) in

a direction opposite to the direction of insertion of
the cartridge (44);

wherein said roller means (50) is fixedly mounted
on said plate (64) for contacting the tape advance
mechanism (48), said second gear (62) fixedly mounted
on said roller means (50) and having a common axis of
rotation with said roller means (50).

22. A capstan motor assembly (47) as recited in claim

21, wherein contact of the tape moving mechanism
against said roller means (50) moves said plate (64).
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each other. However, a problem with conventional capstan motor

assemblies is that, over time, the circular surfaces of the
capstan drive roller, the idler and/or the capstan belt wheel
may become worn, and particulate matter may lodge between the
elements, thereby deforming the circular shape of the
elements. Moreover, dirt may accumulate on the elements,
thereby decreasing the frictional force between adjacent
contacting surfaces. Bll of these occurrences tend to cause
slippage between the drive roller and idler, and between the
idler and the capstan belt wheel. Slippage inhibits drive
performance for several reasons. Significantly, it is very
important to both monitor and control the speed with which the
data tape advances past the recording area. When slippage
occurs, there is no way to accurately control and maintain the
speed of the advancing tape. Moreover, particularly during a
recording cycle, the rotational speed of the capstan motor is
often used to monitor the translational speed of the data
tape. However, when slippage occurs, the motor speed will not
accurately reflect the speed of the data tape. A loss of the
ability to control and/or monitor the tape speed may result in

.read/write errors or even drive failure in extreme cases.

g

SUMMARY OF INVENTION

According to a first aspect of the invention, there is
provided a tape drive, comprising:

a housing inéluding a slot in one surface for receiving a

tape cartridge therein; transducing means for

transferring data to and from a data tape within said

tape cartridge;

a capstan motor assembly for driving a tape advance
mechanism within said tape cartridge, said capstan motor

" assembly including:
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a- notor nounted on said plate for supplying power, a first gear sharing a
common axis of rotation with, and driven by, said notor, a second gear
rotationally nounted on said plate, a belt having an inner surface and an
outer surface, said inner surface including a plurality of teeth, said belt
bei ng | ooped around said first and second with said teeth of sald I nner
surface neshing wwth said first and second gears, said first gear being
capabl e of rotating said belt, said outer surface of said belt capable of

physi cal | y engagi ng aggtg%fﬁgu h%lEQPeE%gya % q%plgnéggﬁ_ ve the

tape, and biasing neans "arfi xe Fo"sai d a5|ng elt into
engagement W t lpcseird t ape advance nechanlsn1 24. A capstan notor assenbly
for engaging a tape advance e qanlsn1mn a tape cartridge to ve a-
data tape, a gear Ssdenb Yy mounte acent said motor, sai

motor rotating said gear assembly, and

roller means adjacent to said gear assembly for

engaging said tape advance mechanism, said gear assembly

rotating said roller means; and

control means for providing control signals to said

capstan motor assembly and for providing control signals to,

and for transferring data to and from, said transducing means.

According to a second aspect of the invention, there is
provided a capstan motor assembly of a tape drive for driving
a tape advance mechanism within a tape cartridge, said
assembly comprising:

a motor mounted within the tape drive for supplying
power; |

a gear assembly mounted adjacent to said motor, said
motor rotating said gear assembly; and
L roller means adjacent to said gear assembly for engaging
-the tape advance mechanism, said gear assembly rotatlng said

rol ler means.

According to a third aspect of the invention, there is
provided a capstan motor assembly for driving a tape advance
mechanism within a tape cartridge, comprising:

a motor for supplying power to advance the tape;

a first gear affixed to said motor and having a common
axis of rotation with said motor;

a second gear in meshing engagement with said first gear,

" said first gear driving said second gear;
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conprising: a notor for supplying power to advance the tape; a first gear
nmounted on and driven by said notor; a second gear spaced from and copl anar
with said first gear; Da sai d second gear (62) causing rotation of said
roller means (50). 11. A capstan notor assenbly (47) as recited in claim
10, wherein said power transfer neans goyprises a belt attached between
said notor (54) and said first gear (60).

an idler for rotating the tape advance mechanism, said
second gear fixedly mounted on said idler and having a common

axis of rotation with said idler.

According to a fourth aspect of the invention, there is
provided a capstan motor assembly for engaging a tape advance
mechanism of a tape cartridge upon insertion of the cartridge
into a tape drive, said assembly comprising:

a plate mounted on a base of the tape drive for )
translational movement parallel to a direction of insertion of
the
cartridge into the tape drive; _ _

biasing means for biasing said plate in a direction
opposite to the direction of insertion of the cartridge; a
motor
mounted on said plate for supplying power to advance the tape;

a first gear mounted on said motor;

a second gear in meshing engagement with said first gear,
saild first gear driving said second gear; an unbiased pivot
Aarm mounted to freely pivot on said base;

: an idler rotatably mounted on said unbiased ﬁivo; arm,
séid second gear fixedly mounted on and rotating said idler,
said idler provided for contacting the tape advance mechanism
so that rotation of said idler moves the tape advance

mechanism.

According to a fifth aspect of the invention, there is
provided a capstan motor assembly for engaging a tape advance

mechanism within a tape cartridge to move a data tape,

,

f
-a motor for supplying power to advance the tape;

comprising:
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12. A capstan notor assenbly (47) as recited in claim10, wherein said
power transfer means conprises a second assenbly of gears between said
notor (54) and said first gear (60). 13. A capstan notor assenbly (47) as
recited in claim?7, said gear assenbly (58) conprising: a first gear (60)
affixed to said notor (54) and having gxcommon axis of rotation with said
notor (54); and a second gear (62) in meshing engagenent with said first
gear (60), said first gear (60) driving said second gear (62). 14. A tape

drive (40) as reciig %O&E&J %'dﬁé&emfaéo gg enbly (58) conprising a
first gear (60) noun on sa f a second gear (62) in
meshi ng a second gear coplanar with and spaced from said first

gear;

belt means having a first end looped around said first

geér and a second end looped around said second gear, said

first gear rotating said belt means, said belt means rotating

said second gear; an idler for engaging the tape advance

mechanism to move the tape, said second gear fixedly mounted

on and rotating said idler.

. According to a sixth aspect of the invention, there is
provided a capstan motor assembly for engaging a tape advance
mechanism within a tape cartridge to move a data tape,
comprising:

a motor for supplying power to advaﬁce the tape;

a first gear adjacent to said motor;

rotating means mounted within the tape drive spaced from
and coplanar with said first ‘gear;

belt means having a first end looped around said first
gear and a second end 1doped around said rotating means, said
‘first gear rotating said belt means, said belt mears provided
to rotatably engage the tape advance mechanism at said second

end to move the tape.

According to a seventh aspect of the invention, there is
provided a capstan motor assembly for engaging a tape advance
mechanism of a tape cartridge upon insertion of the cartridge

into a tape drive, said assembly comprising:

a plate mounted on a base of the tape drive for
translational movement parallel to a direction of insertion of

" the cartridge into the tape drive;
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engagenent with, and driven by, said first gear (60), further conprising: a
plate (64) nounted on a base (49) of the tape drive (40) for transl ational
nmovenent parallel to a direction of insertion of the cartridge (44) into
the tape drive (40), said notor (54) nounted on said plate (64); AMENDED
SHEET -19- biasing means (68) for _bigsing said plate (64) in a direction
opposite to the direction of insertion of the cartridge (44);

biasing means for biasing said plate in a direction -
opposite to the direction of insertion of the cartridge;

a motor fixedly mounted on said plate for supplying power
to advance the tape; _

a first gear.affixed to said motor' and having a common
axis of rotation with said motor;

a second gear in meshing engagement with said first gear,
said first gear driving said second gear;

an idler fixedly mounted on said plate for contacting the
tape advance mechanism, said second gear fixedly mountgd on

said idler and having a common axis of rotation with said

idler.

According to an eighth aspect of the invention, there is
provided a tape drive, comprising:

a housing including a slot in 6ne sufface for receiving a
tape cartridge therein;

transducing means for transferring data to and from a
.aéta tape within said tape cartridge; and
a capstan motor assembly for driving a tape advance

‘mechanism within said tape cartridge, said capstan:mogor
assembly including: | |

a plate translationally mounted to said housing,

a motor mounted on said plate for supplying power,

a first gear sharing a common axis of rotation with, and
driven by, said motor,

a second gear rotationally mounted on said plate,

a belt having an inner surface and an outer surface, said

inner surface including a plurality of teeth, said belt being
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an unbi ased pivot arm (69) nounted to freely pivot on said base (49), said
roll er means (50) rotatably nmounted on said unbi ased pivot arm (69) and
sai d second gear (62) fixedly nmounted on and rotating said roller neans
(50), said roller neans (50) provided for contacting the tape advance
mechani sm (48) so that rotation of saigeroller neans (50) noves the tape
advance nechanism (48). 15. A capstan notor assenbly (47) as recited in
claim 14, wherein said biasing neans (68) establishes a contact force

bet ween Sa%&’o;%éé Satro ng §§fc9 r3¢aing (s%%ongzg @lﬂdsati%t WEEDH S a5l | er means

(50) and t ape a vance ne ani sm capstan notor assenbly (47)
as recitedinnex|sainfats, medhaimg m15h|sh:dﬂflasedamd\aﬁcoadngéiﬁﬁ &ktidws said

first gear being capable of rotating said belt, said outer

surface of said belt capable of physically engaging and

driving the tape advance mechanism to move the tape, and
biasing means affixed to said plate for biasing said belt

into engagement with said tape advance mechanism.

According to a ninth aspect of the invention,.there is
provided a capstan motor assembly for engaging a tape advance
mechanism within a tape cartridge to move a data tape,
comprising:

a motor for supplying power to advance the tape;

a first gear mounted on and driven by said motor;

a second gear spaced from and coplanar with said first
gear;

a belt looped around said first and second gears, said
belt including an inner surface having a plurality of teeth
for meshing with said first and second gears, said first gear
Dbeing capable of rotating said belt, said belt capable of
Ephysically engaging and driving the tape advance méchanism to

move the tape.

The gear may be fixedly mounted to and coaxial with said

motor.

The capstan motor assembly may further comprising a plate
biased in a direction of the tape advance mechanism, said
motor, said gear, and said rotating means being mounted on
said plate, said plate capable of biasing said belt against

the tape advance mechanism.

et .
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contact force between said first gear (60) and said second gear (62) to be
substantially the sane as said contact force between said roller neans (50)
and the tape advance nechanism (48). 17. A capstan notor assenbly (47) as
recited in claim?7, said gear assenbly (58) conprising: a first gear (60)
adj acent to said nmotor (54); a second ggar (62) coplanar with and spaced
fromsaid first gear (60); and belt neans (65) having a first end | ooped
around said first gear (60) and a second end | ooped around said second gear

(62), saidfi rsb&ﬁﬁ%’%ﬂ% LOLAhN'Ss3RLE §F!itheMERDEN(2R), cRELE DpIt means
(65) rotating Al T
provided a capstan motor assembly for engaging a tape advance
mechanism within a tape cartridge to move a data tape,
comprising: _

a motor for supplying power to advance the tape;

a first gear mounted on and driven by said motor;

a second gear spaced from and coplanar with said first
gear; _

roller meané coaxially mounted on said second gear and
rotating with said second gear; )

a belt looped around said first and second gears, said
belt including an inner surface having a plurality of teeth
for meshing with said first and second gears, said first gear
being capable of rotating said belt, said belt capable of
rotating said second gear, and said roller means physically

engaging and driving the tape advance mechanism to move the

tape.

BR ESCRIPT DRAWIN

In order that the invention might be more fuily "
uhderstood, embodiments of the invention will be described, by
way of example only, with reference to the accompanying
drawings, in which:

Figure 1 is é top view of a known capstan motor assembly;

Figure 2A is a top view of a tape drive according to an
embodiment of the present invention;

Figure 2B is a top view of an alternative embodiment of
.the present invention;

FIGURE 3 is perspective view of the capstan motor

assembly according to an embodiment of the present invention;
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-20 - said second gear (62) and said second gear (62) rotating said roller
means (50). 18. A capstan notor assenbly (47) as recited in claim17,
wherein said first gear (60) is fixedy nmounted and coaxial with said notor
(54). 19. A capstan notor assenbly (47) for engaging a tape advance
mechani sm (48) within a tape cartridgegg44) to nove a data tape (42), the
capstan notor assenbly (47) including a notor (54) for supplying power to
advance the tape, the inprovenent conprising: a first gear (60) adjacent to

sai d motor (54)srchREaL! 110 JR3PSvE&L)or™uUAt EL NI B bl d B9 T Ve

according to an embodiment of the present invention;

FIGURE 5 is a side view of the capstan motor assembly
according to an embodiment of the present inyention;

FIGURE 6A is a top view of an alternative embodiment of
the present invention;

FIGURE 6B is a side view of the alternative embodiment
shown in Fig. 6A; _

FIGURE 7A is a top view of a further embodiment of the
present invention;

FIGURE 7B is a side view of the alternative embodiment
shown in Fig. 74;

FIGURE 7C is an enlarged side view of a portion of the
drive belt of the embodiment shown in Figs. 72 and 7B; and

FIGURE 8 is a top view of a further embodiment of the

present invention.
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(40) spaced—+froem-and—coplanar with said first gear (60); belt neans (65)
havi ng a, ti end Ioo ed around said first gear (60) and a second end

| ooped aU’ME Hﬂl ng neans, said first gear (60) rotating said belt
means (6 ns (65) provided to rotatably engage the tape
advance nechani sm (48) at -sai d second2end to nove the tape. 20. A capstan
not or assenbly (47) as recited in claim19, wherein said first gear (60) is
fixedly nounted and coaxial with said notor (54). 21. A tape drive (40) as
recited inscl anmdpe s&ildegeaémp@lssqﬁgl y (58) conprising a first gear (60)
nmount ed on said notor and a second gear (62) in nmeshing engagenent
with, and driveén Wl%ﬂ.&c?_]ﬂﬂy}g gfeEEllOEGU} one surface for receiving a

tape cartridge therein;

transducing means for transferring data to and from a
data tape within said tape cartridge; and .

a capstan motor assembly for driving a tape advance
mechanism within said tape cartridge, said capstan motor
assembly including:

a plate translationally mounted to said housing,

a motor mounted on said plate for supplying power,

a first gear sharing a common axis of rotation wifh, and
driven by, said motor,

a second gear rotationally mounted on said plate,

a belt having an inner surface and an outer surface, said
inner surface including a plurality of teeth, said belt being
looped around said first and second with said teeth of said
inner surface meshing with said first and second gears, said
first gear being capable of rotating said belt, said outer
surface of said belt capable of physically engaging and
‘driving the tape advance mechanism to move the tape, and
biasing means affixed to said plate for biasing said belt

i

*into engagement with said tape advance mechanism. - s
24. A capstan motor assembly for engaging a tape advance
mechanism within a tape cartridge to move a data tape,
comprising:

a motor for supplying power to advance the tape;

a first gear mounted on and driven by said motor;

a second gear spaced from and coplanar with said first

gear;
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(54) Title: MECHANISM FOR MOVING A TAPE WITHIN A TAPE DRIVE
(57) Abstract

A tape drive having a novel capstan mo-

tor assembly for advancing and rewinding a data
tape. The capstan motor assembly according to the _
present invention includes a motor, a gear assem- , 68
bly and an idler. The gear assembly has a driver ¢ /w 40
gear and a driven gear for transmitting motor torque / I /
from the motor to the idler. A portion of the idler- 49 = -
is in contact with'a capstan belt wheel within the —
cartridge. The idler rotates the capstan belt wheel,
which in turn moves the data tape past the recording 54 oeadd
area. The gear train allows the motor force to be _ Y4 A C
transmitted to the capstan belt wheel without slip- 47 { )
page between the drive roller and the idler normaily . ‘\ A c
occurring in conventional capstan motor assemblies. =% .
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on said plate (64) for contacting the tape advance

second gear (62) fixedly nmounted on said roller nean
common axis of rotation with said roller neans (50).
.assenbly (47) as recited in claim21l, wherein contac

mechani sm agai nst said noller means (50)_jyppves said
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monitor the tape Speed may result in read/write errors or even

drive failure in extreme cases.

SUMMARY OF INVENTION

According to a first aspect of the invention, there is

provided a tape drive, comprising:

a housing including a slot in one surface for receiving a

tape cartridge therein; transducing means for

transferring data to and from a data tape within said

tape cartridge;

a capstan motor assembly for driving a tape advance

mechanism within said tape cartridge, said capstan motor

assembly including:



