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delphia, and Morten Siilverberg, Elikirs Park, Pa., as-
signors to Sperry Rand Corporaticn, New York, N.Y,,
a corperation of Delaware
Filed Apr. 27, 1556, Ser. No. 581,235
23 Cizaims. (Cl. 340—174.1)

The present invention relates to mechanisms for selec-
tively positioning a work piece at one of a plurality of
possible locations in response to coding signals; and is
more particularly concerned with such selector mecha-
nisms capable of utilization in digital computation sys-
tems, for instance as a portion of a disk-type magnetic
memory.

It is often desired, in various mechanical structures, 1o
position a work piece between any one of a number of
stations. In the past, such positioning mechanisms have,
for the most part, employed servo-mechanisms for mov-
ing the said work piece between individual stations, and
feedback means have been employed in combination with
such servo-mechanisms to signal when the work piece has
arrived at the desired location so as to deenergize the
servo-mechanism and to cause the work piece to come
to a stop. Other types of mechanisms known in the art
for selectively positioning work pieces have often com-
prised interposer devices whereby the work piece is merely
moved toward a desired position and is then forcibly
brought to a stop by the interposition of fixed stops serv-
ing to halt the work piece at the desired position.

Each of these known types of selector mechanism has
been subject to the disadvantage that the resulting struc-
tare is relatively complex and costly in construction; or
that in the alternative, the device is so massive in char-
acter that selection is relatively slow and imposes sub-
stantial physical strain upon the work piece, thereby rais-
ing the possibility of operating failures with the attendant
cost of maintenance.

The present invention serves to obviate the foregoing
difficulties and, in essence, provides mechanisms which,
without inverse feedback techniques or stops, may directly
position a work piece into 2ny ons of a plurality of digit-
ally determined positions in response to a digital input
code. The devices of the present invention find utility
in digital computation devices wherein it is desired to
physically position a work piece at one of a plurality of
possible locations in response to a unique digital input
code; and the work piece may comprise, for instance a
magnetic transducer selectively positioned at one of a
plurality of storage or pickup locations adjacent a mag-
netic storage surface. In this latter respect, reference is
made, for instance, to the copending application of J. P.
Eckert, et al., Serial No. 485,746, filed February 2, 1955,
for “Reading Apparatus,” which discloses a disk-type
memory comprising a plurality of disk-like storage sur-
faces cooperating with writing and detection means for
the selective storage and reading of information. The
present application may be considered to provide possible
selectors for the variable positioning of the writing and

detection means with respect to such disk-like memory -

surfaces.

In accordance with the present invention, the foregoing
selective positioning of a work piece may be effected by
coupling the said work piece (e.g. a2 magnetic transducer)
to an elongated cable, which cable in turn rides on a
plurality of individually movable pulley devices and the
said pulley devices may in turn be variably displaced in
response to actuator means. By proper selection of the
pulleys moved, as well as by appropriate preselection of
the amount each pulley can move, the cable may be
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selectively translated with respect to a plurality of sta-
tions (e.g. the magnetic records of a disk file) thereby to
selectively move the aforesaid work piece to a predster-
mined one of these stations. A general system of this
type is described in more detail, for instance, in U.S.
Patent No. 1,139,972 to C. J. Henschel and C. Messick.

In accordance with one embodiment of the present in-
vention, the cable employed may be fixed at at least one
of its ends to a stationary reference structure whereby the
work piece may be selectively translated in a single plane.
In accordance with a further embodiment of the present
invention, however, the cable may be affixed at at least
one of its ends to a movable reference structure whereby
the system comprises a differential selector mechanism
capable of relative movement with respect to two orthog-
onal planes. This latter embodiment of the present in-
vention finds particular utility in the disk-type memory
discussed previously, wherein it is desired first to move
with respect to the over-all memory thereby to preselect
a particular memory disk for the reading or writing of
information thereon, and it is thereafier desired to variably
displace the reading or writing mechanism to one of a
plurality of desired locations on the said selected disk.
Each of the foregoing embodiments may, as will be de-
scribed, employ various types of pulse or signal respon-
sive actuators, and a preferred form of the invention
utilizes selectively actuated wrap spring clutches of novel
design.

It is accordingly an object of the present invention to
provide novel and improved selector miechanisms.

A further object of the present invention resides in
improved mechanisms adapted to selectively position a
work piece in response to a digital input code.

Still another object of the present invention resides in
the provision of novel selector mechanisms which need
not employ feedback techniques or stop mechanisms for
selectively positioning a work piece, such as a transducer,
at one of a plurality of work stations.

A further object of the present invention resides in
the provision of a differential selector mechanism wherein
a work piece may be selectively moved in a first direction
of operation without disturbing the position of the said
work piece with respect to a moving work station; and
wherein the work piece may be selectively positioned at
one of a plurality of work stations in a second direction
of operation in response to a predetermined electrical
signal input.

Another object of the present invention resides in the
provision of a novel memery system wherein a magnetic
transducer may be selectively positioned with respect to
a magnetic storage surface in response to a digital input
signal.

A further object of the present invention resides in
the provision of novel selector mechanisms which are
simpler in construction and more rugged in configuration
than those known heretofore.

A further object of the present invention resides in
the provision of novel selector mechanisms capable of
more rapid and more efficient operation than has been
the case in the past.

Another object of the present invention resides in the
provision of a novel seiecior mechanism employing a
plurality of differently code-weighted wrap spring
clutches for selectively positioning a work piece.

A still further object of the present invention resides
in the provision of a novel transducer positioning de-
vice for use in a disk-file memory system.

Another object of the present invention resides in the
provision of an improved random access memory sys-
tem capable of more rapid utilization than has been the
case heretofore.

The foregoing objects, advantages, construction and



3,021,512

3

operation. of the present invention will become more
readily apparent from the following description and
accompanying drawings, in which:

FIGURE 1A illustrates an improved wrap spring
clutch constructed in -accordance with the present in-
vention.

FIGURE 1B is a view taken on line B—B of FIGURE
1A.

FIGURE 1C illusirates an alternative ratchet and stop
mechanism for a wrap spring clutch such as may be
employed in the present invention. )

FIGURE 1D illustrates a further portion of another
alternative form of wrap spring clutch such as may
be employed in the present invention.

FIGURE 2 is a diagram of a selector mechanism
utilizing wrap spring-clutches of the type iilustrated in
FIGURE 1A; and

FIGURE 3 is a diagrammatic representation of a dif-
ferential selector mechanism constricted in accordance
with -the present invention.

In the devices of the prior ari, many forms of actuat-
ing members have been used. One such actuating mem-
ber is the solenoid, and this has been very popular in de-
vices of the type described above. However, it has been
found . that in servo-positioning systems, a preferred
actuator takes the form of 180° revolution clutches, and
the elements to be moved, such as the above mentioned
rotatable pulleys, are eccentrically ‘mounted en an out-
put shaft of such half-revolution clutches for moving
the said pulleys to their said binary positions, thereby
to alter the effective length of cable and the effective
position’ of the work piece or transducer.

Before proceeding with the detailed discussion of the
present invention, it should be not that a 180° cluich is
one which, upon being pulsed with the proper signal,
proceeds to rotate from one fixed position to another
position 180° away. Attached fully rotating pulleys, ec-
centric to the axis of rotation of the clutch, will therefore
displace through a distance equal {o twice the eccentric-
ity. The output motion imparted io the cable, due to
each clutch, is basically sinusoidal; and if the clutches
are started at the same time and have the same r.p.m.,
the full output is basically sinusoidal. This means that
the output is started at maximum acceleration and zero
velocity, is then brought up to maximum velocity and
zero acceleration at a point near the center of the sircke;
and is then brought to a stop with maximum acceleration
and minimum velocity at the end of the stroke. - The
time of trave! from any one position to any other is thus
the same regardless of the distance moved.

Another important benefit deriving from the use of a
clutch of the aforementioned type, is that the ecceniric
loading matches the impedance of the input power source
and of the output. At the beginning and end of a cycle,
when the forces are high (and the velocity is low) the
pulley is near top dead-center giving the clutch a large
mechanical advantage. At the mid-stroke (when the ac-
celeration is near zero), the mechanical advantage is in
favor of the cable. The design of the clutch accord-
ingly becomss an important factor in the total mechanical
selector unit and one type of clutch known as the wrap
spring clutch is particularly suited for this type of serv-
ice. A preferred form of such wrap spring clutch is
illustrated in FIGURE 1A; and it will be noted from the
subsequent descripticn -that some of the elements com-
prising this clutch differ from conventional wrap spring
clutches.

Thus, referring to FIGURE 1A, it will be seen that

in accordance with the present invention, an actuator.

taking the form of a wrap spring clutch may comprise
a power shaft 70 which is constantly rotated by a motor
‘71; and an output shaft 72 is disposed coilinear with the
power shaft 7@ and spaced therefrom. An. outer wrap
spring 73 is placed about the power shaft 76 and ouiput

shaft 72, and the turns of the said spring 73 are divided
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between the -said output shaft and the power shaft. A
ratchet 74 (the configuration of which is more easily
seen in FIGURE 1B) is carried by the power shaft 72
and is adapted to be capable of free rotation on the said
shaft 79. Spring 73 is coupled at one of its ends tc the
said . ratchet 74, and is coupled at the other of its ends
to output shaft 72.

In the design of the clutch, the diameters of the power
shaft 78 and output shaft 72 are the same, and the natural
internai diameters of spring 73 is somewhat smaller than
the diameters of the shafts 70 and 72. A pulse-respon-
sive interposer or latch 75 is coupled to the ratchet 74
and is held in position adjacent the said ratchet 74 by
a spring 76 whereby, in the absence of pulse input at ter-
minals 77, the interposer:. 7% resirains rotation of the
ratchet 74. In this condition of operaiion, therefore,
the outer wrap spring 73 is caused to exhibit a some-
what larger internal diameter than the diameters of
shafts 70 and 72; and no.power is transferred through
the spring 73 to the output shaft 72 from the constantly
rotating power shaft 76. . i

If now =2 pulse input should appear at terminals 77,
the interpossr 75 will be pulled downward thereby re-
leasing the ratchet 74. The wrap spring 73 will there-
upon engage the outer peripheries of power shaft 79
and output shaft 72, and wiil drive the output shaft for-
ward with a torque equal to

Priw(e®—1)

where P is the interference pressure, r is the radius of
the shafts 78 and 72, w is the width of cach wrap spring
turn, e is the base of the natural system of logarithms,
w is the coefficient of friction, and ¢ is the number of
turns of the wrap spring on the power shaft 7¢ in radians.
The pulsed interposer 75 wiil thereafter- ride upon the
external peripheral surface of the ratchet 74, as at 78
(see FIGURE 1B), until the said interposer 73 once
more hits a step, such as 79, in the ratchet 74, whereupon
the drive spring 73 will once more be disengaged and
the output shaft will cease in iis rotation.

Referring to FIGURE 1B for the moment, it will be
seen that the steps 7¢ and 8§ defined by the ratchet 74,
are substantially 180° with respect to:one another, and
therefore, when the wrap spring clutch, illustrated. in
FIGURE 1A, is pulsed, the output shaft 72 will defite
a 180° turn before it is once more caused to stop. Dur-
ing this rotation, a pulley 81 ecceéntrically coupled to the
output shaft 72 by an arm 82, will be cansed to move
through 180° and through a distance corresponding to
twice the eccentricity afforded by arm 82. When the
pulley 81 does so move, a cable associated with that pulley
will have its effective length changed in the manner de-
scribed, for instance in the said patent to Henschel et al.,
whereby a work piece or tramnsducer coupled to that
cable will move through an appropriate distance.

In the particular form of wrap spring clutch shown in
FIGURE 1A, a smaller or inner wrap spring 83 is dis-
posed internal of the power shaft 7@ and output shaft 72,
with the turns of the said spring 83 again being divided
between the said shafts 79 and 72. The direction of
winding of spring 83 is opposite to that of drive spring
73; and in practice, the spring 83 will slip so long as the
power shaft 78 is turning faster than the cutput shaft 72.
If, however, the output shaft 72 should attempt to turn
faster than the power shaft 70, the inner spring 83 en-
gages, thereby preventing the output from going faster
than the chosen r.p.m. of the power shaft 79.

The stopping torcue for the wrap spring clutch, illus-
trated and described in reference to FIGURE 1A, is pro-
vided by a detent system comprising a detent ring 84
carried by the output shaft 82 and cooperating with a pair
of . detent arms 85.  This configuration will be more
readily apparent from an examination of FIGURE 13;
and it will be seen that the detent ring 84 preferably in-
cludes one Or more deteént notches 86 and 87, machined
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into the said ring 84. The detent notches 86 and 87
cooperate with a pair of roller followers 88 and 89 car-
ried respectively by the pair of detent arms 85; and the
said detent arms 85 are pivotally mounted at points 90
and are spring-loaded by a spring 91, whereby the roller
followers 88 and 89 are urged toward one another into
the detent notches 86 and 87. When the drive clutch
spring 73 (FIGURE 1A) is engaged by pulsing of the
actuator interposer 75, sufficient torque is developed to
both accelerate the cluich and to drive it out of its detent
position. The output shaft 72 then proceeds to rotate at
some specified r.p.m. defined by motor 71, through sub-
stantially 180°, in the manner already described; and as
this rotation approaches its 180° position, the detent
rollers 88 and 89 start to descend the detent notch walls
defined by notches 86 and 87. - The inner wrap spring 83
"does not allow any over-speed of the output shaft 72, and
the phasing of the rachet noiches 79 and 8¢ with respect
to the detent notches 86 and 87 is such that the interposer
75 contacts its appropriate step in the ratchet 74 at a time
slightly before the detent rollers 88 and 89 reach the
bottom of their corresponding detent notches.

If the energy product of the depth of the detent nctch
and the spring lcad afforded by spring 91 is greater than
the energy contained in the rotation of the clutch, the
clutch cannot go past its detent position, and is thus
trapped. It is of interest to note that since the free end of
the drive spring (that is the end of the spring attached to
ratchet 74) is prevented from rotating from a point prior
to the zero position of the detent notch, the spring 73 is
unwrapped from the shafts 70 and 72 in a static position,

and this consideration serves to minimize the wear on the

wrap spring 73.
When it is desired to operate a clutch for a shorter
cycle time than that alréeady described, and when the
-stroke of the clutch need not be large, it is possible to
operate the clutch through less than 180° in response to
a pulse input. The ratchet 74, described in reference to
FIGURE 1A, may accordingly be replaced by a ratchet
such as 92, shown in FIGURE 1C. This particular
ratchet includes four steps (rather than the two steps of
ratchet 74), said four steps being equiangularly spaced
from one another and cooperating with a pulse respon-
sive interposer, generically illustrated at 93. By reason
of this configuration, therefore, the application of a con-
trol pulse to the pulse responsive interposer 93 permits the
-clutch to operate through only 99 degrees (rather than
through 180 degrees) whereafter clutch rotation is halted,
until occurrence of a further control pulse, by the un-
wrapping of spring 73 as well as by a detent system
similar to that already described in reference to FIGURES
1A and 1B. It should be noted, of course, that when the
four-step ratchet 92 is employed, the detent ring (similar
to 84) should also have four, rather than two, spaced
detent notches (similar fo 86 and 87).

While the form of wrap spring clutch described in
reference to FIGURE 1A has one end of the spring 83
connected to the output shaft 72, it should be noted that
this is not mecessary; and if desired, the said one end of
spring 73 may be coupled to a mass 94 (sce FIGURE
1D), rather than to the shaft 72 itself. This alternative
configuration achieves certain appreciable benefits. Thus,
the important adjustment in respect to the -relationship
between the down slope of the detent notch and the
detent roller at the moment when the set or step in the
ratchet strikes the interposer, such as 75, is now done
automatically and continuously.

If the interposer should strike its appropriate ratchet
step before the detent roller has reached the detent notch,
the spring 73 will stand still as the output comes to a
stop. Each time the clutch is pulsed, the leading condi-
tion of the wrap spring is decreased until the roller falls
into the detent shortly after the release of the drive spring.
It should further be noted that, if for some reason such
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as wear, slippage, or initial adjustment, the opposite con-
dition exists, i.e. the bottom of the detent notch leads the
step of the ratchet, the action of mass 94 rectifies this
error over a series of cycles; and each time the clutch
stops, the mass 94 causes the spring 73 to unwind and
shift forward a small amount. Over a series of opera-
tional cycles, therefore, the detent roller walks its way
down the up-slope of the detents and the two actions then
stabilize one another.

Wrap spring clutch actuators, generally of the type de-
scribed in reference to FIGURES 14, 1B, 1C and 1D
find particular utility in pulley and cable type selector
mechanisms, and a preferred form of selector mechanism
utilizing such clutches is illustrated in FIGURE 2. Be-
fore proceeding with a detailed description of this selec-
tor system, however, it should be noted that in a preferred
form of the invention, of the type illustrated in FIGURE
2, the actuator tends to move a carriage 95 adjacent an in-
formation storage system comprising a magnstic disk-file
96 which is rotated by shaft means 97. A basic file, as
presently utilized, comprises one hundred metal record-
ing or storage disks of approximately 18 inches in diam-
eter, stacked on a singie shaft with a spacing between ad-
jacent disks of approximately ¥4 of an inch. The over-
all stack of magnetic storage disks thus has a height of 25
inches.

It has been shown that for a given frequency and a
maximum pulse density, the most efficient storage can be
accomplished on any one of the disks comprising the
storage file 96 by using only one-half the diameter of a
disk for writing and four and one-half inches of disk
radius are accordingly available for this storage and re-
production of information. If we should now assume
that the carriage 95 carries a transducer having five chan-
nels with a channel spacing of 25 to the inch, then one
hundred channels occupy a distance of four inches. This
means that the transducer or magnetic head carried by
carriage 95 has to move to twenty distinct positions on
each disk comprising the file 96, in order to have access
to all the information on that disk; and in order to sim-
plify head construction, an interlacing scheme is or-
dinarily employed.

As described in the aforementioned application Serial
No. 485,746, both surfaces of individual disks comprising

_ the file 56 are emaployed for the reading and writing of in-

formation; and the magnetic heads, of which there are
two carried by carriage 93, are inserted into the space be-
tween two adjacent disks, with one head being positioned
against the bottom surface of an upper disk, and the other
head being positioned adjacent the top surface of a lower
disk. The disks, as mentioned previously, are rotated by
a shaft 97 at 1200 r.p.m. so that the repetition time for
any information item on a given disk is 15 milliseconds.

The selector mechanism shown in FIGURE 2 coop-
erates with a disk file, generally of the type described
above, for preselecting disks to be operated upon, and
this selector comprises a clutch bank 98—99. For pur-
poses of clarity, the said bank 98—99 has been illustrated
as two distinct cluich banks, each of which carries four
half-revolution clutches and a pair of fixed pulleys. In
a practical embodiment of the present invention, clutch
bank 99 in fact comprises the opposite side of clutch
bank 98; and a total of four power shafts, extending com-
pletely through the banks 9899, are utilized to drive
the eight half-revolution clutches coupled to opposing
sides of the said bank 98—99, respectively.

Referring to FIGURE 2 in greater detail, it will be seen
that one side of the clutch bank designated as 98, carries
four half-revoiution clutches 109 through 103 inclusive,
and a pair of fixed pulleys 104 and 165. Similarly, the
other side of the cluich baunk, designated as 99, carries
four further half-revolution clutches 106 through 169 in-
clusive, and a pair of fixed pulleys 110 and 111. Possible
alternative positions for the pulleys coupled to half-revolu-
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tion clutches 188 to 163 and 136 through 199, are illus-
trated-in dotted lines in FIGURE 2; but this particular
dotted representation is not meant to be illustrative of
the actual relative throws of the several clutches. To
the contrary, and as will be described subsequently, the
throws of the several clutches may either equal or differ
from one another; and the use of clutches having differ-
ent relative throws is specifically illustrated in FIGURE 3
(to be described), but has not been illustrated in FIG-
URE 2 due to the extremely wide ratio of throws (e.g.
as much as 30 to 1) preferably employed in the arrange-
ment of FIGURE 2. An clongated cable 112 is coupled
to the aforemeéntioned carriage 95 and is caused to pass
adjacent a fixed pulley 113 into the several pulleys com-
prising ¢lutch bank 98; and then passes over an end pulley
114 and over the several pulleys comprising clutch bank
99, The said cable 112 is then passed adjacent a further
fixed pulley 115, through an overload unit 11§ which
serves to selectively protect the cable from excessive ten-
sions produced by the system when the carriage 93 tends
to be driven too far or otherwise cannot move when

driven; and the said cable 112 then passes over further

fixed pulieys 117 and 118 and over movable pulley 119,
back to carriage 95. A spring or compliance member 120
is connected to the pulley 119 and thence to a stable struc-
ture, as illustrated, thereby to provide the desired com-
_pliance in the system.

In a preferred embodiment of the present invention,
the code-weighting assigned to the several half-revolu-
tion clutches comprising the clutch banks 98—99, is such
that ‘the relative throws of the clutches (as determined,
for instance, by the eccentric mounting of the pulleys
theréon) are 30, 30, 20, 10, 3, 3, 2, and 1; and because
of the continuity of the cable 112, the eight clutches having
the aforementioned relative throws may be positioned . as
desired on the clutch bank $8—99. By utilizing eight
clutches having the code-weighting designated, the selec-
tor. mechanism is adapted to move carriage 95 through
positions “zero” to “ninety-nine” (i.e. to any selected one
of a hundred discrete positions) adjacent the disk file 26,
in response to the pulsing of. appropriate wrap spring
cluiches comprising the clutch bank 98—99. The func-
tion of these relative code-weightings will become more
apparent-from a consideration of the following.

As mentioned previously, the clutch bank $8—-52 com-
prises ‘a total of eight half-revolution clutches; and the
individual clutches are, therefore binary devices having
just two positions. The output end of each of the clutches
carries an eccentric arm, on which is mounted a pulley
on a bearing; and this structure has already been de-
scribed in reference to FIGURE 1A. In addition, it will
be noted that the clutches are arranged, as shown in the
drawing, to cooperate with a cable, such as a thin steel
cable 112, wound about their respective pulleys; and,
as has already been discussed, it is evident that a change
in position of any one clutch will result in either pulling
in the cable or letting out the cable, by an amount equal
to twice the total throw of a given clutch arm.

The aforementioned one hundred -discrete positions
of carriage 95 may be obtained by actuating a suitable
combination of the eight clutches when the aforemen-
tioned code-weighting is assigned to these clutches re-
spectively. Since the disks comprising file 96 are spaced
ofe quarter of an inch apart, a ome-unit clutch should
“have a throw of ¥ of an inch; a two-unit clutch should
have a throw of ¥ of an inch; a three-unit clutch should
have a throw of 3 of an inch, etc. As mentioned pre-
viously, the -eight clutches comprise a -single one-unit
clutch, -2 ‘single two-unit clutch, two three-unit clutches,

a single ten-unit clutch, a single twenty-unit clutch and ’

two thirty-unit clutches; and due to the relative throws
afforded by the clutches, the selective actuation of ap-
propriate clutches will effect the aforementioned selec-
‘tive positioning of carriage ‘95 and of the heads carried
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thereby, through any one of one hundred discrete posi-
tions. Since the illusirated form of selector in FIGURE
2 is not a push-pull system, the compliance means or
spring 128 is provided for providing acceleration in a
direction opposite to that afforded by the selector. In
other words, the spring 128 provides a pull in one direc-
tion while the clutch selector system provides a pull in
the other direction.

Examining now the over-all structure shown in FIG-
URE 2, with reference to the discussion already given
in reference to FIGURES 1A, 1B and 1C, it will be
noted that the wrap ‘spring clutch selector system is one
giving a controlled acceleration. Each of the clutches
basically contributes a modified sinusoidal acceleration to
the carriage 95 and the summation -of thése accelerations,
which are all of the same peficd, will be a modified
sinusoidal ‘acceleration having a maximum -amplitade of
about 14 G’ (the 14 G figure being based upon the di-

‘mensioned clutch bank actually employed, and being

also upon a 200 r.p.m. shaft speed). The clutches to
be operated are all tripped simultaneously so that the
output is a summation of the movements provided by
individual clutches, and this means that full motion takes
place in 150 milliseconds. The 14 G figure mentioned
above is then required -in moving the catriage the 25
inches comprising stack 96 in 150 milliseconds. While
this figure may go up to 17 G’s if the cluiches are ro-
tated in opposite- directions, the important thing to note
is that the acceleration is a controlled one and provides
very rapid transportation of the carriage 95 with a mini-
mum of acceleration. To do the same job in the same
period of time using a squarewave acceleration, would

" reduce the acceleration figure by a little better than 30
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percent; but such squarewave acceleration, while provid-
ing a theoretical optimum if jerk effects are not con-
sidered, is much more difficult to accomplish with a prac-
tical mechanism.

It should furthér be noted that the clutches employed
are operated substantially as positive engagement clutches,
and that it is only during the brief transition period when
they are being accelerated up to speed that any slip
occurs.. During this period, however, the only load that
the clutches see is their own inertia load, and this follows
since at the instant of engagement their motion is at a
right angle to the externa] load, i.e. to the cable tension,
no matter how high that load is. Thus, the cable ten-
sion does not apply any torque load to the clutch dur-
ing the instant of engagement; but acts directly through
the center of the clutch bearing; and it is only after the
clutch is actually engaged and moving from the vertical
position that it starts to see the torque compcnents of
the external load.

It is also important to note that the wrap spring
clutches, when driving the load, i.e. when pulling against
the spring load as in the case of going from a position
“zero” to a position “ninety-nine” adjacent disk file 96,
accelerate the load for approximately half the distance,
after which time the spring is serving to decelerate the
load. The return spring 120 therefore has to be strong
enough to insure the full deceleration of the load, and
to maintain some necessary tension in the system at all
times.

When the carriage 95 is going in the opposite direc-
tion, that is let us say from a position “ninety-nine” to a
position “zero” adjacent disk file 96, the spring serves to
accelerate the load while the clutch bank pays out cable.
Now, since the clutches can only ‘act in the opposite di-
rection to the direction of the loads, this means that

- there is an overhauling load in this particular case, i.e.

the spring 120 might tend to accelerate the ouiput faster
than the cluich is actually paying out cable. The clutch
would then tend to override -ts drive shaft and would
have an uncontrolled acceleration; but this operation is
effectively prevented by the internal anti-overrunning
wrap spring 83, described in reference to FIGURE 1A.
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Thus, the design of the clutches is such that they again
control the acceleration and deceleration in the reverse
direction.

It should further be noted that due to the provision of
the detent ring and detent arm and followers, described
in reference to FIGURE 1B, the over-all system operates
to position the carriage with substantially shockless de-
celeration, whereby noise, shock and wear in the system
are substantially reduced.

While particular forms of selector mechanisms have
been described, it should be stressed that the function
of the selector is not to position the ¢arriage or the heads
carried thereby with extremely great accuracy, but serves
to position the said carriage within relatively small limits,
which may be further limited through the provision of
a rack with fixed stops. Thus, the selector shown in
FIGURE 2, for instance, will serve to position carriage
95 very rapidly, that is in 150 milliseconds, to.an approxi-
mate desired position, for instance within.one-half of
the distance separating two adjacent disks comprising
file 96. The system may be so arranged that the car-
riage will over-shoot by approximately this one-half sep-
aration distance, and a latch can be thrown in the carriage
whereby the said carnage latch may be lowered onto
the rack stop.

It will be appreciated that the selector mechanism
“described in reference to FIGURE 2 moves a workpiece
in a single direction with respect to a stationary refer-
ence structure. In practice, however, it is often desired
to selectively position such a work piece within a moving
system; and in this respect it is further desirable that the
selector mechanism be substantially independent of the
moving system. Thus, referring to the aforementioned
copending application, Serial No. 485,746, the moving
system may comprise a disk-type memory which may
be selectively translated in a first plane thereby to pre-
select a particular storage surface for operation thereon.
In such a disk-type memory system, the magnetic trans-
ducer operating on the disk memory is then required to
be translated to a desired location on the preselected
disk. It will be noted that the structure thus presented
embodies movement in directions substantially orthogonal
to one another; and in order to permit the work piece or
transducer to be selectively positioned within such a mov-
ing system, a form of differential selector must be pro-
vided. One possible such arrangement has been illus-
trated in FIGURE 3.

Thus, a selector mechanism 40 may comprise a first
plurality of stationary pulleys 41 through 44 inclusive
and a second plurality of movable pulleys 45 through
47 inclusive, the said movable pulleys being selectively
displaced by actuators 48 through 50 inclusive, under the
control of signal inputs thereto. The selector mechanism

.49 is thus identical in- construction and operation with
the selector of FIGURE 2, and it will be noted that the
said selector mechanism 40 may be fixedly positioned
- within a selection device, and need not move. The
over-all system may further comprise a movable struc-
. ture 51, corresponding for instance to the carriage 95
of FIGURE 2, and the said carriage 51 rides on tracks
52 and is capable of translation horizontally through the
agency of a.cable 53 coupled to fixed pulleys 54. As

. “has been mentioned previously, the moving system 51
or 95 may take the form of .a carriage for a disk-type
_memory, and horizontal movement may be effected by
a cable under the control, for instance, of a separate
selector of the types described, for preselecting a particu-
lar disk to be operated upon, as is illustrated in FIG-
URE 2.

The selector mechamsm 40 serves to position a work
piece 55 (such as a magnetic transducer) at one of a
plurality of locations in a direction substantially orthogo-
nal to the direction of the system 51 or 95. In this re-
spect, therefore, one end 56 of cable 57 may be coupled

via pulleys 58-and--59 to -a peoint-60.on the work.piece 75..may be. eliminated..
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55; while the other end 61 of the cable 57 may be coupled
via a pulley 62 to a point 63 on the movable system
51 or 95. A further cable 64 may be coupled between
a point 65 on the work piece 55 and a point 66 on the
moving sysiem 31 or 95, via the several pulleys 67a
through 67e inclusive. A compliance device 68, which
may comprise a spring, may be coupled between puliley
67¢ and a stationary reference structure 6%, as shown.
1t will be appreciated that the several pulleys 58, 39,
62, and 67a through 67e, are provided for convenience
only, and that other arrangements may be employed to
accomplish the purposes of the present invention.

The differential selector system thus illustrated in
FIGURE 3 comprises a movable work station and a
work piece selectively capable of displacement at right

‘angles to the direction of movement of the said station.
“The system further comprises a first cable network cou-

pled to a selecicr mechanism wherein one end of the
said first' cable network is coupled to the movable sys-
tem and the ‘other end of the cable network is coupled
to ‘the work piece. A further cable network is alsc

-employed; coupled at. one of-its ends tc the movable

system and coupled at the other of its ends to the said

-work piece; and this further cable network may include

the compliance means 68, as shown.

Referring to FIGURE 3, it will be seen that moticn
of the moving system 51 or 95 will not affect the tension
on cable 57 or the tension at the ends 56 and 61 of the
said cable 57 inasmuch as cable 57 will merely run over
idler pulleys 41 through 44, 58, 59 and 62, and cver the
actuating pulleys 45 through 47, during translation of
the moving system 51 or 95. Should it be desired,
however, to alter the position of work piece 55, within
the moving system 51 or 95, then selective actuation
of the input lines to the selector mechanism 46 will
cause relative motion of the individual selector pulleys
45, 46 and 47, thereby io cause a relative shortening

- or lengthening of the cables 57 and 64 so as to cause

relative motion between the ends 56 and 61 cf the said
cable 57. Such relative motion will move transducer
or work piece 55 in the manner described, and this
movement will operate against the compliance means
68 of the tensioning system composed of temsion cable
64 and the pulleys associated therewith. Removal of
signal inputs to the actuators 48 through 56 inclusive
will similarly allow the work piece- 55 to move in an
opposite direction so as to relax the tensioning system
comprising cable 64, its associated pulleys and compli-
ance means 68.

It will thus be seen that signal inputs to the selector
mechanism 40 will position the work piece 55 to one
of a plurality of independent locations within the mov-
ing system 51 or 95, and this positioning will be effected
regardless of the arbitrary position of moving system;
or regardless of whether the said system 51 or 95 is
stationary or in motion. The device thus permits a rela-

" tively heavy, rugged and massive selector mechanism
'to be positioned externally of a moving system and to

60

so operate on said moving system that members therein
may be suitably adjusted or positioned. As a result,
the actual portions of the system providing selection
and relative or differential movement, are not affected

-~ by the mass of the selecter mechanism itself, whereby

.65

-high speed operation may be attained.

It should be noted that the tensioning system com-
prising cable 64, pulleys 67a through 67¢ inclusive, and

" compliance means 68, has been provided merely to

- or mass of comphance means 68..

relieve moving system 51 or $5 of the additional weight
If this. weight or

o0 mass factor is not important in operation of the over-
- all system, the compliance means 68 may be mcorporated
“directly ‘into the said moving system and may comprise,

for instance, a spring connected directly between points
65 and 66 whereby cable 64 and its associated pulleys
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While preferred embodiments of the present invention
have been described, it will be appreciated that many
variations will be suggested to those skilled in the art,
in accordance with the principles discussed. The fore-
going description is therefore meant to be illustrative only
and is not limitative of our invention; and all such
variations as are in accord with the principles described,
are meant to fall within the scope of the appended claims.

Having thus described our invention, we claim:

1. In a positioning mechanism, a first movable body,
meéans for moving said body in a first reference direction,
a second movable body carried by said first body, selec-
tor means for moving said second bedy in a second refer-
ence direction substantially orthogonal to said first refer-
ence direction, said selector means comprising a cable
ccupled at one of its ends to said- first body and coupled
at the other of its ends to said second body so that mo-
tion of said first body in said first reference direction
does not cause motion of said second body in said second
reference direction, a plurality of non-displaceable idler
pulleys adjacent said cable for establishing a reference
location of said cable, and a plurality of signal respon-
sive actuators coupled to said cable for selectively mov-
ing portions of said cable through predetermined. dis-
placements with respect to said idler pulleys to thereby
move said second body in said second reference direction.

2. The positioning mechanism of claim 1 wherein each.

. of said actuators includes a wrap spring clutch.

3. The positioning mechanism of claim 1 wherein each
of said actuators includes a signal responsive. partial
revolution clutch, and a rotatable pulley eccentrically
coupled to said clutch and in contact with said cable.

4, The mechanism of claim 1 wherein said plurality of
actuators comprises a plurality of displaceable pulleys
disposed intermediate said idler pulleys respectively, said
cable being carried both by said displaceable pulleys and

- by said idler pulleys, and wrap spring clutch means
coupled to said displaceable pulleys for selectively alter-
ing the positions of said displaceable pulleys with respect
to the positions of said idler pulleys. .

5. The mechanism of claim 4 wherein said wrap spring
clutch means displace different ones of said displaceable
pulleys through different physical distances, respectively,
in response to signal inputs applied to said clutch means.

6. The mechanism of claim 1 including resilient means
disposed between said first and second bodies for impos-
ing a predetermined reference tension on said elongated
cable.

7. The mechanism of claim 6 wherein said resilient
means comprises a spring.

8. The mechanism of claim 6 wherein said resilient
means comprises a further cable coupled at ome of its
ends to said first body and coupled at the other of its
ends to said second body, a reference structure, and
spring means disposed between said further cable and
said reference structure. .

9. The mechanism of claim 1 wherein said first mov-
able body comprises a carriage movable with respect to
an information storage device, said second movable body
comprising an information transducer disposed on said
carriage for movement adjacent said storage device.

-10. A selector mechanism comprising an elongated
cable, a first plurality of pulleys carrying said cable, a
second plurality of pulleys carrying said cable, a plurality
of signal responsive actuators for effecting predetermined
relative displacements between pulleys of said first and
second pluralities thereby to selectively change the posi-
tions of opposite ends of said elongated cable relative to
one another, an information storage device, a carriage,
transducer means carried by said cable and by said car-
riage adjacent said storage device, whereby the relative
position between said storage device and said transducer
means is varied in response to signals applied to said actu-

. “ators, and -means for selectively moving said carriage in

a first reference direction, with respect to:.8aid {storage
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device said selector mechanism moving said transducer
means in a second reference direction substantially or-
thogonal to said first reference direction.

11. A selector mechanism comprising -an elongated
cable, a plurality of rotatable pulley devices carrying said

‘cable, a work piece coupled to said cable, means for apply-

ing signals which indicate whether said work piece is
to ‘be moved, and a plurality of signal responsive wrap
spring clutches eccentrically coupled to said pulley devices
respectivély such that said clutches rotate in accordance
with signals applied thereto thereby to move said cable
and said work piece as indicated by said signals.

12, The mechanism of claim 11 wherein each of said
clutches comprises a power shaft and an output shaft, a

‘spring adjacent both said power shaft and said output

shaft, ‘a ratchet, said spring being coupled at one of its
ends to said ratchet, driving means coupled to said power
shaft, and a signal responsive latch coupled to said ratchet,
whereby said latch may be selectively -actuated thereby
to éffect a power transfer from said driving means and
power shaft to said output shaft via said spring.

" 13. The ‘mechanism -of claim 12 wherein each of said
clutches-includes a further spring adjacent both said power

‘shaft. and said output shaft, said further -spring being

adapted to engage said power shaft and output shaft only
when ‘the ‘speed of rotation of -said output shaft tends to

-exceed that of said power shaft, thereby to prevent over-
-running of said output shaft.

14. The mechanism of claim 11 wherein each of said

“clutches includes a power shaft and an output shaft, and

an arm attached to the longitudinal axis of said output
shaft substantially orthogonal thereto, said pulley -devices
being coupled.-respectively to said arms at points spaced
from the longitudinal .axis of said output shaft.

15. The mechanism of claim ‘14 wherein different ones
of said pulleys are differently spaced from their respective

-output shaft whereby said work piece is-moved different
-distances in ‘response to actuation of different omes of

said clutches,

'16. In a selector mechanism, a wrap spring clutch hav-
ing a power shaft; an output shaft, and a spring for selec-
tively coupling said power shaft to said output shaft,
means for rotating said power shaft, pulse responsive
means for causing said spring to transfer the rotation of
said ‘power shaft to said output shaft, a pulley connected
to said output shaft ‘with ‘the pulley -axis at a position
displaced from the axial center of said output shaft where-
by rotation of said output shaft changes the position of
said pulley, a cable carried by said pulley, and a work
piece connected to said cable whereby changes in position
of said pulley are coupled through said cable to said
work piece thereby to change the position of said work
piece.

17. In an information storage system of the type hav-
ing a plurality of rotatable recording disks arranged in
series and adapted to be comtinuously rotated, and a
transducer device movable in a first direction with respect
to said disks to be positioned adjacent a selected one of
said disks and movable in a second direction transverse
to said first direction thereby to be positioned adjacent
a certain portion of the selected disk, the combination
therewith of a mechanism for positioning said transducer
device, said mechanism comprising a carriage; first cable
means connected to move said carriage -in said first direc-
tion, first actuator means responsive to certain input sig-
nals for producing .a ceértain displacement of said first
ceble means in said first direction, said transducer being
supporied on said carriage for movement in said second
direction, second cable means connected to said trans-
ducer for producing movement of said transducer in said
transverse direction -with respect to said carriage, and
second actuator means responsive to certain input signals
for producing a certain displacement of said second cable
meaus in said transverse direction, whereby said trans-

"ducer may ‘be .moved in said two directions.
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18. In an information storage system of the type hav-
ing a plurality of rotatable recording disks arranged in
series and adapted to be continuously rotated, and a
transducer device movable in a first direction with respsct
to said disks to be positioned adjacent a selected cne of
said disks and movable in a second direction transversed
to said first direction thereby to be positioned adjacent
a certain portion of the selected disk, the combination
therewith of a mechanism for positioning said transducer
device, said mechanism comprising a carriage, first cable
means connected to move sz2id carriage in said first direc-
tion, first actuator means responsive to certain input sig-
nals for producing a certain displacement of said first
cable means in said first direction, said transducer being
supported on said carriage for movement in said second
direction, second cable means connected to said trans-
ducer and to said carriage for producing movement of
said transducer in said transverse direction with respect
to said carriage and without regard to the position of
said carriage, and second actuator means responsive to
certain input signals for preducing a certain displacement
of said second cable means in said transverse direction.

19. In an information storage system of the type hav-
ing a plurality of rotatable recording disks arranged in
series and a transducer device movable in a first direction
with respect to said disks to be positioned adjacent a
selected one of said disks and movable in a second trans-
verse direction to be positioned adjacent a certain portion
of the selected disk, the combination therewith of a
mechanism for positioning said transducer device, said
mechanism comprising a carriage, first cable means con-
nected to move said carriage in said first direction, first
actuator means responsive to certain input signals for
producing a certain displacement of said first cable means
in said first direction, said transducer being supported on
said carriage for movement in said second direction, sec-
ond cable means connected to said transducer for pro-
ducing movement of said transducer in said transverse
direction with respect to said carriage, and second actu-
ator means responsive to certain input signals for pro-
ducing a certain displacement of said second cable means
in said transverse direction, said first and second actuator
means including different pluralities of pulleys mounted
for swinging about eccentric axes for producing various
displacements of said cables.

20. In a positioning mechanism, a first body movable
with respect to a reference, a second body mounted for
movement with said first body and with respect thereto,
resilient means for yieldably biasing said second body
toward a certain position with respect to said first body,
a cable having one portion connected to said first body
and another portion connected to said second body,
means for guiding said cable for movement in a path
having a predetermined relation to said reference, an ac-
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tuator operable on a portion of said guiding means for
selectively moving said cable thereby to move said second
body from said certain position, whereby said second
body can be selectively moved by said actuator to differ-
ent positions with respect to said first body.

21. In a positioning mechanism, a first body movable
with respect to a reference, a second body movable with
respect to said reference and to said first body, means
effecting relative motion both between each of said first
and second movablée bodies and between said second
body and said reference, said motion effecting means
comprising means for moving said first body with respect
to said reference, a cable coupled at ome of its ends to
said first body and coupled at the other of its ends to
said second body, and a plurality of actuators coupled
to said cable, each of said actuators being responsive to
a predetermined input signal for imposing a predeter-
mined displacement of said cable with respect to said
reference, each of said actuators thereby producing a
displacement of said first body with respect to said sec-
ond body of different magnitude without affecting the
position of said first body with respect to said reference.

22. The mechanism of claim 21 wherein each of said
actuators comprises a movable puiley device, and a signal
responsive clutch eccentrically coupled to said pulley
device.

23. The mechanism of claim 22 wherein each of said
clutches comprises a half-revolution wrap spring clutch.,
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