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(57} ABSTRACT

A cassette loading magnetic tape drive system utilizing
a stepping miotor directly coupled to a capstan shaft
which cooperates with a pinch roller to provide tape
drive. The same stepping motor drives a slip clutch
through a transfer roller, the slip clutch providing con-
trolled torque to a cassette reel and controlled tension
on the tape through a resilient driver hub which en-
gages all splines of the cassette reel. Stepping motion
is transferted from the motor only when the entire -
system is in operation.

4 Claims, 5 Drawing Figures
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1
‘CASSETTE LOADING MAGNETIC TAPE DRIVER

FIELD OF THE INVENTION

This invention relates in general to magnetic tape
drives and more particularly to a cassette loaded tape
drive providing precision tape motion for digital appli-
cations. B

Attempts to utilize magnetic tapes in cassettes for
computer applications requiring incremental tape mo-
tion have encountered serious difficulties due to erratic
tape motion both during the tape motion portion of the
drive cycle and during the stop portion of the cycle. In
most such systems, when the head is in the engaged
position, the tape is in motion, usually provided by a
synchronous motion tape drive which would desirably
operate at a continuous rate usually greater than 3 IPS
and not more than 15 IPS.

In the past, the reel take-up mechanisms for the tape
have generally been either of two types. One type em-
ploys an elastic belt coupling a motor to a spline drive
hub which engages the conventional internal spline on
a cassette reel to take up the tape. A second method in-
volves the use of a motor coupled directly to the take-
up reel hub engaging the cohventional internal spline
on the cassette reel. The tape movement provided by
these systems is not sufficiently precise to allow for true

bit-by-bit incremental motion for computer applica-.

tions. Some of the problems encountered during the
motion portion of the cycle are caused by jitter which is
due to the spacing between the splines on the drive hub
and the internal splines on the cassette reel. In belt
drive systems, on the other hand, belt stretch can in-
troduce significant accuracy problems. In both of these
prior art systems, operated incrementally, acceleration
from the stop tape mode to the moving tape mode is
slow. Moreover, an overshoot in the acceleration curve
which is the uncertain shape is common. Hence, during
a relatively high proportion of the total time period
from the initiation to the termination of incremental
motion, it is not possible to reliably recover recorded
data. v .

BRIEF SUMMARY OF THE INVENTION

Broadly speaking, in the present invention, the tape
drive system is coupled to a stepping motor by means of
a coupling system which is either completely engaged
or completely disengaged. The coupling system in-
cludes a capstan shaft driven by the stepping motor and
a pinch roller for providing the tape drive, the latter
roller engaging the capstan shaft only when the read-
write head is in the operating position. The take-up reel
is positively coupled to the capstan shaft through a
transfer roller which couples the capstan shaft and a
slip clutch, the latter coupling to a driver hub which en-
gages the splines on the cassette reel. The driver hub
does not have splines, but is rather formed with a preci-

-sion neoprene rubber ring of external diameter suffi-
cient to form a positive frictional engagement with the
internal splines on the cassette reel. Relative motion
between the: slip clutch and the driver hub shaft is
available in the slip clutch to provide for positive ten:
sion as the tape reel diameter changes but without suffi-
‘cient force to impart excessive tension to the tape.

The transfer roller coupling the slip clutch -to the
capstan shaft is mechanically engaged simultaneously

with the pinch roller being engaged with the capstan
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shaft and is similarly disengaged when the pinch roller
is disengaged. Thus, both tape motion and take-up reel
tension are derived from the same stepping motor and,
the take-up reel tensioning system being completely
disengaged in the stop mode, no problem of slippage in
the stop mode is encountered. Furthermore, because
the precision rubber ring enigages positively at all times
the internal splines of the cassette, the error and jitter
associated with a splined hub is eliminated.

DESCRIPTION OF THE DRAWINGS

In the drawing;: »

FIG. 1 is a fragmentary perspective view of a tape
drive system embodying principals of this invention;

FIG. 2 is a side view of the drive hub of the system il-
lustrated in FIG. 1;

FIG. 3 is a sectional end view of the drive hub of FIG.
2

FIG. 4 is a side view of the slip clutch of the system il-

lustrated in FIG. 1; and

FIG. 5 is a sectional end view of the slip clutch of
FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference now to FIG. 1, the illustrated drive
system has as its power source. a steppinig motor 11
capable of being stepped at rates which may vary from
one to one thousand steps per second. The stepping
motor output is in the form of rotation of a capstan
shaft (13) which passes under a magnetic tape (16). A
rotatable pinch roller (18) is pivotally mounted to per-
mit it to provide constant spring tension against the
capstan shaft (13) as indicated by the double-ended ar-
row. In the operating, or engaged, position the pinch
roller presses the tape against the capstan shaft,
thereby causing the tape to move with rotation of the
capstan shaft. The pinch.roller is engaged only when
the head is down, that is, only when the head is in the
read or write position and, correspondingly, the pinch
roller is disengaged when the head slide is in the up or
non-operative position.

The capstan shaft (13) is also positively mechani-
cally coupled through a transfer roller 19 and a shaft
coupling 14 to a slip clutch 21. The same mechanical
linkage serves to move the transfer roller 19 into and
out of engagement with the capstan shaft coupling 14
and the slip clutch 21 and also the pinch roller 13 into
and out of engagement with the capstan shaft. Thus,
when the pinch roller is engaged with the capstan shaft,
the transfer roller is also engaged with the capstan shaft
coupling and slip clutch. Conversely, when the pinch
roller is disengaged, so also is the transfer roiler 19. The
slip clutch 21 performs the function of coupling torque
from the stepping motor 11 to the take-up reel on a
magnetic tape cassette. The rotational speed of the
transfer roller 19 and the torque on the slip clutch 21 is
arranged so that sufficient force is transmitted to main-
tain a positive tension on the magnetic tape 16 at the
take-up reel, thereby eliminating folds or the like in the
tape between the pinch roller and the take-up reel and
also providing for proper wind-up of the tape in the °
reel. This tension is not sufficient however to produce
any motion of the tape other than that supplied by the

_ capstan and pinch roller. The slip clutch 21 engages a
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shaft 23 supporting a driver hub 25 which engages the
internal splines of the take-up reel on the magnetic tape
cassette.

The construction of the driver hub 25 and the
manner in which it engages with the internal splines on
the take-up reel is more clearly shown in FIGS. 2 and 3.
Referring to FIG. 2, the hub 25 is in the form of a preci-
sion resilient member mounted on the shaft 23 and hav-
ing dual tapered sections at its terminating end. The
member 25 is typically formed of neoprene rubber with
a precise outer diameter at the cylindrical or ring sec-
tions to match the outer diameter of the opening
formed by the series of internal splines 29 on the take-
up reel 28. This rubber ring therefore engages the
splines with a positive friction engagement so that, with
the cassette in place there can be no relative movement
between the shaft 23 and the reel 29. The final tapered
section comes to a point to permit entry of the hub into
the splines 29 without damage to the hub or splines.

The tolerance on the precision rubber ring must be at
least equal to the tolerances of the cassette manufac-
turers on the opening formed by the internal splines 29.
Typically, for a precision rubber ring of 0.300 inches
the tolerance would be +0.005 inches and — 0.0 inches.

A suitable construction for the slip clutch 21 is illus-
trated in FIGS. 4 and 5. The slip clutch is formed of a
disk 21 having a friction ring 39 around its periphery,
the latter typically being formed of neoprene rubber.
The disk 21 includes a smaller diameter concentric disk
portion 33 fixed to it, with a portion 35 of the smaller
disk 33 being split from it. The portion 35 and the por-
tion 33 of the smaller diameter disk are formed so that
there is a gap between the two sections when placed
together. An elastic grip ring 37 surrounds the two por-
tions and provides the tensioning force to engage the
shaft 23 with the two portions of the disk 33, thereby
providing for a controlled tension engagement between
the slip clutch disk 21 and the shaft 23 which drives the
take-up reel hub 25. By proper selection of the elastici-
ty and dimensions of the elastic grip ring 37, an ap-
propriate tension may be provided. The inner disk 33
may be formed of any suitable material, a hard plastic
such as that sold by E. I. duPont under the trade name
Delrin being satisfactory.

The tape drive system described above may be
operated either in the incremental mode or in the con-
tinuous mode. The incremental mode is produced by
driving the stepping motor at speeds generally less than
250 steps per second, while at speeds higher than this,
an effectively continuous tape motion is produced.
With the tape drive of this invention, the write opera-
tion may be conducted, for example, in the incremental
mode at a bit speed of 110 bits per second, and the read
modce may be identical, or it may be operated at a much
higher speed, for example, 300 bits per second.

‘The tape drive described can be operated in a
generally conventional tape recording system, utilizing
conventional recording techniques, read-write heads
and magnetic tape cassettes. .

Iclaim: ~

1. A drive system for providing precision controlled
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motion to a magnetic tape contained in a cassette in-
cluding an internally splined take-up reel, said drive
system comprising

a capstan shaft positioned in generally rotating en-

%ager_nem with said magnetic tape; . .
a stepping motor providing rotational motion to said

capstan shaft;

a pinch roller having a first position in engagement
with said magnetic tape for pressing said magnetic
tape against said capstan shaft and a second posi-
tion out of engagement with said magnetic tape;
driver hub for frictionally engaging the internal
splines on said cassette reel, said driver hub being
formed of a precision rubber ring of diameter to
precisely match the diameter of the opening
formed by said internal splines;

a disengageable coupling train having a first condi-
tion in which said driver hub is coupled to said
capstan shaft and a second position in which said
driver hub is decoupled from said capstan shaft,
said coupling means including a slip clutch ad-
justed to provide tensioning force to said driver
hub insufficient to rotate said take-up reel, said
coupling means being controlled to be in said en-
gaged condition only when said pinch roller engag-
ing said magnetic tape.

2. A drive system in accordance with claim 1 wherein
said coupling means coupling said driver hub and said
capstan shaft includes a transfer roller movable into a
first position coupling said capstan shaft to said slip
clutch and out of said first position into a second posi-
tion in which there is no coupling between said capstan
shaft and said slip clutch.

3. A drive system in accordance with claim 2 wherein
said coupling means drives said driver hub and has suf-
ficient tensioning force to maintain a positive tension

-on said tape through said take-up reel.

4. A drive system for magnetic tape contained in a
cassette having an internally splined take-up reel com-
prising: o

a stepping motor; :

a capstan shaft rotatably driven by said stepping mo-
tor;

a pinch roller for engaging said magnetic tape in
cooperation with said capstan shaft;

an auxiliary shaft disposed for rotation about an axis
parallel to that of said capstan shaft;

a driver hub mounted on said auxiliary shaft and en-
gaging resiliently the internal splines of said take-
up reel;

means including a slip clutch coupling said capstan
shaft to said auxiliary shaft to impart controlied
torque to said take-up reel and controlled tension
to said tape; and

means mounting said pinch roller and said means for
coupling said capstan shaft to said auxiliary shaft
for simultaneous movement to permit disengage-
ment of said pinch roller from said tape and disen-
gagement of said slip clutch from said capstan
shaft.

. * * * * *



