
15                                                        2106303 Device
for Dositioning objects which have a low mass The present invention relates
to a device for positioning an.object which has a low mass, especially for
positioning magnetic heads over preselected magnetic tracks on at least one
magnetic disk, which can be coupled to a 5 drive, in a memory processing
unit, in which a carriage, which is capable of being moved toward and away
from the axis of rotation of the magnetic disk, carries at least one
magnetic head, this carriage being so mounted between guide elements that
it can be displaced by a drive motor 10 longitudinally with respect to the
chassis of the unit. A positioning device of this type can be used
advantageously in any signal-storage system in which the signals are
recorded at a high track density by, for example, magnetic, electrical or
optical means. 15      U.S. Patent 3,921,933 discloses a tape transport
apparatus having two carriage assemblies, in which two pairs of cylindrical
rods are mounted on the chassis of the tape transport and serve, in
conjunction with commercially available rollers, to guide the carriages. In
20 each case the rollers are rigidly attached to the carriage and therefore
constitute part of the mass which has to be moved. A big disadvantage of
this type of carriage is that there is essentially point contact between
the cylindrical rods and the rollers, this point contact 25 leading, as a
result of the high contact pressures involved, to wear of the materials
even after only a short period of continuous operation. As a result of this
wear, metal particles can be picked up by the recording medium   



2 and cause operational disturbances. A further disadvantage *      is that
the rollers must-be mounted in a virtually play- -free manner in the axial
direction, i.e. precisely in the direction in which these rollers. exhibit
a lowload- 5 -bearing capacity, in order to keep vertical movement of the
carriage relative to the cylindrical guide rods to a. minimum. Such a
carriage assembly is unsuitable for use in head positioners for disk drives
because the vertical position of the carriage and  hence of the head
supported 10 thereon would alter by precisely-this amount of axial play.
U.S. Patent 4,161,004 discloses a head positioning mechanism in which a
carriage member, bearing the magnetic heads, is moved by means of a
capstan, which is driven by a motor, and by means of a flexible band wound
around the 15 capstan. This carriage member is mounted on a guide rod via
bushings. In operation, the bushings give rise to sliding friction, which
leads to wear of the materials. For the reasons given above, this wear also
renders this mechanism unsuitable for use in a disk drive unit, 20
especially one having flying magnetic heads. The object of the present
invention is accordingly to provide a device of the type described at the
outset in which the carriage for the magnetic heads is precisely guided-in
a virtually frictionless manner even when it is 25 subjected to
high.accelerations and decelerations, and in which carriage wear is greatly
reduced in comparison with conventional mechanisms. This object is
achieved, according to the invention, if the guide elements engage the
longitudinal edges of the  



-3- .carriage, and at least one pair of the said elements is gimbal-mounted
on the chassis of the memory processing unit. A particularly great
advantage of the design accord- 5 ing to the invention is that.a large
number of manu- facturing tolerances, e.g. those of the drive motor, the
chassis and recording disk, can be compensated for as early as the assembly
stage. In an advantageous embodiment, the carriage is 10 connected to the
drive motor via a flexible band and a rotatable cylindrical member, which
member also'serves as a support for the carriage. As a result of the very
simple design in both in- stances, the novel positioning device is
economical to 15manufacture and assemble and is distinguished by high
positioning accuracy, even at high track densities. In a further
embodiment, the guide elements consist essentially of anti-friction
bearings which are in line contact with flat guide surfaces on the
carriage. 20     In a practical embodiment, there are provided anti-
-friction bearings fixedly mounted on the chassis, and anti-friction
bearings gimbal-mounted for movement relative to the chassis.
Advantageously, the fixed anti-friction bearings are 25 in contact.with
guide surfaces which are inclined at an angle, in particular an angle of
[err], to the plane of the. carriage, and the gimbal-mounted anti-friction
bearings are in contact with horizontal guide surfaces'. This design  



- 4 - provides good stability against any tilting moments which may act on
the carriage. In a further advantageous embodiment, two spaced pairs of
fixed anti-friction bearings are provided, and a 5 gimbal-mounted pair.of
anti-friction bearings is arranged centrally between them. This design has
the advantage that the carriage is supported at three points on each of its
longitudinal sides. In order to increase the useful life of conventional 10
components, the flat guide surfaces of the guide plate can be given a
special treatment to make them hard-wearing, or provided  with a coating or
strips of low-wear material. In a further practical embodiment,  a
gimbal-mounted pair of anti-friction bearings is located on a bow-shaped 15
member which is mounted in a manner which allows it to move, relative to
the chassis of the memory processing unit, about two axes. Owing to
its'simple design, the bow-shaped member can be manufactured very simply
by, for example, injection molding and is very easy to fit, which 20 also
applies essentially to the other individual parts of a   device according
to the invention. For optimum energy utilization, the carriage, the
power-transmission mechanism and the drive motor are arranged, relative to
each other, in such a manner that the force vector, which 25 acts on the
carriage, is essentially located in the plane in which the carriage is
displaceably mounted. In a very advantageous embodiment of the novel
device,  a gimbal-mounted pair of anti-friction bearings is mounted on a-
pivotable flexure member and can thus move 



5 in the direction in which the flexure member can pivot.. In a further
economical embodiment, movement of a bow-shaped member, carryinga pair of
anti-friction bearings, in two directions is achieved, on the one hand, by
means 5 of a pin and bent-up tabs, which together form a V, and, on the
other hand,. by means of a flexure member which can only pivot in one
direction. In a further embodiment, freedom from play between a flexure
member and a bow-shaped member is ensured by 1O means of springy tabs and a
pin, the latter being pulled into the V formed by the bent-up tabs by the
prestressing of the flexure member. In practice, anti-friction bearings on
a bow-shaped member are arranged symmetrically with respect to the pin. 15
In a further advantageous embodiment, a bow-shaped. member is centrally
located between fixed bearings and a rotatable cylindrical member with a
drive band, and as a result of it being urged downwards by a prestressed
flexure member., exerts a downward force on the carriage via anti- 20
friction bearings.. If fixed anti-friction bearings are attached to a
stationary bearing carrier, and gimbal-mounted anti-friction bearings are
attached to a gimbal-mounted bow-shaped member, the bearing carrier, the
bow-shaped member and a flexure 25 member can be positioned on and jointly
fastened to a mount- ing surface on the chassis of the memory processing
unit by means of a single screw and  two locking pegs.  



-6- Surprisingy easy running of the carriage is achieved by mounting it
between anti-friction bearings, at least one pair of which is
spring-loaded. The symmetrical assembly of all the guide elements and drive
elements, 5 with respect to the direction of motion of the carriage,. also
prevents the occurrence of any kind of undesirable tilting moment, which
can result in wear and in inaccurate positioning of the scanning-heads,
even when the carriage is subjected to high accelerations and
decelerations. In. 10 addition, wear of the parts is reduced by the fact
that areas of point contact are avoided as a result of the measures
according to the invention. Further details of the invention are disclosed
in the following description of the embodiments illustrated in 15 the
accompanying drawings, in which Figure. 1 is a schematic perspective view
of a positioning device according to the invention- for magnetic heads,
with the chassis of a  memory processing unit in. section, 20      Figure 2
is. a schematic front elevation of the device of Fig. l, partly in
section., Figure 3 is a schematic perspective view of a fixed pair of
anti-friction bearings, and of a gimbal-mounted pair of anti-friction
bearings, and 25     Figure 4 shows in perspective view a variant of the
bearing arrangement of Figure 3, comprising an additional pair of fixed
anti-friction bearings. Referring first to Figs. 1 and 2, motor 23, which
is fastened to  a  chassis 4, carries on its shaft a 



- 7- cylindrical member 3 firmly held in position by means of a clamping
element 24. A flexible steel band 7 is wound around the cylindrical member
3, both ends of this band being securely fastened to the carriage 1 bearing
a 5 magnetic head assembly'2Z.'It is a big advantage that no spring means
of any kind is required'for tensioning the steel band,. which is
inextensible in the longitudinal direction, because the presence thereof
would make positioning less accurate. The carriage 1 is supported, at 10
one end, on the periphery of the cylindrical member 3 and, at the other
end, by means of anti-friction bearings 25a, 25b on a bearing carrier 2
which, in its turn, is rigidly attached to the chassis 4. A bow-.shaped
member 6 is arranged centrally between 15 the cylindrical member 3 and the
bearing carrier' 2, and presses, via anti-friction bearings 9a, 9b, on the
upper guide surfaces 15a, 15b of the carriage l. The forces applied to
either side of the carriage 1, in the direction 16, are produced by means
of a prestressed 20 flexure member S via..which the bow-shaped member 6 is
attached to the chassis 4. Moreover, the bow-shaped member 6 is.so located,
relative to the horizontal plane in which the carriage 1 is displaced, by
means of a pin 11, rotatably mounted in the V formed by tabs 12 which 25
are integral with the flexure member 5, that, when the flexure member 5
pivots in the direction indicated by arrows 13, a gimbal mounting is
obtained. The bearing carrier 2, the flexure member 5 and the bow-shaped 



member 6 can be positioned on and jointly fastened to a    mounting surface
18 of the chassis 4 by means of only one screw.19 and two locking pegs 20.
As can be seen from Fig. 3, freedom from play between the flexure member 5
and the bow-shaped member 6 in the direction of travel of the 5 carriage 1
is ensured by means of sprung tabs 14 which are arranged on either side of
the bow-shaped member, while. freedom from play at right angles to the
direction of travel of the carriage.is achieved.by.virtue of the fact that
the pin 11 is drawn into the V formed by the tabs 12 10 by the prestressing
of the flexure member 5. In a preferred embodiment of the invention, the
lateral. guide surfaces lOa, l0b of the carriage 1 are inclined at an angle
17 and supported on anti-friction bear- ings 25a,25b.'on the bearing
carrier 2, and the position of 15 the carriage 1 in the chassis 4 is
defined by this bearing arrangement. Figure'4 shows a variant of the
bearing arrangement of Fig. 3, with two fixed pairs of anti-friction
bearings 25a and 25b, and 30a and 30b, and a gimbal-mounted pair of 20
anti-friction bearings 9a and 9b located centrally between them. This
design shows that it is not absolutely necessary to use.a band, drive with
a rotatable cylindrical member, but that it is also possible to achieve an
exceptional improvement in the mounting and guidance of 2.5 the carriage,
using any type of drive mechanism, e.g. an eccentric drive or a
rack-and-pinion drive. The other parts in Figure 4 correspond to those in
Figure 3. The arrangement of the above-described pairs of 



anti-friction bearings, which can in practise be ball    -9- bearings, can
also, in principle, be reversed, with the fixed bearings on top, and the
gimbal-mounted bearings underneath, or the order in which the guide
elements are arranged in the direction in which the carriage moves can 5 be
reversed. Due to the manner in which the anti-friction bearings 9a, 9b,
25a, 25b,30a, 30b are arranged relative to the guide surfaces 15a,b ;
lOa,b, linear contact between the bearings and the carriage is achieved.,
as a result of 10 which a considerable reduction in the contact pressure
and hence a low-wear guide system' is obtained. In comparison with a
conventional positioner (values in brackets) it was possible to obtain the
following results with a positioning device according .to the present 15
invention: 1) Positioning time              1.5 m sec (3 m sec) 2) Rolling
resistance           10   pond (20 - 30 p) 3) Hysteresis
1 - 1.5 [err] (3 - 5 [err]) For 1), a magnetic disk with a track spacing of
20 100 [err] and'a'track width of 60 [err] was used. For 2), the rolling
resistance of the carriage was measured, by means of a spring balance,
while applying a force of 1 kp to the carriage,.and with the rotor of the
drive motor idling.- the rolling resistance being a 25 measure of the ease
of movement of a system. For 3), the hysteresis pertaining to movements of
the carriage backwards and forwards between two predetermined 



points was determined by position-comparators forming part of an optical
measuring apparatus. The measured value is    -10- the maximum positional
discrepancy occurring during a number of positioning operations between the
said two points. To sum up, an improvement by a factor of 2 results, .5
which means that the track density is increased, the energy requirement is
halved, and both the access time and. the positioning errors are halved. It
was also possible, *       surprisingly, to greatly reduce the tendency of
the novel positioning device to oscillate, compared with con- 10 ventional
mechanisms. While the invention has been particularly shown and described
with reference to the foregoing embodiments, it will be understood by those
skilled in the art that any similar application of the device according to
the in- 15 vention, where the speed and accuracy of a positioning mechanism
are important, and where continuously repeated, identical or similar
positioning.operations have to be carried out, or any alterations or
modifications that may become apparent to the skilled artisan are also
intended 20 to be covered by the appended claims. Accordingly, the novel
device can be used in any type of positioning system and especially in any
type of system for-recording, reproducing and storing any kind of signal,
for example video signals, data signals, audio  signals and 25 control
signals.  



CLAIMS 1.  A device for positioning an object which has a low mass in a
preselected location, in which a carriage, which supports the object,is
capable of being moved back- wards and forwards relative to the said
location and 5  is so mounted between guide elements that it can be dis-
placed by a drive motor longitudinally with respect to a chassis of the
device, wherein the guide elements engage the carriage adjacent its
longitudinal edges and  at least one pair of the said elements is
gimbal-mounted on the 10  chassis. 2.  A device for positioning at least
one magnetic head over a preselected magnetic track on a magnetic disk', in
a memory processing unit, in which a carriage, which is capable of being
moved toward and away from 15  the axis of rotation of the magnetic disk,
carries the said at least one magnetic head, this carriage being so mounted
between guide elements that it can be displaced by a drive motor
longitudinally with respect to a chassis of the unit, wherein at least two
pairs of guide elements 20  engage the carriage adjacent its longitudinal
edges and at least one pair of the said elements is gimbal-mounted on the
chassis of the memory processing unit.- 3.  A device as claimed in claim 1
or claim 2, in which the carriage is connected to the drive motor via 25. a
flexible drive band and a cylindrical member around which the band is
wrapped. 4.. A device as claimed in claim 3, in which the cylin-   



- 12 - drical member serves as a support for the carriage. 5. A device as
claimed in any preceding claim, in which the guide elements comprise
anti-friction bearings, which are in line contact with flat guide surfaces
on 5  the carriage. 6.  A device as claimed in any preceding claim, in
which said guide elements comprise a pair of anti- friction bearings
fixedly mounted on the chassis and a pair of anti-friction bearings
gimbal-mounted for move- 10. ment relative  to the chassis. 7.  A device as
claimed in claim 6, in which the fixed pair of anti-friction bearings are
in contact with guide surfaces of the carriage which are inclined at an
angle to the plane of the carriage, and the pair of 15  gimbal-mounted
anti-friction bearings are in contact with horizontal surfaces of the
carriage. 8.  A device as claimed in claim 7, in which said angle is [err].
9.  A device as claimed in any preceding claim, 20  in which the guide
elements comprise two spaced-apart pairs of fixed anti-friction bearings
and a pair of gimbal- mounted anti-friction bearings arranged centrally
between them. 10.  A device as claimed in any preceding claim, 25  in which
the surfaces of the carriage contacted by the pairs of guide elements are
provided with low-wear surfaces. 11.  A device as claimed in any preceding
claim, in which the gimbal-mounted pair of guide elements is   



-13- mounted on a bow-shaped member which is supported in a manner which
permits it to move, relative to the chassis about two axes. .12.  A device
as claimed in any preceding claim, 5 in which the carriage, the drive motor
and a power-trans- mission mechanism linking the drive motor and the
carriage are arranged, relative to each other, in such a manner that the
force vector, which acts on the carriage, is essentially located in the
plane in which the carriage 10  is displaceably mounted. 13.: A device as
claimed in any preceding claim, in which the gimbal-mounted pair of guide
elements is mounted on a pivotable -flexure member for movement in the
direction in-which the flexure member can.pivot. 15       14.  A device as
claimed in claim 11, in which move- ment of the bow-shaped member about two
axes. is achieved, on the one hand, by means of a pin and bent-up tabs,
which together form a V, and, on the other hand, by means of a flexure
member which can only pivot in one direction. 20       15.  A device as
claimed in claim 14, in which freedom from play between the flexure member
and the bow-shaped member is ensured by means of springy tabs and the pin,
the latter being pulled into the V formed by the bent- up tabs by the
prestressing of the flexure member. 25       16.  A device as claimed in
claim 15, in which anti- friction bearings on the bow-shaped member are
arranged symmetrically with respect to the pin. 17.  A device as claimed in
claims 4 and 15, in   



- 14 - which the bow-shaped member is arranged centrally between the fixed
bearings and the rotatable cylindrical member with the drive band, and
exerts a downward force on the carriage via the anti-friction bearings,as a
result 5 of it being urged downwards by the prestressed flexure member. 18.
A device as claimed in claim 13, in which a pair of fixed guide elements is
attached to a stationary bearing carrier, and the pair of gimbal-mounted
guide 10' elements is attached to a gimbal-mounted bow-shaped member, the
bearing carrier, the bow-shaped member and the flexure member being
positioned on and jointly attached to a mounting surface on the chassis by
means of a single screw and two locking pegs. 15      19.  A magnetic head
positioning device substantially as hereinbefore described with reference
to, and as illu- strated in, Figures 1 and 2 of the accompanying drawings
or Figures 1 and 2 as modified by Figure 4..    


