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ASTRODRIVE - A NEW POWER-CONSERVING TAPE DRIVE

IRVING KARSH
Bell & Howell
Pasadena, CA

Summary.   Astrodrive® is a regenerative magnetic tape drive providing tape speeds from
15/16 to 960 in./sec. The unit features mechanical simplicity and low power consumption,
in a unique peripheral drive mechanism, suitable for cartridge-load, or conventional reel-
to-reel transport arrangements. Both single and dual motor configurations of the basic
mechanism are discussed, along with the inherent capabilities and limitations of each.

Introduction.   The requirement for a low power, magnetic tape recorder featuring wide
speed range and high reliability has stimulated interest in new methods of moving tape.
This paper describes one approach, which falls into the category of “power conserving”
mechanisms. The system described has been implemented, utilizing the new mechanical
drive coupled with a highly efficient, phase-locked, motor servo.

Basic Description.   The tape drive consists of two elastic-coated capstans, each in firm
contact with the periphery of one of the two flangeless tape packs, as shown in Fig. 1. In
the process of moving the tape, one capstan (the take-up capstan) is rotated slightly faster
than the other (the supply capstan). The difference in rotational velocity is necessary to
establish the required tension to insure intimate contact between the tape and the magnetic
heads. Typical differences in rotational velocity range from 0.5% to 1.5%. The capstans
are slightly deformed, at the point of contact with the tape, so that the actual velocity at the
periphery of both tape packs is the same.

The belt drive is of the differential type, in which the direction of motor rotation
determines which of the two capstans will turn at the higher velocity. Power conservation
is a direct result of the manner in which the two capstans are coupled together, by the drive
belts. The power normally dissipated as supply reel holdback torque, in conventional tape
drives, is, in the case of the Astrodrive, transmitted to the take-up capstan, by way of the
drive belts.

Theory of Operation.   The Astrodrive develops tape tension by employing two capstans
of identical diameter, turning at slightly different rotational velocities. Each capstan
consists of a rigid hub, surrounded by an elastic tire. The slower turning capstan is held in
firm frictional contact with the periphery of the supply tape pack, while the faster turning



capstan is held in firm frictional contact with the periphery of the take-up tape pack, as
shown in Fig. 1.

Tape tension (Tt) is independent of tape speed, and may be expressed in terms of the
elastic properties of the capstan tires’, and the velocity differential.

(1)

where:

The expression assumes that each capstan is an independent body, and that at equilibrium
the tape tension and velocity are equal at both tape packs. The shear spring rate of each
capstan tire is directly proportional to the area of the tire in direct contact with the tape
pack. Friction losses at the hubs and at the recorder heads are not included.

If tape tension (Tt) becomes greater than indicated by equation (1), the velocity of the
surface of the take-up capstan decreases, while the velocity of the surface of the supply
capstan increases, thus decreasing tape tension. Conversely, if the tension were less than
indicated by equation (1), the velocity of the take-up capstan is increased; the velocity of
the supply capstan is decreased; and tape tension is increased. Thus, tension will
asymptotically approach equilibrium.

The mechanism, utilized by the Astrodrive to generate a velocity differential, is best
explained by starting with a single drive-pulley, coupled to a matched pair of driven
pulleys, through a common drive belt, as shown in Fig. 2. Assuming that all pulleys are
supported by frictionless bearings, the individual surface velocities of all three pulleys will
be identical. If a load (holdback) torque is applied to pulley 2, it will slow by an amount
determined by the magnitude of the torque load, and the elastic characteristics of the drive
belt. Pulley 3 will slow by an identical amount (i.e., pulley 3 will run at the same velocity
as pulley 2). If a second, and identical, load torque is now applied to pulley 3, it will slow
by an additional, and identical, increment. Conversely, if pulleys 2 and 3 are driven by
torques equal in magnitude to the applied load torques, the velocity of pulley 3 will be
increased by one increment, and the velocity of pulley 2 by two increments.



The two conditions of applying either load, or drive torque to the driven pulleys, are
combined in the differential drive system illustrated in Fig. 3. In this diagram, pulley 1 has
been replaced with a two-diameter pulley, with a separate drive belt on each diameter.
Pulleys 2 and 3 remain unchanged. The belt on the larger diameter of pulley 1 attempts to
drive pulleys 2 and 3 at one velocity, while the belt on the smaller diameter tries to drive
them at a slower velocity (i.e., the slower belt applies load torque to the two driven
pulleys, while the faster belt applies driving torque). Thus, pulley 2 is retarded one
increment from the fast velocity (or increased two increments from the slow velocity), for
a net slow down of one increment (-1). Pulley 3 is retarded two increments, from the fast
velocity, and increased only one increment from the slow velocity, for a net decrease of
two increments (-2). Since the drive system is symmetrical, all increments will be equal in
magnitude. Thus, the two driven pulleys (2 and 3) will rotate with a velocity differential
equal to 1/3 that indicated by the two drive pulley diameters. If the rotational direction of
pulley 1 is reversed, the velocity increments will also be reversed. Thus, the drive system
is completely bidirectional.

The arrangement of the differential drive belt system, for the Astrodrive, is shown in Fig.
4, and is functionally identical to that shown in Fig. 3. This similarity may be verified by
noting identical belt paths, in the two figures. The latter arrangement provides a more
compact structure, with increased belt wrap for improved belt traction.

Pulleys 2 and 3 are each coupled to one of the capstans. Each capstan, in turn, is in
pressure contact with a tape pack, through an elastic tire. The segment of tape between the
oapstans is tensioned in direct proportion to the differential velocity of the two capstans.

The entire Astrodrive system may be described, mathematically, through a series of eleven
simultaneous equations. A single intermediate: step in the derivation, however, is sufficient
to define the capstan velocity differential (Dr), in physical terms.

(2)

Where:

Dg = the relative differential of the drive pulley (i.e., the difference in diameter
divided by the average diameter)

Jp = the input torque to the drive pulley
 Jt = the torque at the capstan, due to tape tension
Rs = the radius of the small diameter of the drive pulley
R2 = the radius of the pulley on the capstan shaft
Kb = the spring rate of the drive belt; lb/in. /in.



By disregarding the last two terms of the equation, the capstan velocity differential (Dr)
very nearly approximates 1/3 of the geometrical differential of the drive pulley. This
velocity differential is further reduced by the effects of loading on the system.

The system is regenerative in that the energy supplied by the tape being pulled from the
supply tape pack drives the supply capstan, which then transfers the energy, via the belts,
to the take-up capstan, to supply most of the energy required to wind the tape on the take-
up tape pack. Thus, the only input power required is that amount required to overcome the
system losses due to friction. Another advantage of the drive system is in the uniformity
with which tape is wound on the tape pack, by the pressure of the capstans. This pressure
serves to squeeze out the boundary layer of air, which is normally carried along with the
tape, in moving from the supply to the take-up tape packs. This feature permits high speed
operation of the reeling system, without loss of tape control. Operating speeds to 960
in./sec have been successfully demonstrated.

Description of Equipment.   The requirement that the capstans remain in firm frictional
contact with the tape packs dictates that either the capstans or the tape packs move, as the
diameter of the tape packs change. Greater space economy can be realized if the tape
packs are allowed to move, while the position of the capstans remain fixed. The technique
of overlapping flangeless reels, with minimum separation at mid-pack, is a well-established
method for conserving space. In the Astrodrive, space economies are realized by mounting
both tape packs on a movable carrier, which pivots about a point midway between the
capstans, such that the center of the tape pack swings toward the center of the transport, as
the pack diameter increases. (Fig. 5.) Hence, the total area requirements for any given size
tape pack is smaller with the Astrodrive, than for the simple overlapping reel
configuration.

The Astrodrive system has been incorporated into a two-channel recorder/ reproducer,
measuring 15.5" x 12.25" x 4" (Fig. 5). The unit operates at a linear tape speed of 15/16 in.
/sec during the record mode, and 60 in. /sec during the reproduce mode, with an average
power consumption of less than seven watts. The transport accommodates 3900 feet of
1/4-inch wide magnetic tape, to provide approximately 14 hours of recording time. The
tape packs are contained in a bolt-on cartridge for convenience in handling. Frictional
contact between the tape packs and the capstans is maintained by tension springs, at the
top and bottom, which pull the tape carrier toward the front of the cartridge. Rubber stops
limit the travel of the tape packs, and serve as mechanical brakes, when the cartridge is
removed from the transport. Fig. 6 is a bottom view of the unit, shown with the drive belts
removed. The unit shown is designed to record audio frequency data at 15/16 in./ sec, and
reproduce data at 60 in./sec, with less than 2.5% p-p cumulative flutter (measured from dc
to 313 Hz), for the complete record-reproduce cycle.



A number of construction variations utilizing the basic Astrodrive system, have been
explored. For example, the basic disadvantage of the differential drivebelt system is a
momentary loss of tape tension, during tape direction reversals, resulting from the inherent
elasticity of the drive belts. This limits the use of the configuration in applications where
rapid, and frequent, shuttling between the forward and reverse mode is required. To
overcome this limitation, each of the capstans may be directly coupled to a separate servo-
controlled dc motor, and the relative velocity differential maintained electronically, rather
than mechanically. The dual-motor configuration also provides the advantage of relative
fast start/ stop times (e.g., 250 ms, or less, from zero to 360 in./sec).

Although the utilization of movable tape packs, in lieu of movable capstans, offers greater
space economies, the configuration does not lend itself to application where environmental
vibration may be encountered. This limitation is due to the constantly shifting mass of the
tape packs, during operation, making it impossible to achieve a uniform weight balance. If,
on the other hand, the tape packs are held stationary and the capstans allowed to move, it
is possible to achieve full dynamic balance of the moving elements. Either the dual-motor
or the differential drive-belt configurations can be employed with the moving capstan
system. The moving capstan configuration, also, offers greater cost economies resulting
from the requirement for a less sophisticated tape cartridge. That is, the cartridge need
only consist of the tape packs and a protective enclosure, with all bearings and precision
elements transferred to the transport mechanism.

Conclusions.   The Astrodrive system offers a simplified means of obtaining several
desirable characteristics in a tape drive system. The system is particularly suited to
cartridge loading, consumes little power, and is capable of operation over a wide range of
tape speeds. Applications include unattended data acquisition (e.g., sonobuoys,
geophysical recording, etc.), on-site data analysis, medical and biological monitoring, and
ecological data sampling. Data may be recorded in either analog or digital formats, or a
combination of both. The Astrodrive may also be configured for complete computer
control of all transport functions.

Fig. 1.  Astrodrive Reeling System



Fig. 2.  Three Pulley System

Fig. 3.  Differential Belt Drive

Fig. 4 . Differential Belt Drive Normal Configuration



Fig. 5.  Top View

Fig. 6.  Bottom View


