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tracks during recording and/or playback oper- ation, it is imperative that
the video information This invention relates generally to improve-     disc
be rotatably driven about an accurate and ments in video recorder-playback
machines, and     consistent axis of rotation to avoid substantial more
specifically, to an improved rotatable drive    5    radial eccentricities.
spindle assembly for smooth relatively high          In the prior art, a
variety of drive spindle speed rotation of a video information disc in a
assemblies have been proposed for rotatably video recorder-playback
machine.                   driving the video information disc. However,
Video recorder-playback machines in general      many of these prior art
proposals involve so- are known in the art and include appropriate   10
called direct drive arrangements wherein a rotat- means for recording
and/or playing back a video    able spindle carrying the disc is rotatably
driven information signal utilizing a selected medium for  through a
mechanical connection by a high speed storage of the signal. For example,
in one type of  drive motor. These direct drive arrangements machine, the
video signal is recorded mag-        tend to impart undesired system
vibrations from netically for storage and/or retrieval upon a length   is
the motor to the spindle to cause relatively slight of so-called video
tape. In another type of system,  radial excursions of the spindle during
rotation the video signal is recorded upon an information   which in  turn
frequently results in cross talk disc for retrieval by means of a stylus,
in a manner  during operation of the machine. Some attempts generally
analogous to that of sound reproduc-     have been made to isolate the
spindle from this tion from phonographic records. In still another   20
system vibration by supporting a generally trun- type of system, the video
signal is used to        cated and inverted conical journal in a comple-
frequency modulate a beam of amplified light,      mentary conically-shaped
spindle housing within such as a laser beam, with sufficient power for    a
vacuum chamber with a hydraulic fluid being physically altering the surface
characteristics of a  supplied under pressure to the bearing interface.
light sensitive coating on a video information disc   25   The necessity of
operating the turntable in a and thereby record the signal upon the disc.
vacuum atmosphere in order to provide a flutter- During playback, a lower
power light beam is      free and constant rotational velocity is extremely
reflected from the disc and the resulting signal is  expensive and
complicated (GB-A-1420 322). demodulated to reproduce the recorded signal.
In     US-A-3 201 181 describes a hydrostatic bear- all of these types of
systems, the video informa-   30   ing comprising a base with a concave
region tion signal can be combined with an appropriate    where the fluid
lubricant forms a fluid film which audio signal for either recording or
playback      supports a volutable sphere. In order to prevent purposes to
yield a composite audio-video signal   "bleeding off" on the fluid
lubricant an annular of the type commonly used for television trans-
block is secured to the base providing stepped missions and the like. For
convenience, however,   35   conformation within the bearing cavity. By
select- the signal will be referred to herein as a video   ing shims
disposed between the base and the information signal.
annular block of greater or lesser thickness the Video recorder-playback
machines utilizing       extent of the stepped conformation can be varied.
amplified light beams for recording and playback   An embodiment without a
stepped conformation purposes offer significant advantages in that all  40
comprises an annular recess between the base physical contact of the
recording and playback     and the annular block which communicates with
elements with the storage medium, namely, the      an annular plenum
chamber. information disc, is avoided. This prevents wear     From US-A--36
06 501 it is known to provide a and deterioration of the machine elements
and      plurality of peripherally spaced recesses within a the disc,
resulting in a high quality stored video   45   frusto-conically shaped
bearing assembly and signal which can be played back repeatedly over a
which form plenum chambers and restrict the long period of time with
unimpaired video resolu-  effective bearing surfaces to very narrow
strip-like tion.                                              areas. This
reference also describes an annular In video recorder-playback machines
using        flange which is located adjacent to the endpart of amplified
light beams for signal recording and    50   the frusto-conical bearing
assembly and of which playback, the recording and playback optical       a
side face forms a thrust face by acting against beams are focused upon the
video information       an annular thrust plate (Fig. 11). disc by a
focusing lens which traverses the span    In  US-A-3 751 044  a  record
player is of the disc in a radial direction simultaneously   described the
journal of the spindle shaft is with relatively high speed rotation of the
disc. In  55   positioned in a spindle housing having a radial this manner,
a spiral pattern of closely spaced    bearing and a thrust bearing
supporting the jour- tracks is formed on the disc to represent the video
nal. The radial bearing is a static air bearing in information. For maximum
storage capacity for      which air is fed from an air supply source.
Besides each disc, together with maximum signal resolu-   the air bearing a
thrust bearing is needed in order tion, the information tracks are formed
to have a    60   to support the journal. This bearing does not narrow
width such as on the order of about 0.5    function properly without the
thrust bearing in microns, and  the  center-to-center spacing       form of
a ball thrust bearing in order to limit the between radially adjacent
tracks in the spiralling  vertical displacement of the journal. pattern is
on the order of about 1.5 microns.       From FR-A-2 278 128 it is known to
have a Accordingly, to prevent cross talk between the   as   plurality of
vertically spaced positions within the 2 



3                  0 050 368                       4 bearing for
communicating a substantially con-     whereby the air under pressure is
supplied annu- stant and annularly uniform flow of air under     larly to
the interface between the journal and the pressure to the bearing
interface.                 housing bearing surface at a plurality of
vertically JP-A-54-151004 equivalent to US-A--4256312         spaced
locations along the height of the spindle discloses an air distribution
conduit system with    5    assembly for smooth, accurate rotation of the
tap lines formed in the housing for directing air  journal on a cushion of
air. under pressure through flow director means          The spindle
housing is fixed to a base ring formed in the housing between the conical
bear-    which in turn suitably anchors the spindle ing surfaces.
assembly upon the recorder-playback machine. A It is an object of the
invention to overcome the    10  thrust plate is desirably secured to the
lower problems and disadvantages of the prior art by     extent of the
journal for rotation therewith in providing a spindle assembly which is
simple in   running engagement with the lower face of the design and
assembly as well as consistently        base ring in order to provide a
bearing surface to smooth running without significant vibration and
accommodate axially upwardly directed thrust wear.
75  loads. A portion of the pressurized air is com- The solution according
to the invention is       municated to the interface between the thrust
stated in Claim 1.                                 plate and the base ring
to provide a cushion of air Accordingly, a spindle assembly is provided for
therebetween. rotatably supporting and driving a video informa-    The
disclosure of the present description over- tion disc in a video
recorder-playback machine.   20   laps with the disclosure of the
co-pending EP The spindle assembly supports the information      divisional
applications 85 111 046.1 (EP-A- disc for relatively high speed rotation,
such as on  0 182 021) and 86 111 858.6 (EP-A-0 213 603). the order of
about 1800 rpm, with little or no       Other features and advantages of
the present radial eccentricities during rotation. In this    invention
will become apparent from the follow- manner, the spindle assembly
accurately and pre-   25   ing detailed description, taken in conjunction
with cisely drives the information disc for consistently  the accompanying
drawings which illustrate by accurate recording  and  playback of video
way of example the principles of the invention. information within the
narrowly spaced informa-     The accompanying drawings illustrate the tion
tracks on the disc, without signal cross talk.  invention. In such
drawings: Moreover, the spindle assembly is substantially   30  Fig. 1 is a
fragmented perspective view illus- friction free during rotation resulting
in little or no  trating, in partially exploded form, a video vibration or
wear of components.                   recorder-playback machine; The
spindle assembly comprises a vertically        Fig. 2 is an enlarged
perspective view, partially extending spindle shaft having a lower end
rota-   exploded, of the spindle assembly of this inven- tionally driven by
a relatively high speed dc   35   tion; motor. The spindle shaft extends
upwardly to         Fig. 3 is an enlarged perspective view in define an
upper portion including an upwardly      exploded form illustrating
assembly of the spin- presented shoulder for vertically supporting a
dle assembly of Fig. 2; video information disc and an upwardly pro-
Fig. 4 is an enlarged fragmented elevation view jecting stud for reception
through a central open-   40   of the spindle assembly, with portions
broken ing in the disc for locating the disc upon the     away; spindle
shaft. If desired, clamping means can be     Fig. 5 is an enlarged vertical
section taken on provided for locking engagement with the stud     the line
5-5 of Fig. 4; and and clamping engagement with the disc for
Fig. 6 is an enlarged vertical section taken on centering the disc upon the
stud.            45   the line 6-6 of Fig. 4. The spindle shaft also
includes an intermediate    As shown in the exemplary drawings, the portion
comprising a rotatable journal having an   present invention is embodied in
a video inverted truncated conical shape. This journal is
recorder-playback machine 10 having suitable supported for rotation within
a generally comple-  optical and electronic elements for recording and
mentary-shaped spindle housing.              so   playback of video
information from  a video Thus, the journal provides a relatively large
information disc 14. The information disc 14 is bearing surface for
supporting the spindle shaft  removably supported within the machine upon a
against radial loads which could result in radial  spindle assembly 18 for
controlled and accurate eccentricities during high speed rotation, and
high speed rotation of the disc during the against downward axial thrust
loads.         55   recording and playback operations. A clamp The spindle
housing includes an inlet passage    assembly 20 operates to clamp the disc
14 in a for communication of air under pressure to the     precisely
centered position upon the spindle interface between the journal and the
bearing      assembly 18 for accurate, high speed disc rotation surface of
the spindle housing. More specifically,  without slippage. appropriate
vertically formed air passages in the   60  The  machine  10, including
the  spindle spindle housing sections communicate the pres-     assembly 18
of this invention, comprises an surized air without orificing to annular
slots    improvement over the prior art in that the spindle formed
vertically adjacent the shims. The shims    assembly 18 is designed for
consistent and 



include radially inwardly open notches in pres-   accurate rotation of the
information disc 14 with sure communication with the annular slot   65
respect to the vertical axis of the spindle 3    5                   0 050
368                        6 assembly at a relatively high rotational speed
trated, this push block 46 is secured to an upright without substantial
radial eccentricities. The       wall 44 of the optics carriage 30. spindle
assembly 18 is relatively simple in design    The lead screw 48 is oriented
in a direction and assembly, and is consistently smooth run-
parallel with the required radial direction of ning without significant
vibration or undue wear    5    movement of the optics carriage 30. A
relatively of components. The spindle assembly 18 is thus       slow speed
reversible motor 56 and a relatively uniquely adapted for use in a video
recorder-        high speed reversible motor 58 are connected to playback
machine 10 wherein consistent and          the lead screw 48 through a
selective clutch unit accurate rotation of an information disc 14 is a
60, and this clutch unit is operated to control prerequisite to avoid cross
talk between informa-   10   driving of the lead screw 48 about its own
axis tion tracks on the disc.                             either at a
relatively slow or relatively fast speed As shown in Fig. 1, the video
recorder-play-       of rotation. back machine 10 includes a machine base
or a          As illustrated in Fig. 1, the optics carriage 30 is table 12
which provides support for a relatively     driven by the lead screw 48 in
a radially outward high power laser generator unit 16, such as an    15
direction with respect to the disc 14 whenever argon ion laser, for use in
recording a prescribed  the lead screw 48 is rotated to cause the lead
video information signal upon the disc 14. The       screw nut 52 to push
against the push block 46. high power laser generator unit 16 emits a
highly    When the lead screw is rotated in an opposite amplified
collimated beam of light for redirection   direction, the lead screw nut 52
travels along the by a suitable mirror assembly 22 to an elec-   20   screw
in an opposite direction. To assure that the tronically driven modulator
24. The modulator 24     optics carriage 30 follows in the opposite, or is
driven by a suitable frequency modulated elec-    radially inward
direction, the carriage 30 is tronic signal supplied via an input lead 26
secured by pins 62 to a linear slide member 64 wherein the electronic
signal is representative of   which is urged in the radially inward
direction the desired video information. The modulator 24   25   with
respect to the disc 14 by a constant tension responds to the electronic
signal to interrupt       band spring 66 wound about a barrel 68 secured
appropriately the amplified beam of light to pass    to the frame 40. The
slide member 64 is slidably a correspondingly  modulated  optical signal
mounted on a linear track member 70 secured to beam. This resultant optical
signal beam is there-   the frame 40 and adapted to accommodate linear fore
representative of the prescribed video    30    movement of the optics
carriage 30 in both the information. Conveniently, in many instances,
radially inward and the radially outward direc- the electronic signal
comprises a composite          tions. audio-video signal of the type
commonly used in       The video information disc 14 is received upon
television transmissions and which, when sup-        the spindle assembly
18 of this invention for plied to the modulator 24, yields an optical
signal   35   relatively high speed rotation of the disc about beam
representative of the composite audio and      the vertical axis of the
spindle assembly 18, as video information. However, for sake of clarity
will be described herein in more detail. This and ease of description, all
further reference      rotation of the disc occurs simultaneously with
herein will be to video information.                 linear movement of the
optics carriage 30 in . The modulated optical signal beam is incident   40
response to operation of the carriage drive upon a second mirror assembly
28 for re-             assembly 38. Thus, in operation, the optical
direction to a mobile optics carriage 30. This       signal beam is focused
upon the underside of the optics carriage 30 includes an angularly disposed
video information disc 14 by the radially travers- dichroic mirror 32 for
reflection of the optical     ing record-playback head 34 on the optics
signal beam in an upward direction for passage    45   carriage 30
simultaneously with high speed rota- through an optical record-playback
head 34. The      tion of the disc. By appropriately controlling the
record-playback head 34 carries an objective lens    relationship between
radial traversal and rota- assembly 36 for focusing the optical signal beam
tional speed, the optical signal beam is focused to a precise spot on the
underside of the video      upon the disc along a spiraling pattern of
closely information disc 14.                           50   spaced tracks.
Importantly, the disc 14 includes a The optics carriage 30 is movably
positioned       photosensitive coating, such as a layer of thin by a
carriage drive assembly 38 along a path in a    metal or a photoresist
material, adapted to be radial direction with respect to the disc 14. In
this  physically altered by the high power optical manner, the
record-playback head 34 is movably      signal beam whereby the optical
signal beam is positioned with respect to the disc 14 along a    55
physically recorded upon the disc as a pattern of radius of the disc to
control the point of focusing  discontinuities representative of the
prescribed of the optical signal beam upon the disc. The        video
information. In practice, the disc is rotated carriage drive assembly 38
comprises a precision     at a speed on the order of about 1800 rpm, and
lead screw 48 supported for rotation by a bracket   the closely spaced
tracks are formed to have a 50 which can be secured to a frame 40 and to
the    60   width on the order of about 0.5 microns and a 



machine table 12 by a plurality of bolts 42. The    center-to-center
spacing of about 1.5 microns. lead screw 48 threadably receives a lead
screw        The clamp assembly 20 is provided for clamp- nut 52 coupled
via a nonrotational coupling indi-   ing the video information disc 14
securely upon cated at 54 to a sleeve-type push block 46           the
spindle assembly 18 for accommodating the received freely about the lead
screw 48. As illus-   65   high speed rotation of the disc without
slippage. 4    7                  0 050 368                       8
Importantly, however, the clamp assembly also     frictional resistance and
minimum  vibration includes means for centering the disc upon the
between the motor 75 and the shaft 72. spindle assembly for accurate high
speed rotation   The lower end 73 of the shaft 72 merges ofthe disc without
substantial radial eccentricities  upwardly into a journal 77 having a
generally with respect to the spindle assembly.        5    inverted and
truncated conical shape for sup- As illustrated in Fig. 1, a relatively low
power  portive engagement with the spindle housing 78. laser generator unit
80, such as a helium-neon    This journal 77 in turn is shaped to define an
up- laser, is mounted directly upon the optics carriage  wardly presented
annular shoulder 74 for ver- 30 for use in retrieving or playing back the
tically supporting the information disc 14. An recorded video information
from the disc 14. This   10   upper stud 76 projects upwardly from the
journal low power laser generator unit 80 emits an        77 coaxially with
the vertical axis 71 and is receiv- amplified and collimated beam of light
for reflec-  able through the central opening 15 of the tion off the disc
14 whereby the reflected optical  information disc 14 for locating the disc
upon the beam comprises a modulated playback beam          spindle
assembly. As illustrated in Figs. 1 and 2, which is alternately reflected
and nonreflected in   15  this stud 76 is adapted for cooperation with the
accordance with the recorded video information.   clamp assembly 20 for
centering and clamping This modulated playback beam is of sufficiently
the disc in position. low power to avoid physical alteration of the
The journal 77 of the spindle shaft 72 includes photosensitive coating on
the disc 14.             at its lower end an axially and downwardly The
amplified beam of light from the low power   20   presented shoulder 88.
From the shoulder 88, the laser generator unit 80 is redirected by a
suitable  journal 77 extends upwardly and radially expands mirror assembly
82 on the optics carriage 30 for   continuously over its height to define
the trun- appropriate incidence upon an angularly oriented   cated inverted
conical shape. This conical journal mirror 84 which reflects the beam
upwardly        77 is received within the spindle housing 78 which through
the dichroic mirror 32 for focusing upon   25   includes a radially
inwardly presented bearing the disc 14 by the record-playback head 34. The
surface 90 of a truncated conical configuration. reflected modulated
playback beam is returned      Importantly, this housing bearing surface 90
is through the head 34 and by the mirror 84 to       formed to correspond
matingly with the journal appropriate optical and electronic components 86
77 whereby the journal 77 is supported within the for demodulating the
playback beam to the form    30   housing 78 for accurate rotation about
the vertical of an electronic signal representative of the pre-  axis 71.
Importantly, the relative conical shapes of scribed video information. This
electronic signal  the journal 77 and the bearing surface 90 enable can be
supplied to an appropriate video display    the journal to accommodate both
radial loads and device, such as a television receiver, for playback
downwardly directed axial thrust loads during of the recorded video
information. Importantly,   35   operation. Moreover, the major portion of
the playback can occur independent of the recording    bearing surface area
of the journal 77, namely, the function or substantially simultaneously
with the  larger diameter upper portion of the journal, is recording
function to serve as a check of the      located at the top of the journal
adjacent the recording resolution.                              major
portion of the load to be supported by the The spindle assembly 18 of this
invention is   40   journal, namely, the information disc 14 on the
provided for supporting the information disc 14    stud 76. for rotation
about a precise vertical axis without  As shown best in Fig. 4, the spindle
housing 78 significant radial eccentricities so as to allow   is formed by
a vertical stack of a plurality of accurate rotation of the disc with
respect to the  housing sections, with three sections 92, 94, and
record-playback head 34. The spindle assembly   45   96 being illustrated
in the drawing. These sections 18 thus maintains the proper position of the
disc  all include a radially inwardly presented bearing during rotation
with respect to the optical beams  surface formed coaxially with the
vertical axis 71 for precision recording and playback without       of
spindle shaft rotation, and which, together with cross talk between the
closely spaced tracks.     the corresponding bearing surfaces of the other
The spindle assembly 18 is shown in detail in   50   housing sections,
combine to define the conical Figs. 2-6, and comprises a vertically
extending    bearing surface 90 for supporting the journal 77. spindle
shaft 72 supported for rotation about a    Importantly, upper and lower
ones 92 and 96 of precise vertical axis 71 within a complementary-  the
housing sections are respectively secured to shaped spindle housing 78. The
spindle shaft 72 is  the intermediate housing section 94 by a plurality
formed from a unitary piece of stainless steel or   55   of bolts 91 and
93. the like, and is shaped to include a rod-shaped     A thin disc-shaped
shim  98 is interposed lower end 73 sized and shaped for reception
between the upper and intermediate housing 



downwardly into an electric drive motor 75 for     sections 92 and 94, and
another thin disc-shaped driving the spindle shaft 72 at a relatively high
shim 100 is interposed between the intermediate rotational speed on the
order of about 1800 rpm.   60   and lower housing sections 94 and 96. These
This drive motor 75 comprises a high speed dc      shims 98 and 100 are
appropriately sized and motor for applying a rotational torque to the
shaped to adjust the elevational positions lower end 73 of the shaft 72
without physical      between their respective housing sections so as
contact with the shaft. In this manner, the shaft is  to yield close
conformance of the housing bearing driven at the high rotational speed with
minimum    65   surfaces 90 with the shape of the journal 77. Thus, 5    9
0  050 368                       10 accurate and constant rotation of the
journal 77        The spindle assembly 18 of this invention thus about the
vertical axis 71 is assured.                provides a relatively simple
and thereby relatively Pressurized air is communicated to the bearing
inexpensive assembly for accurately supporting a interface between the
journal 77 and the housing      video information disc for accurate and
smooth- bearing surface 90 for smoothly supporting the    5    running
rotation about a precise vertical axis. The journal for rotation upon a
cushion of air. More      rotation of the spindle assembly is substantially
specifically, as illustrated in Figs. 4-6, the inter-  friction free so as
to isolate the information disc mediate housing section 94 includes a
radially pro-   from machine and/or system vibrations which can jecting air
inlet port 102 for suitable coupling to a  otherwise create cross talk when
the machine is supply(notshown)ofairunderpressure.This inlet   10
operated in recording or playback modes. port 102 supplies the air to an
open flow riser 104     The conical journal 77 rides on an air bearing
extending the height of the intermediate housing      surface to
accommodate radial loads and axially section 94. Thisflowpath in turn
openlycommuni-       downward thrust loads, and the thrust plate 120 cates
without orificing with an upwardly open         rides on an air bearing
surface to accommodate slotted annular recess or flow path 106 atthe upper
15   axially upward thrust loads. The pressurized air end of the section
94, and with a downwardly open     forming the air bearings is supplied
without slotted annular recess or flow path 108 at the lower  throttling or
orificing through a plurality of internal end of the section 94.
flow  paths and the slotted annular recesses As shown in Figs. 5 and 6, the
two slotted          formed within the spindle housing directly to the
recesses 106 and 108 are annularly positioned for   20   appropriate
bearing surface. Importantly, the lack open flow communication with a
plurality of           of orificing of the air prior to supply to the
bearing radially Inwardly open notches 110 and 112            surface
yields substantially uniform air flow to all formed respectively in the
adjacent shims 98 and      of the bearing surfaces to result in smooth
vibra- 100. These notches 110 and 112 in the shims           tion free
spindle shaft rotation. provide a plurality of flow paths for the air under
25 pressurefrom the associated recesses 106 and 108      Claims in a
radially inward direction into direct com- munication with the interface
between the journal       1. A spindle assembly for supporting a disc (14)
77 and the housing bearing surface 90. Thus, the      for rotation,
comprising: a spindle shaft (72) pressurized air is supplied to the
journal-bearing    30   including a generally truncated and inverted coni-
surface interfacesubstantially uniformly aboutthe     cal journal (77)
having an axis and defining an journal and at a plurality of vertically
spaced       upwardly presented shoulder (74) for vertically locations
along the height of the journal. Impor-     supporting a disc (14), and a
stud projecting tantly, to escape from the spindle assembly, this
upwardly from said shoulder along the axis of said pressurized air is
required to flow upwardly and    35   journal for reception through a
central opening downwardly along this interface whereby the
formed in a disc (14) being supported; a spindle journal is rotatably
supported during operation by    housing (78) defining a radially inwardly
directed an annular and continuous film of air.                bearing
surface (90) of generally truncated conical The lower housing section 96 of
the spindle         shape for complementary and supporting recep- housing
78 includes a lower annular and recessed    40   tion of said journal for
rotation of said journal shoulder 114 for reception of a base ring 116. As
about a vertical axis, the journal and bearing shown, this base ring 116 is
secured to the lower     surface cooperating to define a conical bearing
housing section 96 by the bolts 93, and is in turn   interface, said
housing having passage means secured to the machine table 12 by a plurality
of     formed therein; and characterized in that: said bolts 118. In this
manner, the spindle assembly 18    45    passage means includes an air
inlet port (102), an is securely fixed in position upon the machine.
open flow riser (104) provided in said housing and A lower cylindrical
thrust plate 120 is provided    arranged extending generally vertically in
flow for accommodating vertically upward thrust loads      communication
from said air inlet port (102), and upon operation of the spindle assembly
18. More       at least one axially presented air channel means
specifically, this thrust plate 120 is secured to the    50   (106,108)
formed in said housing (78) in open com- downwardly presented shoulder 88
of the journal       munication with said riser (104); that flow director
by a plurality of screws 122, preferably with an      means are formed in
said housing (78) for direct- appropriately sized shim 124 interposed
between      ing air under pressure within at least one said the shoulder
88 and the thrust plate 120. This        axially presented air channel
means (106, 108) to 



thrust plate is sized to include an upper bearing    55   flow in a
plurality of flow paths (110) substantially surface in running engagement
with the underside          uniformly and annularly to said conical bearing
of the base ring 116. Conveniently, as illustrated in  interface; and that
said spindle housing (78) Fig. 4, pressurized air is supplied to this
bearing   includes an axially downwardly presented bearing interface via a
flow path 126 in the lower housing    surface (116); and further including
a cylindrical section 96 in alignment with the flow riser 104 in   60
thrust plate (120) secured to the lower end (88) of the intermediate
housing section 94. This lower       said spindle shaft (72) for axially
bearing engage- flow path 126 suppliesa portion of the compressed     ment
with said axially downwardly presented air to an annular slot 128 which
communicates via     bearing surface (116) on said housing. an annular
leakage path 130 with the interface          2. The spindle assembly of
Claim 1, charac- between the thrust plate 120 and the base ring 116.   65
terized in that said passage means formed in said 6    9
0 050 368                        10 accurate and constant rotation of the
journal 77        The spindle assembly 18 of this invention thus about the
vertical axis 71 is assured.                provides a relatively simple
and thereby relatively Pressurized air is communicated to the bearing
inexpensive assembly for accurately supporting a interface between the
journal 77 and the housing      video information disc for accurate and
smooth- bearing surface 90 for smoothly supporting the    5    running
rotation about a precise vertical axis. The journal for rotation upon a
cushion of air. More      rotation of the spindle assembly is substantially
specifically, as illustrated in Figs. 4-6, the inter-  friction free so as
to isolate the information disc mediate housing section 94 includes a
radially pro-   from machine and/or system vibrations which can jecting air
inlet port 102 for suitable coupling to a  otherwise create cross talk when
the machine is supply (not shown) of air under pressure. This inlet   10
operated in recording or playback modes. port 102 supplies the air to an
open flow riser 104     The conical journal 77 rides on an air bearing
extending the height of the intermediate housing      surface to
accommodate radial loads and axially section 94. This flow path in turn
openly communi-    downward thrust loads, and the thrust plate 120 cates
without orificing with an upwardly open         rides on an air bearing
surface to accommodate slotted annular recess or flow path 106 at the upper
15   axially upward thrust loads. The pressurized air end of the section
94, and with a downwardly open     forming the air bearings is supplied
without slotted annular recess or flow path 108 at the lower  throttling or
orificing through a plurality of internal end of the section 94.
flow  paths and the slotted annular recesses As shown in Figs. 5 and 6, the
two slotted          formed within the spindle housing directly to the
recesses 106 and 108 are annularly positioned for   20    appropriate
bearing surface. Importantly, the lack open flow communication with a
plurality of           of orificing of the air prior to supply to the
bearing radially inwardly open notches 110 and 112            surface
yields substantially uniform air flow to all formed respectively in the
adjacent shims 98 and      of the bearing surfaces to result in smooth
vibra- 100. These notches 110 and 112 in the shims           tion free
spindle shaft rotation. provide a plurality of flow paths for the air under
25 pressurefrom the associated recesses 106 and 108      Claims in a
radially inward direction into direct com- munication with the interface
between the journal       1. A spindle assembly for supporting a disc (14)
77 and the housing bearing surface 90. Thus, the      for rotation,
comprising; a spindle shaft (72) pressurized air is supplied to the
journal-bearing    30   including a generally truncated and inverted coni-
surface interface substantially uniformly about the   cal journal (77)
having an axis and defining an journal and at a plurality of vertically
spaced       upwardly presented shoulder (74) for vertically locations
along the height of the journal. Impor-     supporting a disc (14), and a
stud projecting tantly, to escape from the spindle assembly, this
upwardly from said shoulder along the axis of said pressurized air is
required to flow upwardly and    35   journal for reception through a
central opening downwardly along this interface whereby the
formed in a disc (14) being supported; a spindle journal is rotatably
supported during operation by    housing (78) defining a radially inwardly
directed an annular and continuous film of air.                bearing
surface (90) of generally truncated conical The lower housing section 96 of
the spindle         shape for complementary and supporting recep- housing
78 includes a lower annular and recessed    40   tion of said journal for
rotation of said journal shoulder 114 for reception of a base ring 116. As
about a vertical axis, the journal and bearing shown, this base ring 116 is
secured to the lower     surface cooperating to define a conical bearing
housing section 96 by the bolts 93, and is in turn    interface, said
housing having passage means secured to the machine table 12 by a plurality
of     formed therein; and characterized in that: said bolts 118. In this
manner, the spindle assembly 18    45    passage means includes an air
inlet port (102), an is securely fixed in position upon the machine.
open flow riser (104) provided in said housing and A lower cylindrical
thrust plate 120 is provided    arranged extending generally vertically in
flow for accommodating vertically upward thrust loads      communication
from said air inlet port (102), and upon operation of the spindle assembly
18. More       at least one axially presented air channel means
specifically, this thrust plate 120 is secured to the    50   (106,
108)formed in saidhousing (78) in open com- downwardly presented shoulder
88 of the journal       munication with said riser (104); that flow
director 



by a plurality of screws 122, preferably with an      means are formed in
said housing (78) for direct- appropriately sized shim 124 interposed
between       ing air under pressure within at least one said the shoulder
88 and the thrust plate 120. This        axially presented air channel
means (106, 108) to thrust plate is sized to include an upper bearing    55
flow in a plurality of flow paths (110) substantially surface in running
engagement with the underside      uniformly and annularly to said conical
bearing of the base ring 116. Conveniently, as illustrated in  interface;
and that said spindle housing (78) Fig. 4, pressurized air is supplied to
this bearing   includes an axially downwardly presented bearing interface
via a flow path 126 in the lower housing    surface (116); and further
including a cylindrical section 96 in alignment with the flow riser 104 in
60   thrust plate (120) secured to the lower end (88) of the intermediate
housing section 94. This lower       said spindle shaft (72) for axially
bearing engage- flow path 126 supplies a portion of the compressed    ment
with said axially downwardly presented airto an annularslot 128 which
communicates via       bearing surface (116) on said housing. an annular
leakage path 130 with the interface          2. The spindle assembly of
Claim 1, charac- between thethrustplate 120 and the base ring 116.   65
terized in that said passage means formed in said 6    11
0 050 368                       12 spindle housing (78) includes more than
one said    wesentlichen gleichmalBig uber den Umfang in air channel means
(106, 108) which are axially      die konische Lagergrenzschicht zu leiten;
displaced with respect to each other, and said       - dall das Gehause
(78) eine axial nach unten flow director means further couples air along a
ausgerichtete Lagerfliche (116) umfaBt; plurality of paths (112) between
said axially dis-    5  - und daB esine an dem unteren Ende (88) der placed
air channel means (106, 108) to said         Spindelwelle (72) befestigte
zylindrische Druck- conical bearing interface.
platte (120) mit der Lagerfliche (116) als Axial- 3. The spindle assembly
of Claim 1, charac-       drucklager zusammenwirkt. terized in that: said
spindle shaft (72) further      2. Spindelanordnung  nach  Anspruch  1,
includes a lower shaft portion (73) projecting    10   dadurch
gekennzeichnet, downwardly from said journal (77) along the axis     - daB
die DurchlaSkanale im Wellengehause of said journal (71), and including
motor means     (78) mehr als einen Luftkanal (106, 108) umfas- (75) in
association with said lower shaft portion   sen, wobei die Luftkanale axial
gegeneinander (73) for rotatably driving said spindle shaft.      versetzt
sind, 4. The spindle assembly of Claim 1, charac-   15    - und daB die
Stromungsleitvorrichtungen terized in that: said passage means (102, 104,
Luft entlang einer Vielzahl von Str6mungswegen 106, 108) includes means
(128, 130) for com-        (112) zwischen den axial gegeneinander ver-
municating a substantially constant and annu-       setzten Luftkanilen
(106, 108) in die konische larly uniform flow of air under pressure to the
Lagergrenzschicht einleiten. bearing interface between said thrust plate
(120)   20  3. Spindelanordnung  nach  Anspruch  1, and said axially
downwardly presented bearing       dadurch gekennzeichnet, surface (116) on
said housing.                        -daB die Spindelwelle mit einer
unteren 5. The spindle assembly of Claim 1, charac-       schaftartigen
Verlingerung (73) versehen ist, terized in that said inlet port (102), said
riser   welche vom Wellenzapfen (77) aus entlang der (104), and said air
channel means (106, 108) are   25    Drehachse (71) verlauft und daB die
schaftartige formed for flow of air under pressure without
Verlangerung (73) mit Antriebseinrichtungen (75) orificing.
zusammenwirkt, um die Spindelwelle zu drehen. 4. Spindelanordnung nach
Anspruch 1, Patntanspriche                                      dadurch
gekennzeichnet, 30     -daB die Durchlal3kanile (102, 104, 106, 108) 1.
Spindelanordnung zur Halterung einer zu        mit Luftfuhrungsschlitzen
(128, 130) verbunden drehenden Scheibe (14), bestehend aus:
sind, um  einen im  wesentlichen konstanten, einer Spindelwelle (72) mit
einem  auf dem        gleichmiaig ringformigen Luftstrom unter Druck Kopf
stehenden, eine Mittelachse umfassenden        der Lagerflache zwischen der
Druckplatte (120) kegelstumpfformigen Wellenzapfen (77), der eine   35
und der nach unten ausgerichteten Lagerflache nach oben gerichtete Schulter
(74) zur vertikalen   (116) zuzufuhren. Abstutzung der Scheibe (14) tragt;
5. Spindelanordnung  nach  Anspruch  1, einem nach oben Ober die Schulter
l1ngs der       dadurch gekennzeichnet, Achse des Wellenzapfens
vorstehenden Zapfen-          -dal  der LufteinlaB (102), der aufsteigende
stummel, der durch ein zentrisches Loch in'der   40   Stromungskanal (104)
und die Luftkanale (106, abzustutzenden Scheibe (14) verlauft;
108) derart ausgestaltet sind, dal sie unter Druck einem Wellengehause (78)
mit einer ebenfalls      stehende Luft ohne Dusenwirkung ubertragen.
kegelstumpfformigen inneren Lagerflache (90), welche komplementar zum
Wellenzapfen verlauft       Revendications und den Wellenzapfen in um die
vertikale Achse   45 drehbarer Lagerung aufnimmt, wobei zwischen
1. Broche d'entratnement pour supporter un Wellenzapfen und Lagerflache
eine konische          disque (14) en rotation, comprenant: un arbre de
Grenzschicht verlauft;                              broche (72) comprenant
un tourillon (77) de 



und im  Gehause ausgebildeten  DurchlaB-          forme gen6rale tronquee
et en c6ne invers6 kanalen,                                      50   ayant
un axe et d6finissant un rebord (74) tourn6 dadurch gekennzeichnet,
vers le haut pour supporter verticalement un -daB die DurchlaSkanale einen
LufteinlaM          disque (14), et un pion en saillie vers le haut A
(102), einen offenen, im wesentlichen senkrecht     partir dudit rebord le
long de l'axe dudit tourillon aufsteigenden sowie mit dem  LufteinlaB  in
destine a Atre requ dans une ouverture centrale Stromungsverbindung
stehenden  Stromungs-   55   pratiquee dans un disque (14) devant etre sup-
kanal (104) innerhalb des Gehauses und zumin-       porte, une enceinte de
broche (78) definissant dest einen axial zugeordneten sowie im Gehause
une surface d'appui (90) dirig6e radialement vers (78) ausgebildeten
Luftkanal (106, 108) umfassen,   l'interieur de formi  generale tronconique
pour der in Stromungsverbindung mit dem aufsteig-        recevoir en appui
et de facon complementaire enden Str8mungskanal (104) steht;             60
ledit tourillon pour la rotation dudit tourillon -daB
Strdmungsleitvorrichtungen    im          autour d'un axe vertical, le
tourillon et la surface Gehiuse (78) ausgebildet sind, um Luft unter
d'appui cooperant pour d6finit une interface Druck zumindestens einem  der
axial zuge-           conique d'appui, ladite enceinte comportant un
ordneten Luftkanale (106, 108) in eine Vielzahl     moyen de passage,
caract6ris6e en ce que: ledit von Stromungswegen (110) und von da aus im
65   moyen de passage comprend un orifice (102) 7    13                  0
050 368                        14 d'entree d'air, un conduit ascendant
d'ecoule-       autres, et en ce que ledit moyen pour diriger ment ouvert
(104) pratiqu6 dans ladite enceinte et   l'6coulement met en outre en
communication l'air dispose de facon a s'etendre g6n6ralement verti-    le
long d'une pluralit6 de voies (112) entre lesdits calement en communication
d'ecoulement a par-        canaux d'air (106, 108) deplaces axialement et
tir dudit orifice d'entr6e d'air (102), et au moins un    5    ladite
interface conique d'appui. canal d'air (106, 108) dispose axialement form6
3. Broche d'entrainement selon la revendication dans ladite enceinte (78)
en communication           1, caract6ris6e en ce que: ledit arbre de broche
ouverte avec ledit conduit ascendant (104); en ce    (72) comprend en outre
une partie d'arbre inf6- qui des moyens pour diriger l'ecoulement sont
rieure (73) faisant saillie vers le bas A partir dudit pratiques dans
ladite enceinte (78) pour diriger   w0   tourillon (77) le long de l'axe
dudit tourillon (71), I'air sous pression 3 l'int6rieur d'au moins un
et comportant un moteur (75) en association avec canal d'air (106, 108)
precit6 dispose axialement    ladite partie inf6rieure (73) de l'arbre pour
entrat- afin qu'll s'6coule dans une pluralite de voies      ner en
rotation ledit arbre de broche. d'ecoulement (1101 dispos6es de fagon
sensible-        4. Broche d'entratnement selon la revendication ment
uniforme et annulaire par rapport a ladite   15   1, caract6ria6e in co
que: ledit moyen de passage interface d'appui conique; et en ce que ladite
(102, 104, 106, 108) comprend des moyens (128, enceinte de broche (78)
comprend une surface         130) pour communiquer un 6coulementd'air sous
d'appui (116) dirigee axialement vers le bas; et     pression sensiblement
constant et uniforme en incluant in outre une plaque de pouss6e (120)
direction annulaire 3 I'interface d'appui entre cylindrique fix6e A
1'extr6mit6 inferieure (88) dudit   20   ladite plaque de poussee (120) et
ladite surface arbre de broche (72) pour venir en prise axiale-     d'appui
(116) dispos6e axialement vers le bas sur ment avec ladite surface d'appui
(116) dispos6e     ladite enceinte. axialement vers le bas sur ladite
enceinte.            5. Broche d'entratnement selon la revendication 2.
Broche d'entratnement selon la revendication    1, caract6ris6e en ce que
ledit orifice d'entr~e 1, caract6ris6e en ce que ledit moyen de passage
25   (102), ledit conduit ascendant (104) et lesdits form6 dans ladite
enceinte de broche (78) corn-      canaux d'air (106, 108) sont congus pour
un prend plus d'un canal d'air (106, 108) precit6,      6coulement d'air
sous pression non-debouchant. d6places axialement les uns par rapport aux
30 35 40 45 50 55 60 65 8    


