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or art proposals Involve so-called direct drive ar- rangements wherein a
rotatable spindle carrying the This invention relates generally to a
spindle as-  disc is rotatably driven through a mechanical con- sembly for
supporting a disc for rotation in accor-  nection by a high speed drive
motor. These direct dance with the generic clause of claim 1.       5
drive arrangements tend to impart undesired sys- Video recorder-playback
machines in general        tern vibrations from the motor to the spindle to
are known In the art and include appropriate means   cause relatively
slight radial excursions of the spin- for recording and/or playing back a
video informa-   die during rotation which in turn frequently results tion
signal utilizing a selected medium for storage of  in cross talk during
operation of the machine. Some the signal. For example, in one type of
machine, the   10   attempts have been made to isolate the spindle from
video signal is recorded magnetically for storage    this system vibration
by at least partially supporting and/or retrieval upon a length of
so-called video    the spindle upon an air bearing.- Such a technic is
tape. In another type of system, the video signal is  disclosed in JP-A 54
151 004, which forms the ge- recorded upon an information disc for
retrieval by   rieric clause of claim 1. However, these arrange- means of a
stylus, in a manner generally analogous   15   ments have not heretofore
proven totally satisfac- to that of sound reproduction from phonographic
tory for eliminating cross talk between tracks dur- records. In still
another type of system, the video  ing operation. signal is used to
frequency modulate a beam of am-     The present invention overcomes the
problems plified light, such as a laser beam, with sufficient  and
disadvantages of the prior art by providing an power for physically
altering the surface character-  20  improved spindle assembly for a video
recorder- istics of a light sensitive coating on a video informa-  playback
machine, as claimed In claim 1. tion disc and thereby record the signai
upon the       The spindle assembly comprises a vertically ex- disc. During
playback, a lower power light beam is   tending spindle shaft having a
lower end rotationally reflected from the disc and the resulting signal Is
driven by a relatively high speed do motor. The spin- demodulated to
reproduce the recorded signal. In all  25   die shaft extends upwardly to
define an upper por- of these types of systems, the video information
ton Including an upwardly presented shoulder for signal can be combined
with an appropriate audio     vertically supporting a video information
disc and signal for either recording or playback purposes to  an upwardly
projecting stud for reception through a yield a composite audio-video
signal of the type     central opening In the disc for locating the disc
upon commonly used for television transmissions and the   3o  the spindle
shaft If desired, clamping means can be like. For convenience however, the
signal will be   provided for locking engagement with the stud and referred
to herein as a video information signal.    clamping engagement with the
disc for centering the Video recorder-playback machines utilizing ampli-
disc upon the stud. fled light beams for recording and playback pur-
The spindle shaft also Includes an intermediate poses offer significant
advantages in that all physi-  35   portion comprising a rotatable journal
having an in- Cal contact of the recording and playback elements   verted
truncated conical shape. This journal is sup- with the storage medium,
namely, the information     ported for rotation within a generally
complementa- disc, is avoided. This prevents wear and deterora-
ry-shaped spindle housing formed from a plurality tion of the machine
elements and the disc, resulting  of stacked sections separated by
appropriately in a high quality stored video signal which can be   40
sized shims to Insure dose mating engagement be- played back repeatably
over a long period of time  tween the journal and the spindle housing.
Thus, the with  unimpaired video resolution.                Journal
provides a relatively large bearing surface In video recorder-playback
machines using ampli-   for supporting the spindle shaft against radial
loads fled light beams for signal recording and playback,   which could
result in radial ecceicities during i     the recording and playback
optical beams are fo-   45   high speed rotation, and against downward
axial cused upon the video Information disc-by a focusing  thrust loads.
lens which traverses the span of the disc in a radial  The spindle housing
includes an Inlet passage for direction  simultaneously with relatively
high speed   communication of air under pressure to the inter- rotation of
the disc. In this manner, a spiral pattern  face between the journal and
the bearing surface of of closely spaced tracks is formed on the disc to.
5o  the spindle housing. More specifically appropriate represent  the video
information. For maximum stor-  vertically formed air psssagesin the
spindle hous- age capacity for each disc, together with maximum  ing
sections communicate the pressurized air with- -signal resolution, the
information tracks are formed  out orificing to annular slots formed
vertically adja- to have a narrow width such as on the order of      cent
the shims. The shims incude radially inwardly about 0.5 microns and the
center-to-center spao    55   open notches in pressure communication with
the ing between radially adjacent tracks in the spiraling  annular slot
whereby the air under pressure is sup- pattern Is on the order of about 1.5
microns. Ac-    plied annularly to the interface between the journal
cordingly, to prevent cross talk between the tracks  and the housing
bearing surface at a plurality of during recording and/or playback
operation, it is im-  vertically spaced locations along the height of the
perative that the video information disc be rotatably   60   spindle
assembly for smooth, accurate rotation of driven about an accurate and
consistent axis of ro-  the journal on a cushion of air. tation to avoid
substantial radial eccentricities.     The spindle housing Is fixed to a
base ring which In the prior art, a variety of drive spindle assem-  in
turn suitably anchors the spindle assembly upon blies have been proposed
for rotatably driving the   the recorder-playback machine. A thrust plate
is video information disc. However, many of these pr-   65   desirably
secured to the lower extent of the journal 2    



3           EP0213603B1                      4 for rotation therewith in
running engagement with  to an electronically driven modulator 24. The
modu- .     the lower face of the base ring in order to provide a  lator 24
is driven by a suitable frequency modulated bearing surface to accommodate
axially upwardly di-  electronic signal supplied via an imput lead 26
rected thrust loads. A portion of the pressurized  wherein the electronic
signal is representative of air Is communicated to the interface between
the   5   the desired video information. The modulator 24 thrust plate and
the base ring to provide a cushion  responds to the electronic signal to
Interrupt appro- of air therebetween.                              priately
the amplified beam of light to pass a corre- Other features and advantages
of the present in-  spondingly modulated optical signal beam. This re-
vention will become apparent from the following de-  sultant optical signal
beam Is therefore representa- tailed description, taken in conjunction with
the ac-  10  tive of the prescribed video information. Conven- companying
drawings which illustrate by way of ex-  iently, in many instances, the
electronic signal ample the principles of the invention
comprises a composite audio-video signal of the The accompanying drawings
illustrate the inven-  type commonly used in television transmissions and
tion. In such drawings:                            which, when supplied to
the modulator 24, yields an 15   optical signal beam representative of the
composite Fig. 1 is a fragmented perspective view Illustrat-  audio and
video information. However, for sake of ing, in partially exploded form, a
video recorder-  darity and ease of description, all further refer-
playback machine:                                  ence herein will be to
video information. Fig. 2 is an enlarged perspective view, partially  The
modulated optical signal beam is incident upon exploded, of the spindle
assembly of this invention;    20   a second mirror assembly 28 for
redirection to a mo- Fig. 3 Is an enlarged perspective view in explod-
bile optics carriage 30. This optics carriage 30 in- ed form illustrating
assembly of the spindle assem-  cludes an angularly disposed dichroic
mirror 32 for bly of Fig. 2;                                     reflection
of the optical signal beam in an upward di- Fig. 4 is an enlarged
fragmented elevation view  rection for passage through an optical
record-play- of the spindle assembly, with portions broken away;    25
back head 34. The record-playback head 34 car- Fig. 5 is an enlarged
vertical section taken on the  ries an objective lens assembly 36 for
focusing the line 5-5 of Fig. 4: and                            optical
signal beam to a precise spot on the under- Fig. 6 Is an enlarged vertical
section taken on the  side of the video Information disc 14. line 6-6 of
Fig. 4.                                   The optics carriage 30 is movably
positioned by a 30   carriage drive assembly 38 along a path in a radial As
shown in the exemplary drawings, the present   direction with respect to
the disc 14. In this manner, invention is embodied in a video
recorder-playback  the record-playback head 34 is movably positioned
machine 10 having suitable optical and electronic   with respect to the
disc 14 along a radius of the disc elements for recording and playback of
video infor-  to control the point of focusing of the optical signal mation
from a video information disc 14. The infor-  35   beam upon the disc. The
carriage drive assembly 38 mation disc 14 is removably supported within the
ma-  comprises a precision lead screw 48 supported for chine upon a spindle
assembly 18 for controlled and  rotation by a bracket 50 which can be
secured to a accurate high speed rotation of the disc during the  frame 40
and to the machine table 12 by a plurality of recording and playback
operations. A damp assem-   bolts 42. The lead screw 48 threadably receives
a bly 20 operates to damp the disc 14 in a precisely  40  lead screw nut 52
coupled via a nonrotational cou- centered position upon the spindle
assembly 18 for  ping indicated at 54 to a sleeve-type push block 46
accurate, high speed disc rotation without slippage.  received freely about
the lead screw 48. As illus- The machine 10, including the spindle assembly
18  trated, this push block 46 is secured to an upright of this invention,
comprises an Improvement over  wall 44 of the optics carriage 30. the prior
art in that the spindle assembly 18 is de-   45  The lead screw 48 Is
oriented in a direction paral- signed for consistent and aocurate rotation
of the  lel with the required radial direction of movement of information
disc 14 with respect to the vertical axis  the optics carriage 30. A
relatively slow speed re- of the spindle assembly at a relatively high
rotation-  versible motor 56 and a relatively high speed re- al speed
without substantial radial eccentricities.   versible motor 58 are
connected to the lead screw The spindle assembly 18 is relativey simple in
design   50   48 through a selective clutch unit 60, and this and assembly,
and is consistentiy smooth running   clutch unit is operated to control
driving of the lead without significant vibration or undue wear of com-
screw 48 about its own axis either at a relatively ponents. The spindle
assembly 18 is thus uniquely  slow or relatively fast speed of rotation.
adapted 'for use in a video recorder-playback ma-     As illustrated in
Fig. 1, the optics carriage 30 Is chine 10 wherein consistent and accurate
rotation   55   driven by the lead screw 48 in a radially outward di- of an
information disc 14 is a prerequisite to avoid  rection with respect to the
disc 14 whenever the cross talk between information tracks on the disc.'
lead screw 48 Is rotated to cause the lead screw nut As shown in Fig. 1,
the video recorder-layback    52 to push against the push block 46. When
the lead machine 10 includes a machine base or table 12 which  screw is
rotated in an opposite direction, the lead provides support for a
relatively high power laser  60  screw nut 52 travels along the screw in an
opposite generator unit 16, such as an argon ion laser, for  direction. To
assure that the optics carriage 30 fol- use in recording a prescribed video
Information sig-  lows in the opposite, or radially inward direction, the
nal upon the disc 14. The high power laser generator  carriage 30 is
secured by pins 62 to a linear slide unit 16 emits. a highly amplified
collimated beam of  member 64 which is urged in the radially inward di-
light for redirection by a suitable mirror assembly 22   65  rection with
respect to the disc 14 by a constant ten- 3    



5                  EP0213603B1                      6 slon band spring 66
wound about a barrel 68 se-    back beam to the form of an electronic
signal repre- cured to the frame 40. The slide member 64 is slid-
sentative of the prescribed video information. This ably mounted on a
linear track member 70 secured   electronic signal can be supplied to an
appropriate to the frame 40 and adapted to accommodate linear  video
display device, such as a television receiver, movement of the optics
carriage 30 in both the radi-   5   for playback of the recorded video
information. Im- ally inward and the radially outward directions.
portantly, playback can occur independent of the         t The video
information disc 14 is received upon   recording function or substantially
simultaneously the spindle assembly 18 of this invention for rela-  with
the recording function to serve as a check of      7 tively high speed
rotation of the disc about the ver-  the recording resolution. tical axis
of the spindle assembly 18, as will be de-  10  The spindle assembly 18 of
this invention is pro-  fc scribed herein in more detail. This rotation of
the  vided for supporting the information disc 14 for ro- disc occurs
simultaneously with linear movement of  tation about a precise vertical
axis without signifi-   IL the optics carriage 30 in response to operation
of  cant radial eccentricities so as to allow accurate ro- the carriage
drive assembly 38 Thus, in operation,  tation of the disc with respect to
the record- the optical signal beam is focused upon the under-  15
playback head 34. The spindle assembly 18 thus side of the video
Information disc 14 by the radially  maintains the proper position of the
disc during rota-  b traversing record-playback head 34 on the optics
tion with respect to the optical beams for precision carriage 30
simultaneously with high speed rotation  recording and playback without
cross talk between       k of the disc. By appropriately controlling the
relation-  the closely spaced tracks.                          a ship
between radial traversal and rotational speed,  20  The spindle assembly 18
Is shown in detail in Figs.  a the optical signal beam is focused upon the
disc   2-6, and comprises a vertically extending spindle        Ir along a
spiraling pattern of closely spaced tracks.  shaft 72 supported for
rotation about a precise ver- Importantly, the disc 14 includes a
photosensitive  tical axis 71 within a complementary-shaped spindle      t
coating, such as a layer of thin metal or a photore-  housing 78. The
spindle shaft 72 is formed from a      9 slat material, adapted to be
physically altered by the   25   unitary piece of stainless steel or the
like, and is  p high power optical signal beam whereby the optical  shaped
to include a rod-shaped lower end 73 sized signal beam is physically
recorded upon the disc as  and shaped for reception downwardly into an
elec- a pattern -of discontinuities representative of the  tric drive motor
75 for driving the spindle shaft 72 prescribed video information. In
practice, the disc  at a relatively high rotational speed on the order of
is rotated at a speed on the order of about 1800 rpm,  30  about 1800 rpm.
This drive motor 75 comprises a   h and the closely spaced tracks are
formed to have a  high speed dc motor for applying a rotational torque
width on the order of about 0.5 microns and a cen-  to the lower end 73 of
the shaft 72 without physical ter-to-center spacing of about 1.5 microns.
contact with the shaft. In this manner, the shaft is The clamp assembly 20
is provided for damping    driven at the high rotational speed with minimum
fric- the video information disc 14 securely upon the   35   tonal
resistance and minimum vibration between the    b spindle assembly 18 for
accommodating the high     motor 75 and the shaft 72. speed rotation of the
disc without slippage. Impor-   The lower end 73 of the shaft 72 merges
upwardly tantly, however, the damp assembly also includes  into a journal
77 having a generally inverted and means for centering the disc upon the
spindle as-  truncated conical shape for supportive engagement sembly for
accurate high speed rotation of the disc   40   with the spindle housing
78. This journal 77 In turn is without substantial radial eccentricities
with respect  shaped to define an upwardly presented annular tothe spindle
assembly.                               shoulder 74 for vertically
supporting the informa- As illutrated in Fig. 1, a relatively low power la-
tion disc 14. An upper stud 76 projects upwardly ser generator unit 80,
such as a helium-neon laser,  from the journal 77 coaxially with the
vertical axis 71 is mounted directly upon the optics carriage 30 for  45
and is receivable through the central opening 15 of use in retrving or
playing back the recorded video  the information disc 14 for locating the
disc upon the information from the disc 14. This low power laser  spindle
assembly. As illustrated in Figs. 1 and 2, this generator unit 80 emits an
amplified and collimated  stud 76 is adapted for cooperation with the clamp
beam of light for reflection off the disc 14 whereby  assembly 20 for
centering and damping the disc in the reflected optical beam comprises a
modulated   50  position. playback beam which i s alternately reflected and
The journal 77 of the spindle shaft 72 Includes at nonreflected in
accordance with the recorded video    its lower end an axially and
downwardly presented information. This modulated playback beam is of suf-
shoulder 88. From the shoulder 88, the journal 77 ficiently low power to
avoid  physical alteration of  extends upwardly and radially expands
continuously the photosensitive coating on the disc 14.    55   over its
height to define the truncated inverted con- The amplified beam of lght
from the low power la-  ical shape. This conical journal 77 is received
within ser generator unit 80 is redirected by a suitable mir-  the spindle
housing 78 which includes a radially in- ror assembly 82 on the optics
carriage 30 for appro-  wardly presented bearing surface 90 of a truncated
priate incidence upon an angularly oriented mirror  conical configuration.
Importantly, this housing 84 which reflects the beam upwardly through the
di-  60   bearing surface 90 is formed to correspond mating- chroic mirror
32 for focusing upon the disc 14 by  ly with the journal 77 whereby the
journal 77 is sup- the record-playback head 34. The reflected modu-
ported within the housing 78 for accurate rotation lated playback beam is
returned through the head   about the vertical axis 71. Importantly, the
relative 34 and by the mirror 84 to appropriate optical and  conical shapes
of the journal 77 and the bearing electronic components 86 for demodulating
the play-  65  surface 90 enable the journal to accommodate both 4    



7                  EP 0 213 603 B1                  8 Ire-           radial
loads and downwardly directed axial thrust   journal is rotatably supported
during operation by his            loads during operation. Moreover, the
major por-    an annular and continuous film of air. ate            tion of
the bearing surface area of the journal 77,   The lower housing section 96
of the spindle hous- ter,            namely, the larger diameter upper
portion of the    ing 78 includes a lower annular and recessed shoul- im-
journal, Is located at the top of the journal adjacent   5   der 114 for
reception of a base ring 116. As shown, the             the major portion
of the load to be supported by the  this base ring 116 is secured to the
lower housing sly             journal, namely, the information disc 14 on
the stud  section 96 by the bolts 93, and is in turn secured to of
76                                                 the machine table 12 by
a plurality of bolts 118. In this As shown best in Fig. 4, the spindle
housing 78 is  manner, the spindle assembly 18 is securely fixed in )ro-
formed by a vertical stack of a plurality of housing   10   position upon
the machine. ro-             sections, with three sections 92, 94, and 96
being il-  A lower cylindrical thrust plate 120 is provided nifi-
lustrated in the drawing. These sections all include a  for accommodating
vertically upward thrust loads ro-             radially Inwardly presented
bearing surface formed  upon operation of the spindle assembly 1,8.. More
)rd-             coaxially with the vertical axis 71 of spindle shaft ro-
specifically, this thrust plate 120 is secured to the hus
taton, and which, together with the corresponding   15  downwardly
presented shoulder 88 of the journal by Ata-             bearing surfaces
of the other housing sections,     a plurality of screws 122, preferably
with an appro- ;ion             combine to define the conical bearing
surface 90    priately sized shim 124 interposed between the sen
for supporting the journal 77. Importantly, upper   shoulder 88 and the
thrust plate 120. This thrust and lower ones 92 and 96 of the housing
sections   plate is sized to include an upper bearing surface in igs.
are respectively secured to the intermediate hous-  20  running engagement
with the underside of the base idle            ing section 94 by a
plurality of bolts 91 and 93.    ring 116. Conveniently, as illustrated In
Fig. 4, pres- /er-               A thin disc-shaped shim 98 is interposed
between  surized air is supplied to this bearing interface via a idle
the upper and intermediate housing sections 92 and  flow path 126 in the
lower housing section 96 in align- n a              94, and another thin
disc-shaped shim 100 is inter-  ment with the flow riser 104 in the
intermediate hous- Is              posed between the Intermediate and lower
housing   25  ing section 94. This lower flow path 126 supplies a zed
sections 94 and 96. These shims 98 and 100 are ap-  portion of the
compressed air to an annular slot 128 propriatly sized and shaped to adjust
the eleva-  which communicates via an annular leakage path 130 72
tional positions between their respective housing   with the interface
between the thrust plate 120 and rof              sections so as to yield
dose conformance of the     the base ring 116 is a         -   housing
bearing surfaces 90 with the shape of the   30  The spindle assembly 18 of
this Invention thus que              journal 77. Thus, accurate and
constant rotation of  provides a relatively simple and thereby relatively
cal             the journal 77 about the vertical axis 71 is assured.
inexpensive assembly for accurately supporting a ft is
Pressurized alr is communicated to the bearing in-  video information disc
for accurate and smooth- fc-              terace between the journal 77 and
the housing       running rotation about a precise vertical axis. The the
bearing surface 90 for smoothly supporting the   35  rotation of the
spindle assembly is substantially fric- journal for rotation upon a cushion
of air. More spe-  tion free so as to isolate the information disc from
idly            cifically, as illustrated In Figs. 4-6, the intermediate
machine and/or system vibrations which can other- and              housing
section 94 includes a radially projecting air  wise create cross talk when
the machine is operated nent             inlet port 102 for suitable
coupling to a supply (not  in recording or playback modes. mis
shown) of air under pressure. This inlet port 102   40  The conical journal
77 rides on an air bearing sur- ular            supplies the air to an open
flow riser 104  extending  face to accommodate radial loads and axially
down- t:-              the height of the intermediate housing section 94.
ward thrust loads, and the thrust plate 120 rides on rdly              This
flow path in turn openly communicates without  an air bearing surface to
accommodate axially up- s 71             orifing with an upwardly open
slotted annular re-   ward thrust loads. The pressurized air forming the 5
of             cess or flow path 106 at the upper end of the section   45
air bearings is supplied without throttling or orificing the
94, and with a downwardly open slotted annular re   through a plurality of
internal flow paths and the this           cess or  flow path 108 at the
lower end of the section  slotted annular recesses formed within the
spindle amp               94.
housing directly to the appropriate bearing surface. ;c in              As
shown in Figs. 5 and 6, the two slotted recess-  Importantly, the lack of
orificing of the air prior to es 106 and 108 are annularly positioned for
open   50  supply to the bearing surface yields substantially s at
flow communication with a pluralty of radially in-   uniform air flow to
all of the bearing surfaces to re- nted             wardly open notches 110
and 112 formed respective   suit in smooth vibration free spindle shaft
rotation. i                  ly in the adjacent shims 98 and 100. These
notches iusly             110 and 112 In the shims provide a plurality of
flow  Claims con-              paths for the air under pressure from the
associat-  55 ithin             ad recesses 106 and 108 in a radially
Inward direo-   1. A spindle assembly (18) for supporting a disc y In-
ion Into direct communication with the interface be-  (14) for rotation
comprising: ated              tween the journal 77 and the housing bearing
sur-   a spindle shaft (72) including a generally truncated ising     I
face 90. Thus, the pressurized air Is supplied to the  and inverted conical
journal defining an upwardly tint              journal-bearing surface
interface substantially uni-  60   presented shoulder (74) for vertically
supporting sup-              formly about the journal and at a plurality of
verti-  the disc, and a stud projecting upwardly from said ation
cally spaced locations along the height of the jour-  shoulder along the
axis of said journal for reception ative              nal. Importantly, to
escape from the spindle assem-  through a central opening In the disc;
aring              bly, this pressurized air is required to flow upwardly
a spindle housing (78) including a plurality of hous- both              and
downwardly along this interface whereby the   65  ing sections (92, 94, 96)
arranged and connected 5    



7                   EP 0 213 603 B1                   8 radial loads and
downwardly directed axial thrust    journal is rotatably supported during
operation by loads during operation. Moreover, the major por-     an
annular and continuous film of air. tion of the bearing surface area of the
journal 77,     The lower housing section 96 of the spindle hous- namely,
the larger diameter upper portion of the      ing 78 includes a lower
annular and recessed shoul- journal, is located at the top of the journal
adjacent   5   der 114 for reception of a base ring 116. As shown, the
major portion of the load to be supported by the  this base ring 116 is
secured to the lower housing journal, namely, the information disc 14 on
the stud  section 96 by the bolts 93, and is in turn secured to 76.
the machine table 12 by a plurality of bolts 118. In this As shown best in
Fig. 4, the spindle housing 78 Is  manner, the spindle assembly 18 is
securely fixed in formed by a vertical stack of a plurality of housing   10
position upon the machine. sections, with three sections 92, 94, and 96
being il-  A lower cylindrical thrust plate 120 is provided lustrated in
the drawing. These sections all include a  for accommodating vertically
upward thrust loads radially inwardly presented bearing surface formed
upon operation of the spindle assembly 18. More coaxially with the vertical
axis 71 of spindle shaft ro-  specifically, this thrust plate 120 is
secured to the tation, and which, together with the corresponding   15
downwardly presented shoulder 88 of the journal by bearing surfaces of the
other housing sections,      a plurality of screws 122, preferably with an
appro- combine to define the conical bearing surface 90      priately sized
shim  124 interposed between the for supporting the journal 77.
Importantly, upper    shoulder 88 and the thrust plate 120. This thrust and
lower ones 92 and 96 of the housing sections     plate is sized to include
an upper bearing surface in are respectively secured to the intermediate
hous-   20   running engagement with the underside of the base ing section
94 by a plurality of bolts 91 and 93.     ring 116. Conveniently, as
illustrated in Fig. 4, pres- A thin disc-shaped shim 98 is interposed
between   surized air is supplied to this bearing interface via a the upper
and intermediate housing sections 92 and   flow path 126 in the lower
housing section 96 in align- 94, and another thin disc-shaped shim 100 is
inter-   ment with the flow riser 104 In the intermediate hous- posed
between the intermediate and lower housing   25  ing section 94. This lower
flow path 126 supplies a sections 94 and 96. These shims 98 and 100 are ap-
portion of the compressed air to an annular slot 128 propriately sized and
shaped to adjust the eleva-    which communicates via an annular leakage
path 130 tional positions between their respective housing    with the
interface between the thrust plate 120 and sections so as to yield close
conformance of the     the base ring 116. housing bearing surfaces 90 with
the shape of the   30    The spindle assembly 1 8 of this invention thus
journal 77. Thus, accurate and constant rotation of   provides a relatively
simple and thereby relatively the journal 77 about the vertical axis 71 is
assured.  inexpensive assembly for accurately supporting a Pressurized air
is communicated to the bearing in-      video information disc for accurate
and smooth- terface between the journal 77 and the housing        running
rotation about a precise vertical axis. The bearing surface 90 for smoothly
supporting the   35  rotation of the spindle assembly is substantially
fric- journal for rotation upon a cushion of air. More spe-  ton free so as
to isolate the information disc from cifically, as illustrated in Figs.
4-6, the intermediate  machine and/or system vibrations which can other-
housing section 94 includes a radially projecting air  wise create cross
talk when the machine is operated inlet port 102 for suitable coupling to a
supply (not  in recording or playback modes. shown) of air under pressure.
This inlet port 102   40  The conical journal 77 rides on an air bearing
sur- supplies the air to an open flow riser 104 extending  face to
accommodate radial loads and axially down- the height of the intermediate
housing section 94.    ward thrust loads, and the thrust plate 120 rides on
This flow path in turn openly communicates without   -an air bearing
surface to accommodate axially up- orificing with an upwardly open slotted
annular re-   ward thrust loads. The pressurized air forming the cess or
flow path 106 at the upper end of the section   45   air bearings is
supplied without throttling or orificing 94, and with a downwardly open
slotted annular re-   through a plurality of internal flow paths and the
cess or flow path 108 at the lower end of the section  slotted annular
recesses formed within the spindle 94.
housing directly to the appropriate bearing surface. As shown in Figs. 5
and 6, the two slotted recess-  Importantly, the lack of orificing of the
air prior to es 106 and 108 are annularly positioned for open   50   supply
to the bearing surface yields substantially flow communication with a
plurality of radially in-   uniform air flow to all of the bearing surfaces
to re- wardly open notches 110 and 112 formed respective-    suit in smooth
vibration free spindle shaft rotation. ly in the adjacent shims 98 and 100.
These notches 110 and 112 In the shims provide a plurality of flow  Claims
paths for the air under pressure from the associat-  55 ed recesses 106 and
108 in a radially inward direc-     1. A spindle assembly (18) for
supporting a disc tion into direct communication with the interface be-
(14) for rotation comprising: tween the journal 77 and the housing bearing
sur-     a spindle shaft (72) including a generally truncated face 90.
Thus, the pressurized air is supplied to the  and Inverted conical journal
defining an upwardly journal-bearing surface interface substantially uni-
60   presented shoulder (74) for vertically supporting formly about the
journal and at a plurality of verti-  the disc, and a stud projecting
upwardly from said cally spaced locations along the height of the jour-
shoulder along the axis of said journal for reception nal. Importantly, to
escape from the spindle assem-  through a central opening in the disc; bly,
this pressurized air is required to flow upwardly  a spindle housing (78)
including a plurality of hous- and downwardly along this interface whereby
the   65  ing sections (92, 94, 96) arranged and connected    9
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together in a vertical stack, said housing sections  der pressure
substantially uniformly and annularly combining to define a radially
inwardly directed gen-  to said conical bearing interface. erally conical
boaring surface (90) for mating and     6. The spindle assembly of Claim 5,
wherein said supporting reception of said journal for rotation of
intermediate passage means (102, 104) formed in said journal about a
vertical axis, one of said hous-   s   said Intermediate section comprises
an air inlet port ing sections of an adjacent pair of sections in the
(102), and a flow riser (104) In communication with stack including an air
passage means (106, 108)      said port and extending vertically for
communication formed in its end and presented axially toward the   with
said air passage means at the upper and lower other of said pair of
sections, and intermediate pas-  ends of said intermediate section. sage
means (102,104) for communicating a substan-   10  7. The spindle assembly
of Claim 6, wherein said tially constant flow of air under pressure to said
axi-  spindle housing includes an axially presented bear- ally presented
air passage means; characterized by  ing surface (114); and including a
thrust plate (120) an annular shim (98, 100) between said adjacent pair
secured to an end of said spindle shaft for axially of sections (92, 94,
96) and including a plurality of  bearing arrangement with said axially
presented radially inwardly open notches (110, 112) in axial flow   15
bearing surface on said housing. communication with said axially presented
air pas-     8. The spindle assembly of Claim 7, further includ- sage means
(106, 108) and in radially inwardly open  ing a flow path (126) formed in
said lower section flow communication with the conical bearing surface
(96) in open communication with said riser (104). and (90) for supplying
the air under pressure substan-   an air passage means (128,130) formed in
said lower tially uniformly and annularly to said conical bearing   20
section in open communication between said flow surface.
path and the bearing interface between said thrust 2. The spindle assembly
of Claim 1, wherein said  plate and said axially presented bearing surface
on spindle shaft (72) further includes a lower shaft    said housing.
portion (73) projecting downwardly from said journal along the axis of said
journal, and including motor   25   PatentansprOche means (75) in
association with said lower shaft por- tion for rotatably driving said
spindle shaft.         1. Eine Spindelbaugruppe (18) fOr die Haiterung ei-
3. The spindle assembly of Claim 1  wherein said  ner Platte (14) zur
Rotation, mit: spindle housing (78) includes an axially presented     einer
Spindelwelle (72), die einen im wesentiichen bearing surface (114); and
Including a thrust plate   30   abgeschnittenen und umgekehrten konischen
Wel- (120) secured to an end. of said axially presented   lenzapfen, der
eine nach oben weisende Schulter bearing surface on said housing.
(74) zur vertikalen Haiterung der Platte bildet, und 4. The spindle
assembly of Claim 3, wherein said   oinen von der Schulter IAngs der Achse
des Wellen- intermediate passage means (104) indudes means       zapfens
nach oben vorstehenden Stift zur Aufnah- (126) for communicating a
substantially constant and   35   me in einer zentralen Offnung in der
Platte enthAlt; annularly uniform flow, of air under pressure to the
einem SpindelgehAuse (78), das sine Vieizahl von bearing interface between
said thrust plate (120)    Gehdusesektionen (92, 94, 96) enthalt, die in
einem and said axially presented bearing surface (114) on  vertikalen
Stapel angeordnet und miteinander ver- said housing.
bunden sind, wobei die Gehausesektionen kombi- 5. The spindle assembly of
anyone of the forego-  40   niert sind, urn eine radial nach innen
gerichtete, im ing claims, wherein said spindle housing (78) in-
wesentlichen konische LagerflRche (90) zur paa- cludes at least three
housing sections (92, 94, 96),  rungsmaBigen Aufnahme und zur
Haiterungsauf- the intermediate one of.said housing sections (94)'  nahme
des Wellenzapfens zur Drehung des Wellen- including  at its upper end an
upwardly presented air  zapfens um eine vertikale Achse zu bilden, wobel
el- passage eans (106) and at its lower end a down-   45   no von den
GehAusesektionen von einem aneinan- wardly presented air passage means
(108) and in-          dergrenzenden Par von Sektionen in dem Stapel -
termediate passage means (102,- 104) for communi-    eine
Luftdurchgangseinrichtung (106, 108) enthAlt, cating a substantially
constant flow of air under'  die in ihrem Ende ausgebildet und axial in
Richtung pressure to  said upwardly and downwardly present-   zu der
anderen von dam Pmar von Sekidonen ge- ed air passage means and wherein
said annular shim   50   wandt ist, und sine Zwischbndurchgangselnrichtung
comprises                                   (102, 104) fOr die Zultung
einer im wesentichen a first annular shim (98) between said intermediate
konstanten'LuftstrOmung zu der axial ausgerichte- section and the upper one
of said sections (92), and  ten  Luftdurchgangseinrichtung  enthilt,
gekenn- Including a plurality of radially inwardly open notch-  zeichnet
durch sin ringf8rmlges KlemmstOck (98, es (110) in flow communication with
said upwardly  55   100) zwischen dem aneinandergrenzenden Pear von
presented air passage means and with the conical     Sektionen (92, 94,
96), wobei des Klemmstock eine bearing interface for supplyng air under
pressure   Vielzahl von radial nach innen offenen Nuten (110, substantially
uniformly and annularly to said conical  112) in axialer
StrOmungsverbindung mit der axial bearing Interface; and
ausgerichteten   Luftdurchgangseinrichtung' (106, a second annular shim
(100) between said intermedi-  60   108) und In radial nach innen offener
Strbmungsver- ate section and the lower one of said sections (96),  bindung
mit der konischen Lagerfilache (90) zur Ue- and induding a plurality of
radially inwardly open   ferung der unter Druck stehenden Luft im wesentli-
notches (112) in flow communication with said down-  chen gleichmABig und
ringformig an die konische La- wardly presented air passage means (108) and
with    geroberflache enthalt. the conical bearing interface for supplying
air un-   65  2. Die Spindelanordnung nach Anspruch 1, worin    EP 0 213
603 B1                 12 larly 



ddie Spindelwelle (72) weiterhin einen unteren Wellen-  8. Die
Spindelanordnung nach Anspruch 7, mit ei- said           abschnitt (73),
der nach unten von dom Wellenzap-   nem wefterhin vorgesehenen Stromungsweg
(126), d in           fen langs der Achse des Wellenzapfens vorsteht,
der in der unteren Sektion (96) in offener Verbin- port           und sine
Motorsinrichtung (75) in Verbindung mit   dung mit dem Steileltungskanal
(104) gebildet ist, with  ,        dem unteren Wellenabschnitt zum
Drehantrieb der   5   und mit einer Luttdurchgangseinrichtung (128, 130),
~tionl        Spindeiwelle enthait.                               die in
der unteren Sektion ais offener Verbindung 'wer    t3. Die Spindelbaugruppe
nach Anspruch 1, worin           zwischen dem StrOmungsweg und dem
Lagerzwl- ffi    das Spindelgehause (78) eine in axiale Richtung wei-
schenberehch zwischen der StoSplatte und der in said           sends
Lageroberflache (114) und eine StoBplatte    axiale Richtung weisenden
Lageroberfliache auf dem ear-          (120), die an einem Ends der in
axiale Richtung wet-  10   Gehause gebildet ist. 20)            senden
Lageroberflache an dem Gehause befestigt ally Yist.
Revendloations ted              4. Die Spindelbaugruppe nach Anspruch 3,
worin Iud-           die Zwischendurchgangseinrichtung (104) eine Eln-
1. Broche d'entralnement (18) pour supporter un ud-           rhhtung (126)
fOr die Zuleitung einer im wesentli-  1S  disque (14) pour une rotation
comprenant: bon            chen konstanten und ringfOrmigen gleichmaBigen
un arbre (72) de la broche ayant un tourillon conique 3nd
Luftetromung unter Druck zu dem Lagerungszwi-      g6n6ralement tronqu6 et
invers6 definissant un wer            schenberebch zwischen der Sto~platte
(120) und der  6paulement (74) dirig6 vers le haut, pour supporter low
axial ausgerictetn Lageroberfiache (114) aut dom   verttcalement Is disque,
et un t6ton d6passant vers un            Gehause enthelt.
2o  te haut dudit epaulement le long de I'axe dudit tou- on              5.
Die Spindelbaugruppe nach wenigstens einem    rillon pour une r6ceptlion a
travors une ouverture der vorhergehenden AnsprOche, worin das Spindel-
centrals dans Is disque; gehkuse (78) wenigstens drei Gehauseseitionen
un logement (78) de la broche ayant un certain nom- (92, 94, 96), wobei die
Zwischensektionen (94) von  bre de sections (92, 94, 96) agencees et
conneo- den Gehausesekidonen an ihrem oberen Ends diner  25  t6es ensemble
en un emptiement vertical, lesdites 51-           aufwirts   welsende
Luftdurchgangseinrichtung    sections de logement so combinant pour d6finir
une len            (106) und an ihrem unteren Ends sine abwarts wet-
surface (90) conique d'appui g6n6raiement dirig6e let-           sende
iuttdurchgangseindichtunq (108) und sine     radialement vers l'intefieur
pour reception corres- lter           Zwischendurchgangseinrrkhtung (102,
104) zur Zu-   pondantb et de support dudit toufillon pour une rota- ind
lestung sines im wesentiichen konstanten Luttstro-  30  tion dudit
tourilion autour d'un axe vertical, I'une .   mes uriter Druck zu der
aufwfrts und abwirts wei-  desdites sections de logement d'une pairs
adjacente 3h-.  ~       senden  Luftdurchgangseinrichtung  enthAlt, und
de sections de la pits ayant un moyen formant pas- worin das ringformige
KiemmstOck sin erstes ring-  sage d'air (106, 108) forme a son extr6mite et
dirige fOrmiges ilemmstOck (98) zwischen der Zwischen-    axialement vers
l'autre de ladite pairs de sections, on        ~~~~~setdion und der oberen
von don Sektionen (92), das   35  'et un moyen formant passage
intemmediaire (102, sine Vieizahl von radial nach innen offenen Nuten  104)
pour communiquerunecoulementsensiblement br-           (110) in
StrOmungsverbindung mit der aufwlrts wei-  constant d'air sous pression
audit moyen formant im            senden Luftstromungseinrichtung und mit
der koni-   passage d'air axiaiement dirig6e caract6ris6o par schen
Lagertfiahe f~r die Lieferung von Druddluft  une, caie annulaire (98, 100)
entre ladite paire adja- ua-            im wesentlichen gleichmaBig und
ringfOrmig zu der  40   cents de sections (92, 94, 96) ayant un certain
nom- nl:           konischen Lagerfllche enthlt; und     ;br dencoches
(I10,112) ouvertes radialement vers j           e~~~~in zweites
ringf~rmiges Woimmst~ck (100) zwi-  l'interieur en comrmunicattion
d'ecoulement axiai avec schen der Zwischensektion und der unteren von
ledit moyen formant passage d'air dirlge axialement den Sektionen (96)
umfaBt, das sine Vielzahl von ra-  (106,108) et en communication
d'ecoulemsnt ouvort dial nach Innen offenen Nuten (112) in Stromungs-  45
radialement vers l'interieur avc la surface conique ig \         verbindung
mit dr nach unten weisenden Luft-        dappui (90) pour foumir l'air sous
pressbon sensl- durchgangselinchtung (108) und mit der koniscien   blement
uniform6ment et annulairement a ladite sur- Lagerflache zur Ueferung von
Luft unter Druck im  face conique d'appuL. 1g  ;:        wesentichen
gleichmaBig und ringformig an die koni-  2. Broche d'entratnement de ia
revendication 1, -cho Lageroberflache enthaiLt.                50   ob
ledit arbre (72) de la broche comportl de. plus e6. Die Sfrindebauuppe nach
Anspruch 5, worin    une portion Inf6rieure- d'arbre (73) qul depasse 8,-
die In der Zwischensektion gebildote Zwischen-                vers le bas
dudit tourillon Is long de I'axe dudHt tou- durchgangseinrichtunig (102,
104) sine LuftetnlaBoin-  rillon o"  comprenant un moyon formant moteur
(75) nichturig (102) und olnen Stromungssteigkanal (104),  en association
avec ladite portion inf~mieure de rar- 0,.           der mit der
EinlaBeinrichtung In Verbindung steht  55   bra pour mener en rotation
ledit arbre de ia broche. ai     und sich vertikai zur Verbindung mit der
Luftdurch-   3. Broche d'entratnement selon ia revendicatlon al
gangsoinrlchtung an den oberen unid unteren Enden   1, ob ledit iogement
(78) de ia broche comporte une B,    }      der Zwkschensektion erstreK
surface d'appui dirigee axialement (114); et compre- 7. Die
Spindelbaugruppe nach Anspruch 6, worin   nant une plaque de poussee (120)
fix6e a une extr6- dis Spindelgehause sine In Axairfichtung weisende   60
mite de ladite surface d'appul dirig6s axialement sur Lageroborliache (114)
enthait, und sine StoSplatte  ledit logement. (120) enthalt, die an elnem
Ends der Spindehwelle fOr  4. Broche d'entratnement selon la revendication
sine axiale Lageranordnung mit der in sine Axialiich-  3, ob ledit moyen
formant passage interm6diaire tung weisenden Lageroberflache auf dem
Gehause     (104) comporto un moyen (126) pour la communica- befestigt let.
e5  tion d'un ecoulement sensiblement constant et annu- 7
I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IfLj Mii S11 ii111    



13                EP 0 213 603 B1 lairemetit uniforme d'air sous pression a
l'interface d'appui entre ladite plaque de poussee (120) et ladite surface
d'appui difigee axialement (114) sur ledit lo- gement. 5. Brocho
ddentratnement selon l'une quelconque   5 des revendications prec6dentes,
oo ledit logement (78) de la broche comprend au moins trois sections (92,
94, 96), i'interm6diairo desdites sections de lo- gement (94) ayant a son
extremit6 superieure un moyen formant passage d'air (106) dirig6 vers le
10 haut et a son extr6mit6 inf6fieure un moyen formant passage d'ar (108)
dirige vers le bas et un moyen formant passage intermedialre (102, 104)
pour com- muniquer un 6coulement sensiblement constant d'air sous pression
audit moyen formant passage d'air di-  15 rig6 vera Is haut et vers le bas
et ob ladite cale an- nulaire comprend: une premiere cab annulaire (98)
entre ladite section intermediaire et la sup6rieure desdites sections (92)
et comportant un certain nombre d'encoches ouver-  20 tes radialement vers
l'interieur (110) en communica- tion d'ecoulement avec ledit moyen formant
passage K_  d'air dirig6 vers le haut et avec Interface conique d'appui
pour foumir de l'air sous pression sensible- ment uniform6ment et
annulairement a ladite interfa-  25 ce conique d'appul; et une seconds caie
annulaire (100) entre ladite sec- ton interm6diaire et la plus basse
desdites sections (96) et ayant un certain nombre d'encoches (112) ouvertes
axialement vers l'int6rieur en communica-  30 tion d6coulement avec ledit
moyen formant passage d'air dirg6 vers le bas (108) et avec iinterface
coni- quo d'appui.pour foumir de l'air sous pression sen- siblement
unifomI6ment et annulairement a iadit in- terface conique d'appul.
35 6. Broche dentratnement solon la revendica-ion 5, obi ledit moyen
formant passage intermmdiaire (102, 104) form6 dans ladite section
intermidisire comprend un orifice d'enr~e dair (102) et un tuyau de mont6e
d'air (104) en communication avec ledit  40 orifice et s'etendant
verticalement pour une commu- *~ S .::nication avec ledit moyen formant
passage d'air aux -:  ..oextremites sup6rieure et inf6rieure de ladite
section :.,. iriierrnedialre. S .  : . ;.7;:Broche. d mene  selon la
revendication   45 :6, ob ~letiit logernent de la broche comports une sur-n
,,-appui(I14)AdlIfige. axiaiemenn;en ecomprenarn :dun plaque do-poussee
(120) fWxee aune extr6mlt6 ::,:dudH abr db lea broche pour un agencement
d'ap- pul.axiaemont aveo laditb surface d'appui dirg6e   50 axiaiement sur
ledit logement. 8. Broche doentratnement solon ia revendication -. :: 7,
comprehant de.plus un trajet d'hcoulement (126) form6 dan6 ladibt section
inf6rleuro (96) on commu- nication ouverte aves ledit tuyau de monthe
(104),  55 : t un moyen formant passage d'air (128, 130) form4 dans ladite
section infen'eure en communication ouverte entre ledit trajet d'6coulement
et I'interface d'appui entre ladite plaque de pouss6e et ladie sur- face
d'appui difige9 axialement sur ledit logement  80 65    


