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expandable sections of the spindle shaft are uniformly expanded within
their elastic regions The present invention relates to precision spin-
into friction contact with the inner races of the dle assemblies and in
particular to a spindle shaft  bearing assemblies. The uniform and
repeatable [err] coupling to a bearing assembly.            5    expansion
of the spindle shaft provides virtually Spindle assemblies for data disk
drive devices     zero radial repeatable run-out due to the spindle have
data disks attached and rotate the disks at    shaft to inner race
interface. fairly high rates compatible with reading and         The
expandable sections of the spindle shaft writing data and to reduce data
access time.        are part of a bore through the shaft and are Precision
spindle assemblies are required to   10   conical in shape. The expandable
sections are rotate the disks accurately because of -ever        preferably
concentric with the outer surface of the increasing data track densities
and increasing    spindle shaft and opening outward from the bore linear
bit densities. As these data densities con-  toward the respective ends of
the spindle shaft. A tinue to rise, particular importance is placed on
spherical surface such as an inexpensive ball the spindle performance as
measured by the   15   bearing is forced into the conical sections by
magnitude of the repeatable radial run-out. With    means of a set screw
having threaded portions high run-out, the data reading and writing heads
which engage threaded portions of the bore at need to be  moved radially to
follow the data      each end of the bore. The set screws each have a
tracks as the disks rotate. Radially moving the     flat surface acting on
the balls to minimize trans- head to follow the data track becomes more and
20   mission of rotational force from the screws to the more complex as
greater accuracy is required        balls. The forcing of the balls into
the conical with increased data densities. One of the greatest  sections
cause the spindle shaft to uniformly contributors  to run-out is the
clearance between  .  expand into contact with the inner races of the the
outer diameter of the spindle shaft and the     bearing assemblies. The
torque applied to the set inner race of the bearing assembly.           25
screws is sufficient to create axial and radial Prior approaches to reduce
the run-out involve    retentive force between the expanded spindle the use
of press fits between bearing assemblies    shaft and the inner races of
the bearing assemb- and shafts, shims, or the use of adhesives to bond
lies. These retentive forces are all that are bearings to shafts while
oriented in precision     required to maintain the spindle shaft in desired
fixtures. The data disks are then formatted. Fur-   30   position within
the bearing assemblies. ther efforts to reduce the run-out included selec
In one preferred embodiment  data disks are tive assembly techniques such
as the use of          coupled to the spindle assembly. The spindle matched
pairs of bearing assemblies. These pro-     assembly is then coupled to the
bearing assemb- cedures are expensive and time consuming.          lies
via, the expandable sections of the spindle In GB-A-548.690, .
US-A-3.776.651  and    35   shaft. Since the spindle shaft expands
uniformly US-A-608,178 expansion of sleeves to grip           about the
shaft axis of rotation, and virtually no workpieces, hubs and rails
respectively are         radial run-out is introduced by the shaft to inner
shown. In US-A-3,670,315 an expandable collet      race interface, the data
disks are formatted and attached to a spindle is expanded to hold a
balanced prior to the spindle assembly being memory disk assembly to the
spindle.         40   assembled into the bearing assemblies.The bear- US-A
2 279 593 describes a securing means         ing assemblies are coupled to
a base casting for securing a ball bearing to a shaft, wherein the  which
contains the reading and writing heads shaft is formed  with a stepped
central longi-      which used to be used for the formatting activity.
tudinal bore providing an annular shoulder. Inter-  The formatting activity
was by far the most time mediate the ends of the longitudinal bore the
45   consumingtask during manufacture of disk drives shaft is divided into
an equal number of expans-    because the reading and writing heads and
arms ible sections. In the shaft is an expanding screw  to move the heads
are suitable for customer use, having a tapered end which engages the
shoulder     but faster is available for production use. By using causing
the expansible sections of the shaft to    the faster writing apparatus to
format disks on expand into engagement with the shaft contact-   50
spindle assemblies in parallel to the main manu- ing race of the bearing.
facturing line, prior to assembly of the spindle This type of securing
means does not provide      assemblies in the base casting, the
manufacturing the localized contact with the inner race of the    time for
disk drives is greatly reduced, and the bearing assembly needed by a
precision spindle      capacity of the line increased. assembly.
55     Besides the benefit of vastly reduced radial The object of the
invention is to provide a       repeatable run-out, the uniform and
repeatable device as defined in claim 1. -                     expansion of
the spindle shaft decreased rota- A precision spindle assembly has a
spindle       tional imbalances in the spindle assembly by shaft which is
to be disposed between two widely    eliminating imbalances caused by
securing the spaced bearing assemblies. The spindle shaft has   60
spindle shaft to the bearings. The uniformity of a diameter slightly less
than the diameter of the   expansion of the shaft assures an axis of
rotation inner races of the bearing assemblies. The spindle  which is
concentric with the expanded outer shaft has radially expandable sections
located      surface of the spindle shaft. Hence, efforts to where the
spindle shaft contacts the inner races of  reduce vibrations, such as
balancing of the disks, the bearing assemblies when assembled. The   65
are taken prior to assembly of the spindle 2    



3               EP 0193699 B1                       4 assembly in the base
casting while accessibility is  races 34 and 36 circumferentially directly
contact easier.                                            the spindle
shaft 14 about its expanded sections. A further benefit realized from the
spindle shaft  The spindle shaft 14 has a diameter which is only expansion
is the elimination of bearing biasing     slightly smaller than the
diameter of the inner springs which take up play in bearing assemblies.
5    races 34 and 36 of the bearing assemblies 30 and A cylindrical spacer
is placed between the outer   32 so that the spindle shaft 14 maintains
axial and races of the bearing assembly, and a preload        radial
retentive force when expanded within the force is applied against the inner
races. The       spindle shaft's elastic limits. A stud 37 is coupled
expandable shaft sections are then expanded into   to the shaft 14 via
threaded portion 31 for provid- retentive contact with the inner races of
the    10   ing an interface 39 to a motor which provides bearing
assemblies. This effectively takes up the   rotational energy to the
spindle assembly 12. play in the bearing assemblies without the use of
The bearing assemblies have first and second a spring.
outer races 38 and 40 which are coupled as by The Figure is a vertical
axial section of a       adhesive or press-fits to a base casting 50
prefer- precision spindle shaft in a bearing assembly,   15   ably prior to
insertion of the spindle shaft 14. The said spindle shaft having axially
spaced expand-    bearing assemblies 30 and 32 are sealed by a able
sections for connection to the bearing         plurality of annular seals
51 extending between assembly.                                          the
inner and outer races of the bearing assemb- lies. The outer races 38 and
40 are coupled to the Detailed description                          20
base casting 50 on the inner surfaces of a cylindri- A disk drive assembly
is indicated generally at   cal base casting tower 52 which is mounted on
10 in the Figure. A spindle assembly 12 disposed    the base casting 50. A
cylindrical spacer 54 is within disk drive assembly 10 has a spindle shaft
positioned adjacent the inner surface of the base 14 having a first end 15
and a second end 16.       casting tower 52 and between the outer races 38
Spindle shaft 14 hasa bore 18 bored therethrough    25   and 40 of the
bearing assemblies 30 and 32 to with a first conical section 20 axially
spaced from  maintain  desired  spacing  and  parallelism a second conical
section 22. The conical sections   between the bearing assemblies 30 and
32. 20 and 22 open from the bore 18 toward the first      During expansion
of the spindle shaft 14, the end 15 and second end 16 respectively.
spindle shaft 14 is pulled toward its second end 16 A first shaft expanding
means such as a ball 24,   30   by threaded portion 31, while equal force
is operating in conjunction with a set screw 25, is    applied toward first
end 15 on the inner race 36 of positioned in the first conical section 20
for      second bearing assembly 32. These forces are causing expansion of
the shaft outer surface        applied by means of a first hollow cylinder
(not about the area of conical section 20. A second      shown) having
external threads mating with shaft expanding means such as a ball 26, oper-
35   threaded portion 31 and a second larger hollow ating in conjunction
with a set screw 27, is        cylinder concentric with the first cylinder
and positioned in the second conical section 22 for     having an end
mating with the inner race 36. causing expansion of the shaft outer surface
These cylinders are coupled by a spring so that as about the area of
conical section 22. The first and  the inner cylinder is screwed into
threaded por- second set screws 25 and 27 have threads which   40   tion
31, the second cylinder exerts the desired interact with corresponding
threads 29 and 31 in   force toward the first end of shaft 14 on second the
bore 18 about each end of the shaft 14. The     bearing 32. first and
second set screws 25 and 27 are posi-       Spindle shaft 14 has a lip 60
contacting inner tioned toward the first and second ends 15 and 16   race
34 of the first bearing assembly 30 through of shaft 14 from the first and
second balls 24 and    45   an annular spacer 62. Pulling spindle 14 toward
its 26 respectively. Tightening of the set screws 25    second end 16 while
pushing the second bearing and 27 as by an Allen wrench cause the first and
assembly 32 toward the first end 15 forces the second balls 24 and 26 to be
forced in an axial    first bearing assembly 30 and the second bearing
direction into the narrower portions of their       assembly 32 together.
When the spindle shaft 14 respective conical sections 20 and 22 to
uniformly   50   is expanded into axial and radial retentive contact
radially expand the spindle shaft 14 about the      with the inner races 34
and 36, the bearing conical sections within the shaft's elastic region.
assemblies 30 and 32 are in a preloaded condition The balls 24 and 26 also
serve as check balls to    and slack in the bearing assemblies is taken up,
prevent the movement of air through the bore 18.   reducing axial run-out
without the use of a spring. The spindle shaft 14 is inserted into a first
55  By having the spacer 54 acting on the outer bearing assembly 30 and a
second axially spaced     races 38 and 40 of the bearing assemblies 30 and
bearing assembly 32. First and second bearing       32 as opposed to the
inner races 34 and 36, the assemblies 30 and 32 comprise a first inner race
squareness of the bearing assemblies 30 and 32 is 34 and a second inner
race 36 respectively. The     enhanced. When spacers are contacting the
inner conical sections 20 and 22 are expanded into   60   races,
differences in size of the spacer from frictional contact with the first
and second inner  nominal show up as almost twice the difference at races
34 and 36. The expansions are caused by       the outer races. The ability
to move the spacer 54 turning the respective set screws 25 and 27 in the
to contact the outer races 38 and 40 results in a appropriate direction to
force the balls 24 and 26  one to one translation of differences in size of
the into the conical sections 20 and 22. The inner   65   spacer 54 from
nominal. The accurate squareness 3    



5               EP 0193 699 B1                      6 of the bearing
assemblies 30 and 32 still further   action with the sides of the conical
sections also reduces run-out.                                    provides
less friction in an axial direction than In one preferred embodiment, the
spindle          would a mating plug. Since the balls 24 and 26 assembly 12
supports a plurality of data disks 70   comprise a small annular cross
section contacting separated by spacers 72. The disks 70 and spacers    5
the sides of the conical sections 20 and 22, a 72 are fixed to the spindle
assembly 12 by a        localized annular expansion of the spindle shaft
clamping ring 74. The disk surfaces are preferably  14 occurs from forcing
the balls 24 and 26 further formatted prior to the spindle assembly 12
being    into the conical sections 20 and 22. Therefore, less coupled to
the base casting 50 by the bearing       axial force and hence, less torque
is required to assemblies 30 and 32. Formatting of the disks 70    10
generate the desired outward radial force and prior to assembly of the
spindle assembly 12 to     localized expansion of the spindle shaft 14 pro-
the base casting 50 is possible because of the      vided by the balls 24
and 26. uniformity of expansion of the spindle shaft 14       Since spindle
shaft 14 is not placed in high into the inner races 34 and 36 of the
bearing       levels of axial stress or uneven radial stress, assemblies 30
and 32. By use of the outer edges   15   curvature of the spindle shaft is
minimized. of the spindle shaft 14 as a reference or datum for  Curved
shafts lead to high levels of repeatable a precision bore, formatting of
the disks 70 can be  run-out which is magnified at the disk surfaces.
performed using high speed data transducers or        To remove the
expanded spindle shaft 14 from heads. Use of the bore 18 at both ends of
the       the bearing assemblies 30 and 32, first set screw spindle shaft
14 where the bore 18 is chamfered at   20   25 is loosened and removed, and
the nonlocked 76 and 78 asa datum for formatting the disks 70 is  ball 24
falls out or is pulled out with a small also possible. In this case, a
precision air bearing  vacuum. The second set screw  27 is then having a
larger diameter than the bore 18 at its    loosened and removed and a rod
is inserted from ends is partially inserted in the chamfers 76 and   the
first end 15 of shaft 14 through the bore 18 78 to rotate the spindle
assembly 12 with disks 70   25   and pressed against ball 26 to remove it.
The rod about the axis of the bore 18 which is preferably   utilizes
threads 29 for generating axial force substantially concentric with the
outer surface of  against ball 26 to prevent damage to the bearing the
spindle shaft.                                  assemblies. Since the shaft
14 is expanded within First conical section 20 preferably has a total   its
elastic limits, approximately 0.2 percent for 300 included angle which does
not lock ball 24 into   30   series stainless steel, the shaft returns to
its position. A total included angle of 30 degrees has  original size and
is removed from the bearing been found to be nonlocking, and yet gradual
assemblies. enough to provide sufficient radial amplification     The
clearance between the inner races 34 and of the axial force applied to ball
24 by set screw  36 bearing assemblies 30 and 32 and the outside 25.
35   of the shaft 14 is preferably sufficient for ease of Second conical
section 22 has a total included    insertion and removal of the shaft 14,
yet small angle small enough to lock ball 26 into position. A  enough so
that the shaft 14 is expanded well total included angle of 10 degrees was
found to     within its elastic limits to obtain desired axial and be
locking, and also provided a great enough        radial retentive forces.
In the preferred embodi- radial amplification of the axial force applied to
40   ment, the maximum expansion required is 0.16 ball 26 by set screw 27.
The radial expansion       percent. caused by balls 24 and 26 is generated
with           In a further preferred embodiment, the bearing acceptable
levels of torque applied to set screws   assemblies 30 and 32 comprise ABEC
Class 7 25 and 27. Greater radial force per unit of torque  bearing
assemblies specified at a maximum of applied to set screw 27 is generated
in the second    45   100 microinches of repeatable radial run-out. conical
section 22 because of smaller total         Actual measured run-out due to
the bearing included angle of second conical section 22.        assemblies
alone was in the range of 20 to 80 Greater retentive force at the second
conical       microinches. While measuring the run-out of the section 22
acts with the lip 60 to maintain the     shaft 14 as assembled in the
bearing assemblies preload condition of the bearing assemblies. The   50
30 and 32, no additional asymmetry was iden- less torque required to
provide expansion, the      tified. The measurements were taken toward the
better, because some of the torque is transmitted   second end 16 of shaft
14 with a resolution of 5 to the shaft and tends to twist the shaft
contribut-  millionths of an inch. The shaft 14 run-out ing to radial
run-out.                              detected was 20 to 80 microinches,
the same as The torque actually transmitted to the spindle   55   the
run-out of the bearing assemblies, which shaft is minimized by the design
of the set screws  indicates that no run-out was detected due to the 25 and
27 and balls 24 and 26. The set screws 25    shaft to bearing inner race
connection. and 27 have a flat surface acting against the balls   A further
advantage of the present invention 24 and 26. The flat surface of the set
screws       comes from the uniform expansion of the shaft transmits very
little rotational force or torque to   60   14. By uniformly expanding the
shaft 14, minimal the curved surface of the balls because they
contribution is made to imbalance of the spindle contact the balls over a
small surface area, almost  assembly as assembled to the base casting 50.
at a point, as opposed to a flat surface to flat    Thus, when rotating at
high speeds, little vibra- surface interface where frictional forces would
tion if any is contributed by the spindle assembly facilitate transmission
of torque. The balls' inter-   65   to bearing interface. 4    



7               EP 0193 699 B1                      8 Balancing of the
spindle assembly 12 does not     expansion means comprises spherical
surfaces need to occur once the spindle assembly 12 is       which mate
with the walls of said conical sections assembled to the base casting 50
where access to    to provide a radial force to cause the shaft to the
disks is limited. Both the disk formatting and  uniformly expand about the
conical sections balancing, as by alternate registration of the disks    5
under the action of axial force providing means and spacers, as described
in EP-A-0.185.946         (25, 27) coupled to said spherical objects for
assigned to the same assignee as the present        forcing the spherical
objects into the conical application entitled: Alternately Centered Disk
section to expand the shaft. Pack Assembly and Method, are done prior to
2. The spindle assembly of Claim 1 charac- assembly in the base casting 50.
Some of the    10  terized in that said conical sections are shaped to
benefits of doing this include early defect detec-  provide amplification
of the axial force provided tion, ease of automation, elimination of base
by the axial force providing means into radial casting resonances during
formatting, low mag-      forces to expand the shaft without transmission
netic contamination exposure because disk drive     of substantial torque
to the shaft. motors need not be used, and easy adaptation to   15  3. The
spindle assembly of Claim 1 or 2 charac- new disk file formatting or servo
writing pro-      terized in that said axial force providing means cedures.
comprise set screws (25, 27) having flat surfaces Formatting of disks after
assembly of the spin-   acting on the balls to provide axial force trans-
dle assembly 12 into the base casting 50 required   mission without
substantial transmission  of the use of the writing capabilities of the
disk drive   20   torque to the balls. assemblies. It was the most time
intensive oper-      4. The spindle assembly of Claim 3 charac- ation of
manufacturing of the disk drive assemb-    terized in that said shaft means
comprises lies. Such writing capabilities are slow in compari-  threaded
portions between each conical section son to advanced and more expensive
writing          and the ends of the shaft means which mate with devices.
Since formatting of the disks on the   25   corresponding threaded portions
of the set spindle assembly prior to assembly of the spindle   screws.
assembly 12 to the base casting 50 is now             5. The spindle
assembly of any of Claims 1-4 performed due to the repeatability and
uniformity   characterized in that it further comprises at least of the
shaft 14 expansion in accordance with the    one data disk coupled to the
shaft. present invention, the formatting is done parallel   30  6. The
spindle assembly of Claim 5 charac- to other assembly operations on an
assembly        terized in that said data disk is formatted. line.
Utilization of the faster read write capability  7. The spindle assembly of
Claim 5 or 6 charac- of advanced writing devices greatly reduces the
terized in that said expandable shaft sections time required to format the
disks 70 thus increas-  uniformly expand about the axis of rotation such
ing the production capability of the manufactur-   35   that little
imbalance is introduced by the sub- ing line. It also makes possible the
manufacture of  assembly resulting in few vibrations as the shaft the
spindle assembly 12 and formatting of the       is rotated. disks 70 remote
from the main disk drive 10 assembly line.
Patentanspruche 40 Claims                                                1.
PrAzisionsspindeleinheit (12) zur drehbaren Lagerung durch interne
Laufringe (34, 36) von 1. A precision spindle assembly (12) for being
axial mit Zwischenraum angeordneten Lagerein- rotatingly supported by inner
races (34, 36) of     heiten (30, 32), wobei die Spindeleinheit enthAlt:
axially spaced apart bearing assemblies (30, 32),  45  Schaftmittel (14),
welchezwischen den internen the spindle assembly comprising:
Laufringen der Lagereinheiten zur Umdrehung shaft means (14) disposed
between the inner       innerhalb der Lagereinheiten angeordnet sind, races
of the bearing assemblies for rotating        dadurch gekennzeichnet, dass
die genannten within the bearing assemblies, characterized in
Schaftmittel dehnbare Abschnitte (20, 22) aufwei- that said shaft means
have expandable sections   50   sen, welche an den inneren Laufringen der
Lage- (20, 22) adjacent the inner races of the bearing    reinheiten
anliegen; und assemblies; and
Expansionsmittel (24,26), welche an die Schaft- expansion means (24, 26)
coupled to the shaft     mittel angekoppelt sind, um eine ringfdrmige und
means provide an annular and uniform expansion      einheitliche Ausdehnung
der Schaftmittel inner- of the shaft means within its elastic regions into
55   halb ihrer elastischen Bereiche bis zu einem retentive contact with
the inner races of the       festhaltenderi Kontakt mit den internen
Laufrin- bearing assemblies,                                 gen der
Lagereinheiten zur VerfOgung zu stellen, said expandable shaft sections,
being part of a     dadurch gekennzeichnet, dass die genannten bore through
the shaft, have an outer diameter      dehnbaren Schaftabschnitte, die ein
Tail einer slightly less than the diameter of the inner races   60
Bohrung durch den Schaft sind, einen geringfugig of the bearing assemblies
and comprise tapered  *   kleineren Aussendurchmesser haben als der conical
sections (20, 22) opening from the bore     Durchmesser der internen
Laufringe der Lage- toward the respective ends (15, 16) of the shaft,
reinheiten und konisch zulaufende Abschnitte (20, said conical sections
being substantially concen-   22) enthalten, welche sich von der Bohrung zu
tric with the outside of the shaft, in that said   65   den entsprechenden
Enden (15, 16) des Schaftes 5    
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spindle assembly 12 does not     expansion means comprises spherical
surfaces need to occur once the spindle assembly 12 is       which mate
with the walls of said conical sections assembled to the base casting 50
where access to   to provide a radial force to cause the shaft to the disks
is limited. Both the disk formatting and  uniformly expand about the
conical sections balancing, as by alternate registration of the disks    5
under the action of axial force providing means and spacers, as described
in EP-A-0.185.946        (25, 27) coupled to said spherical objects for
assigned to the same assignee as the present        forcing the spherical
objects into the conical application entitled: Alternately Centered Disk
section to expand the shaft. Pack Assembly and Method, are done prior to
2. The spindle assembly of Claim 1 charac- assembly in the base casting 50.
Some of the    10  terized in that said conical sections are shaped to
benefits of doing this include early defect detec-  provide amplification
of the axial force provided tion, ease of automation, elimination of base
by the axial force providing means into radial casting resonances during
formatting, low mag-      forces to expand the shaft without transmission
netic contamination exposure because disk drive     of substantial torque
to the shaft. motors need not be used, and easy adaptation to   15  3. The
spindle assembly of Claim 1 or 2 charac- new disk file formatting or servo
writing pro-     terized in that said axial force providing means cedures.
comprise set screws (25, 27) having flat surfaces Formatting of disks after
assembly of the spin-   acting on the balls to provide axial force trans-
die assembly 12 into the base casting 50 required   mission without
substantial transmission of the use of the writing capabilities of the disk
drive   20   torque to the balls. assemblies. It was the most time
intensive oper-     4. The spindle assembly of Claim 3 charac- ation of
manufacturing of the disk drive assemb-    terized in that said shaft means
comprises lies. Such writing capabilities are slow in compari-  threaded
portions between each conical section son to advanced and more expensive
writing          and the ends of the shaft means which mate with devices.
Since formatting of the disks on the   25   corresponding threaded portions
of the set spindle assembly prior to assembly of the spindle   screws.
assembly 12 to the base casting 50 is now             5. The spindle
assembly of any of Claims 1-4 performed due to the repeatability and
uniformity   characterized in that it further comprises at least of the
shaft 14 expansion in accordance with the    one data disk coupled to the
shaft. present invention, the formatting is done parallel   30  6. The
spindle assembly of Claim 5 charac- to other assembly operations on an
assembly        terized in that said data disk is formatted. line.
Utilization of the faster read write capability  7. The spindle assembly of
Claim 5 or 6 charac- of advanced writing devices greatly reduces the
terized in that said expandable shaft sections time required to format the
disks 70 thus increas-  uniformly expand about the axis of rotation such
ing the production capability of the manufactur-   35   that little
imbalance is introduced by the sub- ing line. It also makes possible the
manufacture of  assembly resulting in few vibrations as the shaft the
spindle assembly 12 and formatting of the       is rotated. disks 70 remote
from the main disk drive 10 assembly line.
Patentanspruiche 40 Claims
1. Prazisionsspindeleinheit (12) zur drehbaren Lagerung durch interne
Laufringe (34, 36) von 1. A precision spindle assembly (12) for being
axial mit Zwischenraum angeordneten Lagerein- rotatingly supported by inner
races (34, 36) of     heiten (30, 32), wobei die Spindeleinheit enthdlt:
axially spaced apart bearing assemblies (30, 32),  45  Schaftmittel (14),
welche zwischen den internen the spindle assembly comprising:
Laufringen der Lagereinheiten zur Umdrehung shaft means (14) disposed
between the inner      innerhalb der Lagereinheiten angeordnet sind, races
of the bearing assemblies for rotating        dadurch gekennzeichnet, dass
die genannten within the bearing assemblies, characterized in
Schaftmittel dehnbare Abschnitte (20, 22) aufwei- that said shaft means
have expandable sections   so   sen, welche an den inneren Laufringen der
Lage- (20, 22) adjacent the inner races of the bearing    reinheiten
anliegen; und assemblies; and
Expansionsmittel (24,26), welche an die Schaft- expansion means (24, 26)
coupled to the shaft     mittel angekoppelt sind, um eine ringfarmige und
means provide an annular and uniform expansion      einheitliche Ausdehnung
der Schaftmittel inner- of the shaft means within its elastic regions into
u5   halb ihrer elastischen Bereiche bis zu einem retentive contact with
the inner races of the      festhaltenden Kontakt mit den internen Laufrin-
bearing assemblies,                                 gen der Lagereinheiten
zur Verfugung zu stellen, said expandable shaft sections, being part of a
dadurch gekennzeichnet, dass die genannten bore through the shaft, have an
outer diameter      dehnbaren Schaftabschnitte, die ein Teil einer slightly
less than the diameter of the inner races   60   Bohrung durch den Schaft
sind, einen geringfOgig of the bearing assemblies and comprise tapered
kleineren Aussendurchmesser haben als der conical sections (20, 22) opening
from the bore     Durchmesser der internen Laufringe der Lage- toward the
respective ends (15, 16) of the shaft,  reinheiten und konisch zulaufende
Abschnitte (20, said conical sections being substantially concen-   22)
enthalten, welche sich von der Bohrung zu tric with the outside of the
shaft, in that said   65   den entsprechenden Enden (15, 16) des Schaftes 5
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9               EP  0193 699 B1                     10 6ffnen,  wobei  die
genannten  konischen             ledit arbre pr6sente des parties
extensibles (20, Abschnitte im wesentlichen mit der Aussenseite      22)
adjacentes aux cages int6rieures des ensem- des Schaftes konzentrisch sind,
dadurch, dass die   bles de paliers, et en ce que genannten
Expansionsmittel spharische Oberfil-        des moyens d'extension (24, 26)
connect6s ,chen enthalten, welche sich mit den WAnden der    5    audit
arbre permettent une extension annulaire et genannten konischen Abschnitte
verbinden, um        uniforme de I'arbre dans ses regions elastiques eine
radiale Kraft zu liefem, um den Schaft zu      en contact de retention avec
les cages interieures veranlassen, sich einheitlich um die konischen
des ensembles de paliers, Abschnitte auszudehnen unter der Wirkung der
lesdites parties d'arbre extensibles qui sont des eine Axialkraft
erzeugenden  Mittel (25, 27),   10   parties d'un alesage usine dans
l'arbre, presen- welche an die genannten spharischen Teile           tent
un diametre exterieur legerement inf6rieur gekoppelt sind, um die
sphArischen Teile in die     au diametre des cages int6rieures des
ensembles konischen Abschnitte hineinzuzwingen, um den        de paliers et
comprennent des parties coniques Shaft auszudehnen.
(20, 22) debouchant de l'alesage vers les extre- 2. Spindeleinheit nach
Anspruch 1, dadurch    15   mites respectives (15, 16) de l'arbre, lesdites
gekennzeichnet, dass die genannten konischen        parties coniques etant
pratiquement concentri- Abschnitte ausgestaltet sind, um eine VerstAr-
ques par rapport A l'exterieur de I'arbre, et en ce kung der von den
axialkrafterzeugenden Mitteln      que zur Verfugung gestellten Axialkraft
in die Radial-    lesdits moyens d'extension comprennent des krafte hinein
zu liefern, um den Schaft ohne    20   surfaces spheriques qui
correspondent aux parois \v'    Ubertragung eines wesentlichen Drehmoments
desdites parties coniques pour generer une force auszudehnen.
radiale provoquant l'extension uniforme de l'ar- 3. Spindeleinheit nach
Anspruch 1 oder 2,         bre autour des parties coniques sous l'action
des dadurch gekennzeichnet, dass die genannten          moyens de
generation de force axiale (25, 27) axialkrafterzeugenden Mittel
Stellschrauben (25,   25   raccordes auxdits objets spheriques pour appli-
27) enthalten, welche flache Oberflachen haben,     quer les objets
sph6riques dans la partie conique die auf die Kugeln einwirken, um eine
Axialkraft-   afin de provoquer l'extension de l'arbre. ubertragung ohne
wesentliche Drehmomentuber-          2. Le broche de la revendication 1
caracterise en tragung auf die Kugeln zu liefern.                  ce que
lesdites parties coniques sont formees de 4. Spindeleinheit nach Anspruch
3, dadurch    30   facon a provoquer une amplification de la force
gekennzeichnet, dass die genannten Schaftmittel     axiale generee par les
moyens de generation de zwischen jedem  konischen Abschnitt und den
force axiale, en forces radiales pour provoquer Enden der Schaftmittel
Gewindeteile enthalten,      I'extension de I'arbre sans la transmission
d'un welche mit den entsprechenden Gewindeteilen         couple substantiel
A l'arbre. der Stellschrauben zusammenpassen.            35      3. La
broche de la revendication 1 ou 2 caracte- 5. Spindeleinheit nach einem der
Anspruche 1      risee en ce que lesdits moyens de generation de bis 4,
dadurch gekennzeichnet, dass sie ferner      force axiale comprennent des
vis d'arret (25, 27) zumindest eine mit dem Shaft gekoppelte Daten-
presentant des surfaces plates sollicitant des platte enthalt.
billes pour assurer la transmission de la force 6. Spindeleinheit nach
Anspruch 5, dadurch    40   axiale sans transmission substantielle du
couple gakennzeichnet, dass die genrannte Datenplatte     .aux billes.
formatiert ist.                                       4. La broche de la
revendication 3 caracterisee 7. Spindeleinheit nach Anspruch 5 oder 6,
en ce quo ledit arbre comprend des parties file- dadurch gekennzeichnet,
dass die genannten          tees entre chaque partie conique et les
extremites dehnbaren Schaftabschnitte sich einheitlich um    45   de
l'arbre qui sont en correspondance avec les die Drehachse ausdehnen, so
dass ein leichtes       parties filetees correspondantes des vis d'arrAt.
Ungleichgewicht durch die Untereinheit einge-         5. La broche de l'une
quelconque des figures 1 A bracht wird, welches beim Drehen des Schaftes
4 caracterisee en ce qu'elle comprend en outre au einige Vibrationen zur
Folge hat.                   moins un disque de donnees connecte A l'arbre.
50     6. La broche de la revendication 5 caracterisee Revendications
en ce que ledit disque de donnees est formate. 7. La broche de la
revendication 5 ou 6 caracte- 1. Une broche de precision (12) prevue pour
risee en ce quo lesdites parties d'arbre extensi- etre portee en rotation
par les cages interieures   bles sont soumises a une extension uniforme
(34, 36) des ensembles de paliers axialement   ss   autour de l'axe de
rotation de fagon qu'un faible separes (30, 32), la broche comprenant:
desequilibre soit introduit par le sous-ensemble un arbre (14) dispose
entre les cages interieures  provoquant quelques vibrations lorsque l'arbre
des ensembles de paliers pour tourner dans les      est entraine en
rotation. ensembles de paliers, caracterisee en ce quo: 60 65I !IJ
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