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capacity. Alternatively, the stack preload force can be applied directly on
the ring as it shrinks on the         C The present invention relates to
magnetic disk    hub. This would require a continuous supply of storage
devices and more particularly to means      heat to the ring while it is
being positioned to              t for compressively clamping a plurality
of mag-    5    ensure that the proper stack clamping force is netic disks
to form a disk spindle assembly.         achieved prior to shrinking.
-major concern in magnetic disk spindle          For rework, when it is
necessary to replace a design is the manner in which the disk is clamped.
disk, the ring can be removed by use of an The disks must be clamped with
sufficient force to  induction heater, whereby an induction coil is prevent
radial movement that could result from    10   slipped over the outer
diameter of the shrink ring. unbalanced rotational forces, thermal
expansion     The induction coil is pulsed with a high AC or shock/impact
loads during shipping. To ensure    voltage to heat the ring very quickly
so that a minimum radial shifting of the disks, the stack     minimum
amount of heat energy is conducted must be subjected to a specified
clamping force.    into either the hub or the clamp member. A typical
method of applying force to the disk   15   The geometry of the shrink ring
is optimized for stack is the preloading of a clamping member        the
use of an induction heater to remove the ring against the stack using
clamping screws. Such a     for spindle rework. The inside of the ring has
device is disclosed in DE-B-2155292 in which a      relieved areas that
contact the hub and reduce the storage disk assembly comprises a hub on
which      corresponding rate of flow into the hub and the a plurality of
storage disks is mounted about a   20   edge of the ring has a corner break
to reduce the common axis. The disks are supported in axially     area in
contact with the bell clamp. Corner breaks spaced relationship and a ring
screwed on the       are provided on both sides for symmetry to hub applies
a clamping force to the storage disks.  facilitate automated assembly.
While the hub and Use of screws for this purpose contributes to      clamp
member contacting areas are reduced, the eral problems. Screws must have
sufficient   25   area of the surface at the outside diameter of the
tensile strength which normally requires the use    ring is maximized to
expose as much surface as of steel material having a lower coefficient of
possible to the alternating magnetic flux of the expansion than the
aluminum component parts         induction coil. Thus, heat flow into the
ring is such as disks, spacers, and the hub. As a result,   enhanced while
heat flow out is inhibited. The thermal cycling can cause stack clamping
force   30   end result of the geometry is the ability to heat up
variations and possibly permanent relaxation.       the ring faster than
the hardware it contacts to Since only a limited number of screws can be
cause differential heating and expansion to facili- used, the clamping
force is not distributed evenly  tate removal for rework. around the stack
and peak forces at the screw         Use of the heat shrink ring enables a
more even locations contribute to disk distortion which   35   clamping
force as a uniform force is applied about causes increased axial runout and
axial accelera-   the periphery of the ring that also squares itself to
tions. The friction in the mating screw threads     the stack. Being a
single fastener, less assembly makes it difficult to determine how much of
the     time is required and lower cost is realized as the tightening
torque is being converted to an axial    tapping of multiple screw holes is
eliminated. clamping force. This can contribute to additional   40    Less
particulate  contamination  occurs  by force variation around the stack.
Since screws      eliminating threaded members which are notori- involve
metal-to-metal contact with large contact   ous sources of particulate
contamination. pressures, the assembly procedure can easily          More
particularly, the object of the invention is generate  contaminating
particles, especially      to provide a device as defined in claim 1. when
removal is required for rework or balancing.   45  Fig. 1 is a vertical
axial section of a spindle The thread tapping operation for multiple screw
assembly for a disk drive data storage file incor- oles in the hub adds
additional cost to the        porating the shrink ring clamping technique
and product.                                            structure of the
present invention. The present invention provides a means for          Fig.
2 is an enlarged axial section of the shrink applying a clamping force with
a single fastener   50   ring of Fig. 1. that eliminates the use of screws
and their asso-     Fig. 1 shows a spindle assembly 5 for a disk ciated
problems. The structure used is a shrink     drive storage device including
a spindle shaft 6, a ring made of aluminum with its inner diameter
hub 7 and a stack of disks 8. The hub 7 is secured slightly smaller than
the hub about which it will   to spindle shaft 6 which has a generally
cylindrical be received. By elevating the ring temperature, it  55   outer
surface 9 surrounding which the disk stack is made to expand such that is
can be guided over   is mounted. At the upper surface of the hub 7 a the
hub. The shrink ring can be heated in an oven,  lug 11 projects which
serves to align other parts on a hot plate, on a bore heater or by an
induction  attached to the hub as a part of the assembly. The heater coil.
annular projections 13 extending from the lower The assembly procedure can
be handled either   60   surface 14 of the hub 7 and the annular recess 15
by preloading the disk stack or by applying a       cooperate with the disk
drive base casting (not preload force to the ring. If a disk stack preload
is  shown) that projects into the central annular applied to a clamp
member, the heat expanded        recess 17 and surrounds the spindle
surface 9. shrink ring can be merely pushed up against it.       The disks
8 are supported on hub 7 by the This would allow use of a robot with
limited load   65   projections 19 that define a radial surface 2    



3              EP  0 166 118  B1                    4 supporting the disk
stack in the upward axial       slipped over the outer cylindrical surface
38 of the direction. Each of the spacers 20 has a series of   ring and
pulsed with a high AC voltage to heat the openings 21. The ball clamp 22
projections 24 and   ring very quickly. The extended surface 38 and the the
hub projections 19 create peripherally dis-      reduced area surfaces 33
and 36 allow the ring to posed openings adjacent the upper most disk    5
be heated with a minimum amount of heat energy surface and the lower most
disk surface respec-     being conducted to either hub 7 or bell clamp 22,
tively. The openings 25 in bell clamp 22 afford a   thereby effecting a
temperature differential that continuous air path from axially above the
disk     enables easy axial removal of the ring 30. assembly, through the
space between the disk stack and the hub whereupon the air flow is   10
Claims partitioned to flow radially outwardly over each of the disk
surfaces.                                    1. A storage disk assembly in
a disk drive with a Clamping is effected by a heat shrink ring 30,
plurality of storage disks (8), said storage disk Figs. 1 and 2 which has
an internal diameter        assembly including a hub (7) on which said
disks slightly smaller than the outside diameter of the    15   (8) are
mounted about a common axis in axially hub. The heat shrink ring 30 is of
substantially    spaced relationship for unitary rotary motion rectangular
cross section with a central annular    comprising: groove 31 extending
outwardly from the inner          means (19, 20, 24) on said hub (7) for
support- diameter cylindrical surface and annular corner     ing said disks
(8) in one axial direction, and breaks 32 at each axial end of the
cylindrical inner   20  a ring (30) surrounding a portion of said hub (7)
diameter surface. The cylindrical surface 33 at the  and applying a
clamping force to said disks (8), inner diameter is reduced by the groove
31 and        said storage disk assembly being characterized the corner
breaks 32. While only one annular        in that: corner break 32 would be
required, the use of two     said ring (30) is a shrinking ring secured to
said which makes the ring symmetrical, enables easier   25    hub (7) by an
interference fit to maintain a automated assembly, since assembly can occur
in     predetermined axial force in the direction oppo- either axial
direction  and  in addition, the       site of said one axial direction
and, additional corner break serves to reduce the inner    said shrink ring
(30) has a substantially cylindri- diameter cylindrical surface area. The
corner       cal outer surface (38) and a substantially cylindri- breaks 32
also reduce the respective radial areas   30   cal inner surface with the
axial length of said of axial end surfaces 36. With the axial end
outer surface exceeding the axial length of said surface confronting the
bell clamp 22 and the       inner surface, whereby the outer surface
presents internal diameter of cylindrcal surface 33 reduced,  an enlarged
heat transfer surface and the inner conductive heat loss to both the hub
and the bell   surface presents a reduced heat transfer surface clamp are
reduced during assembly.             35   confronting said hub (7). The
inner diameter of the shrink ring 30 is         2. The storage disk
assembly of claim 1 wherein smaller than the diameter of the hub surface
37. A  said shrink ring (30) has a corner break (32) typical example would
be the use of a hub with      between the inner surface and the adjoining
the diameter of cylindrical surface 37 0, 15 mm     radially extending
surface which reduces the larger than the internal diameter of the shrink
40   inner surface and the radially extending axial end ring.
surface (36) to reduce both the inner surface area The interference between
the shrink ring 30       which confronts the hub (7) and the axial end
internal diameter and the hub surface 37 diameter   surface area that
axially clamps the disk assembly is overcome by heating the shrink ring.
Shrink      about the hub (7), whereby the heat transfer ring 30 can be
heated in an oven, on a hot plate,   45   surfaces to both hub (7) and disk
stack assembly on a bore heater or by an induction heater coil. In  are
reduced. addition, the assembly can be effected by either      3. The
storage disk assembly of claim 2 wherein preloading the disk stack or
applying a preload     there are corner breaks (32) at each axial end of
force to the shrink ring 30. By applying the        said shrink ring inner
surface at the junction with preload to bell clamp 22, the heat expanded
50   the adjoining radially extending end surface, shrink ring can be
merely pressed firmly against    whereby the ring (30) is symmetrical and
may be bell clamp 22. This procedure would permit the      assembled about
said hub (7) with either axial use of a robot having limited load capacity.
Using  end in clamping engagement wiht the disk stack the alternate method,
the stack preload force is    assembly. axially applied directly to the
ring 30 as it shrinks   55  4. The storage disk assembly of claim 3 wherein
about the hub surface 37. This involves a down-     said shrink ring inner
surface is partitioned into ward axial force as seen in Fig. 1 and would
axially separated cylindrical surfaces by an annu- require that the ring 30
be hot and expanded until  lar recess (31). finally positioned about hub
surface 37 to assure     5. Process of assembling a shrink ring (30) onto
that a correct clamping force is achieved prior to   60    a hub (7) of a
disk drive according to anyone of shrinking. This may require continuous
heating of   the preceding claims, wherein said shrink ring the ring until
the final position is achieved.      (30) is heated and assembled about
said hub (7) When it is necessary to disassemble the disk       and an
axial force maintained as said ring cools to stack for rework, the ring 30
can be removed by     establish said interference fit and said predeter-
use of an induction heater. The induction coil is   65    mined axial force
on said plurality of disks (8).    3               EP 0166118 B1
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supporting the disk stack in the upward axial         slipped over the
outer cylindrical surface 38 of the direction. Each of the spacers 20 has a
series of     ring and pulsed with a high AC voltage to heat the openings
21. The ball clamp 22 projections 24 and     ring very quickly. The
extended surface 38 and the the hub projections 19 create peripherally dis-
reduced area surfaces 33 and 36 allow the ring to posed openings adjacent
the upper most disk    5    'be heated with a minimum amount of heat energy
surface and the lower most disk surface respec-       being conducted to
either hub 7 or bell clamp 22, tively. The openings 25 in bell clamp 22
afford a     thereby effecting a temperature differential that continuous
air path from axially above the disk       enables easy axial removal of
the ring 30. assembly, through the space between the disk stack and the hub
whereupon the air flow  is   10    Claims partitioned to flow radially
outwardly over each of the disk surfaces.
1. A storage disk assembly in a disk drive with a Clamping is effected by a
heat shrink ring 30,      plurality of storage disks (8), said storage disk
Figs. 1 and 2 which has an internal diameter         assembly including a
hub (7) on which said disks slightly smaller than the outside diameter of
the    15   (8) are mounted about a common axis in axially hub. The heat
shrink ring 30 is of substantially     spaced relationship for unitary
rotary motion rectangular cross section with a central annular
comprising: groove 31 extending outwardly from the inner           means
(19, 20, 24) on said hub (7) for support- diameter cylindrical surface and
annular corner      ing said disks (8) in one axial direction, and breaks
32 at each axial end of the cylindrical inner   20  a ring (30) surrounding
a portion of said hub (7) diameter surface. The cylindrical surface 33 at
the  and applying a clamping force to said disks (8), inner diameter is
reduced by the groove 31 and         said storage disk assembly being
characterized the corner breaks 32. While only one annular          in
that: corner break 32 would be required, the use of two      said ring (30)
is a shrinking ring secured to said which makes the ring symmetrical,
enables easier   25    hub (7) by an interference fit to maintain a
automated assembly, since assembly can occur in       predetermined axial
force in the direction oppo- either axial direction  and  in addition, the
site of said one axial direction and, additional corner break serves to
reduce the inner     said shrink ring (30) has a substantially cylindri-
diameter cylindrical surface area. The corner        cal outer surface (38)
and a substantially cylindri- breaks 32 also reduce the respective radial
areas   ' 3o   cal inner surface with the axial length of said of axial end
surfaces 36. With the axial end         outer surface exceeding the axial
length of said surface confronting the bell clamp 22 and the        inner
surface, whereby the outer surface presents internal diameter of cylindrcal
surface 33 reduced,  an enlarged heat transfer surface and the inner
conductive heat loss to both the hub and the bell    surface presents a
reduced heat transfer surface clamp are reduced during assembly.
35   confronting said hub (7). The inner diameter of the shrink ring 30 is
2. The storage disk assembly of claim 1 wherein smaller than the diameter
of the hub surface 37. A    said shrink ring (30) has a corner break (32)
typical example would be the use of a hub with        between the inner
surface and the adjoining the diameter of cylindrical surface 37 0, 15 mm
radially extending surface which reduces the larger than the internal
diameter of the shrink    40   inner surface and the radially extending
axial end ring.                                                surface (36)
to reduce both the inner surface area The interference between the shrink
ring 30         which confronts the hub (7) and the axial end internal
diameter and the hub surface 37 diameter    surface area that axially
clamps the disk assembly is overcome by heating the shrink ring. Shrink
about the hub (7), whereby the heat transfer ring 30 can be heated in an
oven, on a hot plate,   45   surfaces to both hub (7) and disk stack
assembly on a bore heater or by an induction heater coil. In  are reduced.
addition, the assembly can be effected by either       3. The storage disk
assembly of claim 2 wherein preloading the disk stack or applying a preload
there are corner breaks (32) at each axial end of force to the shrink ring
30. By applying the          said shrink ring inner surface at the junction
with preload to bell clamp 22, the heat expanded    50   the adjoining
radially extending end surface, shrink ring can be merely pressed firmly
against     whereby the ring (30) is symmetrical and may be bell clamp 22.
This procedure would permit the       assembled about said hub (7) with
either axial use of a robot having limited load capacity. Using   end in
clamping engagement wiht the disk stack the alternate method, the stack
preload force is      assembly. axially applied directly to the ring 30 as
it shrinks   55  4. The storage disk assembly of claim 3 wherein about the
hub surface 37. This involves a down-      said shrink ring inner surface
is partitioned into ward axial force as seen in Fig. 1 and would
axially separated cylindrical surfaces by an annu- require that the ring 30
be hot and expanded until   lar recess (31). finally positioned about hub
surface 37 to assure      5. Process of assembling a shrink ring (30) onto
that a correct clamping force is achieved prior to   60    a hub (7) of a
disk drive according to anyone of shrinking. This may require continuous
heating of    the preceding claims, wherein said shrink ring the ring until
the final position is achieved.       (30) is heated and assembled about
said hub (7) When it is necessary to disassemble the disk        and an
axial force maintained as said ring cools to stack for rework, the ring 30
can be removed by      establish said interference fit and said predeter-
use of an induction heater. The induction coil is   65    mined axial force
on said plurality of disks (8).    5               EP 0166118 B1
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1. Speicherplattenmontage in einem Platten-         1. Assemblage de
disques de stockage dans une [err]werk mit mehreren Speicherplatten (8),
mit        unite de disques comportant une pluralite de einer Nabe (7), auf
die die besagten Platten (8) um  5    disques de stockage (8), ledit
assemblage de eine gemeinsame Achse mit axialen Abstanden         disques
de stockage comprenant un moyeu (7) sur zueinander montiert sind, [err]
[err] Dreh-    lequel lesdits disques (8) sont [err] autour d'un bewegung,
enthaltend:                               axe commun defacon axialement
espacee pour un Mittel (19, 20, 24) auf der besagten Nabe (7) [err]
mouvement rotatif commun, comprenant: die Aufnahme der besagten Platten (8)
in einer   10   des moyens (19, 20, 24) [err] sur ledit moyeu axialen
Richtung, und                               (7) pour supporter lesdits
disques (8) dans une einen Ring (30) der einen Abschnitt der besagten
[err] direction axiale, et Nabs (7) [err] und eine Klemmkraft auf
un anneau (30) entourant une partie dudit besagte Platten (8) ausubt,
moyeu (7) et appliquant une force de serrage sur wobei   besagte
Speicherplattenmontage    15   lesdits disques (8), ledit assemblage de
disques de dadurch gekennzeichnet ist, [err]                     stockage
[err] [err] en ce que: besagter Ring (30) ein Schrumpfring ist, der
ledit anneau (30) est un anneau contractable ou durch eine Interferenz auf
besagter Nabe (7)        frette [err] audit moyeu (7) par un ajustement a
befestigt ist, so [err] eine vorgegebeneAxialkraft in  [err] pour maintenir
une force axiale pr6- der der besagten einen Axialrichtung entgegenge-   20
[err]dans la direction oppose [err] ladite setzten Richtung
aufrechterhalten wird, und         [err] direction axiale; et esagter
Schrumpfring (30) eine wesentlich           ladite frette (30) pr6sente une
surface [err] zylindrische [err] (38) aufweist, und sine    sensiblement
cylindrique (38) et une surface wesentlich zylindrische Innenflache, wobei
die      interieure sensiblement cylindrique, la longueur axiale Lange der
besagten [err] ist   25   axiale de ladite surface [err]Ia als die axiale
[err] der besagten Innenflache,      longueur axiale de ladite
surface[err], de wodurch die [err]eine [err] War-       sorte que la
surface [err] [err] une meubertragungsflache und die Innenflache eine
surface augmentee de transfert de chaleur et la reduzierte [err]an besagter
surface [err] [err] une surface [err] de Nabe (7) aufweist.
30   transfert de chaleur en face dudit moyeu (7). 2.
Speicherplattenmontage [err] Anspruch 1,         2. Assemblage de disques
de stockage suivant la in der besagter Schrumpfring (30) eine Eck-Unter-
revendication 1, dans lequel ladite frette (30) brechung (32) zwischen der
[err] und der      comporte un chanfrein (32), entre la surface anliegenden
radial vorstehenden [err]aufweist,    [err] et la surface radiale adjacente
qui [err] welche die Innenflache reduziert, und der radial   35   la
surface [err]et la surface d'[err] axiale vorstehenden axialen Endflache
(36), um sowohl      [err]radialement (36), de [err] A [err] die Zone der
lnnenflache zu reduzieren, die mit der  a la fois la surface [err] qui est
en face du Nabe (7) in Kontakt steht, und die axiale Endfla-   moyeu (7) et
la surface d'[err] axiale qui serre chenzone, die axial die Plattenmontage
um die       axialement l'assemblage de disques autour du Nabe (7)
befestigt, wodurch die [err]   40   moyeu (7), de sorte que les surfaces de
transfert de [err]sowohl an der Nabe (7) als auch an     chaleur A la fois
vers le moyeu (7) et la pile de der Plattenstapelmontage reduziert werden.
disques sont [err]. 3. Speicherplattenmontage [err]Anspruch 2,         3.
Assemblage de disques de stockage suivant la der an jedem axialen Ende der
Innenflache des      revendication 2, dans lequel des chanfreins (32)
besagten  Schrumpfrings Eckunterbrechungen    45   sont [err] A chaque
[err] axiale de ladite (32) sind, an der Verbindung mit der anliegenden
surface [err] de la frette, [err] la jonction avec la radial vorstehenden
Endflache, wodurch der Ring     surface [err] adjacente [err] radiale- (30)
symmetrisch wird und urn besagte Nabe (7)      ment, de sorte que la frette
(30) est [err] et mit einem beliebigen Achsende in kraftschlussiger
peut[err] assemblee autour dudit moyeu (7), l'une Verbindung mit der
Plattenstapelmontage einge-   50   ou l'autre des [err] axiales etant en
contact setzt werden kann.                                  de serrage avec
la pile de disques. 4. Speicherplattenmontage [err]Anspruch 3,         4.
Assemblage de disques de stockage suivant la in der besagte
Schrumpfringinnenfl[err] durch        revendication 3, dans lequel ladite
surface inte- sine ringformige Vertiefung in axial getrennte      rieure de
la frette est subdivis[err] en surfaces zylindrische [err] geteilt wird.
55   cylindriques axialement [err] par une gorge 5. Verfahren der Montage
sines Schrumpfrings      annulaire (31). (30) auf eine Nabe (7) sines
Plattenlaufwerks         5. [err] d'assemblage d'une frette (30) sur [err]
einem der vorangehenden [err], in        un moyeu (7) d'un entrainement de
disques sui- dem besagter Schrumpfring (30) erhitzt und um       vant l'une
quelconque des revendications[err] die besagte Montage (7) montiert wird,
und sine    60   dentes, dans lequel ladite frette (30) est chauffee et
axiale Kraft aufrechterhalten wird, wenn sich der   assemblee autour dudit
moyeu (7) et une force besagte Ring [err], um besagte Interferenzein-
axiale est maintenue pendant le refroidissement passung und besagte
vorgegebene Axialkraft auf      de ladite frette, pour etablir ledit
adjustement A die besagte Mehrzahl von Platten (8) zu erstellen.
interference et ladite force axiale [err] 65   sur ladite [err] de disques
(8). 4 11111      111111    


